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Sartryck iir Farmacevtisk Revy, 3g, 545, ig4g. 

Den egenbaktericida efFekten hos vissa 

injektionslosningar 

av 

K. Alin och N. Didino 

r>an Statens bakteriologiska laboratorium, chef professor G. Olin 

(Inserted in Coll. Pharm. Succ. IV., 1949) 

Enligt svenska farmakopens bestammelscr foreskrives baktcriologisk sterilitets- 
provning for vissa lakemedel. Vid den sterilitetskontroll, som pa grund darav under 
de senastc aren utforts pa aseptiskt framstallda injektionslosningar har det visat 
sig, att levande bakterier sallan kunnat pavisas i dc undersokta Ibsningarna. I de 
fall, da vaxt av bakterier erhallits, har det i allmanhct skett vid provning omedel- 
bart efter Idsningarnas fardigstallande, medan det vid fornyad provning efter 
n^gon tid ofta visat sig att Idsningarna blivit sterila. Orsaken hartill torde vara att 
bakterierna pa grund av den for dem i injektionslosningen foreliggande ogynn- 
samma miljdn avdodas efter varierande tider bl.a. beroende pd arten avingaende 
lakemedel. 

Att m^nga i injektionslosningar ingi\ende lakemedel ha en baktericid verkan har 
framhallits av olika forfattare. S41unda visade Jensen (i) att autosterilisationstiden 
for ett antal avsiktligt infekterade lakemedelslosningar fdretedde stora variationer, 
dels beroende pi lakemedlets art, dels pi mangden av de bakterier, som tillsatts 
vid provningen. Av ett antal losningar, infekterade med Staphylococcus aureus, 
visade sig silunda diemal- och allypropymalldsning i sprit, kininldsning och 
hypnofenlosning vid stcrilitetsprovning omedelbart sterila. Den baktericida 



efFekten tillskrives i dessa fall kombinationen av de anvanda kemikalierna. Erne 

och SoDERLUNDH (2) ha vid provningar av liknande karaktar anvant sporbildande 
jordbakterier med en resistens av > 2 tim. och < 3 tim. vid loo*^. Darvid visade 
det sig, att den autosteriliserande efFekten var hogst varierande hos olika injektions- 
losningar. For de i MB 1944 upptagna injektabilierna, vilka skola steriliseras 
genom upphettning vid 80° under 2 tim., erhdlls stark egenbaktericid verkan hos 
Inj. chinini och Inj. tetraponi papaverini atropini. Ovriga provade losningar kunde 
med hansyn till den egenbaktericida verkan uppdelas i 2 grupper,*en med svagare 
egenbaktericid efFekt och en, i vilken denna verkan saknades. Liknande iakttagelser 
for andra injektionslosningar ha gjorts av v. Dobeln och Lindgren (3). Vid 
provning med Staphylococcus aureus och Escherichia coli som testmikrober p5- 
visades p^taglig autosterilisationstendens hos Inj. colTeini och Inj. phenemali. 
Diding (4) erholl samma resultat for Inj. cofFeini, Inj. aethocaini 2 %, Inj. adre- 
nalini och Inj. nicetamidi. Som testmikrober anvandes E. coli, Pseudomonas 
aeruginosa och Staph, aureus. 

FrSgan om autosterilisationen i injektionslosningar ar av intresse, nar det galler 
att avgora om ett konserveringsmedel lampligen bor tillsattas. Enligt svenska 
farmakopens steriliseringsforeskrifter skall dylikt i vissa fall tillsattas, namligen 
om si erfordras. Detta torde i minga fall fi bli en bedomningsfriga, dar bl.a. 
sidana forhillanden som steriliseringsmetod, dispenseringsform samt lakemedlets 
art och eventuella egenbaktericida effekt maste tagas i beaktande. Aven till auto- 
klaverade losningar kan harvidlag, vid viss dispenseringsform, sidan tillsats vara 
befogad. 

I foreliggande undersokning har den egenbaktericida efFekten i ett antal ofta 
anvanda injektionslosningar narmare studerats sedan dessa infekterats med kiinda 
testmikrober. Sisom sidana har valts E. coli, Staph, aureus och Bacillus 
subtilis, enar man har anledning rakna med risk for infektion av dessa eller liknande 
bakterier vid losningarnas handhavande pa sjukhus. Genom att en sporbildande 
bakterie medtagits, erhalles en uppfattning aven av den germicida elFekten. I 
stor utstrackning ha sidana losningar valts vid provningarna, for vilka ifraga- 
varande forhillande tidigare icke undersokts. Samtliga provade losningar ha bc- 
retts enligt givna foreskrifter och dispenserats pi injektionsflaskor a 20 ml. 

Metodik 

De tre olika bakteriestammarna forvarades pi snedagar vid h 4^. Fore anviiiid- 
ningen gjordes 3 omstickningar pi snedagar. Till insidd i de olika preparaten 
anvandes en 20 timmars tvattad snedagarkultur, som suspenderats i c:a 5 ml 
fysiologisk koksaltlosning. Av bakteriesuspensionen sattes en ogla till 5 ml av 
preparatet, som sedan forvarades i rumstemperatur. Frin den silunda infekterade 
losningen togs efter 2, 5, 10, 20 och 30 dagar Yi och sattes till 100 ml buljong, 
som inkuberades vid 37"^. Frin de preparat, som ej givo vaxt i buljongen, uttogs i 
fortsattningen inga prov. Om nigon vaxt ej intratt pi 5:e dagen gjordes en insidd 
frin stamkulturen, varigenom kontroll erholls att vaxthamning ej forelig i den 
med Y2. losning forsatta buljongen. 



Tabell 

Resultat av sterilitetsprovningen 

Injektionslosning Testmikrob 
efter: 

2 5 10 20 30 

dygn 1 

Inj. acid, ascorbic. coli H- 4 _ 
S. aureus -I- — 

B. subt. ■I" 4 4 4 .,1. 

Inj. adrenalini . K. coli _ 

S. aureus — 

B. subt. 4 — 

Inj. atropini . E. coli -f- 4 4 4 
S. aureus — 

B. subt. -}- -i- 4 4 4 

Inj. carbacholini 0,025 % ' • • • E. coli ■f- 4 4 4 4 
S. aureus 4- — 

B. subt. + H- 4 4 4 

Inj. dihvdromorphinoni . E. coli 
S. aureus 

4 
■1 

■b 4 4 •f 

B. subt. -i- 4 •f 4 4 

Inj. cphedrini . E. coli 
S. aureus 

-- 

B. subt. 4 4 4 4 4 

Inj. hvpnopheni . E. coli _ 

S. aureus —■ 

B. subt. + 4 + 4 4 

Inj. methadoni ACO . E. coli _ 
1 

S. aureus — 

B. subt. -4- 4 4 — 

Inj. morphini i % . E. coli -1- 

i 

+ 4 4 4 
c. scopolamini . S. aureus 4 
hydrobrom. 0,04 % . B. subt. 1- 1 4 4 4 'f 

Inj. nicetamidi. E. coli 
S, aureus 
B. subt. 

— 

Inj. oxiconi i %. E. coli 
S, aureus 
B. subt. 4 + 4 4 4 



Injektionslosning Testmikrob 

Resultat av sterilitetsprovningen 
efter: 

1 j 1 1 
2 1 5 1 10 1 20 1 30 

dygn 

Inj. papaverini 2 E. coli 
S. aureus 
B. subt. 

Inj. pentazoli Iv. coli 
S. aureus 
B. subt. 1111 

Inj. pethidini 5 E. coli 
S. aureus 
B. subt. 

Inj. phenetnali Iv. coli 
S. aureus 
B. subt. 

inj. phenoprotnini E. coli 
S. aureus 
B. subt. 

Inj. picrotoxini . E. coli 
S. aureus 
B. subt. 

— 

1 
1 

1 ■' 
■i -i- 

[■ 

Inj. prostigmini 0,05 . E. coli 1 

S. aureus 
13. subt. 

■4- 

■i 

1 

♦ 
.j.. 

4- 

• f‘ 

•f- 

•j 

4. 

Inj. g-Strophantini 0,05 ... [ E. coli 
S. aureus 
B. subt. 

-4- 

j 

-i. 

1 

4- 

.1 1- -f- 

Inj. sulfuris . E. coli 1 
.S. aureus 
B. subt. 1 

1 

i- 
1- — 

Inj. tetraponi . E. coli 
S. aureus 
B. subt. 

vaxt 
ingen vaxt 



Disktmion 

Resultatcn Sterfinnas i tabellcn. Av denna framgSr att forutsattningarna for olika 
bakterier att kvarlcva i de bar prdvade injektionsldsningarna aro hdgst varierande. 
Utpriiglad egenbaktericid efFekt bar kunnat konstateras endast for Inj. nicetamidi. 
Staphylococcus aureus bar i allmanhet avdodats efter en ganska kort tid utom i 
Inj. sulfuris, medan E. coli ocb Bacillus subtills genomgJende visat cn hdgre 
resistens, mest utpriiglad for den sistniimnda, vilket iir belt naturligt med bansyn 
till att den ar sporbildare. 

Med tanke pa att ett flcrtal av de bar prdvade injectabilierna ofta tillbandaballas 
i injektionsflaskor, inncballandc ett stdrre antal doser, torde man ej kunna bortse 
frin riskcn att dylika Idsningar under anviindningen bli infekterade. Som framgar 
av de erhJllna resultatcn kan cn dylik infekterad Idsning under Ung tid innebSlla 
levandc bakterier. Ur denna synpunkt syncs ett mera gcnerellt fdreskrivande vara 
befogat att injcktionsldsningar, som tillbandabSllas pa flcrdosbebSllare, oavsett 
den vid bcredningen anviinda steriliseringsmctoden, skola fdrsattas med ett 
liimpligt bakteriostatiskt medel. Fdreskrift av denna innebdrJ aterlinncs t. ex. i 
saviil amerikanska som brittiska farmakopeerna. Amerikanska farmakopen fdre- 
skrivcr salunda fdljande: 

*k\ bacteriostatic agent must be added to Injections packaged in multiple-dose 
containers, regardless of tbe method of sterili^cation employed, unless otherwise 
directed in the individual monograph.” 

Brittiska farmakopen upptager cn liknande fdreskrift for Idsningar avsedda for 
parenteral injektion: 

^'Multiple-dose containers. When tbe container is scaled so as to permit the 
withdrawal of successive doses on different occasions, the solution or preparation 
of the drug contains a suitable bacteriostatic in such a concentration as will prevent 
the growth of microorganisms.” 

Sawmanfattning 

Den egenbaktericida effekten har undersdkts i 21 olika injektionslosningar. Av 
dessa utgdras de fiesta av sadana, som finnas upptagna i Pharmacopoea Suecica 
eller MB 1944. Ldsningarna infekteradcs avsiktligt och som testmikrober anviindes 
E. coli, S. aureus och B. subtilis. Resultatcn visa, att vaxt av B. subtilis kunde 
pavisas efter 30 dagar genom stcrilitetsprov i dc fiesta av de undersdkta ldsningarna. 
S. aureus kunde diiremot sallan pivisas efter 48 timmar. E. coli intar en mellan- 
stallning. Med anledning av att ett stort antal av de prdvade ldsningarna dispen- 
scras i fiaskor med gummihatta innehallandc fiera doser, fdreslSs ett gcnerellt till- 
sattande av ett bakteriostatiskt amne till dylika Idsningar. 

Litteralur 
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Summary 

The autobactericidal action of 21 diflFerent injections, most of them listed in 
Pharm. Suecica or MB 1944 was investigated. The solutions were intentionally 
infected with either E. coli, S. aureus or B. subtilis. The results show that growth 
of B. subtilis could be demonstrated by sterility tests after 30 days in most of the 
solutions tested, while S. aureus could rarely be demonstrated.after 48 hours. 
E. coli is midway between the others. As a large number of the solutions tested 
are distributed in multiple-dose containers it is suggested that a bacteriostatic 
agent be added to such solutions for general use. 

Victor f'rKcrsr.fi^ P.ol<'nduMri 



Sdrtryck ur Sven$k Farmaceutiik Tidikrift nr 12, och 13 1949, 

Bestamning av organiskt bunden jod 
av Lennart Bergefors och Goran Schill 

(Fr&n Kiingl. fannacevtiska institutets keniiska avdelning) 

Inserted in Coll. Pharm. Siiec. IV, 1949 

Litteraturen iipptar ett inycket stort antal metoder for bestamning av or¬ 
ganiskt bunden jod. I svenska farmakopen Ed. XI ing& tre preparat inneh&l- 
lande organiskt bunden jod, namligen Jodphthaleinnatrium, Thyroxinum 
och Thyreoideuni. samtliga preparat forekommer kvantitativ bestamning 
av jodhalten. I princip aro bestaniningama lika. Forst forstores den orga- 
niska substansen, och joden erhfilles i form av jodid. Darefter oxideras den- 
na till jodat, vilket sedan bestamnies genom titrering med natriumtiosulfat 
efter tillsats av kaliuinjodid och syra. 

P^ samma siitt kan iiven jodhalten i det narst&ende preparatet jodkasein 
bestamnias. 

Vid utforandet av bestiimningar enligt farmakopen ha en del svagheter hos 
metoderna framkommit, vilka fortjana att pSpekas. Vidare torde metoderna 
i vissa fall avsevart kunna fdrenklas. 

JODFTALEINNATRIUM. 

Forbrdnning med kaliiunpermanganat i alkalisk miljo, 

Enligt Ed. XI forbriinnes den organiska substansen med kaliumpermanga- 
nat i alkalisk losning. Metoden har angivits av bl. a. Butler och Burdett (1), 
vilka emellertid bestamde joden som jodid genom argentometrisk titrering. 
Canbdek (2) har kritiskt granskat metoden och diirvid modifierat den si, att 
jodiden i stallet for att bestamnias argentometriskt oxideras till jodat med 
brom, varefter overskottet av brom bortskaffas med myrsyra. Efter tillsats av 
kaliuinjodid och syra titreras frigjord jod med tiosulfat. Denna metod att be- 
stamma jodid har tidigare angivits av bl. a. Viebock och Breaker (3) och in- 
g&ende undersokts av t. ex, Baggesgaavd Rasmussen och Bjerreso (4), 
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Farniakopens nictod har anvants vid ovningarna farmaccvtiska insti- 

liitet och synes ge bra resultat. Vid de fiesta bestiinmingarna bar emcllertid 

den koinplikationen uppst&tt, att en gul till brim fiirg kvarst^tt efter brom- 

overskottets bortskaffande mcd niyrsyra. Delta forh&llande har aven obser- 

verats av Canbdck (2), so in anger, att delta beror p& att overskottet av broni- 

vatten ej varit tillrackligt eller att losningen varit for sur. 

Det ISg darfor niira till hands att anta, att fiirgen berodde p& ofiillstandigt 

oxiderad jod. Forsok gjordes att komma ifr&n denna kvarstSende brunfiirg- 

ning dels nied okad brominangd (upp till 50 ml bromvatten-R), dels med 

klorvatten som oxidationsmedel. Intetdera visadc sig tillfredsstallandc. 

Att fiirgen ej harrorde frSn jod framgick for ovrigt av att losningen ej av- 

fargades vid tillsats av natriiinitiosulfat. Sliitfordes emellertid jodbestam- 

ningen utan att hansyn togs till brunfargningen, erholls efter tillsats av ka- 

liumjodid, svavelsyra och titrering med tiosulfat en farglos losning. 

Vi antogo d^, att fiirgen mojligen kiinde bero p& att en del mangan p& tv&- 

viirt stadium av bromen oxiderats till exempelvis brunsten. N&gra forsok att 

oxidera manganojoner med brom vid olika pH utfdrdes darfor. 

50 ml 1-molar acetatbuffert med varierande pH blandades med 20.0 ml 

5 %-ig losning av mangansulfat (MnS()4, 4 HaO). Blandningens pH kontrolle- 

rades med glaselektrod, varefter 15 ml bromvatten-R tillsattcs. Efter 15 mi¬ 

nuter bortskaffades overskottet av brom med myrsyra, som tillsaltes dropp- 

vis med ornsvangning efter varje tillsats. Med en droppe metylrott-1 kontrol- 

leradcs, att all brom forbrukats, varefter 1 g kaliurnjodid och 15 ml svavel¬ 

syra M/1 tillsattcs. Losningen titreradcs med 1/10 normalt natriumliosulfat 

med starkelse-R som indikator. Forbrukad mangd natriurntiosulfat anges i 

tabell 1, kolumn Mn. For att kontrollera, om oxidationen av jodiden forlopte 

kvantitativt under dessa varierande betingelser, utfordcs iiven en scrie for¬ 

sok, diir mangansulfatlosningen utbytts mot 15.00 ml av en kaliumjodidlos- 

ning, som vid argentometrisk titrering med eosin som indikator, visat sig 

inneh^lla 5,138 g kaliurnjodid per liter. I ovrigt utfordcs bestamningarna p4 

ovan angivet siitt. Forbrukad miingd natriurntiosulfat anges i tabell 1, kolumn 

»KI, Found*. I kolumn »Kl, Calc.» anges den tiosulfalforbrukning, som 

beraknas ur den argentometriska titreringen. 

Table 1. 

Oxidation of and /“ at different pH values with bromine water. 

The bromine excess removed with formic acid. After addition of KI and 

H2S0« titration with NazSaOa. 

pH 

ml. of 0.1000N Na,SA 

Mn 
KI 

Found Calc. 

3.6 21M 27.40 
4.4 27.40 
5.0 27.34 
5.9 40.00 27.35 
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Oxidatioiien av jodiden sker kvantitativt inoni hcla det provade pH-om- 
rAdet. Av forsoken fraingSr ocks& mycket lydligt, att manganoxidationen av- 
tar krafligt nied sjunkandc pH, och vid pH lagrc an 3,6 ar den belt utan 
bctydclse. 

Nar farinakopens bestaninirig av jodflaleinnatriiini iilfores, blir Idsningens 
nianganbalt ungefar lika stor som i nyssniininda forsok. Lbsningens pH fore 
bromtillsatsen kan variera nSgot, d& uppniatningen av syror och alkali sker 
nied miitglas. N&gra forsok med blindprov beredda enligt Ed. XI visade, att 
en variation i pH fr&n 3.9 till 4,2 kan erh&llas vid normal noggraimhet i 
arbetet. Dessa blindprov beliandlades diirefter ined bromvatten-H o. s. v. 
enligt farinakopen, varvid Idsningen nied pH 3,9 gav en forbrukning av 0,12 

ml 0,1000-n natriumtiosiilfat medan Idsningen med pH 4,2 fdrbrukade 0,35 ml. 
Det var alltsA tydligt, att bromoxidationcn borde utfdras vid pH<3,6, och 

vidare borde fdrsdket arrangeras sA att smA matfel ej kunde fora pH over 
denna griins. Dkades attiksyreniiingden till 10 ml konc. attiksyra erholls 
pH 3,5, och tillsattes 25 ml konc. attiksyra blev pH 3,2. Med 25 ml konc. 
attiksyra i stallet for 10 ml attiksyra 5 M, bdr alltsA Idsningens pH sakert bli 
lagre iin 3.6 oberoende av smA matfel. NAgra fdrsdk utfdrdes med denna 
iindring dels pA blindprov, dels pA blindprov fdrsatt med 15.00 ml av den 
i tabell 1 anvanda kaliumjodidldsningen. Samtidigt undersdktes, om en 
minskning av oxidationstiden frAn 15 till 5 minuter gav nAgon skillnad i 
resiillat. Fdrbrukningen av natriumtiosiilfat Aterfinnes i tabell 2. 

Table 2. 

lodophthalein Sodium, 

Oxidation with bromine water at pH 3.2 of blind tests and blind tests 'with 
KI added respectively. 

Time of ml. of 0.1000N Na,SA | 

oxidation Found Calc. 

BUn 1 tfit 5 min. 0.02 _ 
i» >f 15 0.04 — 

>t n + KI 5 „ 27.41 27.40 1 
.. + KI 15 .. 27.42 1 

Efter surgdrning med 25 ml konc. attiksyra erhdlls alltsA fullstiindig oxida¬ 
tion bAde efter 5 och 15 minuter. I intet fall erhdlls nAgon kvarstAende brun- 
fargning. Vid denna surhetsgrad reagerar brom och myrsyra nAgot lAng- 
sammare, men delta medfdr ej nAgon stdrre nackdel. 

I en seric fdrsdk Jamfdrdes slutligen rcsultaten enligt en sft modifierad 
metod ()>Modif. methods) med resultaten frAn bestiimningar enligt farmako- 
pen (»Ed. XU). Fore bromvattentilLsatsen mattes Idsningarnas pH med glas- 
elektrod. Resultaten i tabell 3. 

Den modifierade metoden ger enligt dessa fdrsdk endast obetydligt lagre 
varden. Den skillnad, som mdjligen erhAlles, beror som ovan niinints pA att 
farmakopdns metod ger oxidation av manganojoner till brunsten eller dylikt, 
som i sur Idsning frigdr jod ur kaliumjodid. Den viktigaste fdljden av modi- 
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Table 3. 

Determination of iodine in lodophthalein Sodium, 

Treatment with alkaline permanganate solution. 

Weight ml. of 0.1000N 
NajSjO, 

Percentage of I Colour after addition 
of formic acid 

1 Modified method: Oxidation at pH 3.2 
Time of oxidation 5 minutes | 

0.1122 ! 27.52 51.9 None j 
0.1222 30.01 51.9 
0.1128 27.73 52.1 
0.1188 29.18 51.9 
0.1123 27.47 51.7 » 
0.1160 28.55 52.0 

1 i 
0.1123 27.54 51.9 

1 

Pharm. Suec. Ed.XI: Oxidation at pH 4.1 

0.1361 33.56 52.2 Faintly brown 
1 0.1136 27,97 52.1 

0.1070 26.27 51.9 ! 
1 0.1147 28.29 52.2 1 

fikationen ni&ste eniollertid anses vara, att den brunfargning, soni farniako- 
pens metod ger, liar licit imdvikes. 

Forbrdnning med kaliumpermanganat i stir miljd, 

Enligt farmakopens metod sker forbranningen genom uppvarmning p4 
vattenbad under 45 minuter i alkalisk losning. Av lilteraturcn framgikr emel- 
lertid, att en forbranning i sur niiljo borde avsevart snabbare. En dylik 
forbriinningsmetod har anvants bl. a. av Clark och Jones (5) ocli upptagits 
bland AOAC:s meloder (G) samt av de Jong och Lenstra (7). Enligt dessa 
metoder skcr samtidigt med forbranningen en oxidation av jodiden till jodat 
med kaliumpermanganatet. Brunsten och overskottet av kaliuiiipermanganat 
borttages med natriumnitrit, som dock ej reducerar jodalet. 

Vid genomprovning av dessa meloder p5 jodftaleinnatrium visade 
det sig ofta sv^rt att bortskaffa de sista brunstenspartiklarna. Delta gick 
i allmanhet forst sedan stort dverskott av natriumnitrit tillsatts. Blev over¬ 
skottet av nitrit alltfor stort, reagerade det emellertid i den sura losningen 
med jodatct, varfor for l&ga varden ibland erhollos. 

Det ar emellertid ingenling som hindrar, att man forbranner med kalium- 
permanganat i sur miljo och tar bort overskottet av brunsten och kalium- 
pcrmanganat med natriumpyrosulfit som reagerar betydligt kraftigare an 
natriumniitrit. Aven jodatet reduceras, men man kan sedan oxidera den bil- 
dade jodiden med brom, oni man bara lidllcr pH tillriickligt ISgt, som forut 
pftpekats. 

Vid bestamning av jodftaleinnatrium anvande vi foljandc metod. 
0.1000 g jodftaleinnatrium lostes i 10 ml vatten och 2 ml natronlut 2 M genom 

svag uppvarmning. Darefter tilUattes 15 ml kaliumpermanganatlosning 



5 

(1 +20) och 20 ml svavelsyra 2.5 M samt nSigra glasparlor. Blandningen 
uppvarmdes forsiktigt, och kokades sedan under 5 minuter samt avkyldes 
nigot. Losningen avfargades med natriumpyrosulfitlosning (1 + 9), som till- 
saltes i obetydligt overskott. Darefter neutraliserades med natronlut 2 M med 
metylrott-I som indikator. Efter tillsats av 25 ml konc. attiksyra och 3 g 
natriumacetat kyldes losningen till rumstemperatur. Darefter tillsattes brom- 
vatten-H till svag gulfargning samt ytterligare 10 ml. Efter 5 minuter bort- 
togs bromovcrskottct med niyrsyra (kontroll med metvlrolt). Losningen for- 
sattes med 1 g kaliumjodid och 10 nl svavelsyra 2.5 M samt titrerades med 
1/10 normalt natriiimtiosiilfat, Vid proven anvandes dels samma jodftalein- 
preparat som i tabell 3 (nr 1), dels ytterligare tv^ preparat med lagre jodhalt 
(nr 2 och 3). Hesultaten i tabell 4. 

Av tabellen framg^r, att denna avsevart snabbare metod ger viil reprodu- 
cerbara viirden. Ucsultalen med preparat nr 1 dverensstamma val med dc 
i tabell 3 fimna. 

Table L 

Dclvrmination (f iodine in lodophthalein Sodium. 

'rreatineiit with acid permanganate solution. 

! No of samplel 
! 

Weight i ml. of O.IOOON 
1 Na.,S.O, 

Percentage 
of 1 

1 0.1243 30.53 52.0 
I 0.1226 30.24 52.2 
j 0.1143 28.15 52.1 
' 0.1365 33.46 51.9 

.. 1 0.1454 35.78 52.0 

2 i 0.1196 i 25.20 44.6 
0.1395 1 29.44 44.4 
0.1402 29.21 44.1 
0.1167 i 24.60 44.6 

i 0.0925 1 19.52 44.6 

3 i 0.1131 ! 20.70 
1 

38.7 
1 0.1003 ! 18.43 38.9 
1 0.0968 17.83 39.0 

0.1031 ! 18.78 38.5 
1 0.0966 i 17.63 i 38.6 
f 

1 
0.1144 21.05 ! 38.9 

TYllOXlX OCH JODKASEIX. 

Uppslutning med uitraldestrukiionsblandnimj. 

Farmakopens metod for bestiimning av jod i tyroxin iitgor en modifikation 
av Hunters metod (8). Enligt denna metod forbrannes den organiska substan- 
sen med en blandiiing av kaliumnitrat, kaliumkarbonat och natriumkarbonat 
(s. k, nitratdestruktionsblandning), varefter jodiden oxideras till jodat med 
natriumhypoklorit. Detta oxidation^medei visade sig ha vissa nackdelar och 
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bar diirfor i allt storre utstrackning borjat utbytas mot brom. Oxidation nied 
broni anvandes s&lunda t. ex. av Biujgesgaard Rasmussen ocli Bjerreso (4). 
Ovcrskottet av brom bortskaffas bar liksom vid jodftaleinnatriiim med myr- 
syra. 

Metodcn gav vid v^ra fbrsok i stor utstrackning goda resuUat, men d& ocb 
d& erbollos varden som med iinda till 20 % bverstego de beraknade. 

Av litteraturen framg^r, att man ansett metoden bebaftad med &tskilliga 
felkiillor. De viktigaste synas vara foljande. 

1. Oxidationsmedel bortskaffas ej belt vid myrsyralillsatsen. 

2. Bromtillsatsen iir otillriicklig for att oxidera bAde jodideri och vid smalt- 
ningen bildat nitrit. 

3. Jodforliisler vid uppbettningen. 

1. »() X i d a t i o n s m e d e I bortskaffas e j li e 11.» I farmakopen 
foreskrives, att smaltan efter uppslutning i nickeldegel skall Idsas i 150 ml 
kokbett vatten. Efter filtrering tvattas degeln ocb fillret tre gt^nger med kok- 
bett vatten, 15 ml varjc g^ng. Sedan losningen avkylts tillsiittes 5 g natrium- 
acetal ocb 15 ml bromvatten-lt. Oxidationen sker alltsi\ i alkalisk losning. 
Forst darefter tillsiittes 15 ml konc. iiltiksyra. Oxidalionstiden kan variera 
ganska avsevart, dii ju ingen foreskrift finnes, att altiksyretillsatsen skall ske 
oniedelbart. Vidare kan begreppel avkylning fattas ganska olika. Anlingen 
en nedkylning till rumstemperatur eller endast en avkylning till en tempera- 
tur, dilr man lattare kan bantcra den ursprungligen kokheta losningen. 

N^gra fbrsok rbrande reaktionstidens ocb tcmperatiirens inverkan utfbr- 
des. For att undvika felkiilla 2 (nitritbildning) gjordes blindprov pi\ foljande 
satt. 

7 g nitratdestruktionsblandning ocb 5 g natriumacetat Ibstes i 200 ml vat¬ 
ten. Losningen uppvarmdes till angiven temperatur ocb fbrsattes med 15 ml 
bromvatten-R. Efter angiven tid tillsattes 15 ml konc. iiltiksyra (under loppet 
av c:a 30 sek.). Darefter borttogs brombverskottct med konc. myrsyra under 
omsvangning. En droppe metylrbtt-I tillsattes for att kontrollera, att all 
brom bortskaffats. Vid bebov avkyldes losningen till rumstemperatur ocb 
fbrsattes darefter med 2 g kaliumjodid ocb 25 ml svavelsyra 2.5 M. Efter 5 
minuter titrerades frigjord jod med 1/10 normalt nalriumtiosulfat med stiir- 
kelse-R som indikator. Deniia sista reaktionstid visade sig nbdviindig, d& 
annars lasningarna eftcrbl^nade. Resultaten i tabell 5. 

Som synes stiger tiosulfatfbrbrukningen kraftigt med temperaturen. Oxida- 
tionstiden synes vara utan betydcise vid vanlig temperatur. Av allt att dbma 
bildas i den alkaliska losningen framfbr allt i varme fbreningar av brom p^ 
bbgre oxidationsstadium, som sedan inte fullstandigt reagera med myrsyran 
i den attiksura losningen. Waters ocb Beal (9) anfbra ocksS, alt den efter- 
blftning, som erhSlles vid reaktioner av denna typ, mS.ste bero p& att »oxide- 
rade bromderival» bildas, som cj »dissocieras» genast vid ISgt pH. Efter- 
bl&ningcn kunde undvikas om endast obctydligt bverskott av brom anvandes. 
Tillsattes bromen i sur losning fingo de ej heller nftgon efterbl&ning, men 
vid pH 4.5 och lagre erbollos 25 % for ISga varden. 

I den bland AOAC:s metoder (6) upptagna Elmslie-Caldweirs metod for 
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Table 5. 

Thyroxin. 

Blind test. 
(Jxidation with bromine water in alkaline solution (pH 10.3). 

Temperature 
during oxidation 

Time of oxidation 
in seconds 

ml. of O.IOOON 
Na,S,Oj 

80 15 0,55 
80 15 0.58 
50 15 0.20 
50 15 1 0.32 
20 15 i 0.07 
20 15 ! 0.06 
20 60 1 1 0.05 
20 60 1 ! 0.08 

bestanining av jod sker emellertid bromoxidationen i sur losning, och Heim 
(10) fann b^ide siiker slutpunkl vid titreringcn och riitt jodhalt, nar bromen 
tillsattes i sur losning. 

For att soka bestiininia i vilken form bromen foreligger i losningen ut- 
fdrdes n^igra forsok. Enligt Farkas och Lewin (11) kan bromat bestammas 
jamte hypobromit p^ foljande siitt. Bromat + hypobromit bestammes genom 
att losningen forsiittes mod kaliumjodid och svavelsyra tills losningen blir 
0.5 normal med avseende p4 fri syra, varefter frigjord jod titreras med tio- 
sulfat. Hypobromit kan bestammas i den ursprungliga losningen genom att 
den gores bikarbonatalkalisk och forsattes mod kiind iniingd arsenit^ var- 
eftcr overskottet harav ^tertitreras med 1/10 normal jod. Bromatet erh&lles 
som skillnad mellan de b&da bestamningarna. 

Denna metod anvandes p& v^ra losningar. Bildad mangd bromat -f hypo¬ 
bromit hade redan tidigare bestamts genom forsoken i tabell 5. Det &terstod 
alltsi\ att bestaiiima, bur stor del av denna sumnia som utgjordes av hypo¬ 
bromit. Proven bereddes vid 80° som i tabell 5. Sedan bromen borttagits 
med myrsyra, neutraliserades losningen med natronlut 5 M till rent gul farg 
mot metylrott, varefter 4 g nalriumbikarbonat tillsattes. 25.00 ml 1/10 normal 
natriiimarsenitlosning tilLsattes och efter 5 minuter &tertitrerades med 1/10 
normal jod och stiirkelse-H som indikator. Htirvid fdrbrukades 23.06 resp. 
23.09 ml 1/10 normal jod. Vid stiillning av samma arsenitlosning forbrukade 
25.00 ml efter tillsats av 4 g nalriumbikarbonat och 200 ml vatten 23.03 resp. 
23.05 ml 1/10 normal jod. Saiinolikl inneholl blindprovet ej hypobromit 
utan endast bromat, vilken allts& orsakat hela den i tabell 5 funna liosulfal- 
forbrukningen. 

For att studera forh&llandena, d& oxidationen sker i sur losning utfordes 
samma forsoks.serie som i tabell 5 med den skillnaden, att attiksyran till¬ 
sattes fore bromvattnet. Vidarc utstracktes reaktionstiden till 5 och 15 minu¬ 
ter. Resultaten i tabell 6. 

Resultaten i tabellerna 5 och 6 visa alltsft, att det viktigaste ar, att oxidatio¬ 
nen sker vid ruinstemperatur. HAIIes temperaturen hogre erh&llas blindvar- 
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Table 6*. 

Thyroxin. 

Blind test. 
Oxidation with bromine water in acid solution (pH*4.3). 

Temperature 
during oxidation 

Time of oxidation 
in minutes 

ml. of O.IOOON 
NajS.i08 

80 15 1.45 
50 5 0.09 
50 5 0.07 

' 50 15 0.10 
20 5 0.00 
20 5 0.01 
20 15 0.01 
20 15 0.02 

den, som m&ste vara sv&ra att reprodiicera, om losningens temperatiir ej iir 
exakt fastlagd. Vid 20° kunna blindproven i siir losning licit forsummas, 
niedan de i alkalisk losning iippg^ till ungefiir 1 % av den iniingd titrer- 
vatska, som forbrukas vid en vanlig analys. Sur losning syncs alltsS vara 
att foredra vid oxidationen. 

For att kontrollcra, att oxidationen av jodid till jodat forldper kvantitalivt 
vid rumstemperatur under dc betingelscr som anviints i tabcll 0, gjordes 
motsvarande fdrsok mcd tillsats av 15.00 ml av den kaliumjodidlosning, som 
tidigare anviints i tabell 1. Resultat i tabell 7. 

Table 7. 

Thyroxin. 

Blind test to which KI was added. 
Oxidation with bromine water in acid solution (pH 4.3). 

Time of oxidation 
in minutes 

ml. of O.IOOON NajSsO, j 

Found Calc. 1 

5 27.39 27.40 ! 
5 27.40 

15 27.39 j 
15 27.39 1 

Som framgSr av tabellen iir oxidationen fullstiindig. I detta sammanhang 
fortjanar att p&pekas, att kontrollen ined metylrolt efter myrsyratillsatsen 
visade sig nodviindig, d& det i allrniinhct drojde flera minuter innan all brom 
forsvunnit. 

2. »Bromtillsatsen ar otillrackIig.» For att iindersoka hur 
mycket nitrit, som under olika upphettningsforhiillanden kan bildas vid 
smaltningen, gjordes n&gra forsok. Nitritbestamningen utfordes p& fdljande 
satt. Smaltan Idstes i 100 ml vatten och forsattes med ovcrskott av 1/10 nor- 
malt cerisulfat. Efter surgorning med svavelsyra tillsattes kaliumjodid, och 
frigjord jod titrerades med 1/10 normal! tiosulfat. 



9 

Snialtningen skedde i ell par forsok (»Ed. XI») enligt farmakopen» d. v. s. 
degeln var svagt rodglodande efter 10 minuter, och massan borjade smalta 
eftcr 20 minuter, d& upphettningen avbrots. I ett par andra forsok upphetta> 
des s& kraftigt, att massan borjade smalta redan efter ett par minuter och 
sedan lioILs smalt under Sterstoden av de 20 minuterna. I ett av dessa fall 
skedde upphettningen med kraflig mekerl&ga (»Meker»), i ett annat med 
kraftig bunsenlSga (»Bunsen»). Hesultaten i tabell 8. Bildad nitritmangd 
anges i ml 1/10 molar natriumnitritlosning. 

Table S. 

Thyroxin, 

Formation of nitrite in melting of blind test. 

Heating Nitrite formed i 

(ml. of O.IOOM) 1 

Pharm. Suec. Ed. XI 10.5 
»» ji >» »» 8.2 

Mckcr 38.2 
1 Bunsen 12.2 i 

Hnligt Ed. XI siitter man till 15 ml bromvatten-H. Delta reagens inneh^ller 
vid 20'’ omkring 3.3 ^/r broni. 15 ml bromvatten-R ar allts^ ekvivalent med 
c:a 31 ]nl 1/10 molar natriumnitritlosning. For att oxidera den miingd jodid, 
som normalt bildas vid forbriinning av den miingd tyroxin, som Ed. XI fore- 
skriver, §tgAr mindre an 2 ml bromvatten-R. Av allt att doma horde /arma- 
kopens 15 ml bromvatten-R vara fullt tillriickliga for oxidationen av s^viil 
jodiden som del normalt bildade nitritet. 

For att kontrollera denna slutsats gjordes n5gra forsok. Forst undersoktes, 
om bromoxidationen av nitritet var fiillstiindig dels under Ed. XI:s betingel- 
ser (alkalisk losning, oxidationstid 15 sek.), dels under de av oss foreslagna 
betingelserna (sur losning, oxidationstid 5 min.). 

7 g nitratdestriiktionsblandning och 5 g natriumacetat lostes i 200 ml 
valten. Till den kalla losningen sattes 15.00 ml 1/10 molar natriumnitritlos¬ 
ning. Vid forsoken enligt Ed. XI:s metod (»Ed. XI») tillsattes diireftcr 15 ml 
bromvatten-R. Efter 15 sekunder tillsattes 15 ml konc. iilliksyra, varefter 
bromoverskottet borttogs med myrsyra. Kontroll mod metylrott-I. Efter till- 
sats av 2 g kaliiimjodid och 25 ml svavelsyra 2.5 M titrerades frigjord jod 
med tiosiilfat. Vid forsoken enligt den modifierade metoden (»Modif. 
melhod») tillsattes iittiksyran fore bromen. Bromens reaktionstid var 5 mi¬ 
nuter, varefter forsoket slutfdrdes p5 samma siitt. Resullat i tabell 9. 

Jiimfores tabell 9 med tabellerna 5 och 0 finner man, att oxidationen av 
nitritet nuVste vara fullstandig i samtliga fall, d^ de erluRlna viirdena val 
overensslamma med blindprovsvardena under samma betingelser. 

Slutligen upprepades dessa forsok men med tillsats av 5.00 ml kaliumjodid- 
losning (haltbestamd genom titrering med silvernitrat och eosin som indi- 
kator) fore bromvattentillsatsen. Resultat i tabell 10. 
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Table 9. 

Thyroxin, 

Blind test with addition of nitrite. 
Oxidation with bromine water. 

Method ml. of O.IOOON Na,S,0, 

Pharm. Suec. £d. XI (oxidation at pH 10.3) 
103 I* l» •» f» »» »» »» 1V7.J 

Modified method (oxidation at pH 4.3) 
4 3 i. .» i» »t »♦ 

0.06 
0.08 
0.01 
0.01 

Table 10, 

Thyroxin, 

Blind test with KT and nitrite added. 
Oxidation with bromine water. 

j Method 
ml. of O.IOOON Na,SA 

Found Calc. 

Pharm. Suec. Ed. XI (oxidation at pH 10.3) 
ff f* fi tt tt >» ft 

Modified method (oxidation at pH 4.3)... 
ft ft ft t* .. ». 

9.32 
9.28 
9.29 
9.25 

9.24 

Narvaron av nitrit inverkar som synes ej pS den kvantitativa oxidationen 
av jodiden. 

Del ar emellertid mojligt, att nitritbildningen blir storre i ett prov, som 
inneh411er organisk substans. Det torde darfor vara lampligare att foreskriva, 
att bromvatten tillsattes tills den i borjan bruna fargen bleknar samt dar- 
efter ytterligare exempelvis 10 ml. I blindprovet bor i s& fall samma mangd 
bromvatten anvandas. 

3. »Jodf6rluster vid upphettningen.» Vad slutligen betraf- 
far jodforluster vid upphettningen anfor Lindholm (12), att om destruktio- 
nen foretages i sk stark varme att blandningen h&lles smalt i blott n&gra 
minuter, kan joden fullstandigt fdrflyktigas. Beal och Szalkowski (13) anfora 
emellertid, att cndast l^ngvarig upphettning medfor n&gon namnviird risk 
for jodforluster gcnom forgasning. Butler och Burdett (1) ha vid uppslutning 
av jodftaleinnatrium med natriumkarbonat under vissa skarpta betingelser 
funnit en jodforlust genom forgasning p& c:a 1.5 %. 

N&gon genomford forsoksserie ha vi icke utfort, men ett par varden kunna 
anforas, vilka i varje fall visa, att Lindholms uppgifter aro overdrivna. I tv& 
forsok upphettades sk kraftigt, att massan var smalt inom 2—3 minuter, var- 
efter den bolls smalt under resten av de foreskrivna 20 minuterna. Forsdken, 
som utfordes p& c:a 0.25 g jodkasein, gav en halt av 5.86 resp. 5.95 % jod 
(vid fdrbranning eniligt Ed. XI 5.95 %). 

Den av oss anvanda metoden med bromoxidation i sur losning provades 
slutligen p& ett preparat av tyroxin och tre preparat av Jodkasein. Substansen 
smSltes med destruktionsblandningen enligt Ed. XI. SmSltan lostes, forsattes 
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nied 5 g natriumacelat och 15 ml konc. altiksyra samt avkyldes till rums- 
temperatur. Bromvatten-R tillsatlcs tills den i borjan bruna fargen bleknade 
samt darefter yiterligare 10 ml. Efter 5 minuter borttogs bromSver- 
skottet med myrsyra. Kontroll med en droppe rnetylrott-I. Darefter full- 
foljdes bestamningen enligt farmakopen. Blindprovcn kunde forsummas. 
Hesultaten for tyroxin i tabell 11 och for jodkasein i tabell 12. gnind av 
brist p^ material kunde ej flera bestamningar \yk tyroxin utfbras. 

Table 11, 

Thyroxin, 

Determination of iodine in thyroxin according to the modified method of 
Pliarm. Suec. Kd. XI (oxidation in cold, acid solution). 

1 Weijfht ml. of O.IOOON 
NajSjOj 

Percentage 
of 1 

0.02646 8.00 63.9 
0.02091 6.38 64.5 
0.01988 5.99 63.7 

Table 12, 

lodinated Casein, 

Determination of iodine in iodinated casein according to the modified 
method of determining thyroxin (oxidation in cold, acid solution). 

No of Weight ml. O.IOOON Percentage 
sample of 1 

1 6.60 5.95 
7.65 5.94 
6.27 5.94 
7.83 5.% 

2 0.2217 5.68 5.42 
6.89 5.44 
6.09 5.41 
6.30 5.50 

3 ■RjPII 5.59 4.99 
5.01 

17.77 5.04 
0.7122 16.84 5.00 

Som framg&r av de tv& sista viirdena i tabell 12 synes en okning av den 
invagda mangden ej medfora n&gon andring av rcsultatet. 

Forbrdnning med kaliumpermanganat i sur miljd, 

Ed. XI :s metod f5r att bcstamina jod i tyroxin ar emellertid mycket om- 
standlig. Vi undcrsbkte diirfor om inte den belydligt enklare metod med sur 
permanganatforbranning, som vi forut provat p& jodftaleinnatrium, kunde 
anvandas aven har. 
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Av Rubstanscn invagdes 0.02000 g, som beliandlades exakt 
sanima satt som beskrivits for jodftaleinnatrium under rubriken »F6r- 
branning med kaliumpcrmanganat i sur Resultatcn i tabell 13. B&de 
5 och 15 minufers koktid provades. 

Table 13. 

Thyroxin. 

Determination of iodine in thyroxin by treatment witli permanganate 
in acid medium. 

Weight 
Time of 
boiling 

in minutes 

ml. O.IOOON 
NajSsO, 

Percentage 
of I 

0.02088 5 6.38 64.6 
! 0.02056 5 6.30 64.8 
: 0.01881 15 5.72 64.4 

0.02509 15 7.67 64.7 

Av tabellen framg{\r, att metoden ger vill reprodiicerbara viirden oeli 
synes vara val liimpad for jodbestamning i tyroxin. 5 niinuters koktid iir 
lillracklig. 

samma satt utforda blindprov visade en forbriikning av niindre an en 
droppc 1/10 nornialt tiosulfat. 

Jamforas viirdena i tabell 13 med resultatcn frSn bcstanmingar p& samma 
preparat enligt den modifieradc farmakopemetoden i tabell 11, finner man 
ganska god overensstammelse. 

Det visade sig, att samma metod med permanganatforbranning i sur los- 
ning kunde anviindas med smS iindringar iiven pS jodkasein. Permanganat- 
mangden okades till 50 ml losning (1 + 20). Upphettningen m&ste dock ske 
med viss forsiktighet och i en kolv p& 500 ml for att undvika overpbsning. 
Reaktioncn var ej heller fiirdig efter 5 minuter, varfor kokningstiden ut- 
stracktes till 15 minuter. Aven 30 minuter provades men befanns vara ond- 
digt 15ng tid. 

Haltbestiimningen utfordes p& samma substanser som i tabell 12. Resul- 
taten Sterfinnas i tabell 14. 

Pk samma satt utforda blindprov fdrbrukade rnindre an en droppe 1/10 
nornialt natriumtiosulfat. Resultatcn iiro som synes viil reprodiicerbara. An- 
markningsvart iir emellertid, att de viirden som erh&llits for samtliga trc 
preparat ligga c:a 2 % hogre, iin de som erhSIlits enligt den modifierade far¬ 
makopemetoden. Den enda tiinkbara forklaringen till dcnna skilliiad iir, att 
en viss jodfdrlust sker vid fdrbriinning enligt Ed. XI. Genoiii likformigt arbete 
ha viirdena i tabell 12 trots dctta blivit sS jiimna. 

SKOLDKORTEL. 

Vppsliilning med natriiimhydroxid och nairiiimkarbonat. 

Farmakopens forbriinningsmetod ar beskriven av Johnson och Nelson 
(14). Substansen uppslutes med en blandning av natriumhydroxidlosning 
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Table U. 

lodinated Casein. 

Detcrminalion of iodine in iodinated casein by treatment with 
permanganate in acid medium. 

No of 
Weight 

Time of boiling ml. of O.IOOON Percentage 

sample in minutes Na,S.p, of 1 

1 0.2406 15 6.87 6.04 

0.2328 15 6.69 
0.2580 15 7.39 
0.2029 15 5.88 6.13 
0.2029 15 5.88 6.13 1 
0.2576 15 7.41 
0.2647 15 
0.2051 15 5.92 
0.2714 7.80 
0.2130 6.12 
0.2700 7.72 

2 0.2226 15 5.88 5.59 
15 6.68 5.54 

15 6.17 

15 6.14 5.61 
15 6.57 5.56 

0.2500 15 6.64 5.61 

3 0.2341 15 5.66 5.11 
0.2763 15 6.69 5.12 
0.2527 15 6.07 5.08 
0.2228 15 5.41 5.13 
0.2222 15 5.45 5.18 
0.2546 15 6.17 5.12 

och iiatriumkarbonat fbrsatt med rivet filtrerpapper. Efter upphettningen 
loses smaltan i vatten. Jodiden oxideras med bromvatten till jodat, Metoden 
bar efterprovats av Canbiick och Wallenberg (15). 

I farmakopens utformning av metoden sker oxidationen med brom i varm 
alkalisk losning. Efter tillsats av 10 ml konc. iittiksyra bortskaffas bromover- 
skottet med myrsyra. Diirefter tillsattes 10 ml 50 %-ig svavclsyra, och efter 
avkylning till riimstemperatur tillfores kaliumjodid, varefter losningen 
omedelbart skall titreras med tiosulfat. Losningens pH vid kaliumjodidtill- 
satsen iir c:a 4.5, och det bildadc jodatet reagerar vid detta pH endast l^ng- 
samt med kaliumjodid. Fdrsdk visade, att en reaktionstid p^ 10—15 minuter 
var nodviindig. Okades diiremot syramangden till 40 ml svavclsyra 2.5 M, 
blev reaktionen momentan, vilket pSpekats av Ehrleii (16). 

Som tidigare anforts medfor oxidation med brom i varm alkalisk losning. 
att bromat bildas. Vid efterfoljande surgorning med iittiksyra och tillsats av 
myrsyra forstores ej bromatet fullstiindigt utan kan gc upphov till for hoga 
viirden. 

I farmakopens metod iir pH vid myrsyratillsatsen c:a 6.5. Darefter till¬ 
sattes svavclsyra och forst efter avkylning kaliumjodid. Det iir tiinkbart, att 
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bromat vid delta lagre pH kan ge brom med den bromid, som finnes i los- 
ningen. Om denna i sin tiir forstors av ett eventuellt overskott av niyrsyra i 
losningen, skulle delta medfdra, alt bromatbildningen eliminerades. For alt 
imdersoka denna detalj utfordes nSgra forsok. 

7.5 g 50 %-ig natronlut och 5 g natriumkarbonat lostes i 200 ml vatten, och 
losningen uppvarmdes till angiven teniperatur. Darcfter tillsattes 10 ml konc. 
atliksyra, 0.3 g kaliumbromid, 5.10 ml kaliumbromat 0.1002-n, 1 droppe myr- 
syra och 50 ml svavelsyra 2.5 M i niimnd ordning. Losningen avkyldes vid 
behov till runistemperatur, och cfter 5 minuter tillsattes 0.5 g kaliumjodid. 
Efter ytterligare 5 minuter titreradcs med 1/10 normalt natriumtiosulfat. He- 
sultaten i tabeiri5 kolumn KBrOa. 

Vidare utfordes analoga forsok med kaliumbromatel utbytt mot 5.10 ml 
0.1000-n kaliumjodat. Tanken bakom dessa sista forsok var att utrona, om 
kaliumjodat p^ raotsvarande salt kunde reagera med bromid och eventuellt 
forstoras p& sainma salt som bromat. Resultaten av dessa forsok i tabell 15, 
kolumn KJOa. 

Table 15. 

Thyroid. 

Blind test. 
No addition of bromine, instead 5.10 ml of 0.1()02N KBrOa and 5.10 ml of 

O.IOOON KJOa respectively. 

Temperature 
ml. of O.IOOON Na.,S,03 

KBrO, KJO. 

80 4.23 5.02 
80 4.07 5.03 
50 4.90 5.00 
50 4.80 5.07 
20 5.00 5.05 1 
20 5.16 ! 4.96 ! 

Det framg&r av tabellen, att kaliumbromat i viss mSn forstors vid hogre 
tcinpcratur. Vid rumstemperalur ar forstoringen obctydlig cllcr ingen. Be- 
traffandc kaliumjodat kan ingen forstoring med sakerhet p&visas. N&gon 
namnvard fordel med att satta till svavelsyran fore kaliumjodiden kunde 
allts^ ej konstateras. 

Hur mycket bromat som bildas, och i vad mAn detta fdrstdres, undersoktes 
genom nSgra blindprovsforsok. Dels utfordes blindprov cnligt Ed. XI med 
svavelsyran tillsatt fore kaliumjodiden, dels analoga forsok, dar kalium¬ 
jodiden tillsattes forst. I de senare forsoken kunde alltsA ingen forstoring av 
bromat ske efter ytterligare surgorning. 

7.5 g 50 %-ig natronlut och 5 g natriumkarbonat lostes i 200 ml vatten. 
Losningen uppvarmdes till angiven temperatur och forsattes med 7 ml brom- 
vatten-R och efter angiven reaktionstid tillsattes 10 ml konc. attiksyra. Brom- 
overskottet bortskaffades med myrsyra. Kontroll med metylrott-I. I ena f6r- 
sdkssericn (I) tillsattes darefter 50 ml svavelsyra 2.5 M och efter avkylning 
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0.5 g kaliunijodid. Hfter 5 minuter titrerades med 1/100 noriiiait natrium- 
tiosulfat. I den andra fdrsoksserien (II) avkyldes losningen och forsattes med 
0.5 g kaliunijodid och darefter med 50 ml svavelsyra 2.5 M. Titrering efter 5 
minuter. Hesultat i tahell 16. 

En tydiig skillnad niellan resultaten av de Mda forsoksserierna kan endast 
utliisas vid 20°. Man ser eniellerlid ocks4 hur varicrande vardcn, som kunna 
erh^llas vid samma temperatur, om denna dvcrstiger rumstcmperaturen. 

I kolumn III i tabell 16 upptas n&gra forsok med oxidation i sur losning. 
7.5 g 50 %-ig natronlut och 5 g natriumkarbonat Idstes i 200 ml vatten. Los¬ 
ningen uppvarnides till angiven temperatur och forsattes med 25 ml konc. 
iittiksyra. I.dsningens pH blev d4 c:a 4.5. Darefter tillsattes 7 ml bromvat- 
ten-H, och efter 5 minuter bortlogs bromoverskottet med myrsyra. Konlroll 
med metylrbtl-I. Efter avkylning tillsattes 0.5 g kaliunijodid och 50 ml svavel¬ 
syra 2.5 M. Titrering efter 5 minuter. 

Table 1(1, 

Thyroid, 

Blind test. 

I. Oxidation in alkaline solution. H,S()4 before KI. 

II. Oxidation in alkaline solution. Kl before H«SO». 

III. Oxidation in acid solution. Kl before H.SO4. 

^ ml. O.OIOOON Na^SoOn 
Temperature______ ‘____ 
on bromine { I ]{ 1 III * 

addition 
15 sec. 60 sec. 15 sec. 60 sec. ! 5 min. 

80 I 3.65 i 3.78 5.00 
80 1.85 2.97 
50 1.05 0.65 0.69 
50 0.40 0.57 

j 
0.15 

20 0.00 0.00 0.21 0.14 0.00 
20 0.00 0.00 : 0.18 i i 0.16 0.00 

Som tydligt framg^r av tabellen iiiLste bromoxidationen ske i kali losning. 
Skall den utforas i alkalisk losning m&ste svavelsyran tillsattas fore kalium- 
jodiden. Atl bildat broniat fdrstores under dcssa betingelser ni5ste bero p& 
att ett visst overskott av myrsyra tillsatts. Fdrstoringen blir darfor ganska 
oberaknelig. Sker dareniot reaktionen i sur losning, kan kaliumjodiden till- 
siittas fore svavelsyran utan att n5gon tiosulfatforbrukning erh&lles. 

De i tabell 16 upptagna forsoken upprepades darefter med den skillnaden, 
att en viss nuingd kaliumjodidlosning tillsattes fore bromvattentillsatsen. He- 
sultaten i tabell 17. Den anviinda kaliumjodidlosningen haltbestamdes genom 
oxidation med bromvatten-R vid pH 4, varvid den i tabell 17 anvanda niiing- 
den befanns forbriika 11.02 ml 0.01000 normalt natriumtiosulfat. I kolumner- 
na I, II och III iiro forsoksbetingelserna samma som i motsvarande kolumner 
i tabell 16. 
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Table 17. 

Thyroid. 

Blin<l test with KI added. 

I. Oxidation in alkaline solution. HaSO. before KI. 

II. Oxidation in alkaline solution. KI before H2SO1. 

III. Oxidation in acid solution. KI before ILSOi. 

j 

j Temperature 
on bromine 

; addition 

ml. O.OIOOON Na,S,0, 1 

. __ ■ _ i 

I 1 II 

15 sec. 1 15 sec. 

III 1 
1 

5 min. 

80 17.87 1 14.78 i 
80 22.99 15.96 1 

20 11.06 11.12 11.02 j 
20 1 11.00 11.01 1 

Av tabcllen framg^r, att oxidationen av jodid iir kvantUativ vid vanlij; 
teniperatur i samtliga fall. 

Slutligen gjordes jaiiiforandc forsok iiiellan fannakopens nielod och den 
av OSS inodifieradc nictoden. Do senare fdrsbken utfordes alltsfi under saniina 
betingelser soin anvants i tabell 16, koluinn III d. v. s. oxidation i kail, sur 
losning (pH 4.5). Resultat i tabell 18. Bestaniningarna enligt farniakopen ut¬ 
fordes s& att oxidationen alltid koni att ske i iner ellcr niindrc varni losning. 
Den enda avvikelsen fr^n fannakopens text var att svavelsyrainangden oka- 
des till 40 ml svavelsyra 2.5 M. Resultaten i tabell 19. Vid benikningen av 
vardena bar blindprovct antagits vara 0. Som redan fraingfitt av tabell 16, I 
varierar blindprovsvardet med teniperaturen, men eftersom temperaturen 
ickc iir bestiimd, m^ste blindprovet f& ctt slurnpartat varierandc viirde. 

Table 18. 

Thyroid. 

Determination of iodine according to the modified method of Pbarm. Suec. 
Ed. XI (oxidation in cold, acid solution). 

Weight ml. of O.OIOOON 
Na.^SjO,, 

Percentage 
of 1 

9.59 0.198 
0.193 

1.011 0.195 
1.153 0.196 

0.195 
1.119 0.195 
1.084 0.199 

Resultaten i tabell 19 variera p& c:a 10 %, niedan skillnaden mellan hogsta 
och liigsta vardc i tabell 18 endast ar c:a 3 %. 
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Table 19. 

Thyroid. 

Determination of iodine according to Pharni. Suec. Ed. XI 
(oxidation in warm, alkaline solution). 

Weight ml. of O.OIOOON 
Na^SjOj 

Percentage 
of I 

1.066 9.80 0.194 
1.005 9.40 0.198 

i 1.046 10.60 0.214 
i 1.053 10.15 0.204 
: 1.081 10.30 0.202 

1.066 10.80 0.214 1 

Andra forbrdnningsinetoder. 

Farmakopens forbriinningsmetod iir ganska tidsodande, varfor ett par 
andra nietoder ocks^ ha provats. Forst forsoktes forbranning med anvandan- 
de av 20 g nitratdestruktionsblandning. Eftcr iirkokning av snialtan och 
neutralisation av Idsningen med svavclsyra, instiilldes losningens pH p& c:a 
4 med hjiilp av acelalbuffert. Den kalla losningen forsattes med bromvatlen-R 
till begynnande gulfargning och darefter ytterligare 10 ml. Efter 5 minuter 
borttogs bromoverskottet med myrsyra, och bestamningen slutfordes som 
ovan angivits for skoldkortcl. Resultaten gSvo emellertid vid handen, att 
denna typ av forbranning syncs vara mera kiinslig for kraftig upphettning 
jin farmakopens metod. Viirdena blevo vid oforsiktig upphettning latt for 
l^ga. Delta stammer jii for ovrigt med erfarenheterna frSn haltbestiimningen 
av jodkasein enligt farmakopens tyroxinmetod. 

Vidare provadcs ocks^ den metod, som finnes upptagen i USP XIII. Man 
uppsluter hjir med kaliumkarbonat, men metoden syntes dock fordra kraf- 
tigare upphettning iin vanlig bunsenl^ga, for att fullstiindig forbranning 
skulle erhjillas. 

Aven sur permanganatforbrjinning provades. Hiirvid ^tgick mycket stora 
mjingder permanganat (c:a 10 g). Fullstiindig forbranning syntes erhSllas, 
men viirdena varierade i allniiinhet ganska mycket. 
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S U M M A R Y. 

Determination of organically bound iodine. 

The Xlth Edition of the Swedish Pharmacopoeia lists three preparations 
containing organically bound iodine: lodophthalein Sodium, Thyroxin and 
Thyroid. A closely related compound is lodinated C.asein. The methods of 
determining the iodine content of these preparations have been found to 
possess certain weaknesses and can in some cases be simplified. 

lODOPHTHALEIN SODIUM. 

Treatment with potassium permanganate in alkaline medium. 

By the method described in the Swedish Pharmacopoeia Ed, XI the sub¬ 
stance is decomposed in alkaline permanganate solution in the same way as 
that described in the USP XII. The iodine is then oxidised to iodate by 
bromine in a solution buffered with acetate. The excess bromine is removed 
with formic acid, and the iodate is then determined in the usual way by 
iodometric titration. 

After the removal of the excess bromine there often remains a brown 
colouring. It is shown that this is due to manganous ions being oxidised by 
the bromine to manganese dioxide or a related compound. On acidification 
this manganese compound liberates iodine from potassium iodide and may 
thus cause consumption of sodium thio.sulfate. 

Table 1 shows that the formation of manganese dioxide diminishes rapidly 
with decreasing pH value, and at pH<3,6 it is insignificant (column Mn). 
Within the whole range of pH values investigated the oxidation of iodine is 
quantitative (column KI). 

A pH value of approx. 3.2 which is independent of normal measuring 
errors, is obtained by increasing the quantity of acetic acid to 25 ml. of 
concentrated acid. 

Table 2 shows that the oxidation of potassium iodide is complete at this 
pH value even if the time of oxidation is reduced to 5 minutes. 

In table 3 the results obtained by a method thus modified are compared 
with those obtained in determinations according to the Pharmacopoeia. The 
difference between the results is insignificant but the advantage of the 
modified method is that the brown colouring is avoided. 
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Treatment with potassium permanganate in acid medium. 

An appreciable gain of time is achieved, if the permanganate oxidation 
is carried out in acid medium. The following method has been proved 
suitable: 

0.1000 g of iodophtlialein sodium is dissolved in 10 ml. of water and 2 ml, 
of 2M sodium hydroxide. The solution is heated with 15 ml. of a 5 per cent 
solution of potassium permanganate and 20 ml. of 2.5M sulfuric acid and 
boiled for 5 minutes. After cooling the solution is decoloured with a small 
excess of a 10 per cent solution of sodium pyrosulfite. The solution is 
neutralised with 2M sodium hydroxide (methyl red) and 25 ml. of concen¬ 
trated acetic acid and 3 g of sodium acetate are added and the mixture 
cooled to room temperature. Bromine water is added until a faint yellow 
coulouring a])j)ears and after that a further 10 ml. After 5 minutes decolor- 
isation is affected by the dropwise addition of formic acid. 1 g of potassium 
iodide and 10 ml. of 2.5M sulfuric acid are added and the solution is 
titrated v.ith sodium thiosulfate. Results of the determinations are shown 
in table 1. 

THYROXIN AND lODINATED CASEIN. 

Fusion with nitrate destruction mixture. 

According to the Swedish Pharmacopoeia Ed. XI thyroxin is decomposed 
by Hunter’s method and the iodide is then oxidised to iodate by bromine 
water in alkaline solution. 

If the oxidation is carried out in warm solution bromate is formed and 
large blind test value are obtained (table 5). Even when the oxidation takes 
place in acid solution (pH 4.3) blind values are obtained at higher tempera¬ 
tures (table 6). The blind test values obtained at 20° C can be neglected. 

Table 7 shows that the oxidation of iodide is complete in acid solution 
within 5 minutes. 

In the fusion nitrite is formed (table 8). which is ([uantitatively oxidised 
in the acid solution (table 9, cf. tables 5 & 6). The presence of nitrite does 
not influence the quantitative oxidation of iodide (table 10). 

Tables 11 and 12 show the results of determinations of iodine in thyroxin 
and iodinated casein when the bromine oxidation takes place in cold acid 
solution. 

Treatment with potassium permanganate in acid medium. 

Thyroxin can, however, be estimated much more simply through oxidation 
with permanganate in acid solution as staled above for iodophtlialein 
sodium. 0.02000 g are weighed out. Results are shown in table 13. 

The results of these determinations agree rather well with the values 
obtained according to the modified method of the Pharmacopoeia (table 11). 

The same method can also be used for iodinated casein if the quantity of 
permanganate is increased to 50 ml. of a 5 per cent solution and the boiling 
time to 15 minutes. Results in table 14. The blind test values can be 
neglected. The determinations were made on the same substances as in table 
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12, but the values obtained were about 2 per cent higher, probably due to 
loss of iodine when the fusion was carried out according to the Parma- 
copoeia. 

THYROID. 

Fusion with sodium hydroxide and sodium carbonate. 

According to the Swedish Pharmacopoeia Ed. XI the compound is 
decomposed in the same way as described in the USP XII. The iodine is 
oxidised by bromine water in varm alkaline solution. As pointed out above 
the oxidation in alkaline solution causes the formation of bromate. The 
solution is then made acid (40 ml. of 2.5M sulfuric acid) and after cooling 
potassium iodide is added, and the solution is titrated at once. In the tests, 
the results of which are shown in table 15, the addition of bromine w^as 
omitted and in its place potassium bromide and a known quantity of 
potassium bromate and potassium iodate respectively and one drop of 
formic acid were added before the sulfuric acid. The bromate is to a certain 
extent destroyed in the acidification if the temperature is high and an excess 
of formic acid is present. At room temperature the destruction is insignifi¬ 
cant. On the other hand, iodate is not destroyed at any temperature. 

Tables 16 and 17 show that the oxidation by bromine should be carried 
out in cold, preferably acid, solution. 

Table 18 shows the results obtained in determinations of iodine in thyroid 
according to the following modified method: 

1.000 g of substance is fused in the prescribed manner with sodium 
hydroxide solution and sodium carbonate. The contents of the crucible are 
then dissolved by boiling with water and after this 25 ml. of concentrated 
acetic acid are added and the mixture cooled to room temperature. 7 ml. of 
bromine water are added and after 5 minutes the excess bromine is removed 
with formic acid. After addition of 0.5 g of potassium iodide and 50 ml. of 
2.5M sulfuric acid the liberated iodine is titrated with O.OIN sodium thio¬ 
sulfate with 3 ml. of starch solution as indicator. The value for the blind 
test was 0 as shown above. 

In table 19 the corresponding determinations have been made according 
to Pharm. Suec. Ed. XI. The oxidation took place in varm solution. When 
calculating the values, the value for the blind test was assumed to be 0. 

The difference between the highest and lowest values according to the 
modified method is about 3 per cent and about 10 per cent according to the 
method of Pharm. Suec. Ed. XI. 

A.B. Realtryeki Sthlm tm 
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In recent years a new method for analysis of salts has been developed. Samuel- 

son‘ filtered a solution of an inorganic salt through a column of a proton saturated 

cation exchanger. The anions passed through the column, but the cations—e.g. 
Li, Na, K, Ca, Ba, Cu, Pb, Fe, A1—were exchanged for hydrogen ions. The 

acid in the filtrate was titrated or otherwise determined. I'he cations withheld 

by the exchanger were eluted with hydrochloric acid and could be determined in 

the usual way. 'Phe yields were good and the time required for an analysis short. 

'I'he method permits a separation of ions interfering with each other in analyses, 

e,g, phosphate from calcium. As very little is reported on salts of organic acids 

(however, compare i) it seemed worth while to pay some attention to them. This 

paper is devoted to the analysis of sodium and calcium salts of some water soluble acids. 

Procedure. The exchanger used was Amberlitc IR-ioo H from Nordiska Arma- 

turfabrikerna, Linkoping. 'Po avoid swelling during the experiments the resin is 

kept in water for a day and then poured into a glass tube, i cm wide, to a height 

of 20 cm. When fixed vertically the column permits water to flow through it 

rather freely without suction. The rate of flow is regulated by a stop-cock at the 

lower end. 'Phe resin is washed with water until the washings are colourless and 

neutral to methyl red. 'Phen 50 ml of hydrochloric acid 5M is filtered through 

the column (rate of flow: 5 ml per minute) and the excess of acid removed by 

washing with 200—500 ml of water (test with silver nitrate or methyl red). 'Phe 

column is then ready for the analysis. 

Blank value. 100 ml of water run through the column and titrated with i 10 

normal sodium hydroxide (phcnolphthalcin) consumed 0,15 ml. With “equilibrium 

water“ the value was 0,13 ml. Smaller quantities of water gave proportionally 

smaller blanks. All figures given below are corrected accordingly. 

Capacity. The exchanging capacity of the column was tested in the following 

way. 20 ml of i/io molar sodium chloride solution was filtered through the column 

which was eluted completely with water (25 ml). The hydrochloric acid in the 

filtrate was titrated with i/io normal sodium hydroxide. Indicator: phenolphtha- 

lein. The process was repeated with further quantities of sodium chloride. Results 

see Table i. 



Table i Testing the Capacity of the Column 

Millival Na Cl Millival HCl 

introduced titrated 

1,998 1.998 
2,998 2.994 
4.994 4.930 
5.992 S.840 

Thus, 2 millival could be used for the column. 

RESUUrS 

I. Salts, prepared extemporaneously. 20ml of one tenth normal solutions of some 
acids were titrated with one tenth normal sodium hydroxide, using phenolphthalein 
as the indicator. The titrated solutions were filtered (5 ml per minute) through 
the Amberlite column, and the acid re-liberated was eluted with water and titrated 
in the filtrate. All the chemicals used were duely tested for foreign anions. For 
results see Table 2. 

Table 2. Acids, Titrated and Analysed 

Acid 

Millival : 

direct 
titration 

bund on 

titration 
after 

Amberlite 

Yield 
O' 
/O 

Elution 
with ml 

Tartaric acid . Free acid 99,9 50 
0,994 0,986 99.2 25 
0,994 0,992 99,8 50 
0,994 0,993 99,9 60 
2,004 2,001 99,9 SO 
2,004 2,001 99,9 50 

Citric acid. 2,028 2,025 99,9 50 
2,028 2,024 99,8 50 

Lactic acid. 1,728 L754 100,2 70 
1.728 1,728 100,0 70 

Sulfosalicylic acid. *.536 L534 99,9 SO 
1.561 L569 100,5 50 

The direct determination of lactic acid was performed by the method given in 
the Swedish pharmacopoeia. For the “Amberlite analysis** the solution was 
heated on a water bath with 20 % excess of i/io normal sodium hydroxide for 
5 minutes to destroy the anhydrides. The carbon dioxide of the air was excluded 
by means of a soda lime tube. After cooling the solution was filtered through 
the resin. 

The exchange method failed with propionic and benzoic acids; for benzoic acid 
even in more dilute solution. The elution was slow and incomplete. Acetic acid 
has been tried with success by Samuelson^ 



2. Calcium lactatCy conforming to the tests in the Ph. Svec. Ed. XI. It contained 
at most 1,2 ” '0 calcium lactyl lactate and 27,9 per cent water of crystallisation, the 
latter determined at 105"^ (theory 29,2 % HgO). 

About 0,3000 g dissolved in 10 ml of water was filtered through tl;c colunrm 
and eluted with 70 ml of water. Indicator: phenolphthalein. 

Table j. Calcium Lactate 

Per cent 

Pound Mean Theory Yield 

Ca, determ, as in Ph. Sv. 

Acids, calculated as lactate ion. .. 

13.03: «3.J3: 13.07 

57.3; 57.4 

13.08 

57.3 

13.00 

57.78 

100,6 

99,3 

3. Calcium gluconatey conforming to the tests in the Ph. Svec. Ed. XL The loss 
of water at 130° was 0,5 %. The w^ater content according to the formula is 4 %. 

About 0,4500 g dissolved in 20 ml of w^ater. Elution with 70 ml of water. Indi¬ 
cator: phenolphthalein. Towards the end of the titration the red colour of the 
solution persisted for some seconds indicating a slow' reaction between the sodium 
hydroxide and the titrand. However, there was no doubt as to where to fix the 
end point. 

Table 4. Calcium Gluconate 

Per cent 

Found Mean Theor>^ Yield 

Ca, determ, as in Ph. Sv. 8,97:9.01 8,99 8,94 100,6 

Acids, calculated as gluconate ion 85,6; 86,6; 86,1 86,1 87.04 98,9 

4. Calcium glycero-phosphatey conforming to the tests in the Ph. Svec. P'd. X. 
The loss of weight at 130'^ was 11,0 %. The water content according to the formula 
is 14,6 %. 

About 0,2500 g dissolved in 20 ml of water. Elution w ith 25 ml of w ater. Indi¬ 
cator: phenolphthalein. A potentiometric titration ascertained that it was the 
correct indicator. 

Table 5. Calcium Glycero-phosphate 

Per cent 

Found Mean Theory Yield 

Calcium, titration to pH 3,5 ... 16,28; 16,45 16,37 16,28 100,6 

Acids, calculated as C8H70flP... 69,8; 69,2 69.5 69,08 100,6 



5* Novalgin^ the sodium salt of amidopyrine methane-sulfonic acid (i H^O), free 
from chloride and sulfate. The loss of weight at 105^ was 5,3 % (according to 
formula 5,1 % \hO). 

About 0,4000 g (i millival) dissolved in 20 ml of water. The usual quantity 
2 millivals, gave low yields (2—3 per cent loss). Elution with 50 ml of water. 
By a potentiometric titration it was ascertained that phenolphthalcin was the 
correct indicator. The approximate content of amidopyrine was determined 
oxidimetrically with permanganate in alkaline solution by Schulek and Meny- 
harth’s method.’ 

Table 6. Novalgin 

Per cent 

Found Mean Theory Yield 

Bases, as Na (sulfate ash) 6,48; 6,59 6,54 6,55 99,8 

Acids, as amidopyrine 
methane-sulfonium ion 

With KMn04 

With 

89; 89 

87,8 

88.32 

Amberlite 87,5: 88,0 99,4 

6. SoJium menadiol sulfate, Ph. Sv. (2-methyl-i,4-naphthylene-di-sodium-di- 
sulfate), a specimen of rather low quality: light brown colour; contained chloride 
and sulfate. About 0,4000 g dissolved in 20 ml of water. Elution with 50 ml of 

water. Indicator: phenolphthalcin. 

As it was found difficult to obtain a sulfate ash free from carbon, the sodium 
content was determined in the following way. After the elution with water, 50 ml 
of hydrochloric acid 5M was filtered through the column, thus eluting the sodium 
which was determined as NasS04. A blank was run. 

The percentage of oxidizable hydroquinone derivative was determined with 
ceric sulfate by Canback and Ehrlen’s method.* 

Table 7. Sodium Menadiol Sulfate 

Per cent found, as Na2C,iH8S2 Average 

Acids. 92,9; 92,7; 93,2:93.0 
89,3:89,8 
93.5; 93.0 

Oxidizable . 
Bases. KH 

The result may be interpreted by the assumption that the substance contained 
89,6 per cent sodium menadiol sulfate plus at most 1,4 per cent sodium sulfate 
or at most i,i per cent sodium chloride, the rest being water. This coincides with 
the outcome of the qualitative tests. 



Summary 

A method is given for the analysis of the sodium or calcium salts of some water 
soluble acids. A solution of the salt is filtered through a column of Amberliie 
IR-ioo H, eluted with water, and titrated. The accuracy is good. 
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The Adsorption of some Phenolic Compounds 
on Aluminium Oxide 

by 

Carl Olof Bjdrling 
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In recent years aluminium oxide has been used for the analysis of alkaloid 
salts (i, 2, 3, 4, s). Most alkaloids investigated hitherto are not adsorbed from 
alcohol or water by the oxide, but some of them form interesting exceptions to 
the rule: Reimers (i, 2) on chromatographic analysis found a delayed elution of 
morphine and apomorphine, Bjorling (5) of oxedrine. As the three compounds 
are all phenols, it was natural to ascribe to the phenol group a r6Ie in the adsorption 
processes. 

The basic aluminium oxide adsorbs preferentially, as is well known, acid 
substances by neutralisation. Though morphine, etc. are mainly bases they also 
have acidic properties which may modify the adsorption. 

The present paper will deal with the adsorption on aluminium oxide of three 
series of compounds, comprising di, mono, and non phenolic bodies. The first 
two series consist of alkaloids, the third of simple benzene derivatives. 

Series i. Adrenaline, oxedrine, ephedrine 

Series 2, Apomorphine, morphine, codeine, and dionine 

Series 3, Catechol, resorcinol, hydroquinone; guaiacol, phenol; veratrole, anisole. 

EXPERIMENTAL 

Gefieral 

Aluminium oxide, standardised by Brockmann's method (6), was used in all 
the experiments. 

Most often, two sets of chromatographic experiments were made; one in 
macro scaley employing about 0,5 millimol of the substance to be tested and 
10 g of the oxide in a tube, i cm wide; another in micro scaky using about 0,005 

millimol of the substance and 0,4 g of the oxide in a column, 3 mm wide, or i g 
in a 5 mm tube. 

‘‘AlcohoP* designates 95 v/v per cent ethanol. 

Series i 



X Y R 

Adrenaline. OH OH H 
Oxedrine . OH H H 
F.phedrine . H H CH;, 

The three compounds differ mainly in the number of phenolic hydroxyls: two, 
one, and none, respectively (the CH3 of the ephedrinc is thought to be of minor 
import?.nce). If the phenol group has any influence on the adsorption process it 
might be possible to demonstrate it with this series. 

a) Adrenaline 

Macro scale, alcohol 

0,1 g of adrenaline dissolved in an equivalent amount of hydrochloric acid 
o,5~n (aboutiml) and 10 ml of alcohol was eluted with alcohol, 5x5 ml. 
The eluates were collected separately in 10,00 ml of hydrochloric acid 
N/io and titrated back with sodium hydroxide N; io (50 per cent alcoholic medium 
at the colour change, bromophenol blue, cf. 1, 5, iS). No acid was consumed, 
and no adrenaline could be detected by the Folin-Ciocalteu reagent (see appen¬ 
dix and 20). Strong positive reaction was, however, obtained after further elution 
with hydrochloric acid N/2. 

Micro scale, I g of miter 

I—5 ml of an aqueous sSolution, containing 0,2.2 mg of adrenaline hydro¬ 
chloride, was sucked into the oxide. No adrenaline was eluted by 25 ml of water 
or by 25 ml of a 10 per cent sodium chloride solution. 

The pH of a buffered adrenaline solution greatly influenced the adsorption. 
2 ml of an 0,5 ‘'/oo adrenaline hydrochloride solution was mixed with 2 ml of 

a buffer solution M/io, the mixture sucked into the column, and eluted with 
13 ml of the buffer. The adrenaline was determined in the eliiatc by the iodine 
method (see appendix). In parallel experiments the pH of the eluates was 
determined in separate portions of approximately 5 tnl. Table i shows the 
results. 

Table i 

Per cent Adrenaline Eluted from Solutions of Different pH 

pH in the original solution 

. 

1,0 3,0 4,0 5»o 6,0 7,0 8,0 
1 

9,0 

pH in the 

eluate 

i 

first 5 ml 2,1 8,6 8,6 8,7 8,7 9,6 9,6 9,4 

next 5 ml 1,2 4,2 5,0 8,8 8,9 9,9 10,0 9,0 

last 3—4 ml 

_ i 
3.2 

1 
4,3 

j 

5.6 8,9 
1 

8,7 
i 

10,0 8,9 

Per cent adrenaline recove- 

red in the eluate S, 1 85 ! 6a 1 1°' 1 ^ ^ 

0 1 0 

Buffers according to the Swedish Pharmacopoeia ig46. 



Thus, if the eluting buffer has a pH lower than 6 the adrenaline is not adsorbed 
quantitatively, and for total elution the pH must be in the vicinity of i. 

The limiting value of the pH of the solution leaving the column without eluting 
any adrenaline is, with the buffers used, somewhere between 5, 6 and 8, 9. Ob¬ 
viously, the oxide has a considerable capacity for adjusting the pH of the elu- 
trient. 

The elution with hydrochloric acid was easy, and half normal acid was not 
more effective than one tenth normal. The following figures illustrate the connexion 
between the volume of i/io normal hydrochloric acid and the recovery of ad¬ 
renaline in the eluate. 

Elution with. 5 10 15 20 25 ml HCl N/io 
Per cent recovery. 91 95 100 100 100 

Table 2 shows the results of some elution experiments with hydrochloric acid. 

Table 2 

Recovery of Adrenaline Eluted from Aluminium Oxide with Hydrochloric Acid Njio. 
Iodine Method 

Mg of Adrenaline 

Introduced Recovered 

0,45 0,47 0,48 
0,80 0,78 
0,82 0,84 0,83 
0,90 0,89 
1,21 1.17 
1.35 1.33 
2,01 2,02 

b) Oxedrine 

The results are summarized in Table 3. 

Table 3 

The elution of Oxedrine^ Macro Scale 

Compound Dissolved in Eluted with 
Maximal 

recovery % 

Oxedrine 0,08 g alcohol 45 ml alcohol 97 
base 0,08 g alcohol 30 ml alcohol. KI i % 96 

Oxedrine 0,1 g alcohol 85 % 30 ml alcohol 50 
tartrate 0,1 g alcohol 85 % 30 ml alcohol. NaBr i % 93 

0,06 g water 15 ml water 90* 
0,06 g water , 35 ml water , 100 

' 0,06 g water 15 ml NaHCO, 2 % 100 

* not maximal elution. See next line. 



The oxedrine is clearly less firmly bound to the oxide than is adrenaline. The 
base is slowly eluted with alcohol, and the rapidity is increased by salts (compare 5)/ 
From the tartrate the free base is eluted incompletely by alcohol, but better by 
an alcoholic salt solution. Water elutes the oxedrine tartrate quantitatively, 
probably as the salt. Even a sodium bicarbonate solution is just as effective. 

The results indicate so marked a difference between adrenaline and oxedrine 
that it might be possible to separate the two compounds from each other by 
chromatography with water. 

c) Ephedrine 

is relatively easily eluted with alcohol from aluminium oxide, from its salts as 
the base by alcohol or an alcoholic salt solution (i, 4, 5). With increasing water 
content in the elutrient the elution is very easy, from salts of ephedrine partly 
or totally as the salt. 

Conclusion 

In the first series it is evident that the adsorbahility decreases strongly with 
the number of phenolic hydroxyls. 

Series 2 

consists of apornorphine, morphine, and codeine and dionine. 

CH3 
N 

/.\ / A 
V- -/ V- 

i ! 
Oil OH X 

CII3 
N 

/ ■ 1 
^ OH 

Apornorphine Morphine X - OH 
Codeine X - OCH3 

Dionine X — OCJIs 

The difference between the first and second members is greater than in the 
first series. 

a) Apornorphine 

Reimers et al (i) found that the free base was eluted incompletely (58 %) 
from apornorphine hydrochloride by alcohol from aluminium oxide (Merck). 
The results of the present investigation are summarized in I'able 4. 

Compared to adrenaline, apornorphine in alcoholic solution is less firmly bound 
to the oxide than adrenaline, whereas the two substances are both adsorbed in 
water solution. According to the normal rules, the adsorption from water should 
be smaller than from alcohol. The discrepancy may be explained by the assump¬ 
tion that apornorphine is more liable to be destroyed by the alkaline oxide in 
aqueous than in alcoholic medium and that the destruction is complete in the 
micro scale experiments. It was evident that the apornorphine was also affected 
in alcoholic medium as the eluates were always more or less discoloured. The 



fact that after the elution of 30 per cent of the apomorphine with alcohol (experi¬ 
ment 9 a, macro scale) it was possible to recover but a few additional per cents 
by further elution with hydrochloric acid (experiment 9 b) points in the same 
direction. Moreover, the acid eluates were discoloured which indicates an oxidation. 

Table 4 

The Elution of Apomorphine 

A. Macro scale: 0,2 g of the hydrochloride dissolved in i ml of H2O 4 10 ml 
of alcohol. 

B. Micro scale: 0,1 mg of the hydrochloride dissolved in i ml of HgO. 0,4 and 
I g AI2O3 in a 3 mm tube. 

Nr Eluted with 

5 

Per C€ 

Elut 

10 

nt Yicl 

ion wit] 

15 

d after 

I ml 

20 25 

Method of 
Determination 

M
a
c
ro

 s
c
a
le

 

1 

2 

3 

4 

5 
6 

7 
8 

9a 

9b 

i 

Alcohol. 
Alcohol. 
Alcohol. 
Alcoh. NaBr. i ^0 
Alcohol. 

Alcohol. 
Alcohol. 
Alcohol. 
(Alcohol. 
(Alcohol. 
continued with 

HCl N/io ... 

3 

3 

[ 

27 

20 

2—4 

35 

34 

41 

41 

28 

33 

45 
38,6 

42,3 
43 

38 
38 

35 

35 

Titrimetric 
Titrimetric 
Titrimetric 
Titrimetric 
Photometric 
Photometric 
Photometric 
Photometric 
Titrimetric 
Photometric 

Photometric ’ 

0 10 Water. 0 Photometric 
(A 

0 II Alcohol. 0 Photometric 
0 

§ 
12 HCl N/10 . 100 Photometric 

Finally, the figure for maximal elution found by Reimers (i) 58 per cent, 
with the less basic aluminium oxide, Merck, is greater than the figure obtained 
here, about 40 per cent, with the Brockmann oxide. 

All the evidence gained thus shows that apomorphine is partly destroyed by 
the oxide in alcohol and far more in water. The complete elution with acid re¬ 
sembles the behaviour of adrenaline, but no attempt has been made to prove 
that the method of analysis gives apomorphine and not deterioration products. 

b) Morphine 

Reimers (i) found, on chromatographic analysis of morphine hydrochloride 
on aluminium oxide (Merck) that the free base was rapidly eluted by 90 per cent 
alcohol. However, the values were somewhat lower than those calculated from 
an extraction method. He concluded that the morphine might contain an unknown 
oxidation product, which was less eluable than the morphine but could be ex¬ 
tracted by the organic solvents. 

Table 5 shows a summary of the results of the present experiments. 



Table 5 

The Elution of Morphine 

A. Macro Scale: 0,2 g of the hydrochloride, dissolved in 0,5 ml of HgO + 10 ml 
of alcohol; titrimetric determination. 

B. Micro Scale: 3 mg of the hydrochloride, dissolved in 2 ml of HaO; i g of 
AljOa; photometric determination. 

Eluted with 
Per Cent Yield after Elution with ml 

Per Cent 
Yield after 
Extraction 

of the Eluate 
10 15 20 25 30 35 40 

Alcohol. 65.3 82,4 87,2 91.7 94.6 95,9 95,9 
8 Alcohol. 76,1 86,1 91.S 94,0 95,0 
« 
0 Alcohol. 94,9 96,2 
8 
N 

Alcohol. 95.0 97.3 
s Ale. NaBr i % . 68,3 80.8 87,8 92,0 93,9 94,3 96,1 

Ale. NaBr i % . 73,1 86,1 93,5 94.5 96,0 

'3 Alcohol. 96,5 u 
Alcohol. 94,8 

0 
s Water. lOI 

s Water. 99 

Again, the adsorption of the mono-phenolic compound is smaller than of the 
di-phenol. Morphine and oxedrine behave similarly.—As with apomorphine, 
Reimer’s figures arc higher than mine, presumably because of the different 
basicity of the oxides used, 
c) Codeine and Dionine 
are easily eluted as the bases by alcohol from aluminium oxide (c/. i, 5), even 
from their salts of mono-valent acids. 

Series 3 

consists of the following members 

X Y Z u 
a Catechol. . OH OH H H v 
a Resorcinol .... . OH H OH H 

A 

a Hydroquinone . . OH H H OH A 
b Guaiacol. . OH OCH, H H 
b Phenol . . OH H H H 1 

\/ c Veratrole . . OCH, OCH, H H 
c Anisole. . OCH, H H H u 

The experiments were only qualitative and were made in macro scale. 
of the substance was dissolved in 5 ml of the solvent. Elution was performed 
with the same solvent and 5 ml portions of the eluates were tested for the com¬ 
pound. The column was pushed out, samples were taken from four parts of it 
and tested. Table 6 shows the results. 



rahle6 

The Elution of Phenols and Phenol Ethers. Qualitative Detection in the Eluate and 

the Column 

Eluate 
Catechol 

Resor¬ 

cinol 

Hydior 
quino- 

ne 
Guaiacol Phenol 

Vera- 

trole 

Ani- 

sole 

ml 
Alcohol Water 

HCl 
N/10 Water Water Alcohol 

Alcohol 
50»/, Alcohol Water Alcohol Alcohol 

5 — — — 4- 4- 4- 4- + 4- 4-4- + + + 4- 4-4- 

10 — — — -i- + 4- 4- + + 4- + 4- 

15 — + 4- -i- + 4 (+) (+) — — 

20 — — — + (+) 4- + — — — 

25 — — — (+) 4- — — — 

Top — — — — — 

from top — — — — 
i _ — 

*/3 from top — — -f+ + (+) (+) — — — 

Bottom — — (+) 4- 

[ 

4- + 
1 

(+) (+) 
I 

Parts of 
Column -f-f-l- very strong reaction 

+ + strong reaction 
+ reaction 
(-f) reaction? 

no reaction 

Of the three di-phenols, catechol is adsorbed most strongly. It is totally ad¬ 
sorbed from alcohol and water, but clearly desorbed by hydrochloric acid. The 
meta and para derivatives are adsorbed to a smaller extent. The mono-phenols 
are weakly adsorbed, and the non-phenolic bodies scarcely at all. 



Discmsion 

Some of the experiments were made with salts, not with the free compounds. 
For weak bases this does not matter very much, if the acid of the salt is mono¬ 
valent (r/, 5). 

In all the series, especially in the first and third ones, the same trend is evident: 
the (ortho) di-phenolic compounds are adsorbed more strongly than are the mono- 
phenolic substances, and these, in turn, more strongly than the non-phenolic 
ones. Adrenaline, apomorphine, and catechol are retained by the oxide, both in 
alcoholic and aqueous solution, and are desorbed fully only by acid. 

Oxedrine, morphine, and phenol and guaiacol are desorbed slowly and in¬ 
completely by alcohol, fully by water, and constitute an intermediate stage between 
the di-phenols and the non-phenols which are easily desorbed. 

Is there any connexion between the adsorbability of the compounds and their 
other chemical properties? 

In the first series the strength of the bases are: ephedrine pb ^ 4,6, and cer¬ 
tainly not much more for oxedrine and adrenaline. In the second series the pb 
values are: about 7 for apomorphine and about 6,1 for the other three. The mem¬ 
bers of the third series lack basic properties entirely. 

Thus, the adsorption of the substances investigated seems to be independent 
of their basic properties. 

Is there, then, any relation between acidic character and adsorbability ? The 
following figures have been found in the literature. 

Table 7 

Acidic Properties, 

Water Alcohol Literature 

Apomorphine . 8,9 7 
Morphine. 9>9 7 
Codeine, dionine . very great 
Catechol . 9,9 12,0 8,10 
Resorcinol . 9,8 ' 12,2 8, 9 
Hydroquinone. 10,4 12,6 8. 9 
Phenol . 9,9 12,7 8, 9 
Guaiacol. 9,9? 
Veratrole, anisole. very great 
Adrenaline. ? 

Oxedrine . ? 
Ephedrine . very great 

In Series 2, the more acidic apomorphine is adsorbed more than morphine 
and both much more than the non-acidic codeine and dionine. 

In Series 3 no other clear connexion can be traced apart from the fact that 
the acidic phenols are adsorbed more than the non-acidic compounds. In Series i 
our knowledge is nil. 



Consequently, nothing has been definitely proved, but it seems permissible to 
assume, as a working hypothesis, that the strength and the nature of the acidic 
(phenolic) functions of the molecules exert an influence upon the adsorption. This 
matter will be investigated further on other series of substances. 

A very striking feature is, however, that the ortho di-phenolic substances are 
strongly adsorbed compared with the other di-phcnols. 

APPENDIX 

Methods of Determination and Comments 

Series i 

a) Adrenaline conforming to the tests in the Swedish Pharmacopoeia was used* 
In the micro experiments it was determined by an iodine method {cf. ii -17). 

Standard curve. Mix 10 ml of potassium biphthalate M 'lo, 10 ml of tri-sodium 
citrate M/io, and i—10 ml of an adrenaline hydrochloride solution, containing 
0,2—2 mg of adrenaline. Adjust the pH to 6,0 by means of sodium hydroxide 
X 'lo and a pll-metcr, add immediately 1,0 ml of iodine N. 10, and, after exactly 
60 seconds, 2,00 ml of sodium thiosulphate N/io. Dilute with water to 50,0 ml 
and measure the extinction at 5300 A after 5 -20 minutes. 

Assay. Treat the eluatcs in the same way. 

It was necessary to use citrate in the buffer. With biphthalate only the eluates 
with hydrochloric acid became turbid after the addition of alkali (from aluminium 
and phthalate), and some adrenaline was lost on filtration. The citrate eliminated 
this difficulty. -No other buffer was tried. 

The cxtinction-A\avelength curves (by means of a Pulfrich photometer) 
differed slightly in shape, depending on the nature of the buffers used. However, 
adrenaline eluted from aluminium oxide with hydrochloric acid gave the same 
curve in a given bulFer as adrenaline oxidized directly in this buffer. 

Small deviations from pH 6 during the oxidation with iodine do not matter, 
which is illustrated by the following figures. 

pH. 5,7 6,0 6,3 
Extinction coefficient . 0,394 0,394 0,393 

b) Oxedrine tartrate, conforming to the tests in the Swedish Pharmacopoeia, 
was used. Its equivalent weight, determined bromometrically (24) w'^as 81,1 
(calculated 80,8). 

The oxedrine in the aqueous eluates was determined bromometrically. 

The oxedrine base was prepared from the tartrate by precipitation with am¬ 
monia, washing, and drying in vacuo. Its melting point was 184*' (according to 
the Swedish Pharmacopoeia, corn 180—184®) and its equivalent weight 167,3 
(calc. 167,2), determined acidimetically by potentiometric titrations. The base 
is easily soluble in alcohol, but very sparingly soluble in water and in most organic 
solvents. 



The oxedrine in the alcoholic eluates was determined acidimetrically in about 
50 per cent alcohol, using bromophenol blue as the indicator. The same procedure 
was applied to the macro determinations of apomorphine and morphine (c/. i, 5). 

Series 2 

a) Apomorphine hydrochloride 

The sample used, which complied with the tests in the Swedish Pharma¬ 
copoeia was assayed by the Kjeldahl method (91,2; 91,8; 93,3 %, calculated as 
the salt with half a mole of water of crystallisation) and by the method given in 
A.O.A.C. (18) (92,3 and 92,9 %) Mean value: 92,3 per cent. The loss of weight 
in vacuo was 3,6 % (I/2 H2O — 2,9 %). 

The photometric Determination 

Apomorphine was assayed by the Folin-Ciocalteu method, mainly as will be 
described for adrenaline in a subsequent paper (19). However, it was necessary 
to modify it. The standard curve obtained by the usual procedure was strongly 
concave up-wards for quantities of apomorphine smaller than 1000 /ig. The 
cause was evidently that the apomorphine is rapidly destroyed in the sodium 
hydroxide which is added to the test solution before the phenol reagent, and this 
effect is more marked for small quantities of the alkaloid. But if the order of 
addition was changed to: 

1. test solution 
2. phenol reagent 
3. NaOH 
4. Na^COa 

the calibration curve became almost a straight line, and, furthermore, the sensi¬ 
tivity increased. 

Table 8 

Standard Curve for Apomorphine hydrochloride with the Folin-Ciocalteu Reagent. 

Filter M 575 (Lumetron). Reaction Time: 40 Minutes. 

Folin + NaOH + NajCOa NaOH + Folin + NajCOj 

Apomorphine Extinction Apomorphine Extinction 
HCl (calc, as 100 %) Coefficient HCl (calc, as loo %) Coefficient 

H 

48 0,058 462 0,108 

72 0,093 9^3 0,229 
II9 0,146 1380 0,588 
142 0,164; 0,168 2300 1,260 
189 0,236; 0,229 

*37 0,26s; 0,265 

379 0,400; 0,400 

474 0,485; 0,482 



In all the cases where the eluates might become alkaline, as on elution with 
water or alcohol, the recipient was charged with hydrochloric acid N; io, in order 
to make the apomorphine keep better. The acid was duly neutralized before the 
analysis was continued (f/. 19, adrenaline). 

b) Morphine 

The sample of morphine hydrochloride conformed to the tests in the Swedish 
Pharmacopoeia and contained 11,7 per cent w^ater (theory 14,4). Its content of 
alkaloid was assayed in four w'ays: 

1. Kjeldahl: 99,1 and 98,4%, calculated as morphine hydrochloride, 3 H3O. 

2. Mannich (20): 99,1 and 99,2 %. 

3. Extraction with chloroform and sec. propanol by the method given in the 

Danish Pharmacopoeia 1933 (but with five extractions): 96,7 and 96,1 %. 
4. Extraction with chloroform and ethanol by A.O.A.C’s method (18): 99,8 

and 98,7 %. 

Mean value of all the methods: 98,4 

The Photometric Determination was performed by the Radulescu method, 
mainly as described by Allport (21). Tlie following procedure was adopted. 

do I—5 mg of morphine hydrochloride in i—10 ml of water add 10,0 ml of 
hydrochloric acid i-N and water to 20 ml. Add 8,0 ml of a freshly prepared i 
per cent sodium nitrite solution, set aside for exactly 5 minutes, add 10 ml of 
ammonia 5M and water to 50,0 ml. Measure the colour at 4700 A \vithin 3 hours. 
A blank is run. 

Among others Ba^^^es^aard-Rasmussen ct al, (22) and Reimer^ and Gottlieb (23) 
have investigated the reaction thoroughly. But a few additional comments are 
given here. 

I, The acidity during the nitrosation of the morphine must not be varied, 'bhe 
following figures illustrate this fact (r/. 23) for 2 mg of morphine hydrochloride 
nitrosated in 20 ml of hydrochloric acid of ditfereiit strengths. 

Table 9 

Dependance of Extinction Coefficient on the Strength of the Acid during Nitrosation 

Molarity of 
Acid 

Ammonia 
5M ml 

Extinction coefficient 

1,0 17,6 0,245; 0,246; 0,252 

0,75 16,6 0,266; 0,260 

0,5 15,^ 0,279; 0,273 ’ 
0,25 14,6 0,305; 0,307 
0,10 14,0 0,362 

2. The excess of ammonia is not critical {cf. 23). 
3. Alcohol must not be present during the nitrosation: 

Per cent alcohol... 0 20 40 75 
Extinction coefficient.. 0,175 0,167 0,147 0,109 



Thus, when the morphine was eluted with alcohol the eluates were evaporated 
to dryness and the residues dissolved in hydrochloric acid. It was ascertained that 
this procedure did give a quantitative yield. 

Series 3 

The qualitative tests for the phenols were performed by the Folin-Ciocalteu 
reagents. 

Eluates, 0,1 ml was withdrawn, possibly neutralized, and mixed with the 
reagents. 

Columns, 0,5 g was heated with 5 ml of hydrochloric acid i-N, the mixture 
filtered, cooled, neutralized, and mixed with sodium citrate and the reagents. 

The tests for the phenol ethers veratrole and anisole were performed by eva¬ 
porating the eluates gently and weighing the residues. This, of course, is only 
a very rough method, for the ethers distil considerably with the alcohol. 
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Reprint from Farmacevtisk Revy, 48 {1949) 601 

The Separation of Adrenaline from Mixtures 1. 
Carl Olof Bjorling 

State Pharmaceutical Laboratory, Stockholm 

(Will be inserted in Collect. Pharm. Suec. IV, 1949) 

Whitehorn (i), Shazv (2, 3, 4), and Kobro (5) have separated adrenaline from 
other substances by means of adsorption. Whitehorn used silica but recovered 
only a fraction of the adrenaline. Kobro improved Whitchorns technique. Shaw 
employed aluminium hydroxide at pH 8,5 which adsorbed adrenaline preferen¬ 
tially among many compounds. On the addition of sodium hydroxide the alu¬ 
minium hydroxide dissolved and the adrenaline was determined with an arseno 
molybdate reagent. However, the method is very laborious and the results are 
inconsistent, as stated by several authors (13). 

In a recent paper (6) it has been shown that adrenaline is adsorbed on aluminium 
oxide, Brockmann, from aqueous solution if the pH is greater than 6, and that 
it can be eluted quantitatively by hydrochloric acid. 

Many other substances, however, are not adsorbed by the oxide, irrespective 
of the pH. The present investigation is based on these facts. 

The procedure used previously, including chromatography and subsequent 
determination of the adrenaline with iodine, is not suitable to practical problems. 
In pharmaceutical preparations for example, the concentration of adrenaline 
is so low that it would be necessary to suck 50—100 ml of liquid through the 
aluminium oxide column in order to enrich a quantity sufficient for the deter¬ 
mination. Such a procedure takes a long time and should be avoided, for this 
reason and for the losses of adrenaline (see below). 

There are, then, two other alternatives, viz. not to use the chromatographic 
method at all, or to use it together with a more sensitive mode of determination. 



EXPERIMENTAL 
Aluminium oxide, standardized by Brockmann’s method, was used throughout 

the experiments. For particulars see (6). 

PLAIN SOLUTIONS OF ADRENALINE 

I. The first alternative, referred to above, was carried out as follows. 
Hic adrenaline was adsorbed by shaking 50 ml of an aqueous solution, contain¬ 

ing 2 mg of the hydrochloride, with i g of aluminium oxide for 2 minutes. After 
centrifuging for 2 minutes, 1500 r.p.m., the clear solution was decanted taking 
care not to lose any oxide. 

The desorption was performed thus. The remaining oxide was shaken with 
10 ml of hydrochloric acid n io for 2 minutes. After centrifuging the liquid was 
decanted through a small paper filter into a 50 ml volumetric flask and the process 
repeated with 10 and 5 ml of the acid. The amount of adrenaline in the collected 
acid was determined by the iodine method (6) (see Table i). 

Table J 

Recovery of Adrenaline after Adsorption and Desorption. Shaking Method 

of Adrenaline 

Introduced Recovered 

2,01 1,95 

2,08 2,01 

2,08 2.05 

I’he method will be tried for separation analyses. 
2. For the alternative of adopting the chromatographic method but using a 

sensitive assay, the Folin-Ciocalteu test was chosen (no equipment for fluorimetry 
was available). It has been used on many compounds phenolic in character, 
inter alia adrenaline (7). The reaction is, unfortunately, not so specific as the 
iodine or the fluorimetric methods, but since the aluminium oxide causes good 
purification it seemed justifiable to employ it. 

Standard curve 

Suck 15 ml of hydrochloric acid n/io through a column of i g of aluminium 
oxide in a 5 mm wide tube, to the filtrate add 0,2 g of tri-sodium citrate and 
I drop of phenol red (0,05 %) and titrate with normal and one tenth normal 
sodium hydroxide to colour change. Add 0,05—0,2 mg of adrenaline hydrochloride 
dissolved in i—15 ml of water, 10,0 ml of sodium hydroxide n/io, 2 ml of the 
phenol reagent, 8,0 ml of sodium carbonate 20 %> and water to 50,0 ml. After 
30 minutes measure the blue colour at about 5700 A. 



Assay 

Introduce an appropriate quantity of adrenaline hydrochloride solution (con¬ 
taining 0,05—0,2 mg in not more than 10 ml) into the oxide, elute with 15 ml 
of hydrochloric acid and proceed as above. 

The results of some assays are seen in Table 2. 

Table 2 

Recovery of Adrenaline Eluted zvith Hydrochloric Acid 

Mg of Adrenaline 

Introduced Recovered 

0,051 0,048; 0,045 

0,102 0,095; 0,098 

0,153 0,156; 0,148 

0,204 0,191; 0,204 

The accuracy is not too good, but the method has its flaws (see also the com¬ 
ments). 

The question whether this chemical assay and physiological methods for 
adrenaline arc equivalent has been discussed (see for example 8, 9 and lo). Meller 

and Schou (ii) have shown that the iodine method gives results concordant 
with those obtained by biological means. The following simple experiment 
indicates that the chromatographic procedure followed by a Folin-Ciocalteu 
determination does give the same values as the iodine method on adrenaline 
partly destroyed in alkaline solution. 

25 ml of an adrenaline hydrochloride solution was mixed with 2,00 ml of 
sodium hydroxide n/io. After 15 minutes 2,05 ml of hydrochloric acid n/io was 
added and the solution diluted to 50 ml. 

10,00 ml of this solution, where part of the adrenaline was destroyed, w-as 
assayed by the iodine method (6) without chromatography, and 1,00 ml by the 
technique employed in the second paragraph here (chromatography and Folin- 
Ciocalteu). For results see Table 4. 

Table 4 

Adrenaline, partly Destroyed, Comparison between Tzvo Methods 

Method Per cent recovery 

Iodine, no AI2O3 69; 67 

Folin + AI2O3 70; 70 



Comments on the Folin-Ciocalteu-Aluminium Oxide Procedure 

1. It is, of course, possible to construct a standard curve, omitting the addition 
of hydrochloric acid filtered through the column and the neutralizing. However, 
the molar extinction obtained in this way was somewhat greater than that gained 
by the procedure recommended (26100 and 25400, respectively, calculated for 
adrenaline). Besides, there is always a very slight haze in the solution and it is 
more acceptable to include the haze in the standard curve than to correct for it. 

2. At room temperature the colour develops gradually and becomes constant 
between 30 minutes and 24 hours. Heating the mixture, as is often recommended, 
frequently gives variable results. 

3. The qu antity of the phenol reagent is not critical, i ml gave the extinction 

coefficient 0*393, ^ o»390- 

4. The amount of sodium hydroxide ( - the concentration of NaOH) is of 
greater importance. The extinction coefficient at 40 minutes was with 4 ml of 
NaOH n/io 0,630, with 10 ml 0,660 and with 20 ml 0,676. The maximum ex¬ 
tinction was attained after 10 minutes with 4 ml, after 25 minutes with 10 ml, 
and after 40 minutes with 20 ml of NaOH. 

The same factor causes the extinction coefficient not to be inversely pro¬ 
portional to the end volume of the reaction mixture. The following figures were 
obtained in a series of experiments with 10 ml NaOH n/io, 2 ml reagent and 8 ml 
NajCOa in each flask but with different end volumes. They are calculated to the 
same volume: 

Diluted to . 20 25 40 50 75 100 ml 
Extinct, coeff. 0,283 0^2% 0,248 0,234 0,231 0,223 

5. Therefore, it is necessary to neutralize the hydrochloric acid cluate exactly. 
A potentiometric titration curve of the eluted acid, mixed with the citrate, had 
an inflexion, which is steep between pH 5 and 8. Hence, it was possible to use 
phenol red at this titration. One drop of the indicator per 50 ml solution caused 
a faint blue colour with the reagents corresponding to the extinction coefficient 
0,02, which is included in the blank value, about 0,03—0,04 . 

The standard curve is a straight line. 
Different batches of phenol reagent may give slightly different standard curves. 

SEPARATION ANALYSES 

Adrenaline and procaine are often mixed, e. g, in local anestetics. Procaine 
hydrochloride is easily eluted from aluminium oxide by water at any pH. The 
pH of common injections is 4—5 so it should be adjusted to 6 before the chromato¬ 
graphy (see 6). 

Iodine method 

An injection with the following composition was investigated. 

Procaine hydrochloride. 2 
Adrenaline hydrochloride . 0,00385 
Chlorobutanol . 0,05 
Sodium chloride . 0,02 
Sodium pyrosulphite. 0,05 
Water to make . 100 

grams 

)) 

n 

ml 



The pH was 4,5. 5 ml of the solution mixed with a few drops of tri-sodium 
citrate M/io (pH = 7,3) had pH 6,3, which then increased only slowly on further 
addition of the citrate. Thus, only small quantities of citrate are needed to augment 
the pH to 6 and there is little risk of,,overdosage”. 

The procedure finally arrived at was the following. 

25,00 ml of the injection, mixed with 0,2 g of tri-sodium citrate was sucked 
through I g of aluminium oxide (5 mm tube), and the column washed with 10 ml 
of water. In the eluate the procaine was determined by Seydlitz's method (12). 
The recipient was changed, the adrenaline eluted with 20 ml of hydrochloric 
acid n/io, and determined by the iodine method (6). Results: 

Calculated Found 
Procaine hydrochloride . 0,500 g 0,495; 
Adrenaline hydrochloride . 0,96 mg 0,92; 0,88 

The time needed for such an analysis is unnecessarily long and increases still 
more when the concentration of adrenaline is lower. 75 ml of another injection 
required one hour for the first suction, and the recovery of adrenaline was only 
75 per cent. 

Other injections were analysed in the following way. 

Folin-Ciocalteu method 

3—10 ml of the solution mixed with 0,1 g of tri-sodium citrate was sucked 
through the oxide. Elution with water and hydrochloric acid as before. The 
adrenaline was determined by the Folin method. 

Results 

Introduced Found 
Adrenaline. 0,161 mg 0,166 mg 

0,166 
0,105 0,100 mg 

0,098 

Comments 

1. The least traces of procaine give precipitations and blue colouration with 
the Folin-Ciocalteu reagents. Hence, it is important to perform the elution with 
water with great care.—5 ml of a 2 per cent procaine hydrochloride solution 
treated as described for the injections yielded no colour with the Folin reagents. 

2. Chlorobutanol, which is often a component of injections, does not react 
with the reagents, at least not in the quantities commionly used (0,02—0,05 g 
per 100 ml). 

3. The sodium pyrosulphite, which is also a common ingredient, does not 
interfere. 0,006 g dissolved in 10 ml of water and mixed with 10 ml of tri-sodium 
citrate M/io, was sucked through the column that was eluted with 15 ml of water. 
After changing the recipient the elution was continued with 15 ml of hydrochloric 

acid n/io and the procedure performed as usual. No colour was produced. 
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Sartnjck ur Svensk Farmaceutisk Tidskrift nr 16, 1H9. 

Adstriktionsvarde och barktjocklek hos svensk ekbark. 

Av Wolmar Bondeson och Hadar Sahlestroin 

Fn'in Kungl. farmaccvtiska institutcts fannakognostiska avdclning 

(Kingefiilirt in Coll. Pharni. Succ. Vol. 4, 1949) 

Enligt Ed. X av svenska farniakopen utgores cortex qiiercns, ekbark, av 

»barken fn^n yngre staniinar och grenar av Querciis robiir L. och Q. scvssilis 

Ehrharl» och skall best^ av »1—2 inm tjocka stycken, som p& iitsidan aro 

slata, matt gliinsande, brungrA till silvergrA». Dot iir sAlcdes glansbark av be- 

slarnd tjocklck, som avscs. 

For garverierna avsedd, »hackad ekbark» av svensk provenicns syncs att 

doma av talrika prover genomg&ende iitgoras av ca 10 mm tjocka barkstyc- 

ken med framskriden fallbarksbildning. 

I fallbarken (rhytidomet), som ar ett nekrotiserat vavnadskomplex, iir 

garvamneshalten lag, varfor barkens totala halt av garviimne iir desto liigrc, 

ju storre del av densamma, som utgbres av fiillbark. Det ovanniininda farma- 

kopekravet, att drogen skall best^ av glansbark, kan diirfor anses moti- 

verat av hiinsyn till garvamneshalten. 

Enligt iitdre iindcrsokningar av v. S c h r o e d e r (1) avtager garviinines- 

halten i ekstammens glansbark i riktning Wn hiiviidstammens has iipp&t mot 

triidkronans topp och pcriferi. Detta resultat forefaller att ej ha beaktats i 
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farniakopeforeskrifterna. DAB. 6 (1926) foreskriver i likhet med v&r Ed. X, 

att barktjockleken skall vara 1—2 nini, niedan Ph. Helvet. V (1933) 

foreskriver 1—3 mm. I Kommentar z. Ph. Helvet. V (1947) sages harom: 

»Dickere Rinde als 3 mm iind aiissen rauhe Rinde wiirden von iilteren Asten 

stammen, in denen der Gerbstoff wcitgehend zii unlosl. Gerbstoffrot umge- 

wandelt ist.» Den uppfatlningen synes allts& r^da, att bark frSn aldre gre- 

nar iir mindervardig och att av denna anledning en viss barktjocklek ej f&r 

overskridas. Att garvamneshalten efterhand avtager, sedan fallbarksbildning 

intratt, bar ovan redan framh&llits; vad daremot betriiffar glansbarken, talar 

V. S c h r o e d e r s resultat for att barkens viirde okar med &ldern. S&som 

framgSr av det ovan anforda citatet ur Kommentar z. Ph. Helvet. V, jamstiil- 

les bark av storre tjocklek an 3 mm med bark, som ar skrovlig p& ytan, 

dvs. befinner sig i ett stadium av fallbarksbildning. Det ligger nara till 

hands att fbrmoda en s&dan overensstammelse mellan & ena sidan de av 

namnda farmakopeer faststallda tjockleksgranserna och k andra sidan fall- 

barksbildningens intrade, att tjockleksbegriinsningen kiinde betraktas blott 

som ett kompletterande krav, av samma innebord som kravet p& glansbark. 

I sjalva verket intraffar det ocksk emellan^t, som vi j)ii ^tskilliga prover kun- 

nat iakttaga, att fiillbark borjar utbildas redan vid en barktjocklek av 2—3 

mm. Allmangiltigt iir detta forh^llande dock icke. Fallbarksbildningens in- 

triide sammanhiinger ej blott med »grenarnas» Alder och med barktjockleken 

utan i hog grad dessutom med triidets Alder och med miljdfaktorer. Enligt 

Paessler (2) intrader fallbarksbildning hos eken vanligen vid 12—20 Ars 

Alder, medan ibland t. o. m. en 25 Ar gammal ek annu kan vara fallbarks- 

fri. Vanligt torde vara, att huvudstammen av en 20 Ar gammal ek bar en i 

torkat tillstAnd intill 4 mm tjock glansbark. Hos aldre ekar aro liven relativt 

unga, smala grenar redan skrovliga av fallbarksbildning. 

Vid den under Aren 1940—45 av Medicinalstyrelsens materielnamnd orga- 

niserade insamlingen och odlingen av medicinalvaxter visade det sig, att pro¬ 

ver eller partier av insamlad ekbark ofta ej kunde godtagas som officinell 

drog, emedan den av svenska farmakopens Ed. X faststallda ovre tjock- 

leksgransen, 2 mm, overskreds betraffande stora delar av if rAga varan de pOvS- 

ter, aven dA de i ovrigt voro utan anmarkning. Med hansyn till barkskal- 

ningens lonsanihet, som ju ar en forutsattning f5r anskaffningen av ekbark 

inom landet, ar det sAledes en frAga av vikt, om den i Ed. X satta ovre 

gransen for barktjockleken ar motiverad eller icke. 

For att avgora denna frAga ar en efterprovning av v. S c h r o e d e r s re¬ 

sultat enligt vAr mening ej tillfyllest. En bedomning av ekbarken sAsom drog 

bor grunda sig pA dess varde som adstringerande medel (adstriktionsvar- 

det), vilket sannolikt men ej med nodvandighet foljer forandringarna i den 

enligt hudpulvermetoden eller annan nietod bestamda garvamneshal¬ 

ten, som V. Schroeders resultat avse.*) Vi ha darfor undersokt bur 

adstriktionsvardet hos ekstambarken forandras i akropetal rikt- 

ning och darjamte faststallt stamdiaineter, Alder och barktjocklek for varje 

zon, i vilken adstriktionsvardet bestamts. 

^) PA anfort stalle (1) saknas upplysning om den anvanda metoden. 
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Ekbarkcns garvanineshalt ar underkastad stor variation, och sannoliki 

giiller detta aven adstriktionsvardet. Paessler (3) meddelar foljande me- 

dels hiidpulvermeloden bestamda gransvarden for denna variation hos glans- 

barken, namligen 6—17 % enligt filtrerforfarandet, 5—16 % enligt skak- 

forfarandet. Mcllan ekbarkens b&da niodervaxter, sommareken eller stjalk- 

eken, Quercus Robur L., och vintereken, druveken eller bergeken, Q. petraea 

(M a 11 ii s c h k a) L i e b 1 e i n (i Ed. X kallad Q. sessilis E h r h a r d t), har 

enligt Paessler (2) ingen olikhet med avsccnde de genonisnittliga var- 

dena eller gransviirdena for garvamneshalten kunnat pSvisas; bAda ge p^ den 

for arten gynnsamniaste st&ndorten den garvamnesrikaste barken. Orsakerna 

till garvamneshaltens stora variation fk sokas dels i Elders- och miljofakto- 

rer, dels i forandringar, soiii intraffa i den avskalade barken under torkning 

eller lagring. Muntz och S c h o e n (4) funno, att garvamneshalten i ett 

prov av ckbark under 16 mSnaders forvaring sjonk fr&n 12,0 till 6,9 %. 

Avon om drogens niorfologiska bedomning, vars forutsattningar vi i fdr- 
sta hand avsett att utreda, kan utgora en grundval for uteslutning av vissa 
mindervardiga drogtyper, kan den givetvis, som ovansl^ende uppgifter un- 
derstryka, ej ge tillriickligt beskcd om ekbarkens kvalitet. D& kravet p& fbrc- 
skrift om vardebestanining harmed uppstaller sig, ha vi i syfte att (k ett 
underlag for faststiillande av lamplig minimifordran aven utfort bestam- 
ningar av adstriktionsvardet hos n&gra svenska drogprover. 

Tidigare bestamningar av adstriktionsvardet hos svensk ekbark saknas. 

For utliindsk ekbark foreligga n&gra men foga samstamrniga uppgifter p^ 

funna adstriktionsvarden, I) a f e r t och Fleischer (5) angiva gerrom- 

snittliga adstriktionsvardet for ekbark (glansbark) till 4,48, medan man en¬ 

ligt Jaretzky (6) bor kunna kriiva ett adstriktionsvarde p& 8 till 10. 

Te Ill es vary (7) har bestiimt s&viil garvamneshalten (enligt hudpulver- 

metoden) som adstriktionsvardet hos en och samma ekbark med resultaten 

15,17 % resp. 11,19. 

Material. 

1. B a r k f r & n s k i 1 d a s t a m a v s n i 11 a v samma e k (tab. 3—5). 

En 14 4r gammal ek, Quercus Robur L., vuxen vid Erstavik, falldes i slutet 

av maj 1945. Triidct hade jamforelsevis tidigt iitbildad fiillbark, som fr5n 

stammens bas striickte sig n^got over 2 m upp^t. Huvudstam och i\k grenar 

sftgades till Mj-meterl&nga stycken, som numrerades i uppstigandc foljd. Bar¬ 

ken avskalades och torkades vid 30—35° C. For bestamning av adstriktions¬ 

vardet och bvriga data anviindes av varje stycke det basala partiet; fr§n de 

smalaste grenavsnitten rn&ste dock storre delen av barken anvandas. 

2. Ekbark av olika, svensk proveniens (tab. 6). 

Atta prover p& glansbark av varierande tjocklek erhollos genom materiel- 

niimnden och droggrossisterna fr&n olika, svenska samlare (prov 1—8). 

En artbestamning av modervaxterna med ledning av barkproverna var 
ej genomforbar. Visserligen foreligger enligt Paessler (2) en morfologisk 
olikhet mcllan druvekens bark och stjiilkekens: »l)ie Traubeneichenrinde 
hat im borkefreien Zustand nieist einen silberweissen Glanz. Aus diesem 
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Grunde fiilirt sie aiich die Bezcichminf^ S p i e g e 1 r i n d e. Die Hindc der 
Sticleiche ist dagegen meist dunkler, zuweilen iiiattgrun.» Oliklietcn tycks 
dock ej vara generell. Ofta ha barkstyckena tvargt\eiide zoner av onnaxlande 
silvergr^ och nuirkare briingr^ Dirg. \V e i in a r c k (8) anfor i sin nndersok- 
ning rorande de nordiska ekarnas systeniatik ingcnling betniffande bark- 
karaktarerna; av intresse i detta saninianhang ar emellertid bans iittalande 
oin de ifr^gavarande ekarterna, att »snart sagt varje individ avviker frSn alia 
andra i en eller flera karaktarer» och att ekarnas systeniatik nuVstc »stddjas 
p^ den sainlade inorfologien, ej p^ enstaka karaktarer». 

Ett prov pi\ »hackad ekbark» av det slag, sum sahifores till garverierna, 

stalldes till vArt fdrfogande av Garvaninesaktiebolaget AVeibiill i Landskrona 

(prov 9). 

Sainlliga barkprover voro insanilade varen 1945. 

Meto(L 

Flerlalet av de talrika ineloder, soin iitarbetals for hestiiinning av garv- 

ainneshalten i vegetabiliska garvinedel, lia nuinera endast historiskt intresse. 

Bland volymetriska inetoder bar endast 1. o w e n t li a 1 s kaliiiniperinanganat- 

inetod, som niodifierals av v. S c h r o e d e r, iinnii en viss teknisk betydelse, 

medan den blivit betecknad soin viirdelos for vaxtkeiniskt och viixtfysiolo- 

giskt andani51. Den inoin garverikeniien alliniint aiiviinda nietoden iir hiid- 

piilverineloden. Enligt denna beslainnies sasoin garviiinne den del av garv- 

inedlets (t. ex. ekbarkens) extraklivaninen, .soin upplages av Inidpulver, an- 

tingen da extraktlosningen skakas ined hudpiilvret (skakinetoden) eller da 

den filtreras genoin ett skikt av Inidpulver (filtrerineloden). Den pi\ si\ vis 

fastslallda garvamneshalten, angiven i viktprocenl av garvniedlet, iir ell matt 

pfi sarnmanlagda iniingden av dels vid luidpiilvret irreversibelt biindel, 

egentligt garvainne, dels i hudpulvret absorberade, uttvattbara bestandsdelar. 

Endast det egentliga garvaninet bar garvaiide och adstringerande fdrmSga, 

vars grad f. d. viixlar nied garvainnets art. 

Trots att luidpiilvermetoden saliinda ger foga besked oin de som garvainne 

bestiiinda extraklivanmenas natur, anses den for garverikemiska iindam&l 

uppfylla de praktiska kraven. Daremot iir metoden mindre iignad for viirde- 

bestiimning av garvamnesdroger, vilka liimpligen bora beddmas pii grand av 

.sin adstringerandc fdrmaga. Detta giiller ej blolt, d5 man vill jamfdra olika 

slags garvamnesdroger sinsemellan med biinsyn till deras verkan utaii iiven 

vid beddrnningen av skilda prover av samma slags drog. D5 niimligen sam- 

mansaltningen av iniieballsiimnena i viixtens levande sAviil som ddda viiv- 

nader fortgaende fdriindras, iir det ingalunda siikert, alt fdriindringarna i den 

enligt luidpiilvermetoden be.stiiinda garvaninesli,alten, exempelvis i en serie 

barkstycken frSn olika niv^er av .samina ekstani, niotsvaras av liknande for- 

iindringar i adstriktionsviirdet. 

Robert (9) infdrde 1914 en biologisk metod for vardebestamning av 

garvamne.sdroger. Han bestiinide bos ett drogutdrag den liig.sta koncentration, 

som inoni 24 tinimar ^stadkom fulLstiindig agglutination av tviittade blod- 

kroppar i 1-procentig suspension. Anvandbarheten av denna agglutinations- 

metod for prdvning av adstringerandc medcl bar bekriiftats genom senare 

undersdkningar [Gronberg (10)]. 
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Robert prbvade Ire olika fbrfarinf'ssatt for faststiillande av ekvivalens- 

piinkten, dvs. den liigsta koncentration, soni niedfdr fullstandig agglutina¬ 

tion, niiinligen o g o ii g r ii n s e n (slutpiinkten erhidles genoin oku- 

liirt faststallande av aggliitinaiioneii), f i 11 r e r g r ii n s e n (slutpunkten 

beddmes ined ledning av filtratet, soin blir klart, niir blodkropgarn^; till 

fdijd av aggliitinationen kvarballas av filtret) och r e a k t i o n s g r a n s e n 

(slulpiinkten beddmes nied ledning av fiirgreaktioneii med jiirnklorid, vilken 

uteblir, niir all! garviimne bundits av blodkropparna). Soiii iitslagsgivande 

belraklade lian fillrergriiiisen. For galliip])Ien kiindc Robert (9) ined sin 

metod beriikna garviinineshalten genom iaiiifdrande fdrsdk med rent gall- 

iipplegarviimne (tannin). Fa samma siitt tiinkte sig Robert (11) en k v a n- 

titativ bestii inning iiven av andra garviimnesdroger genom jiim- 

fdrelse ined (le renfranistiillda garviimnena. Genoinforandet av sSdana be- 

stamningar strandade emellerti<l pfi sv^rigbeterna att isolera garviimnena i 

ofdriindrat skiek. \V a s i c k y (12) iitarbetade pa griind av R o b e r t s agglii- 

tinationsnietod, men med anviindande av defibrinerat blod, en bestiinining 

av drogens a d s I r i k t i o n s v ii r d e . Detla faststiilldes i parallellfdrsdk 

med olika sjiiidningar av dels drogiitdrag, dels taiininldsning sasoni drogens 

blodkro])psaggliitinerande verkan i procent av tanninets (eller drogens pro- 

centhall av garviimne, uttryekt som tannin). 

Den av oss anviinda metoden anshiter sig i slort sett till ett av R r a n d t 

ocli Sell 1 11 n (1 (13) fdreslaget iitfdrande av aggUitinationsinetoden enligt 

R o 1) e r I - W a s i e k y. Adstriktionsviirdel lia vi i ansliitning till 1) a f e r t 

ocli F 1 e i s e li e r (o) angivit iilan iiroeentbeteekning da denna kiinde ge ett 

intryck att det rdr sig om ett viirde pa garvamnesbalten, medan det i sjiilva 

verket iir friiga om ett verkningsviirde, faststiillt i relation till tannin, vars 

adstriktionsviirde villkorligt antages lika med 11)0. 

Ftl 0,5-proeentigt barkutdrag bereddes p^ fdljande siitt. Barken bragtes 

till pulver nr 30 oeli eflertorkades tre dygn vid 30 35" (1. 5,00 g av den 

piilvriserade barken extralierades med 000 ml fysiologisk koksaltlosning ge- 

noni u|)j)viirnining i kokande vattenbad 1 limine under ofta iipprepad oni- 

skakning. Diirefler filtrerades blandningen genom biiehnertratt ined bjiilp av 

vattenslrAlpiiinp. Extraktionen upprepades ]y^ samma siitt med 400 ml fysio¬ 

logisk koksaltlosning. Efter avsiigning genom biiclinertratten eflerskdljdes 

med sa myeket vatten, att sammanlagt erliolls 1000 ml barkutdrag, som slul- 

ligen filtrerades. I nagra fall ulfordes bestiimningarna dels med pt\ angivet 

siitt berett utdrag, dels med ett vatlenutdrag, som eflerSt fdrsattes ined kok- 

salt. Vid bSda fdrfaringssiitten erholls samma resultat. 

Som reageiis anviindes en blodkroppssus])ension, som erholls pii fdljande 

siitt. Fiirskt, defibrinerat svinblod centrifugerades till dess blodkropparna 

fullstiindigt avsatt sig. Serum dekanterades och ersattes med fysiologisk kok- 

saltldsning, i vilken blodkropparna uppslammades genom omsviingning. 

IJppslamningen centrifugerades, den klara viitskan dekanterades och ersattes 

med fysiologisk koksaltlosning. Proceduren upprepades ytterligare en gAng. 

Av den s4 erb^llna, praktiskt taget seriimfria blodkroppsuppslamningen 

erholls reagenset genom spiidning med fysiologisk koksaltlosning i fdrh^llan- 

detl:10. 
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Soni jamforelseldsning anvandes on nied fysiologisk koksaltlosning beredd, 
0,5-procentig tanninlosning. For att konipensera den vaxlande kansligheten 
hos blodreagenset gjordes alltid parallelllforsok med spadningar av drogut- 
draget och tanninlosningen. 

Samtliga bestaniningar iitfordcs under soinniaren 1945. 

P r e 1 i m i n ii r b e s t ii ni n i n g. 

Med barkutdrag resp» tanninlosning ansattes en forberedande serie i prov- 
ror (tab. 1). 

Tabelle 1 
Nach Brandt (14). 

Reagenzglas Nr I II III IV V VI VII VIII IX X XI XII 

Rindenauzug bzw. 
Tanninlosung ml. 7.8 6.3 5.0 4.0 3.2 2,1 1.7 Jil .9!?. 
Physiolog. 
Kochsalzlds. ml . 0.2 1.7 3.0 4.0 4.8 5.4 5.9 6,3 6.6 6.9 7.1 73 

Blutreagenz ml . 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2,0 2,0 2.0 2.0 

Roren omskakades omedclbart efter ansattningen och &nyo eftcr 15 minu¬ 
ter, varp^ de lamnades i vila under 16 timmar. Darefter faststtalldes ekviva- 
lenspunkten med hjalp av filtrergransen pS foljande satt. De agglutinerade 
blodkropparna, sora avsatt sig p& provrorens botten, uppslammades genom 
forsiktig omskakning och blandningen filirerades genom ett fuktat filter 
(Munktell 1 F) av 9 cm diameter. Fullstiindig agglutination ansSgs foreligga 
i de ror, fr&n vilka ett klart filtrat erholls, i motsats till ovriga ror, vilkas 
icke agglutinerade blodkroppar passerade filtret och meddelade filtratet ett 
grumligt och rodaktigt utseende. Bland de ror, i vilka total agglutination agt 
rum, angavs ekvivalenspunkten av det, soin inneholl minsta dosen av bark¬ 
utdrag resp. tanninlosning. 

D e f i n i t i V b e s t a m n i n g. 

Intervallerna mellan dc olika roren i ovan angivna serie aro alltfor stora 
for att till^ta en noggrannare bestamning. Genom att omkring ekvivalens¬ 
punkten, som i den forsta, preliminara bestamningen ungefarligt faststallts, 
ansatta en ny serie med snavare intervaller, kunde cxaktare viirden erh&llas. 
Harvid blev det oftast lampligt att forst spada barkutdraget med fysiologisk 
koksaltlosning for att undvika alltfor smS volyrnskillnader och stora matfel 
vid avpipetteringen i de olika roren. Till barkutdraget saites diirfor s& myc- 
ket fysiologisk koksaltlosning, att ett ror, i vilket avmatts 4,0 ml av den sS 
erh&llna extraktutspadningen, 4,0 ml fysiologisk koksaltlosning och 2,0 ml 
blodreagens, kom att inneh&lla samma mangd barkutdrag som ekvivalens- 
roret i den preliminara serien. Tanninlosningen spaddes p& motsvarande 
satt. Med dessa spadningar ansattes en serie ror for den slutgiltiga bestam¬ 
ningen (tab. 2). 
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Tabelle 2. 

Reagenzglas Nr I 11 in IV V VI VII 

Extraktverdiinnung 
bzw. verd. Tanninlosung ml... 4,2 4.0 3,8 3.6 3.4 3.2 

Physiolog. fCochsalzlosunir ml 3.8 4.0 4.2 4,4 4.6 4.8 5.2 

Blutreagenz ml . 2.0 2.0 2.0 2,0 2,0 2.0 2.0 

Ekvivalenspiinkten bestamdcs p& samnia salt som i foreg&endc seric. Bar- 
100 T 

kens adstriktionsvarde erholls ur forincin -— , diir T och D angiva 

mangden tannin rcsp. bark i ekvivalensroret. 

Resnltat, 

Material 1. 

Huvudstainmen karakteriserades av de i tab. 3 angivna data. 

Tabelle 3. 

Der Hauptstamni. 

Stamm- 
abschnitt 

Alter des 
Stammab- 
schnittes 

Jahre 

Stamm- 
diameter 

cm 

Rinden- 
dicke 
mm 

Rinden- 
typus 

Adstriktionswert 
der Rinde 

i 
1 

1 14 12,0 4,2-8.2 Borkig 5.7 
2 13 10,0 3,5-5,5 >» 6.2 
3 12 9,2 3,5-5,2 6.5 
4 11 8.2 3,3-4,6 7.7 
5 10 7,0 3,2-4,0 Glanzrinde, 

teilweise 
etwas rissig’ 

borkig 

10,2 

6 9 6,4 2,5-3,0 'Glanzrinde 10,9 
7 8 5,7 2,5-2,8 ft 9,1 
8 8 5,8 2,0-2,8 ft 9,1 
9 7 4.9 1.9-2.5 ft 9.1 

10 6 4.0 1.0-2,4 ft 8,6 
11 5 2,5 1,4-1.9 ft 8,5 
12 4 1.0 0.4-1.4 8,4 
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(iron nr 1 karakteriserades av de i tab. 4 angivna data. 

Tabelle 4. 

1. AsL 

Ast- 
abschnitt 

Alter d. Ast- 
abschnittes 

Jahre 

Astdiameter 

cm 

Rindendicke 

mm 
Rindentypus Adstriktionswert 

- 1 

1 

■ 
9 4.0 2,0-2,2 

1 
Glanzrinde j 10}2 

2 8 3,5 1,5-2,0 „ 1 10,2 
3 1 . 7 2,8 i 0,9-1,8 »* i 8,0 
4 6 1.9 i 0,5-1,4 1 

>» i 7,4 
. 5 I 5 1,2 ! 0,5-1,0 6,0 

6 ! 5 1.2 1 0,3-0.9 3,0 

Gren nr 2 karaktcriseradtvs av de i tab. o. angivna data. 

Tabelle 5, 

2. Asl. 

Ast- 

abschnitt 

Alter d. Ast- 
abschnittes 

lahre 

Astdiameter 

cm 

Rindendicke 

mm 
Rindentypus Adstriktionswert 

1 8 2,6 0,9-2,0 Glanzrinde 8,3 
2 8 2,2 0,8-1,3 t. 6,9 
3 7 1.9 0,6-1,2 .. 5,0 
4 1 6 1.3 0,5-0,8 4,8 ! 
5 4 0,7 0,1 0,3 .. 3.5 1 
6 2 0,5 0,1-0,3 3,3 

M a t e r i al 2. 

Handeisproverna av svensk ekbark karakterisera(ies av (b^ i tabell 0 an¬ 

givna data. 

Tabelle 6, 

Verkaiifsinuster schwediscber baelienrinde. 

Muster Nr Rindendicke mm Rindentypus Adstriktionswert 

1 2,3-3,4 Glanzrinde 10,6 
2 2,2-3.1 tf 10,1 
3 1,4-2,1 t. 8,2 
4 1.6-1.9 6,9 
5 1,0-1,7 »» ^ 8,2 
6 1,0-1,6 ». 10,0 
7 . 0,1-0,6 .. 7,4 
8 0,1-0,5 ff 7,7 
9 8,5-12,5 Borkigr. (Borke nim mi 

etwa d. Halfte der 
Rindendicke ein). 

5,6 



Sammanfattniruf och diskussion. 

It (Ic* siffror i lab. 3—5, soni avse glansbarken, kan utliisas en genom- 

g^ende tcndcns, niirnligen den i centripcbal-basipetal riktning fortskridande 

stegringen av adstriktionsvardet. DA Alder, staindiaineter ocli barktjocklek 

tilltaga i sainnia riktning, finnes ett visst saninianbang aven incllan dessa 

faktorer och adstriktionsvardet. 

Grenarna ha eniellertid min<lre diameter, tiinnare bark och i slort sett 

liigre adstriktionsviirde an lika gamla avsnitt av luivudstaininen. Adstrik- 

tionsvardets fbriindringar synas saledes ej vara direkt kniitna till barkens 

levnadsAlder. Ur de meddelade siffrorna kan ej heller iitliisas nagon konstant 

relation niellaii adstriktionsvardet och barktjockleken, endast cn i saniina 

riktning fortgAende okning av bAda. 

Det material, som ligger till griind for tab. 3 5, harrbr frAn samma triid. 

De absoluta viirdena ha diirfor betydelse endast vid sammanslallning av dcm 

med viirden pa ekbark av annat iirsj)rung (tab. ()). Betraffande de relativa 

viirdena och den iir dem framtriidande lendensen i adstriklionsvardets for- 

iindringar synes nagon fjrincipiell olikhet ej behdva antagas foreligga mellan 

ekar, tillhorande skilda syslematiska former eller vuxna under olika yttre 

betingelser. 

Av de i tab. 3 5 sammanstallda siffrorna torde darfbr fbljande sliitsatser 

kunna dragas med avseende pa del iir drogbedbmningssynpunkt intressanta 

sambandel mellan ekbarkens morfologiska karaktiirer och dess adstriktions- 

viirde. Adstriktionsvardet hos glansbarken tilltager i slort sett med bark¬ 

tjockleken. Udrst genoni fiillbarksbildningens intriide iipphor barkens viirde- 

dkning for att vid forhkridande fallbarksbildiiing overgA i vardeminsknirtg. 

Farinakoj)ekraven jja en tjockleksmaxiniering aro darfbr olam[)liga. Kraven 

j)A en minimitjocklek av 1 mm kunna diiremot vara skiiliga med hiiiisyn till 

de i allmanhet laga adstriklionsvardena for tunn bark. Mbjligen kunde rent- 

av en hbjning av denna undre griins vara motiverad. 

Dessa pa grundval av den systematiska undersbkningen erhallna resultal 

styrkas av de i lab. 0 sammanstallda siffrorna f(”)r handelsprover av svensk 

ekbark. Tjockare giansbark visar i allmanhet hbgre adstriktionsviirde an 

tun II a re. 

PA grund av det sammaiilagda inalerialet synes for cortex qnerciis kunna 

uppstiillas kravet, all barkens adstriktionsvarde ej skall undersliga 8. 

Z u s a m m e ii f a s s u ii (j. 

Adstriktionsivert iind Hindendickc schwedischer Hichenrinde, 

In der Hinde vom Hauptstamm und von zwei Asten einer 14-jahrigen Eiche 

(Quercus Kobur L.) wurde der Adstriktionswert nach der Bliitmethode von 

K o b e r t - - W a s i c k y — B r a n d I zonenvveise bestimmt. Die gefiindenen 

Werte sind aus Tab. 3 5 herauszufinden. Kine Steigerung des Adstriktions- 

wertes der Glanzrinde in zentripetaler-basipetaler Hichtiing des Bauines 

konnte festgeslelll xverden. Der Haiiptsache nach nimmt der Adstriktions- 

wert der Glanzrinde auch init der Rindendicke zu. Erst nach der Borke- 

bildung fangt der Adstriktionswert an mil der Rindendicke abzunehinen. Die 
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Anforderungen gewisser Arzneibiicher, nach denen die Dicke der Eichen- 
rinde hochstens 2 mm (Ph. Suec. X und DAB. 6) bzw. 3 mm (Ph. Helvct. V) 
betragen darf, sind also mit Riicksicht auf die Adstriktionswerte nicht 
begriindet. 

Ferner wurde der Adstriktionswert in neiin Verkaiifsmustern schwedi- 
scher Eichenrinde bestimmt (Tab. 6). Der mittlerc Adstriktionswert von 
sechs Mustern, dercn Rindcndicke nicht gcringcr war als 1 mm, betrug 9; 
die Grenzwerte derselben Muster waren 6,9 bis 10,6. Man diirfte nach der 
Meinung der Verfasser einen Adstriktionswert von mindestens 8 verlangen 
konnen. 
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Reprint from Svensk Farmaceutisk Tidskrift 53, 151 (1949), 

Studies on the Reaction between Aromatic Nitro 
Compounds and Active Methylene Groups 

XFH. Survey of the literature of theoretical 
interpretations of this reaction 

Bij Teodor Canbdck, 

(Apotekens kontrollaboratoriuni, Stockholm.) 

Primary and secondary aliphatic nitro compounds exist in two tautomeric 
forms, the usual nitro form, I, and the aci-niivo form, II, which are in 
e([uilihrium. 

R R 0“ 

I I I-. 
Rj - C - NO., ' Rj - C= N (R»Ri ~ H,alkyl or aryl) 

I ■ I 
H OH 

I 11 
Numerical values of the ecpiilibrium constant for a few simple aliphatic 

nitro compounds have been given by TiirnbiiU and Moron (1). 
Tertiary aliphatic nitro compounds cannot rearrange according to this 

scheme as they lack a hydrogen atom on the (x-carbon atom. 
In general the ecpiilibrium lies far towards the nitro form which is 

stabilized by resonance. III and IV, while in the ur/-form, II, no such 
stabilization by resonance is possible. 

O O 

1.^ lU 
R-N —► R-N 

II I 
O O"' 

III IV 
If, however, there is a possibility for resonance between the ac/-form and 
another system, e. g. a benzene ring, the ac/-form will be stabilized at the 
cost of the nitro form. In phenylnitroincthane, for example, the phenyl group 
is conjugated with the carbon-nitrogen double bond in the acz-form, but is 
insulated in the nitro form. The ecpiilibrium is certainly shifted towards the 
aci-form as the aez-forrn of phenylnitroniethane can be isolated, whereas 
that of the nitromethane cannot, though the actual position of the equilibrium 
is not known for phenylnitroniethane. If primary and secondary aliphatic 



2 

nitro compounds are dissolved in alkali an ion is formed according to the 

scheme; — 

R 
I 

R, - C - NO.. + OH- 
I 
H 

R R O- 

1 I I., 
R, - C NO, <—R, - C - N ' 

0“ 

(R,Ri H,alkyl or aryl) 

+ H,0 

Tertiary aliphatic nitro compounds are indifferent against alkali. Aromatic 

nitro compounds can he most closely compared with aliphatic tertiary nitro 

compounds. They are in general insoluble in alkali as they have no hydrogen 

atom on the a-carbon atom and for the same reason they cannot rearrange 

into an «r/-form. 
On the other hand a great number of aromatic niiro com])ounds add alkali 

or alcoholate according to the scheme (see Mciscnhcimcr 

NO, 

N0..<' ; + OR .. 

NO, 

Here the symmetric Irinitrobenzene reacts as a general acid and it is one 

of the few known examples of an organic acid whose acidity is uneciuivocally 

not due to a dissociable j)roton. 

No system cai)ablc of expressing the acid strength of such organic acids 

seems to have been published. 

It is necessary for the formation of this type of ions that the benzene ring 

is loaded with several groups that stabilize negative charges, e. g. nitro 

groups. 

The characteristic behaviour of certain aromatic nitro compounds of 

adding alcoliolale ions has often been used in the chemical analyses. This 

is because a displacement of the Jiiain band of the spectrum of tlie 

compounds (in solution) occurs from about 300 nifi to about 500 nip and 

the light absorption becomes conveniently measurable. 

Of the large number of publications dealing with the characteristic 

behaviour of these nitro compounds to add alcoholate or hydroxyl ions, the 

work by Jackson and his school (2) may be mentioned. Further work has 

been done by Meiseiihciiner el al, (3), by Haiilzsch ct al, (4), by lUisch and 

Kogel (5), by Gina (6) and others. 

The result of these investigations is that the formulation of the addition 

product is depicted as examplified above, with the addition of alcoholate 

ions to 1,3,5-trinitrobenzene. 

It is obvious that mononitro and m-dinitrobcnzenc derivatives do not add 

alcoholate if there should be no more strongly negative substituent on the 

benzene ring. 

Sidgwick, Taylor and Baker (7) give a survey of tlie reaction between 

? NO, 
i )/ 
! ^ \h 
n NO., 

I 
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aromatic nitro compounds and alkali in which they, in the main, siLviain 

Meisenhcimer's opinion of the mechanism of the reaction. They conclude 

with the following: — 
»Meisenheimer’s formula, however, cannot he considered as completely 

satisfactory; it docs not take into account the fact that more than one nitro 

group must he attaclied to the nucleus for this type of salt formation to take 

])lace, nor does it offer any explanation of the deep colour of the salts. It is 

evident that the stability of the compounds and their colour has something 

to do with all the nitro groui)s and not only witli one. The compounds in 

wliich the salt formation occurs are those in which two or more nitro groups 

are in the meta position to one another. The anion from such a compound 

can he written in as many sej)arate formulae as there are nitro groups: c. g. 

the anion of the addition |)roduct of potassium methylate and trinitrobenzene 

can be written in the tliree forms 

H \^^OMe 
”\/ 

OMe 
/0“ 0. 

H\ yOMe 

NO,/^NO,, NO.,:f \ '^N --r: / \nO., 

\ ■■■> 
\ \o- o/ 

i '1 

V' / 

, NO. NO.. 
N'^ “ * 

/ \ 
O 0" 

and these formulae* do not differ in the positions of Die constituent atoms, 

hut only in the kinds of valencies uniting the atoms. Hence the anion is 

almost certainly a resonance-hybrid of all tliree formulae, a view whkh 

offers the best ex])lanation of the necessity for the presence of more than 

one nitro group; the extra stability arising from the re.sonance will account 

for the f(nmiation of the comj)ounds, and their colour may well be due to 

the resonance between the (juinonoid systems in much the same way as in 

the triphenylmethane dyes.» 

The colour reaction between carbonyl com])ounds, especially aliphatic 

aldehydes and ketones, and polynitro benzene compounds has been known 

for a long time and Janovskij (8) is probably the one who first described 

the reaction. A few years later Bitlo (9) and Wilhfcrodt (10) described the 

same reaction. After that the colour reaction has been rediscovered many 

times and as late as 1921 liudolph (11) describes it again as a new discovery. 

Only a few investigators try to give an explanation of the reaction between 

acetone and m-dinitrobenzene. 

Ueitzeiistein and Stamm (12) proposed the following structure for the 

coloured com|)ound after they had isolated a compound with the composi¬ 

tion (UIsN.O., from the reaction products of acetone, 2,4-dinitrochlorobenzene 

and alkali: — 

CH, 

C-0 

CH. 
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This formula must be looked at with some reservation as it has not been 
possible to repeat the isolation of the compound. Besides there is no reason 
why a compound with this structure should give a hlue-violet colour when 
combined with alkali. Probably the compound that Heitzenstcin and Stamm 

worked with consists of compounds of the same type that Jackson (2), Zim- 

mermann (13) and others prepared. Those compounds are addition products 
of alkali metal alcoholatc to the nitro compound and are almost certainly 
mixtures of several compounds of which little is liiiown. 

In general the investigators try to connect the reaction with the Jaffe 

reaction (14) between picric acid and creatinine in alkaline solution. 

However, Reissert (15), Sasaki (16) and Weise and Tropp (17) point out 
that the reaction between picric acid and creatinine in alkaline solution is 
a special case of the general reaction between aromatic nitro compounds and 
compounds containing active methylene groups. 

Weise and Tropp (17) make a distinction between the reduction of picric 
acid to picramic acid that can be done at a higher temperature by most 
reducing compounds, e. g. reducing sugar, see Braun (18), and the condensa¬ 
tion reaction with active methylene compounds in alkaline solution. 

Zimmermann (13) has reviewed the older literature dealing with the 
Jaffe reaction and similiar reactions. 

There are, according to Zimmermann (13), five different opinions on the 
reaction. 

1. Greenwald el al, (19) believe that the red compound that is formed 
from picric acid and creatinine in alkaline solution has the following struc¬ 
ture : — 

NH - COH 
II 

N- CH 
I 

CHj 

2. Anslow and King (20) depict the condensation product of 2,4-dinitro- 
phenol and acetone in alkaline solution as follows: ■—■ 

NO, 

HO y“\_ N- 
I 

OH 

CH, 
II 

C 
I 
CH, 

3. Reissert (15) depicts the same condensation product as follows: — 

NO, o 

HO /“ N- 
I 

OH 

CH,COCH, 

4. Jackson (2) proposes the following structure of the compound that is 



0 

formed from 1,3,5-trinitrobcnzcne and diethyl malonate in alkaline solu¬ 

tion: — 

NaOON 

NO, 

< 
NO, 

H OR 

I 
O C CHCOOR 

5. Zimmermunn (13) means that the condensation product of 1,3,5-tri- 

nitrobenzenc and ctyc/o-hexanone in alkaline solution is best described by 

the following structure: — 

RbOON- 
\ 

NO, 2 ^ H 

NO, 

O 

Zimmcrmann believes he has found conclusive evidence of the formation of 

a new C — C bond. He is of the opinion that the new bond between the 

benzene ring and the ci/c/o-hexanone is an ordinary covalent C - - C bond. 

Of the opinions (luoted on the structure of the condensation product, only 

those held by Jackson (2) and Zimmermanii (13) are in accordance with 

modern ideas on the reactions of a benzene ring, heavilly loaded with 

negative substituents, with alcoholate. 
As far as I know no attempts have been made to explain the different 

effects of an alcoholate and acetone on /n-dinitrobenzenc in alkaline solution. 

Weise and Tropp (17) investigated the colour reactions of some methylene 

compounds with picric acid and they arranged them in a series according 

to the intensity of their reaction. 

Zimmermanii (13) gives some new examples of methylene compounds that 

react and he summarizes the results of his investigations as follows:— The 

presumption is that a nitro body sufficiently activated joins with a 

methylene compound that is also sufficiently activated. 

I will attempt to explain the difference in the reactions between certain 

methylene compounds and alcoholate in a forthcoming publication. 

Only a very few investigators have studied how substitution in the benzene 

ring affects the addition of alcoholate and of acetone. According to Meiseii- 

heimer (3) a positive reaction is obtained with all a-unsaturated nitro 

compounds. Aromatic nitro compounds react if they easily can rearrange 

into the (piinoid form. 

Dost and Nicholson (21) have studied the colours which are obtained from 

different aromatic nitro compounds when treated with acetone and alkali, 

and they summarize as follows:— »Phenomenal as it may seem, mononitro 

compounds give no color with the reagent, dinitro compounds give a 

purplish blue color, while trinitro compounds produce a blood red color, 

except where an amino, substituted amino, or hydroxyl group is present. 
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Acylation of the amino or hydroxyl {^roiip does not alter the inhibiting effect 

of such groups on the color test. The substitution of an alkyl group for an 

amino hydrogen does not alter the inhibition of the amino group, whereas 

the substitution of a methyl group for cnolie-hydrogen permits the compound 

to respond to the general color test. Noteworthy examples arc the 2,4-dinitro- 

anilinc, 2,4-dinitrophenol, 2,4-dinitroacetaniIide, 2,4-dinitrophenylacetate, 

2,4-dinitrodiethylaniline and 2,4-dinitroanisole. 

In cases where the benzene nucleus is richly substituted, as in 2,4-dinitr()- 

mesitylene, 2,4,()-trinitromesitylenc and 2,4,()-trinitro-l,3-dimethyl-5-terbutyl 

benzene, no color is ])roduced. 

The steric effect of the nitro group in the isomeric dinitrobenzenes is 

noteworthy. /n-Dinitrobenzeiie readily responds to the lest, p-dinitrobenzene 

gives a reddish yellow which soon passes into;i greenish yellow color, while 

o-dinitrobenzene gives no color at all.» 

As far as I have been able to establish, no investigation has been made on 

the ([uantilative effects in the spectra of tlie addition products which arc 

brought about by substitution in the benzene ring. 

A preliminary report (22) has been published [)reviously, and in a forth¬ 

coming pai)er I will describe a systematic investigation of the spectra of a 

number of subsliluied /n-dinilrobenzenes condensed with acetone. 
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Reprint from Farm. Revy 48, 153 (1949). 

Studies on the Reaction between Aromatic Nitro 

Compounds and Active Methylene Groups 

XIV. The mechanism of the reaction 

By Teodor Canback 

(Apotekens kontrollaboratorium, Stockholm) 

(This paper will be inserted in Collectanea Pharmaceutica Suecica IV, 1949) 

Janovsky (i) described in 1891 the occurence of highly coloured mixtures 
when aldehydes and alkali were added to a solution of certain nitro compounds. 
Since then the reaction has been studied now and then and some attempts to 
explain the reaction have been made. In this connection Bitto (2), Jackson (3), 
WiLLGERODT (4)^ Reissert (5), Weise and Tropp (6) and Zimmermann (7) may 
be mentioned.^ In general, these authors used picric acid as the nitro component 
and they try to connect this reaction and the Jaff^ reaction (8) for the determin¬ 
ation of creatinine. 

Weise and Tropp (6) deal exclusively with picric acid as the nitro component 
and they make a distinction between a reaction involving a reduction, cf. Braun 

(9), and a reaction involving a condensation. If a solution of picric acid is heated 
together with, for instance, an alkaline solution of glucose, the picric acid is re¬ 
duced to the highly red coloured picramic acid. This reaction is not very specific, 
and is brought about by most reducing compounds. 

The condensation reaction is more specific and requires special structures in the 
reacting compounds. 

^ Paper XIII in this series is a survey of the literature (55). 



The following deals exclusively with the condensation reaction, which is treated 
theoretically on the same lines as previously (lo). 

The reaction has been studied by means of spectrophotometric methods. 

The modern concept of the relation between the light absorption and the con¬ 
stitution of organic compounds has been summarized by Lewis and Calvin (ii) 
on the basis of the overwhelming importance of the resonance phenomenon in 
the production of colour in organic molecules. They try to find a way between 
the older school, represented by Witt (12), Wizinger (13), and Pfeiffer (14) 
among others, and the extreme quantum mechanic school, represented by Sklar 
(15), Brooker (16), Forster (17), Pauling (18) and so on. 

In the ultraviolet part of the spectrum the quantum mechanic has been suc¬ 
cessful in elucidating the absorption spectra of a number of simple organic com¬ 
pounds. As an example benzene may be mentioned (19). 

If the absorption band that benzene shows at about 255 mjL is due to a transition 
from the ground state to the first excited state, in which the two Kekule struc¬ 
tures contribute most, the agreement with the theoretically calculated value 245 
m[i is fairly good. For further particulars regarding the value of these calculations, 
see Mulliken (20). 

Undoubtedly the quantum mechanic methods of treating the subject will give 
correct results in the future, but for the moment it seems to be more practical 
to use the Lewis^ system, as it has greater possibilities of giving at least a quali¬ 
tative interpretation of the spectra of organic molecules by means of concepts 
familiar to the organic chemist. 

The energy difference that we are dealing with in the absorption spectra in the 
visible and ultra violet part of the spectrum arise from transitions between different 
electronic states of the molecule, mainly from the ground state to an excited state. 
The pure electronic changes are, however, usually accompanied by simultaneous 
changes in both vibrational and rotational energies. The properties of a simple 
unsaturated compound like butadiene is usually best represented by the con¬ 
ventional structural formulae completed by polar structures. As a result of re¬ 
sonance among all these structures there arises a number of electronic states of 
the molecule. The most stable of these, the ground state, is essentially that which 
is represented by the conventional structure with small contributions from polar 
structures. The other states, the excited states, on the other hand are resonance 
hybrides of the polar structures with only small contributions from the conven¬ 
tional structure. The more the excited state is stabilized, e. g. if many polar struc¬ 
tures of not too widely different energy content are possible, the less energy is 
required for the excitation, and hence the light absorption occurs at longer wave¬ 
lengths than if there were no resonance present. Furthermore, any change in the 
molecule that increases the resonance in the excited states will, therefore, result 
in an increase in the wavelength of the absorbed light and, if the increase in re¬ 
sonance is great enough, the compound will absorb light in the visible part of the 
spectrum and appear coloured. 

Now some types of reactions will be discussed which increase the resonance in 
the excited states. 

Two technically simple ways of getting a coloured compound from an un¬ 

coloured one are as follows* 



1. If some unsaturated hydrocarbons are dissolved in strong acids, brilliant 
colours arc obtained. That is the common halochromie phenomenon. 

2. On the addition of alkali to a solution of a suitable aromatic nitro compound 
in acetone, brilliant red to violet colours are obtained. 

In the first case, the displacement of the absorption band from the far ultra 
violet to the visible part of the spectrum is due to the following reaction: 

R.R,CH—CH - CH—CH = CH—CHR,R. + H + -► R.RjCH—CH^—CH—CH - 
1 II 

•f 

- CH—CHR,R4 ^ R,R.,CH—CH,~CH - CH—CH—CHRaR^ 
HI 

The unsaturated hydrocarbon I absorbs light at about 220 m]!. This absorption 
must be attributed to a transition from the ground state to the first excited state 
that is produced by I and the corresponding polar structures. The resulting 
resonance hybrides arc not stabilized very much by resonance. If, however, the 
hydrocarbon is dissolved in a strong acid, a proton is added to the double bond 
and the polar structures will contribute much more in the excited state than 
previously, as now an ion is produced in which no separation of charges occurs, 
and hence the positive charge can oscillate between different atoms whithout 
being hindered by the corresponding negative charge. The first excited state 
is thus much more stabilized in the ion relatively to the ground state than in the 
hydrocarbon as the resonance hybride is the result of contributions from many 
structures of the types 11 and HI, which do not differ much in energy content. 
The energy of excitation must therefore be less in the ion than in the hydrocarbon 
and the absorption band displaced to longer wavelengths. 

'rhe same phenomenon can be produced with a general acid such as BCI3, 
SnCh, SbCla or similar compounds. 

R,R,CH-CH - CH-CH - CH-CHR3R4 + BCI3 

+ 

RiR,CH-CH-CH-CH - CH-CHR3R4 ^ 

iicia 

R1R3CH—CH—CH - CH — CH—CHR3R4 

BCI3 

In the quantitative determination of vitamin D according to Brockman and 
Chen antimony trichloride is used as acid and the maximum absorption then 
occurs at about 500 m\i. Vitamin Da has a pronounced absorption band with 
the peak at 265 mji and hence a strong displacement of the absorption band is 
brought about by the acid. Of special interest in this connection is, that instead 
of antimony trichloride it is possible to use an aldehyde in combination with a 
strong acid for producing the desired red shift, e. g. vanillin and perchloric acid 
(21). The reaction may then be represented by the following scheme in which 
the ion B denotes a resonance hybride where the position of the charge is not fixed 



along the conjugated carbon chain. In this case it is possible to estimate the red 
shift which is brought about by the aldehyde, as one can measure the absorption 
of the positively charged ion B under the same circumstances. The red shift 
which must be attributed to the presence of the aldehyde is about 220 m|i. 

A max. = 590 m|j. 

Colour reactions of this type are very common in the photometric analysis. 

An analogous interpretation of the reaction may be applied in the second of 
the above cases, the reaction between aromatic nitro compounds like m-dini- 
trobenzene and acetone under the influence of alkali. If w-dinitrobenzene is dis¬ 
solved in acetone and this solution shaken with an equal volume of 10 normal 
sodium hydroxide solution, the acetone phase is coloured brilliant violet and in 
the visible part of the spectrum the absorption has its maximum at 559 Figure i. 

Nitrobenzene and 1,4-dinitrobenzene* do not react in this way. 2,4-Dinitro- 
toluene and 4,6-dinitro-i,3-dimethylbenzene give this reaction whereas dinitro- 
mesitylene does not. Compare (48) and (49). With 1,3,5-trinitrobenzene, 2,4,6- 
trinitrotoluene and 2,4,6-trinitro-i,3-dimethylbenzene and trinitromesitylene 
colours are obtained, but the reaction here has a slightly different course which 
will be discussed below. 

Thus to obtain a positive reaction it is necessary that two nitro groups are 
present on the benzene ring and that they are in meta position to each other. 
Further at least one of the ortho positions of the nitro groups must be occupied 
by a hydrogen atom. 

^ The following symbols will be used: 

I = I9 • IC' • ^ = Ig . lO'*' ’*=10- 10"® 
where is the intensity of the light which penetrates the pure solvent to a depth of 1 cm., 
and 1 the intensity of the light which penetrates a solution of molarity c. f. is the molar 
extinction coefficient, k the extinction coefficient and £ the extinction. 

* 1,4-Dinitrobenzene in acetone solution gives with alkali a bright yellow colour. See 
also Rudolph (36). 



Figure 1 ' 

Absorption curve of m-dinitrobenzene and acetone in alkaline solution. 

Already these general results eliminate the assumption that the coloured com¬ 
pound could be regarded as a simple molecular compound of the nitro compound 
and the methylene compound. For such compounds the following types of struc¬ 
tures must be assumed. 

:0: H 
:: . .+ 

R : N : N : Rx 

:0: H 

:0: 

*• I 
R : N : CH-CH- 

:0: 

a b 

Here a represents a molecular compound of the type trinitrobenzene 4-naph- 
thylamine and b one of the type trinitrobenzene 4-naphthalene. 

As the presence of a hydrogen atom on an ortho carbon atom is not necessary 
for the formation of these types of compounds, such an interpretation of the 
structure of the coloured compound is excluded. 

Another possible explanation of the reaction may be formulated analogously 
to that of ScHONBERG and Azzam (22) for the reaction between nitrosobenzene 
and dibenzoylmethane. This formulation requires, however, that at least one of 
the nitro groups is reduced to a nitroso group under the conditions laid down. 

They propose the following scheme: 



NO, 

H- + ^CH.COCHa. 



The bond^ between the benzene nucleus and the acetone ion must be regarded 
as a bond between a dipole and an ion with many resonance forms. For the sake 
of typographical simplicity the bond is here depicted as a C—C bond. Hence 
there is only a formal resemblance between this way of representing the bond 
and that of Zimmermann (7) who actually believed in the formation of a real 
C—C bond. 

The mechanism of the reaction is formulated in accordance with the modern 
viewpoint on the replacement of negative groups from the benzene nucleus by 
bases (23). The similarity between the proposed reaction and other reactions 
will be briefly illustrated. When a nucleophilic reagent, e. g. a negative ion, attacks 
an aromatic nucleus, a stable anion, such as a chloride ion, nitrite ion or alkoxide 
ion is displaced by the entry of the substituent. Only a few examples will be men¬ 
tioned, namely the synthesis of the 2,4-dinitrophenylacetoacetic ester from 
2,4-dinitrochlorobenzene and sodium acetoacetic ester (24), the synthesis of 
2,4,6-trinitr()phenylacetoacetic ester from 2,4,6-trinitrodiphenylether and sodium 
acctoacctic ester (25) and the synthesis of 2,4-dinitrodiphenylamine from 2,4- 
dinitrochlorobenzcne and aniline (26). In all these cases the displaced anion is 
stable. 

In a relatively few reactions, however, it is necessary to assume that a hydrogen 
atom is displaced in the form of the unstable hydride ion. Simultaneously or im¬ 
mediately afterwards an oxidation of the hydride ion to a proton occurs or the 
ion is transformed into other products: 

14- -► 11+ -f a e or 

H- { O -^ OH . 

As examples of this type of reaction, which has been very little studied, the 
following reactions may be mentioned. For a more extensive review see Whe- 
LAND (56). 

When nitrobenzene is heated with sodium hydroxide, 0- and /)-nitrophenol 
are obtained (27); from pyridine a-pyridone (28), and from phenol or resorcinol 
floroglucinol is obtained (29). In all these cases a hydrogen atom is directly dis¬ 
placed by a hydroxyl group and in the form of a hydride ion. 

By the action of sodium or potassium amide, heterocyclic bases can be con¬ 
verted into amines; the preparation of a-aminopyridine according to the method 
described by Tschitschibahin may be mentioned: 

4- NH , 

/\ 

^ ,;-NHj + H' 

N 

Further examples of this type of amination may be found in a review^ prepared 
by Leffler (30). 

If w-dinitrobenzene is treated with hydroxylamine, 2,4-dinitroaniline is obtained 
together with 2,4-dinitro-w-phenylendiaminc (31), from naphthalene is obtained 
a- and j3-naphthylamine (32). 

^ Only one of the several resonance forms of the condensation product is shown. 



If m-dinitrobenzene is treated in etanolic solution by potassium cyanide one 
obtains primarily 2,6-dinitrobenzonitrile, in which one of the nitro groups is 
immediately displaced by an ethoxy group so that the final result is 2-nitro-6- 
ethoxybenzonitrile (33). From picric acid is obtained isopurpuric acid, 2-hydroxyl- 
amino-3,5-dicyano-4,6-dinitrophenol (34). 

In the examples mentioned the nucleophilic reagents are the hydroxide ion, 
the amide ion, the hydroxylamine molecule and the cyanide ion, and the electro¬ 
philic reagent is generally an aromatic nucleus loaded with negative substituents. 

Additional support for the proposed reaction may be found in the ingenious 
experiment by Meisenheimer (35). Meisenheimer showed that the same ion is 
obtained from 2,4,6-trinitrophenylethylether and methoxide ions and from 
2,4,6-trinitrophenylmethylether and ethoxide ions: 

NO2 

Hence it is proved that the benzene ring acts as a pseudo-acid when it contains 
several nitro groups in meta positions and that the essential part of the reaction 
is an addition of the anion to the nucleus. 

All the analogous reactions cited support the view that a relatively stable ion 
of the type 

B 

H 

is produced from w-dinitrobenzene and acetone in the presence of alkali hydroxide 
and that this ion is responsible for the selective absorption in the visible part of the 
spectrum. 

For a red shift of the absorption maximum from 235 m[x for m-dinitrobenzene 
to about 560 m[i for the addition product of m-dinitrobenzene and acetone, it is 
essential that the added anion is stabilized by resonance. That is clearly demon- 



Figure 2 

Absorption curves of a, w-dinitrobenzene dissolved in isopropyl alcohol, h. m-dinitrobenzene 
dissolved in isopropyl alcohol, and sodium propoxidc solution added, c. m-dinitroben- 
zene dissolved in acetone and sodium ethoxide solution added. 

strated in fig. 2, which shows the absorption curves of m-dinitrobenzene in 
isopropyl alcohol and in isopropyl alcohol to which sodium propoxide solution 
has been added. The curves (a and b) are identical and cannot be distinguished. 
In the same figure the absorption curve (c) of the m-dinitrobenzene-acetone 
compound is also plotted. It is clear that the red shift must be attributed to a 

0 

specific effect of the resonance hybride CHaCOCHa ◄—► CHj == C—CH3. 

With the symmetric trinitrobenzene derivatives the conditions are somewhat 
different. If alkali is added to an ethanolic solution of 1,3,5-trinitrobenzene, an 
intense colour is obtained with absorption maxima at 426 and 496 m|i. If alkali 
is added to an acetone solution of the same nitro compound, the maxima occur 
at 462 and 536 m[x. See figure 3. 



Figure 3 

Absorption curves of a. i, 3, 5-trinitrobenzene dissolved in ethanol and sodium ethoxide 
solution added, b. i, 3, 5-trinitroben2ene dissolved in acetone and sodium ethoxide so¬ 
lution added. 

In this case the difference between the effect of the acetone ion and the ethoxide 
ion is very small. The reason is that the many nitro groups on the benzene ring 
make even as weak reagents as hydroxyl and ethoxide ions capable of producing 
sufficient stabilization of the quinoid form of the benzene ring. 

NO2 

NO, 

This phenemenon gives a clue as to how the effect of the methylene compounds 
is to be interpreted. 



Summary 

On adding alkali to a solution of w-dinitrobenzenc in acetone, a brilliant violet 
colour is obtained, which depends on the formation of the ion 

-0 f 

\ 
N -- 

0 

CH,C0CH3 

H 

In this ion the quinoidal structure of the benzene ring is stabilized by the addition 
of the acetone ion. 

Experimental 

All melting points are corrected and determined on the Kofler block. Boiling 
points arc not corrected. Absorption spectra were obtained on a Beckman quartz 
spectrophotometer model DU using i :1: 0.002 cm. quartz cells. A hydrogen lamp 
or a tungsten filament was used as a source of light. The spectra of the addition 
products have been measured in the following way. A weighed amount of the 
nitro compound was dissolved in the specified solvent and the solution shaken 
with an equal volume of 10 normal sodium hydroxide solution or, in the cases 
where the solvents were alcohols, as much of the corresponding sodium alkoxide 
dissolved in the same alcohol was added to the solution of the nitro compound 
so that the final concentration of the alkali was 0.25 normal. 'Fhe solutions were 
then placed in the cells and the absorption curves were determined with the 
solvent, treated as the solution, as a blank. 

Acetone, analytical reagent from „LKB”. 
Ethanol, ,,extra finsprit”, without noticeable absorption in i cm. cells to 215 mix. 
Isopropyl alcohol, ,,Baker’s analyzed”, without noticeable absorption in i cm. 

cells to 215 m[x, b. p. 81"—82^ 
Nitrohemene, freshly distilled, analytical reagent, b. p. 210—21U". 
1 ,i-DinitrobenZ€ne, obtained from Merck, Elberfeldt, recrystallized five times 

from 95 per cent ethanol. Colourless needles, which after drying over phos¬ 
phorous pentoxide in vacuo melted at 89.5"’—90.0''. Another reagent from East¬ 
man Kodak purified in the same way melted at 89.0'"—89.5''. 

Both preparations showed identical UV spectra, and polarographically the 
presence of trinitrobenzenes could not be shown. 

The test on 1,2-dinitrobenzene described by Truhaut (37) was negative for 
both preparations. 

1,4-Dinitrobemene was synthesized in the main as by Witt and Kopetschni 

(38). 5.0 g. /)-nitroanilinc, m. p. 145°—147"', was dissolved in a mixture of 12.5 
ml. concentrated sulfuric acid and 55 ml. water, o.io g. silver nitrate added and 
the mixture heated cautiously to about 5o'\ Then twenty grams ammonium per¬ 
sulfate were added in small portions while the mixture was vigorously stirred. 
The mixture was stirred at 50° for 2 hours and was then allowed to stand for 24 



hours at room temperature. The precipitate was sucked off, washed with water, 
dilute sodium hydroxide and again with water. The damp precipitate was placed 
in a flask and the 1,4-dinitrobenzene isolated by steam distillation. After recry¬ 
stallization from glacial acetic acid and drying over sulfuric acid in vacuo^ 2.1 g. 
light yellow needles were obtained with m. p. 173°—174°. Reported by Bam¬ 

berger and Hubner (39) m. p. 174*^. 
itSiS^Trinitrobenzene, obtained from Bofors Nobelkrut, was recrystallized five 

times from 95 per cent ethanol. Dried invacuo over sulfuric acid, m. p. 122°—123''. 
2^4-Dinitroioluene, obtained from Coleman and Bell Co., was recrystallized 

five times from 95 per cent ethanol and dried in vacuo over phosphorous pent- 
oxide, m. p. 69°—70°. 

2y4^6-Trinitrotolueney obtained from Bofors Nobelkrut, was recrystallized three 
times from 95 per cent ethanol. Dried over phosphorous pentoxide in vacuo, m. p. 
8o.s°-8i.o°. 

4y6-Dinitro~iy3-dimethylbenzeney was synthesized according to Borsche (40). 
To 5 g. m-xylene, b. p. 137°—139°, 25 g. nitric acid, sp. gr. 1.52, was stirred in 
drop by drop and the mixture was set aside at room temperature over night and 
then put on crushed ice. The oil was extracted with ether and the ether phase 
washed first with 20 % sodium carbonate solution and then with water until the 
reaction was neutral. After drying with sodium sulfate the ether was evaporated 
and the remaining crude product recrystallized four times from absolute ethanol 
with the aid of charcoal. White needles were obtained after drying in vacuo over 
phosphorous pentoxide, m. p. 91.5°—92.0"^. Reported by Davies (41) 93®. 

2y4y6-Trinitro-iy3-dimethylbenzeney was prepared from 4,6-dinitro-i,3-dime- 
thylbenzene according to the directions given by Grevingk (42). 

One gram 4,6-dinitro-i,3-dimethylbenzene was dissolved in a cold mixture of 
10 ml. nitric acid, sp. gr. 1.52, and 20 ml. sulfuric acid, sp. gr. 1.84. The mixture 
was set aside at room temperature over night and was then put on 200 ml. crushed 
ice. The nitro compound was extracted with ether and worked up as described 
for 4,6-dinitro-i,3-dimethylbenzene. After two recrystallizations from 95 per 
cent ethanol and one from glacial acetic acid it was dried over phosphorous pent¬ 
oxide in vacuo, m. p. 181°—182°. Fittig (43) reports 176° (uncorrected?) and 
Devergenes (44) 182.5°—183.5°. 

Dinitromesitylene was prepared by Fittig’s method (45). To 25 ml. nitric acid, 
sp- gr* 1*52, 10 g. freshly distilled mesitylene, b. p. 163°—165°, was added drop 
by drop, and the mixture heated on the steam bath for one hour. After cooling 
the mixture was put on 500 ml. crushed ice and the precipitate filtered off and 
washed free from acid with water. After two recrystallizations from 95 per cent 
ethanol and drying over phosphorous pentoxide in vacuo, white needles were 
obtained, m. p. 85°—86°. Fittig (46) reports m. p. 86°. 

Trinitromesitylene was prepared according to Fittig’s method (46), Seven grams 
freshly distilled mesitylene were nitrated with a mixture of 25 ml. nitric acid, 
sp. gr. 1.52, and 50 ml. sulfuric acid, sp. gr. 1.84, on the steam bath for two hours. 
After cooling the mixture was put on 500 ml. crushed ice and the nitro compound 
worked up as described for dinitromesitylene. M. p. 231°—232°. Gibson (47) 
reports m. p. 232°—233°. 

i-Nitroso-3-nitrobenzene, Attempts to prepare the compound by means of re¬ 
duction of m-dinitrobenzene by Zn according to the directions given by Alway 



(5o) and Alway and Gortner (51) were unsuccessful. Solid solutions of w-nitro- 
sonitrobenzene in w-dinitrobenzene with variable compositions were always 
obtained. M. p. varied from 63° to 85"*. At last, oxidation of m-nitroaniline with 
neutralized Caro’s acid followed by steam distillation gave a pure compound. The 
method has been described by Bamberger and Hubner (52). Ten grams of m-nitro- 
aniline were brought to a fine powder and suspended in i 500 ml. water. 35.5 g. 
ammonium persulfate was thoroughly blended in a mortar with 25 ml. ice cold 
concentrated sulfuric acid and the mixture was stirred for 15 minutes under ice 
cooling. Then it was neutralized with solid potassium carbonate. Thereupon this 
mixture was added to the suspension and the whole mixture shaken vigorously 
for 20 minutes and then rapidly filtered. The damp deposit was placed in a flask 
and the formed w-nitrosonitrobenzene isolated by steam distillation. Only the 
first 50 ml. of the distillate were colleaed. The crystals were sucked off and dried 
over sulfuric acid in vacuo, M. p. 89.5"^—90.0'’. All attempts to recrystallize the 
compound failed. Brand (53) reports m. p. 90'', Bamberger and Hubner (52) 
89.5°—90.0''. When dissolved in ethanol, the compound showed an absorption 
band with the maximum at about 760 m[i. and e = 57. Fenimore (54) reports 
the maximum at 760 m/^ and e = 55.4. 

This investigation has been supported by a grant from Statens medicinska forsk- 
ningsrdd which is here gratefully acknowledged. 
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Reprint from Farm. Revy 48, 217 (1949) 

Studies on the Reaction between Aromatic Nitro 
Compounds and Active Methylene Groups 

XV. An investigation into the difference in behaviour of tu'enty-nine m-dinitrobenzene 

derivatives in their reaction icith acetone in alkaline solution 

By Ieodor Canback 

(Apotckcns kontrollaboratorium, Stockholm) 

(This paper will be inserted in Collectanea Pharmaceutica Succica IV, 1949) 

In the fourteenth paper in this series (i) the fundamental reaction between 
w-dinitrobenzene and acetone in alkaline solution was discussed. The formation 
of a quinoid ion^ 

O 

“O 

- ^/^^CH.COCHa 

was made responsible for the light absorption. In this paper the influence on the 
reaction and the light absorption of the addition products caused by substituents 
in the benzene ring will be investigated. Furthermore the difference in behaviour 

^ The bond between the benzene nucleus and the acetone ion, which is a bond betw'een 
a dipole and an ion with several resonance forms, is here depicted as a common C—C bond, 
see further ref. (i). For the sake of simplicity, as a rule only the para quinoid structures 
will be shown in the following formulae. 
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of the alkyl derivatives in the reaction will be discussed in connection with diffe¬ 
rences in their UV spectra. The methylene compound is in all cases the same, viz, 
acetone. 

The dependence of the light absorption on substituents in nitrobenzenes may 
roughly be divided into three parts, (a) steric hindrance against a planar con¬ 
figuration of the nitro groups and the benzene ring, (b) influence of an electron 
donating group, and (c) influence of an electron attracting group. Inductive effects 
arising from the alkyl groups will be treated here in connection with the steric 
inhibition of resonance caused by these groups. 

The compounds investigated arc collected in table i. Methods of synthesis and 
of purification are given in the experimental section. All compounds are derivatives 
of m-dinitrobenzene, and the substituents arc almost exclusively in ortho and para 

position respectively to the nitro groups. 

Table i. The ni-dinitrobenzene derivatives investigated 

1.3- dinitrobenzene 
2,4“dinitrotoluenc 
2.4- dinitroethylbenzene 
2.4- dinitro-/-butylbenzene 
2,4rdinitrostilbene 
4,6-dinitro-1,3-dirnethylbenzene 
dinitromesitylenc 
2.4- dinitrophenol 
2.4- dinitrophenyl acetate 
2.4- dinitroanisole 
2.4- dinitrodiphenylether 
2.4- dinitroaniline 
N-(2,4-dinitrophenyl)-piperidine 
2.4- dinitrophenylpyridinium chloride 
2.4- dinitroacetanilide 
2.4- dinitrodiphenylamine 
2.4- dinitrophenylhydrazine 
acetophenone-2,4-dinitrophenylhydrazone 
2.4- dinitrochlorobenzene 
2.4- dinitrobenzoic acid 
methyl 2,4-dinitrobenzoate 
3.5- dinitrobenzoic acid 
w-propyl 3,5-dinitrobenzoate 
diethylaminoethyl 3,5-dinitrobenzoate hydrochloride 
2.4- dinitrophenylacetic acid 
methyl 2,4-dinitrophcnylacetate 
ethyl 2,4-dinitrophenylacetoacetate 
2.4- dinitrophenylacetone 
ethyl 6w-(2,4-dinitrophenyl)-acetate 

I. Ejfects on the VV spectra in pentane solution and on the reaction with acetone in 

alkaline solution caused by the alkyl groups in 2^4-dinitroalkylbenzenes, 

To get an idea of the steric and inductive effects caused by the alkyl groups in 
2,4-dinitroalkylbenzenes, a study was made on the UV spectra of a number of 
such compounds in pentane solutions. The results of the measurements are given 
in table 2 and in figures i and 2. 
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Table 2, UV absorption spectra of alkyl derivatives of m-dinitrobenzene in pentane 
solution. 

Compound A max. nyi e 

1,3-dinitrobenzene .. 227 21000 
2,4-dinitrotoluene . 232 i5930 
2,4-dinitroethylbenzene . 233 13800 
2,4--dinitro-t-butylbenzene. 257 10610 
2,4-dinitrostilbcne. ,. -.. 233 14900 
4,6-dinitro-i,3-dimethvlbenzenc. 243 15100 
dinitromesitylene. . 238^ 3990^ 

^ inflexion point 

Figure i. Absorption curves in pentane solution of i. 1,3‘dinitrobenzene, 2. 2^4-dinitrotolueney 
3. 2,4-‘dinitroethylbenz€ne, 4. 2^4-dinitro~t~butylbenzen€f 5. 2,4~dimtrostilbene. 
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Figure 2. Absorption curves in pentane solution of 1, i,3-clinitrobenzene, 2. 2yf-dinitrotoluene^ 
6. 4fi-dinitro-ij3-dim€t}iylbenzen€^ 7. dinitromesitylene. 

Brown and Reagan (2) have recently published an investigation into the stcric 
effects in the UV absorption spectra of o-alkyl nitro compounds. An extract from 
their results is given in table 3. 

Measurements of the mononitro derivatives have not been repeated as those of 
Brown and Reagan are made on wo-octane solutions and mine on pentane 
solutions, both solvents giving comparable data. 

A priori it is probable that those effects which influence the UV spectra of the 
alkyldinitrobenzenes will also be noticeable in the spectra of their addition products 
with acetone in alkaline solution. In table 6 measurements of those ions are given. 
They will be discussed later. 

It is logical to assume that a substituent that inhibits the nitro group resonance 
by steric inhibition of a planar configuration of the molecule will cause a displace¬ 
ment of the absorption maximum to shorter wavelengths, e.g. a blue shift, and 
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Table j. UV absorption of nitrobenzenes in iso-octane according to Brown and 

Reagan. 

Compound A max. m/z e 

nitrobenzene . 252 8620 
o-nitrotoluenc . 250 5950 
p-nitrotoluene . 264 10250 
o-nitrocumene. 247 3760 
p-nitrocumene. 265 10430 
o-nitro-f-butylbenzene. no maximum^ — 

p-nitro-f-butylbenzene. 265 10720 
nitromcsitylene . no maximum^ 

' at 250 mju £ is T450; - at 250 mfi e is 2060. 

also a weakening of the intensity of the absorption. This shift towards shorter 
wavelengths can be traced in table 3 with regard to c)-nitrotoIuene and o-nitrocumene, 
and may possibly be present also in o-nitro-/-butylbcnzene and nitromcsitylene. 
In the dinitro derivatives this effect is not present, instead a red shift is noticed in 
comparison with the parent compound, w-dir^itrobenzene. A closer examination 
of tables 2 and 3 indicates further that the influence of the nitro groups on the 
intensity of the absorption is additive. To enhance this impression table 4 has been 
compiled, 'rhe molar extinction coefficients of the mononitro and the dinitro 
derivatives have been tabulated together with the sum of the extinction coefficients 
for the corresponding ortho and para derivatives. Although only a few correspond¬ 
ing compounds have been studied the impression is striking, and the phenomenon 
is most easily explained by assuming that nitro groups in rneta position to each 
other act upon e independently of each other. The calculations for the f-butylbenzene 
and mesitylene derivatives are only approximate, as in the case of the mononitro 
compounds no maxima are present. Because of uncertainty due to overlapping of 
bands which have maxima beyond the range of Brown’s and Reagan’s measure¬ 
ments, the extinction values at the inflexion points are too high, and are certainly 
not caused solely by the characteristic nitro group absorption. 

It has not been possible to synthesize the ortho and para mononitro derivatives 
of ethylbenzene nor the 2,4-dinitrocumcne in sufficiently pure states. See further 

(3)- 
In resonating molecules, a ground state and excited states are provided by 

resonance splitting of the energy levels of more or less fictitious structures. The 
energy differences between the ground state and the first excited state correspond 
in most cases to absorptions in the visible or ultra violet part of spectrum. The 
probability of an electronic transition between two such states can be calculated 
by means of quantum mechanics, and the intensity of the absorption is an ex¬ 
pression of the probability of a transition from a lower to a higher energy level. 
An essential condition for these calculations is that the distribution of electric 
charge in the molecule is affected by the transition. In symmetric molecules like 
benzene the contributions of polar structures are of minor importance by the 
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Table 4, The additive effect of nitro groups on the molar extinction coefficient. 

Derivative of 
o-nitro 

E 

/>-nitro 
E 

0, ^-dinitro 
e 

Sum of E of 
0 and p 

mononitro 

benzene . 8620 8620 21000 17240 
toluene . 5950 10250 15900 16200 
ethylbenzene. __ — 13800 — 
cumene . 3760 10430 — 14190 
t-butylbenzene. 1450 10720 10610 (12170) 
1,3-dimethylbenzene. — — 15100 — 

mesitylene. 2060 2060 3990 (4120) 

i 

formation of the resonance hybride, and hence the absorption is very weak. 

In polar compounds with no, or very little, steric inhibition of re^sonance like the 

nitrobenzenes {e8000—10000) or ///-dinitrobenzencs (f: - 15000—20000) 

the probability of a transition from a lower to a higher energy level is much 

higher, and the intensity of the absorption is of quite a different degree than in 

the case of benzene {e — 200). 

The above arguments are confirmed by the behaviour of many organic com¬ 

pounds when treated with acids and bases.5-Nitro-4-hydroxy-i,3-dim(ithylbenzene 

in acid aqueous solution has an absorption maximum at 378 m/i and e - - 2670. 

In alkaline solution, when the formation of a phcnolate ion is complete, the 

absorption maximum has shifted to 447 m/ti and e risen to 4710 (4). This com¬ 

bination of a red shift and an increase in the absorption is characteristic, and the 

intensified absorption is explained by the higher probability of transition in the 

ion than in the undissociated compound. 

With these well known points of view and the results of the measurements as 

a basis, it is possible to make some generalizations about the wavelength shifts 

caused by alkyl substitutions in m-dinitrobenzenes. 'The wavelengths of the 

maxima of the compounds investigated have been tabulated in table 5. 

Table 5. Wavelengths of absorption maxima of mononitro^ and meta-dinitrobenzene 

derivatives. 

Derivative of 2-nitro^ 
K max. 

4-nitro^ 
A max. 

2,4-dinitro 
A max. 

benzene . 252 mp. 252 mp 227 mp 
toluene. 2 so 264 232 
ethylbenzene . — — 233 
cumene. 247 265 — 
t-butylbenzene . no maximum 265 257 
stilbene. — — 233 
1,5 -dimethyIbenzene . — — 243 
i,3f5-trimethylbenzene. no maximum no maximum 238 inflexion 

point 

^ Values taken from Brown and Reagan (2). 
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The substitution of a nitro group for a hydrogen atom in 4- and 2-position 

respectively to the already present nitro group in a 2- or 4-nitroalkylbcnzene, 

causes in all cases a shift of the absorption maximum towards shorter wavelengths. 

In the /-butylbenzene and mesitylene derivatives the results are not quite clear. 

The factors which are operating (see table 2, 3 and 5) may be explained in the 

following way. 

The absorption maximum that benzene exhibits at 255 m/i is ascribed to a 

transition from a lower state to an excited state which is provided by resonance 

splitting of the energy levels of the two Kekule structures. The contributions 

from the Dewar structures arc calculated at only twenty per cent (5). 

In nitrobenzene, however, polar structures of the types 

\)_ Q_. + 0- 

will contribute much more, which causes the intensity of the absorption to increase 

from 8 — 200 for benzene to r -- 8620 for nitrobenzene. However the shift, if 

any, of the wavelength is very small, nitrobenzene having its maximum at 252 m/i. 

'Fhis shows that the conditions in benzene and nitrobenzene arc not comparable, 

'rhe coincidence of the absorption maxima of the two compounds is purely 

accidental. 

If now a methyl group is introduced in para position to the nitro group, addi¬ 

tional possibilities of resonance occur as hyperconjugation 

O- 

W CH.. - / \ - N + 

O 

will contribute in the excited state. The result is that the difference between the 

energy levels of the ground state and the excited state will decrease, and hence the 

absorption band will be shifted towards longer wavelengths. As the polarity is 

increased the intensity of the absorption is enhanced. In table 5 it is seen that 

the substitution of an alkyl group (methyl, isopropyl and /-butyl) for a hydrogen 

atom causes a red shift of 12—13 m/i. 

The substitution of an alkyl group for a hydrogen atom in ortho position causes 

structures of the type 

0 



8 

to contribute to the resonance, but the contribution of such structures is much 
less here than in the corresponding para compounds. The reason is that stcric 
hindrance of the resonance occurs. 

IT Although the inhibiting effect of a single methyl group in ortho position is very 
small, and although a coplanar configuration can certainly be obtained through 
small adjustments of the valence angles, the strain that has arisen in the molecule 
is great enough to decrease the maximum absorption from e ~ 8620 to e 5950, 
The position of the maximum is, however, only shifted 2 m/^ towards shorter 
wavelengths. This behaviour of an ortho methyl group is well known from in¬ 
vestigations of other molecules (6). The absorption maximum is affected by the 
other ortho alkyl substituents in the same way and its height decreases in the 
sequence H > CH3 > {CH,),CH > (Clh),C. 

Almost maximum probability of transition seems to exist already at the methyl 
group by para substitution, and the structure of the alkyl group is of minor im¬ 
portance. However, the usual electron repelling order of the alkyl groups can be 
traced: (CH3)3C > (CH3)3CH > CH3 > H. 

Among the meta dinitrobenzene derivatives investigated the alkyl group is 
always present in both ortho and para position to a nitro group. Of the ortho and 
para effects discussed, the para effect will determine the position of the absorption 
maximum with regard to the parent compound meta dinitrobenzene. This is clear 
from table 5 from which it is seen that the introduction of a methyl group causes 
a red shift of 5 m/i, of an ethyl group 6 m/i, and of a ^-butyl group 30 m/i. That i s 
the same sequence as in the para nitrobenzene series. If two methyl groups are 
introduced, both in ortho and para position to the nitro groups, a red shift of x6 
m/i is obtained. The complete blocking of the nitro groups with a third methyl 
group, as in the mesitylene compound, causes a shift of 5 m// towards shorter 
wavelengths with reference to the xylene compound. 

Fig- 3 a shows the small steric hindrance in the toluene compound against a 
coplanar configuration of the or/Ao nitro group. The para nitro group is not affected.^ 
In the xylene compound, however, both nitro groups are hindered, fig. 3 b, but 
with only small adjustments of the bond angles a planar structure may still be 
obtained. From figure 2 it is seen that the red shift caused by the para methyl 
group is still present in both compounds. On the other hand in the mesitylene 
compound, fig. 3 c, both nitro groups are effectively held out of plane by the 
bulky methyl groups. From fig. 2 it is also apparent that the absorption spectrum 
of the mesitylene compound is quite different from those of the toluene and 
xylene compounds. 

The intensity of the UV absorption of the dinitrobenzenes is, as seen in table 4, 
about equal to the sum of the corresponding ortho and para mononitrobenzenes, 
and the intensity decreases in the same sequence as in the case of the ortho nitro- 

^ The dimensions used in the drawings are those listed by Jones (7). 
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Figure 5. a. 2^4-dimtrotoluene, h. 4,6~dinitro-i,3-diinethylbenzene^ c. dinitromesitylene. 

alkylbenzenes. Thus in the dinitro series the ortho effect dominates the height of 
the absorption band. 

Now, it is interesting to compare the results obtained from the study of the UV 
spectra with those obtained from measurements of the absorption in the visible 
part of spectrum of the addition compounds obtained ^rom the dinitroalkylben- 
zenes and acetone in alkaline solution. 

log C 

Figure 4. Absorption curves of the condensation products of acetone and i, iyj-dinitrobenzene^ 
2. 2y4-dinitrotoluen€, J. 2y4-dinitroethylbenzeney 4, 2y4-dimtro-t-butylbenzeney 5. 2y4~dinitro- 

stilbeney 6. 4y6-dinitro-lyS-dimethylbenzene. 

Table 6. Absorption maxma of the addition compounds obtained from m-dinitro- 

benzene derivatives and acetone in alkaline solution. 

Compound A max. mfA 

1,3-dinitrobenzene . 559 23100 
2,4-dinitrotoluene. 563 14230 
2,4-dinitroethylbenzene . 565 10550 
2,4-dinitro-f-butvlbenzene. S6s 2390 
2,4-dinitrostilbene. 568 16100 
4,6-dinitro-i,3-dimethylbenzene. 650 1790 
dinitromesitylene. no absorption within the range 

400—700 m/i 

^ is the molar extinction coefficient after 15 minutes. 
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The spectra are very much alike, fig. 4, and in table 6 the results of the measure¬ 
ments are tabulated. 

The addition products have been obtained in the following way:— 
Ten to fifty mg. of the nitro compound w^ere dissolved in acetone to a volume 

of 100.0 ml. From this solution aliquotes were withdrawn and diluted with acetone 
to 25.00 ml. This diluted solution was shaken with 25 ml. of a 10 normal sodium 
hydroxide solution for two minutes, and the acetone solution was allowed to 
separate from the aqueous phase for ten minutes. The measurements of A max. 
and were made fifteen minutes after the beginning of the shaking. 

This method can be criticised because the measurements were not made at the 
moment of maximum absorption. From fig. 5 it is seen that in certain compounds 
the maximum absorption is not reached within fifteen minutes. 

10 20 30 40 50 60 

Figure 5. The molar extinction coefficients of the condensation products of acetone and a, 
dinitrobenzenef b. 2,4-dinitrostilbene^ c. 2^4-dinitrotoluene, d. 2^4~dinitroethylbenzene and e, 
2^4^dinitro-t^butylbenzene plotted against time. The dotted line mdicates the fnoment of inea- 

surement of ”e*’. 

I am, however, of the opinion that the characteristic effects caused by the 
substituents are illustrated better by this mode of measurement than by measure¬ 
ments made at the moment of maximum absorption; the reason being that simul¬ 
taneously with the increase in the extinction the ion is destroyed by the strong 
alkali, and the absorption maximum is broadened and lowered. The mutual 
succession of the substituents is not shifted if the measurements of the absorption 
are made at the later point. In that case it would be necessary to include the time 
as a parameter when comparing the effects of the different substituents. For 
instance, the m-dinitrobenzene compound reaches its maximum absorption 
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within 7—8 minutes, whereas the absorption of the 2,4-dinitro-^-butylbenzene 

compound is still increasing after 120 minutes. 

Direct comparison of tables 2 and 6 shows that the different groups have about 
the same effect on the absorption in the UV as on the absorption of the coloured 
ion in the visible. I'hc maxima of abso»-ption are shifted in both cases towards 

longer wavelengths in the following order: H < CH3 < C2H5 < C(CH3)3, while 

the intensities of the maxima are decreased in the same order. When position? 

I and 3 in the ring are blocked by alkyl groups (as in the xylene compound) the 

mechanism of the reaction is obviously altered and the addition of ihe acetone ion 

probably takes place in position 5. / max. as \v*cll as t are abnormal for 1,3-dimcthyl- 

4,6-dinitroben2cne. If all ortho positions are blocked as in dinitromesitylene, no 

addition occurs and no absorption in the visible is present. 2,4-Dinitrostilbenc 

behaves in the main as 2,4-dinitrotolucne, and the unsaturated side chain has no 

pronounced influence on the absorption in the visible, thus agreeing with lack of 

influence on the UV absorption between 220 and 250 m/^; compare fig. i. 

2. The influence of an electron donating group. 

An electron donating group R resonates with the dinitrobenzene ring in the 

following way:— 

0- -I- 0- 

0- 

This resonance will be active also in the quinoid ions obtained by the addition of 

the acetone ion B “ :— 

"0 NO, NO, 

/ 1 

\+B- 

/\ 
H 

4- NO,x^ B- 

1 

‘ 
1 c
 

R 

b + 0 

N 
!i 

B- 

R+ 
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Hence there is a competition in the ion between two efforts both of which are 
trying to stabilize the quinoid structures of the molecule. This competition, 
which may be regarded as a certain type of cross-conjugation, ought to shift the 
absorption maximum towards shorter wavelengths in comparison with that of the 
addition product of the parent compound w-dinitrobenzene and also to decrease 
the height of the maximum. In table 7 measurements are given of a number of 
addition compounds of 2,4-dinitrobenzenes substituted in position i by an electron 
donating group. The expected blue shift and the decrease in the height of the 
maxima are in the main confirmed. The general appearence of the spectral ab¬ 
sorption curves is the same as of those reproduced in fig. 4. 

Table 7. Absorption maxima of the addition compounds obtained from 2^4-dinitro- 
benzene derivatives (zvhich in position 1 contain an electron donating group) and 

acetone in alkaline solution. 

Addition compound obtained from A max. my. e 

1,3-dinitrobenzene (parent compound). 559 23100 
2,4-dinitrophenol . 415 16450 
2,4-dinitrophenvl acetate. 415 14700 
2,4-dinitroanisole . 550 12310 
2,4-dinitrodiphenylether . 561 13830 
2,4-dinitroaniline. 525 13270 
2,4-dinitroacetanilide . 425 22150 
N-(2,4-dinitrophenyl)piperidine. 565 13360 
a,4-dinitrodiphenylamine. 432 16550 
2,4-dinitrophenylhydrazine . 568 4235 
acetophenone-2,4-dinitrophenylhydrazone . 490 28600 
2,4-dinitrochlorobenzene.:. 545 21650 

The coloured ions were obtained by the method described for the alkyldinitro- 
benzenes. Contrary to the behaviour of those ions, these addition compounds 
reached their maximum absorption values in a few minutes and the colours were 
stable for a relatively long period of time. Owing to the different mobility of the 
unshared electron pairs of the oxygen, nitrogen and halogen atoms, the differences 
in the stabilizations gained from the addition of the acetone ion arc marked. Hence 
the absorption spectra differ somewhat in shape according to the type of substi¬ 
tuent present. 

The hydroxyl group has the greatest influence. In alkaline solution the nitro 
body is present as a phenolate ion and the structures which arc contributing 
most to the resonance hybride are;— 

-O 

-o 
/ 

/ 
\ 

o v 
o 

NO* 

NO*^ ^ o- 
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In fact, the influence of the phenolic hydroxyl is so great that the positions ot 

the absorption band are identical in 2 normal sodium hydroxide solution and in 

the acetonic solution prepared in the usual way. No addition of the acetone ion 
seems to occur. Acetylation of the hydroxyl group docs not change the course of 

the reaction as 2,4-dinitrophcnyl acetate has the same absorption spectrum in 2 

normal sodium hydroxide solution as in acetonic alkaline solution. Probably the 

acetyl group is immediately split off in the alkaline solution. 

If, however, the phenolic hydroxyl group is alkylated an addition product is 

obtained. With 2,4-dinitroanisole the structure 

-0 
\ 4- 

'n. 

NO2 

\ 

CII2COCH3 

OCH3 
o 

is the most probable one. The absorption maximum is only shifted 9 m/^ towards 

shorter wavelengths in comparison with the absorption maximum of the ion 

obtained from m-dinitrobenzene. The intertsity is, however, decreased a little. 

With 2,4- dinitrodiphcnylether the same addition occurs and vStructurcs like:— 

are probably of minor importance in their effects when contrasted with the corre¬ 

sponding diphenylamine derivative. 

At 2,4-dinitroaniline there is a competition between quinoid structures like:— 

O - 

which do not promote the formation of an addition product with the acetone ion, 

and structures like:— 
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-0 o- 
\/ 

N + 
II 

'^NO, 

+ 

which are necessary for securing the reaction with acetone. The first structure 

seems to be chiefly responsible for the colour formation. This is clear from the 

fact that the aniline compound has A max. at 525 m//, whilst N-(2,4-dinitrophenyl)- 

piperidine has A max. at 565 m/i, which is close to A max. for the m-dinitrobcnzenc 

addition compound. In the piperidine derivative the large piperidine nucleus 

cannot be coplanar with the benzene ring and hence structures of the type:— 

NO2 O' 

Figure 6. N~(2^4-dinitrophenyl)-piperidine, 

are impossible. That the steric inhibition of the resonance exists is clear from 

figure 6.^ The formation of the usual addition product is, however, possible as the 

piperidine nucleus can easily take a more or less perpendicular position against the 

benzene ring. Spitzer and Wheland (8) have pointed out analogous effects in the 

reaction between nitro and cyano aryl bromides and piperidine. The'proof, however, 

was not complete. 

If the amino group in 2,4-dinitroanilinc is acctylated the problem is still further 

complicated by the fact that 2,4-dinitroacetanilide is an acid. In the acetone 

phase an ion is certainly formed with the resonance structures:— 

^ Polarographic studies on 2»4-dinitroaniline and N-(2,4-dinitrophenyl)-piperidine have 
indicated the presence of a certain strain in the latter molecule (31). 
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N(32 

\ 

NO, 

N-COCH, 

-0 
\4- 

N-.< 

/ 
-0 

NO, 

- N -- COCH, 

The observed A max. 425 m// is close to that of 2,4-dinitrophenol. In o.i normal 

sodium hydroxide solution 2,4-dinitroacetanilide has A max. ~ 347 m/i and e — 

9700.^ 

If a benzene ring is substituted for an amino hydrogen in 2,4-dinitroaniline the 

resonance with the new ring is so strong that the formation of an addition com¬ 

pound with the acetone ion is prevented. The structures contributing most seem 
to be:— 

\ 
\ -Nll-f 

NO, 
- 

Both A max. and e are close to those of 2,4-dinitrophenol. A further proof that 

no addition compound is formed is that 2,4-dinitrodiphenylaminc has an almost 

identical spectrum in o.i n sodium hydroxide solution as in the alkaline acetone 

solution. 

2,4-Dinitrophenylhydrazinc has A max. 568 m// and f 4235. Here an 

addition product is certainly formed as 2,4-dinitrophenylhydra2ine in 0.1 normal 

^ In a rough spcctrophotumetric determination of the dissociation constant of 2,4-dinitro¬ 
acetanilide (the measurements made on alkaline, neutral and acid aiiueous solutions) pKa 
was calculated to be about 8. This value is, however, very uncertain as the compound is 
broken down by alkali. 
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sodium hydroxide solution has A max. — 384 nyi and f 2710. As might be 

expected the acetophenone-2,4-dinitrophcnylhydrazone docs not add the acetone 
ion as A max. — 490 m/i and f --=^= 28600 which values are close to those in i normal 

sodium hydroxide ethanolic (95 %) solution, A max. : 455 m//, e ^ 17400; 

compare (9). In the hydrazone the following structures contribute most:— 

NO2 CH3 

V_NII - N- C y 

o 
s + 
N. 

NO. 
CH, 

-O 

,.NO. , 7- 

NO./ \-NII -N- C- 
\ / 

/ 

With 2,4-dinitrochlorobenzene the following ion is produced 

-O 

\+ 
N 

NO. CH. COCH. 

which is ascertained by the fact that when the coloured solution is acidified the 

presence of chloride ions can be shown. It has, however, not been possible to 

isolate either 2,4-dinitrophenylacetonc or 2,4-dinitrophenyl/^opropenylether, 

see (10). 
As is well known, a halogen atom has very little tendency to get positively 

charged and structures like:— 

-0 

seem to contribute only in very small amounts. For instance, the dipole moment 
of /)-nitrobromobenzene requires only small contributions from the analogous 

structure:— 
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0 

~0 
to be explained (ii). 

A small displacement of the absorption maximum is, however, noticeable but 

the intensity of the band is almost identical with that of the m-dinitrobenzene- 

acctone ion. 

3. The influence of a side chain containing an electron accepting group. 

When a substituted aryl ring is bonded in para position to a group G that has 

a lack of electrons the chief resonance forms arc:— 

G R G = / R 
\ / 

How this resonance would operate upon the formation of the quinoidal ion sta¬ 

bilized by the addition of acetone is hard to predict. 

Table 8. 

Addition compound obtained from 

1 

?. max. nyi £ 

2,4-dinitrobenzoic acid . 
methyl 2,4-dinitrobcnzoate. 567 10900 
3,S-dinitrobenzoic acid . 563 500 
?z-propyl i.s-dinitrobcnzoato . 5^5 10620 
diethylaminoethyl 3,5-tIinitrobenzoatc hydrochloride 565 10600 
2,4-dinitrophcnYlpvridinium chloride. (”) (-) 

In tabic 8 arc given the results of measurements on ///-dinitrobenzene deri¬ 

vatives which are bonded to an electron accepting group. A free carboxyl group 

in position i has a very strong inhibiting effect on the addition of the acetone ion. 

This effect cannot be due solely to the fact that most of the acid remains in the 

aqueous layer as 3,5-dinitrobcnzoic acid gives a normal reaction. 'Ihe absorption 

intensity of the addition product of the latter acid is, however, as might be ex¬ 

pected, very small, e 500 (calculated on the total amount of acid present), 

'rhe esters of both acids give normal addition products and the ?. max. are close 

to that of w-dinitrobenzene. e is, however, only about iiooo. 

I have not had the opportunity to investigate compounds with other electron 

accepting groups like —NOo, —N(CH3)3^, —H (011)2 or —ON. Such compounds 

arc difficult to prepare and instable. With 2,4-dinitrophenylpyridinium chloride 

a strong colour is obtained, but this colour is due to the formation of a glutacon- 

aldehyde derivative in the alkaline solution. 

More interesting are those compounds which have a carboxyl or carbonyl group 

insulated from the benzene nucleus by a methylene group. Measurements on 

some such derivatives are given in table 9. 
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Table 9. Absorption characteristics in alkaline acetone solution of some compounds 

having the common structure 2,4-[N0^^2CJIzCHRiC0Ri, 
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NO, p
 

0
 

^—► NO,^ CCOCH3 -i— NO, ^ )-C=CCH, 
—=./ 1 

COC,Ha 
1 

COOC,H, 

O - 

In methyl 2,4-dinitrophenylacetatc the contributing structures are:— 

NO, 

N ^.-CHCOOCH, 

/ 

N0,(^ ^ CIICOOCH, 'i-► 

0 

NO, 0- 

NO, 
— X. I 

c VCH-COCH, 

and thus here the favourable quinoidal structures contribute more to the resonance 
hybride than in the 2,4-dinitrophcnylaeetoacetate ester. In etliyl 6w-(2,4-dinitro- 

phenyl)acetatc only a very small degree of cross-conjugation is present:— 

-0 0 - 

NO, \'/ 

/\ 
N 

1 /\ 
NO, 

\y 

C -COOCJI, 4-► N0»\/ 

C-COOCjH, 
NO, / \, 

1 NO.. / 
V/ 1 

NO, 
1 I 

\/' 
NO, 
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NO., NO., 

/\ 
; 1 A 

1 

6
-

 

.
-
.
A

 
/«-N

 

CCOOC-Hs C- C-OC,H, 

NO.. 
<-► 1, 

NO,/ 1 
li 

:■ li ii 1 
\/ \/ 

I 

-
 

0
 

I 

NO, 

In fact, ethyl 6w-(2,4-dinitrophcnyl)acetate is comparable with the triphenyl- 

methane dyes. 

SUMMARY 

I'he UV spectra of seven alkyl derivatives of w-dinitrobenzene have been 

measured and discussed. 

I’he difference in behaviour of twenty-nine derivatives of w-dinitrobenzenc in 

the reaction with acetone in alkaline solution has been investigated by photo¬ 

metric methods and explained on the basis of the modern concept of light absorp¬ 

tion by organic molecules. 

EXPERIMKN'rAL 

All melting points were determined on the Kofler block and corrected. Boiling 

points were not corrected. Absorption spectra were determined on a Beckman 

quartz spectrophotometer model DU using i 0.002 cm. quartz cells. A hydrogen 

lamp or a tungsten filament was used as a source of light. The spectra of the 

addition products have been obtained as described in a previous paper (i) with 

the exceptions mentioned in the text. When the measurements were made on 

aqueous alkaline solutions the nitro body was dissolved in ethanol and an aliquot 

(usually a few millilitres) diluted to the desired concentration with sodium 

hydroxide solution. 

Acetone, ethanol, 1,3-dinitrobcnzcne, 2,4-dinitrotolucne, 4,6-dinitro-i,3- di- 

methylbenzene and dinitromesitylene were the same or of the same purity as des¬ 

cribed in a previous paper (i). 

Pentane^ obtained from Merck, Elberfeldt, without noticeable absorption in i cm. 

cells to 212 m//. 

2^4-Dinitroethylbenzene was prepared according to Borsche’s method (14). Tengm. 

of fresh distilled ethylbenzene, b.p. 135°—136'', were dissolved in 36 ml. of 

sulphuric acid, sp.gr. 1.84. lo this solution was added in small portions a 



21 

mixture of 9 ml. of nitric acid, sp.gr. 1.52, and 18 ml. of sulphuric acid, sp.gr. 
1.84, while the temperature was held just below 70' . Then the mixture was 
heated on the watcrbath for three hours, cooled and put on i kg. of crushed ice. 
The oily layer was extracted with benzene and the benzene solution washed 
with saturated sodium carbonate solution and water until the washwater was 
neutral. The benzene solution was dried over anhydrous sodium sulphate and 
the benzene removed in vacuo. The 2,4-dinitrocthy^.berjzene was fractionated 
and the fraction boiling at 167' 169'/9 mm. was collected and redistilled. 

B.p. 176"^—1777^7 ^ Borschf gives b.p. 168''—171 jn mm. 
The 2,4“dinitroethylbenzene is very sensitive to oxygen and light and must 
be distilled immediately before use. Even when 2,4-dinitroethylbenzene is kept 
in amber coloured ampoules under uif'ogen, deterioration takes place fairly 
rapidly. 

2.4- Dinitro-t-biitylbenzene was prepared according to i)U Ton Malhfkbe’s method 
(15). Four gm. of fresh distilled />butylbeiizene, b.p. 166"’—172^, were added 
dropwise to an icecooled mixture of 8 gm. of nitric acid, sp.gr. 1.52, and 12 gm. 
of sulphuric acid, sp.gr. 1.84. The mixture was then held at 55'—60^^ for five 
hours, cooled and put on 500 gm. of crushed ice. 'The next day the nitro com¬ 
pound was extracted with ether, and the ether solution washed first with a 20 
per cent sodium carbonate solution to remove most of the trinitrocompound that 
had formed and then with w ater until the w ashw ater was neutral. The ether phase 
w^as dried over anhydrous sodium sulphate^ and the ether removed in vacuo. 

The residue was fractionated and the fraction boiling at 176—179 /9 nim. w’as 
collected. This fraction was cooled and the crystals sucked off. After three 
recrystallizations from 95 per cent ethanol, m.p. 61'—62'^ and b.p. 178"^—^79 , 9 
mm.Du 'Foit Malherbe reports b.p. 185' 15 mm. and m.p. 6i'—62'. Like 
2,4-dinitroethyIbenzene 2,4-dinitro-f-butylbenzene is very sensitive to oxygen 
and light and must be distilled immediately before use. 

2.4- Dinitrostilhene was prepared according to Thiele’s and Esc ales* method (16). 
2.7 gm. of 2,4-dinitrotoluene, i.8gm. of fresh distilled benzaldehyde and 3 drops 
of piperidine were heated for five minutes in an oil bath at 170 . The melt was 
then held at 130'^—140' for two hours. After cooling the melt was dissolved in 
10 ml. of boiling glacial acetic acid, the solution cooled to room temperature and the 
crystals sucked off. After three recrystallizations from 95 per cent ethanol, m.p. 
140''—141'^. Thiele and Escales report 139—140'". The compound was kept 
in the dark to avoid transformation to the low melting form. 

2.4- Dinitrophenoly ’’indicator substance” obtained from Merck, Darmstadt. 
Recrystallizcd from 95 per cent ethanol, m.p. 114'—ns' . 

2.4- DinitrophenyI acetate\Y2iS prepared from 2,4 dinitrophenol and acetic anhydride. 
M.p. 71.5''—72.0°. Blanksma reports 72'" (17). 

was prepared according toHoLLEMAx’s and Wilhelmy’s method 
(18). lo.i gm. of 2,4-dinitrochlorobenzene were dissolved in 50 ml. of hot 
absolute methanol and a solution of 3.5 gm. of KOI! (Ph. Suec. XI) in 5 gm. of 
water was added. The mixture was refluxed for 30 minutes, cooled to room 
temperature and a few millilitres of diluted hydrochloric acid were added. 
The deposited crystals were sucked oflF, dried and recrystallized from 50 per 
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cent methanol, m.p. 86®—87®. This is the labile form of the compound, for 

further information about the dimorphism see v. Alphen (19). 

2^4-Dinitrodiphenylether was prepared in the usual way from 2,4-dinitrochloro- 

benzene and phenol, m.p. 70®—71®. 

2y4~Dtnitroaniltne, ’'laboratory reagent” obtained from the British Drug Houses. 

Recrystallized three times from acetone + water, m.p. 179®—180®. 

N‘{2,4-dinitrophenyiypiperidine was prepared in the following way. 2.03 gm. of 

2,4-dinitrochlorobenzene were dissolved in 5 ml. of benzene and 1.70 gm. of 

fresh distilled piperidine added. The mixture was heated to reflux for two hours. 

Then the piperidine hydrochloride was filtered off and washed with benzene. 

The benzene was removed in vactw and the residue recrystallized three times 

from 95 per cent ethanol, m.p. 91.5®—92.0®. Lellmann and Gellkr (20) 

report 92®. 

2.4- Dimtrophenylpyridinitm chloride was prepared by refluxing for two hours 

equimolecular weights of 2,4-dinitrochlorobenzene and pyridine in benzene 

solution. The precipitate was sucked oflF, washed with ether and dried. The com¬ 

pound was dissolved in 95 % ethanol and precipitated with ether. M.p. 200® 

(decomp.). 

2.4- Dinitroacetanilide was prepared by heating 5 gm. of 2,4-dinitroaniline and 5 

ml. of acetic anhydride to reflux for one hour. Then 200 ml. of water were added 

and after a few hours the precipitate was sucked off and recrystallizcd twice from 

95 per cent ethanol. M.p. 119 - -120®. Borsche (21) reports 121®. 

2^4-Dinitrodiphenylamine was prepared according to Uhi.mann’s method (22). 

Five gm. of 2,4-dinitrochlorobenzene, 5 gm. of crystalline sodium acetate, 2.5 

gm. of fresh distilled aniline and 35 ml. of absolute ethanol w^ere heated to 

reflux for two hours. Then 25 ml. of absolute ethanol were added and after 

cooling to room temperature the crystals were sucked off and washed with 

absolute ethanol. After three recrystallizations from absolute ethanol, m.p. 

158.0®—158.5®. Uhlmann (22) reports 159®. 

2y4~Dinitrophenylhydrazine, commercial product from Schuchardt, Gorlitz. Re¬ 

crystallizcd from dioxane, m.p. 190®—192® (decomp.). 

Acetophenone-2,4~dinitrophenylhydrazone was prepared in the usual way, m.p. 240®. 

2.4- Dinitrochlorobenzene, "analytical reagent" from Schering-Kahlbaum. Recrys¬ 

tallized from ethyl acetate, m.p. 51.5®—52.0®. 

2.4- Dinitrobenzoic acid was prepared from 2,4-dinitrotoluol in the following way, 

cf. CuRTius and Bollenbach (23). Ten gm. of 2,4-dinitrotoluene were dissolved 

in 60 ml. of sulphuric acid, sp.gr. 1.84, and 10 gm. of finely powdered chromic 

acid were added while stirring. The temperature was held at about 60®. The 

stirring was continued for 12 hours and then the mixture was put on 500 ml. 

of crushed ice. The precipitate was sucked off and washed with cooled v/ater. 

After drying the crude product was sublimated at 150®. M.p, 180®—181®. 

Methyl 2,4-dinitrobenzoate was prepared in the usual way from 2,4-dinitrobenzoic 

acid and absolute methanol. Recrystallized from 60 per cent methanol, m.p. 

70°—71°. Haeusermann and Teichmann (24) report 70®. 

3,^-Dinitrobenzoic acid, laboratory reagent. When recrystallized from ethyl acetate, 

m.p. 205^—207®. 
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n-Propyl j^^-dinitrobenzoate was prepared from w-propylalcohol and 3,5-dinitro- 

benzoyl chloride. M.p. 73.5°'“74.5‘". 

Diethylaminoethyl j.^^-dinitrobefizoate hydrochloride was prepared from dietyl- 

aminoethanol and 3,5-dinitrobenzoyl chloride. 2.3 gm. of 3,5-dinitrobenzoyl 

chloride were dissolved in 30 ml. of chlorobenzene and a solution of 1.17 gm. 

of dietylaminoethanol in 20 ml. of chlorobenzene was added. The solution was 

refluxed for twenty minutes and was then cooled to room temperature. The 

crystals were sucked off and recrystallized from ethyl acetate (charcoal). M.p. 

125.0'"—125.5°. Clcaic. 10.20, found 10.22 per cent. 

2.4- Dimtrophenylacetic acid was prepared accord’ng to Borschevs method (25). 

11.2 gm. of phenylacetic acid were dissolved in 60 ml. of sulphuric acid, sp.gr. 

1.84, and wdiile cooling under the ta[) a mixture of 15 ml. of nitric acid, sp.gr. 

1.52, and 30 ml. of sulphuric acid, sp.gr. 1.84, was added. The mixture was 

allowed to stand at rc'orn tempcratuie until the next day and was then put on 

400 ml. of crushed ice. The deposit was sucked off, w^ashed with water and 

dissolved in dilute sodium hydroxide solution. This solution was immediately 

filtered and acidified with dilute hydrochloric acid. The crystals w^ere sucked off 

and washed with water until the washwater was free from chloride ions. After 

recrystallization from hot water three times, m.p. 178 '—iSo°. Borsche reports 

179°—180°. 

Methyl 2,4-dinitrophenylacetale was prepared from 2,4-dinitrophen\iacetic acid 

and absolute methanol, d'hc compound was recrystallized from 50 per cent 

methanol, m.p, 82°—83 ’. Borsche (26) reports 82°—83°. 

Ethyl 2y4-dinitrophenylacetoacetate was prepared according to Borschevs method 

(27). Thirty-seven gm. of fresh distilled ethyl acctoacetate were dissolved in 

150 ml. of ether and 6.5 gm. of sodium were added. When the metal had 

reacted 28 gm. of 2,4-dinitrochlorobenzcne dissolved in 100 ml. of ether were 

added. Then the mixture was heated to reflux for four hours. After cooling the 

mixture w^as shaken with water several times and then twice with 0.5 normal 

sodium hydroxide solution. 'I'he combined aqueous phases were acidified with 

nitric acid wiien an oily layer was deposited. The oil was separated, cooled and 

scratched whereupon crystals separated out. After repeated recrystallizations 

from 95 per cent ethanol, m.p. 94.0"—94.5'. Meckmann (28) reports m.p. 94°. 

2.4- Difiitrophe7iylaceto7ie was prepared according to Borsche’s method (29). Ten 

gm. of ethyl 2,4-dinitrophenylacetoacetate w ere dissolved in 72 ml. of sulphuric 

acid, sp.gr. 1.84, and 24 ml. of water were added. When the gas evolution 

ceased the mixture was put on 400 ml. of crushed ice. The next day the deposit 

was sucked off, washed with water and dried. After repeated recrystallizations 

from 50 per cent ethanol, m.p. 73.5°—74.0°. Borsche reports 75° and Neber, 

Hartung and Ruopp (30) 75°. 

Ethyl bis-(2^4-dinitrophe7iyl)acetate was prepared in the main according to 

v. Richter's method (12). Three gm. of ethyl 2,4-dinitrophenylacetoacetate 

were dissolved in 100 ml. of a sodium cthoxide solution prepared from 0.23 

gm. of sodium and 100 ml. of absolute ethanol. Then a solution of 2.00 gm. of 

2,4-dinitrochlorobcnzene in 100 ml. of absolute ethanol was added. The mixture 

was refluxed for three hours and then cooled to room temperature. After acidi¬ 

fying with diluted sulphuric acid 200 ml. of water were added and the mixture 
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was kept in a refrigerator over the night. A thick oil containing deposited 

crystals had separated out. The oily layer was separated and treated with ether 

whereupon it solidified. The crystals were sucked oflF and recrystallized twice 

from 95 per cent ethanol. M.p. 152''—153'". v. Richter (12) reports 154°, 

Fehnel and Amstutz (13) 150.0"’—iS3-s'‘- 

This investigation has been supported by a grant from Statens medicinska 

forskningsrdd which is here gratefully acknowledged. 
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In a very interesting paper, I^ewis and Seaborg ^ some years ago discussed the 

acidity of some aromatic nitro compounds towards amines at low tempera¬ 

tures. They investigated whether or not trinitrobenzene, in petroleum ether 

solution, was neutralized by ammonia, methylamine, dimethylamine and 

triethylamine, and found that trinitrobenzene only gave a slight colour with 

triethylamine but an intense crimson colour with the weaker base ammonia. 

The selective light absorption is due to a quinoid structure of the nitro com¬ 

pound stabilized by the addition of the amine. Even more remarkable, how¬ 

ever, was that mete dinitrobenzene, the ionization constant of wliich in aqueous 

solution could not be greater than 10“^^, in petroleum ether solution was 

neutralized by ammonia and methylamine, while the stronger bases dimethyl- 

amine and triethylamine were without noticeable effect. 

To explain this phenomenon Lewis and Seaborg assume the presence of 

a double chelation. The energy gained from the double chelation is then 

responsible for the attachment of ammonia and methylamine to the benzene 

ring, while dimethylamine, where only a single chelation is possible, and 

triethylamine, where no chelation is possible, are not attached. A condition 

precedent for this theory is that in the mete dinitrobenzene derivatives the 

carbon atom between the nitro groups is lacking in electrons, or, otherwise 

expressed, that an ortho quinoid resonance form: 
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O O’ 
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dominates during the neutralization. They write .;he formula for the double 

chelation in the following way: 

J! 
II II 

o O' 

\ ^ 

() V 

X 
The investigations previously reporljcd in this series ^ have given evidence 

that tlie most important resonance form of the addition compound between 

meta dinitrobenzene and acetone in alkaline solution may be expressed by the 

formula: 

• {)“ ()“ 
t / 

1 
i 

\ /NOo 

1! 

This compound is an anion in which the benzene ring has a quinoid structure, 

and tlie acetone ion is assumed to be attacliod ortho respectively para to the 

two nitro groups. 

The formula given by Lewis and Seaborg for the addition product bet¬ 

ween aromatic nitro compounds and amines tluis does not agree with my 

formulation of the addition ])roduct between aromatic nitro compounds and 

acetone in alkaline solution. Although the ex]>erimcntal conditions are quite 

different — chelation is, for instance, impossible when the acetone anion is 

attached — and therefore a priori it is not necessary to assume the same 

mechanism for the addition of the different nucleoj)hilic reagents (the weak 

nucleophilic amines and the strong nucleophilic acetone ion) to the ring, it 

was of interest to extend Lewis’ and Seaborg’s investigations to the meta 
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dinitrobenzene series in the hope of determining where the attachment of the 
amines actually takes place. 

These experiments were performed at —71 to —73“C (ethanol + solid 
CO,). Lewis and Seaborg do not report at what temperature they were 
working. 

Skellysolve B was used as a solvent. The results are given in Table 1. 
Table 2 gives the results of Lewis’ and Seaborg’s measurements. In Table 1 
are also included A max. and e max. in ultra violet (pentane), taken from Can- 
back®. The measurements of 2,6-dinitrotoluene are new. See Fig. 1. 

TcMe 1. Colour interuitwo produced on mixmg different amines wUh m-dinitrobenzene 

derivatives in petroleum ether solution at — 72° G. Included are the UV absorption characte¬ 

ristics of the nitro bodies in pentane at -f- 20° G, 

1,3-Dinitro- i 

benzene 

1 2,4-Dinitro- 

toluene 

2.6-Dinitro-1 

toluene 

4,6-Dinitro- 

l,3“dimethyl- 

benzene 

Dinitro- 

nieaitylene 

i 

Benzylamine 

t i 

+ + + i i 

1 

Dimethylamine + + 4' + — — i 

Piperidine ; -f 4- — 1 — — 

Triethylamine - i ! 

i N-Ethylpiperidine ! - * i 1 

1 Quinine 

j Hexamethylene¬ i 

tetramine 
i ■ - 

1 _ 
1 ' j 

1 e max. 21000 15900 12000 15100 3900 ♦ 

1 A max. mfi 227 232 227 243 238 

• Inflexion point. 

In Table I the approximative strengths of the colours are indicated by the 
number of -f. Meta dinitrobenzene gave a clear crimson and 2,4-dinitrotoluene 

,a blue-reddish colour. 

As seen in Table 1, the same tendency is found in the meta dinitrobenzene 
series as Lewis and Seaborg observed. However, Lewis’ and Seaborg’s state¬ 

ment that meta dinitrobenzene does not give a colour with secondary amines 
must be corrected. At —71 to—73° C dimethylamine, as well as piperidine, gave 
bright colours, e. g. the amines did neutralize the nitro compound. Similarly 
2,4-dinitrotoluene was neutralized by primary as well as by secondary amines. 

2,6-Dinitrotoluene, dinitroxylene and dinitromesitylene were not noticeably 
influenced by any of the amines. 
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Fig. 1. Ultrif-violrl ftpcclrttm oj '2 h dini- 

frotokienr in jjcfrole^fth ether. _j_t . t I ._ 
cl’O 250 ma 

Table 2. Colour production on mixing several bases vith nitro compounds according to 

Lewis and Seaborg. 

1,3-Dinitro-' 1,3.5-Tri 

benzene nitrobenzene 

2,4,6-Tn- i 

nitrotoluene; 

2,4,6-Tri< 

nitroxylene 

Ammonia i -f 

Methylamine -I- 
Dimethylamine 

Triethylamine 

Trinitro- 

mesitylene 

-f ! 
t 

+ 

Thus in principle Lewis’ and Seaborg’s statement, that meto dinitrobenzene 
is neutralized only when a double chelation is possible, is not true. The follow¬ 
ing description of the phenomenon might be more correct. 

Tlie amines in petroleum ether solution are such weak nucleophilic reagents 
that at the temperatures at which Lewis and Seaborg \A orked neutralization 
of meUi dinitrobenzene only occurs when a double chelation is possible. At 
—72° C, however, the energy gained from a simple chelation is great enough 
to allow even secondary amines to be attached to the ring and thus to stabilize 
a quinoid form of the nitro compound. 

The nitrogen atom in triethylamine is known to be blocked by the bulky 

ethyl groups. To test if the phenomenon could possibly be explained by the 
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steric hindrance in the amine, quinine and hexamethylenetetramine were 
investigated. The nitrogen atom in the quinuclidine nucleus is not hindered. 
As seen in Table 1, neither quinine nor hexamethylenetetramine was neutrali¬ 
zed by meki dinitrobenzene, indicating that the .steric hindrance in triethyl- 
amine was not responsible for the failure of the reaction. 

The attachment of the amines miglit occur at the carbon atom between 
the nitro groups since a positive reaction is obtained witli 2,4-dinitrotoluene 

but not with 2,6-dinitrotoluene. 
However, it is not absolutely certain that the attachment of the amines 

takes place in this position as 4,6-dinitro-l,3-dimethylbenzene, although 
sterically hindered but still capable of adding anions gives a negative reac¬ 
tion even though the carbon atom between the nitro groups is unsub.stituted. 
The fact that Lewis and Seaborg obtained a positive reaction with 2,4,6-tri- 
nitroxylene is explaine.d by the presence of a nitro group pam to the unsubsti¬ 
tuted ring carbon atom. The latter compound is therefore much more 

acid than 4,6-dinitro-l,3-dimethylbenzene. It may also be that the small 
steric hindrance (see below) present in 2,6-dinitrotoluene (with both nitro 
groups hindered contrary to 2,4-dinitrotoluene in w'hich only one nitro group 
is hindered) is sufficient to counteract the energy gained from a simple chela¬ 
tion even at -72°. e. 7. if the attachment takes place in the position ortho — 
para to the nitro groups. Additional support of this theory is found in the 

investigations ])erformed by Field, Garner and Smith ^ and Garner and Gillbe® 
on the ionization of aromatic nitro compounds in liquid ammonia. From their 
results it will only be mentioned here that eonductiometric as well as photo¬ 
metric mea.siircments showed that 1.3-dinitrobenzene, 2,4-, 3,5-, and 2,6- 
dinitrotoluene behaved in the same manner, while 1,4-, and 1,2-dinitrobenzene 
as well as 2,5-. 2,3-, and 3,4-dinitrotoluene behaved in a different manner. 
Of special interest in this connection is that 1,3-dinitrobenzene, 2,4-, 3,6-, 
and 2,6-dinitrotoluene gave blue or violet coloured solutions in liquid ammonia 
while 2,5-, 2,3-, and 3,4-dinitrotoluene and 1,2-, and 1,4-diiiitrobenzene gave 
yellow solutions. It is thus highly improbable that the attachment of the 
ammonia takes place on the carbon atom between the two nitro groups, which 
are in a meta position to each other. 

The molar extinction coefficient e, as has been previously demonstrated ®, 

is a very sensitive mea.surement of the steric hindrance in meta dinitrobenzene 
derivatives. From Table 1 it is apparent that 2,4-dinitrotoluene and 4,6- 
dinitro-l,3-dimethylbenzcne are hindered to about the same extent, while 
dinitromesitylene is very strongly hindered. Cf. Canback®, Fig. 3. 

2,6-Dinitrotoluene has X max. = 227 mp and e = 12000 in petroleum ether. 

In agreement with the theory previously advocated ®, the methyl group in the 
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joint ortho position has no influence on A max. in comparison with the parent 

compound meta dinitrobenzene. The latter compound has also X max. = 227 

m/i. e for 2,6-dinitrotoluene may be considered to be twice that of ortho 
nitrotoluene which according to Brown and Reagan * is 5950. Tlie calcula¬ 

ted value is then 11900 and the observed value 12000. The steric hindrance 
in 2,6-dinitfOtoluene is thus very small. 

In the reaction between aceton^aml meta dinitrobenzene derivatives in 

alkaline solution, the attachment ol the aeetoiie anion seems to occur at the 
ring carbon atom that is para to one of the nitro groups. Additional support 

for this point of view is obtained from tlie fact that 2 0-dinicrotoluene gives a 
positive reaction with X max. 550 m/x and ‘e’ = 1900 after 15 minutes. As 
in the case of tlie other sterically hindered alkyl meta dinitrobenzenes the 

colour developed slowly 

Till now in this [laper only the place of attachment of the amines on the 
benzene ring has been discussed. J<io standjioint has been taken on the question 
of whether or not the addition product formed is a neutral one, as Lewis and 
Seaborg suggest, or if an anion is formed by a reaction analogous to the reac¬ 
tion between m-dinitrobenzene and acetone in alkaline solution, e. g. if an ion 
of the following type is formed by the addition of an amide ion. The latter 

o- 0- 
I \+/ 
I N 

/ 

it 

>N02 

H ^Nlio 

othor restumiioe forms 

formulation of the addition product a{)])ears to be true when the nitro bodies 

are dissolved in liquid ammonia. The different behaviour of the tertiary amines 
contrary to the primary and secondary ones observed in tins investigation, is 
then easily explained by the fact that the former amines caimot dissociate 
according to the scheme 2 NHg^ N -f* ^ Jd 2 hence the strongly nucleo¬ 

philic amide ion is not formed. With tins latter formulation of the neutralization 

reaction, it is not necessary to use conceptions such as double chelation to give 
a reasonable explanation of the observed f)henomena. 
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EXPERIMENTAL 

Melting points wore determined on the Kofler block and corrected. UV and spectra 

in the visible were determined on a Beckman Quartz spectropliotometer model DU using 

1 cm quartz cells. 

2,6-Dinitrotoluene. The compound was isolated chromatographically * from a mixture 

of 2,i-dinitrotoluene and 2,6-dinitrotoluene obtained from JBofors Nobelkrut. M. p. 

66.6—Refractive index 1.5400 at 82—83” (Kofler gives 80 — 82”). Transition 

point of the instable and the stable form, 40” (Schaum’ gives 40.5”, and Kofler® 36”). 

The instable form melted by rapid heating at 58” (Kofler gives 58”). The melting point, 

when mixed with 2,6-dinitro toluene prepared from 2,4,6-trinitrotoluene by selective 

reduction and deamination according to Holleman and Boeseken was 65”. 

Petroleum ether for UV measurements was prepared from Skellysolvo B which was 

freed from aromatic compounds by the method given by VVeissbergor^^. B. p. 65—66”. 

Without noticeable absorption in 1 cm cells to 212 m/^. 

Benzylamine, b. p. 185“, dimethylamine^ b. p. 7”, piperidine, b. p. 106”, and triethyU 

amine, b. p. 90”, were commercial reagents. They were distilled immediately before use. 

N-Ethylpiperidine, quinine and hexamethylenetetramine were commercial products which 

were used without further purification. Other compounds and reagents were the same as 

used previously 

The neutralization at — 72” was tested in the following way. About 0.1 g of the nitro 

compound was dissolved in 25 ml Skellysolve B. To 5 ml of this solution was added 1 ml 

of the amine to be tested. The test tube was closed and placed for 30 minutes in an 

ethanol-solid COg bath and the colour noted. The temperature varied between — 71 
and — 73”. With some of the amines, parts of the solution sometimes solidified. 

‘fi* was determined as described previously 

Lepsius has reported that 2,6-dinitrotoluene gives no colour with acetone and alkali. 

Rudolph on the contrary, repdrts a red colour that develops slowly. 

SUMMARY 

Contrary to the statement of Lewis and Seaborg, 1,3-dinitrobenzene in 
petroleum ether solution gives a distinct crimson colour when secondary amines 
are added to the solution if the temperature is approx. —70®C. Tertiary 
amines give no positive reaction. 

Assuming the mechanism of neutralization proposed by Lewis and Seaborg, 
the place of attachment of the amine has been discussed. It has been shown 
that the most probable place is ortho respectively para to the two nitro groups. 

It is mentioned that the mechanism of the neutralization is better under¬ 
stood if an amide ion is assumed to be the nucleophilic reagent operating in 
the reaction, e. g, that a coloured, complex organic anion is formed. A reason¬ 
able, simple structure for the resonating anion is suggested. 

♦ On Superfiltrol. Solvent Skellyaolvo B. Eluent 99 vol. Skellysolve B -f* 1 vol. aootcjue. 
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The Reactivity of Methylene Groups in Their 

Reaction with /n-Dinitrobenzene in Alkaline Solution. 

XVJl. Studies on the Reaction between Aromatic Nitro Compounds 

and Active Methylene Groups. 

By Teodor Canbdck. 

(Apotekens konirollaboratoriiiin, Stockholm.) 

In previous contributions (1, 2) were discussed the variations of the 

absorption data of addition products of m-dinitrobenzene and acetone in 

alkaline acetonic solution when different substituents were inlroduced into 

the parent nitro compound, m-dinitrobenzene. It is much more difficult to 

form an opinion based on quantitative measurements of the effect on the 

reaction brought about by variations in the activation of the methylene 

group. In this paper an attempt will be made to give a theoretical interpreta¬ 

tion of the observations made while working with some sixty methyl, 

methylene, and methinyl compounds activated by different groups. 

The measurements were made in the following way. The methylene 
conipouud and ap excess of m-dinitrobenzenc were dissolved in ethanol (95 
per cent). The solution was made alkaline by the addition of sodium 
hydroxide solution and the absorption band in the range 400—750 mp 
measured. The reaction is described as positive when a measurable colour 
was observed in this range. 
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Thus, in ail cases the nitro compound was the same. Cf. (2) in which 

investigation the methylene compound always was acetone and tin* nitro 

body was varied. The molar extinction coefficient of the addition product 

was calculated on the basis of the amount of methylene compound present. 

"Jlie nitro compound was usually present in about a hundredfold molar 
excess. 

To obtain comparable results the same solvent of polar character had 

to be used throughout. After trying methanol, ethanol, propanol-(2), 

propanol-(l), biitanol-(l), pyridine, dioxan, nitrobenzene, chlorobenzene, 

chloroform and other solvents the measurements were taken in ethanolic 

solution. Ethanol was chosen because it had good solvent properties and 

could be mixed with a rather concentrate<t acpieous sodium hydroxide solu¬ 

tion to give a clear solution. Unfortunately a displacement of the absorption 

band of the addition product of m-dinitrobenzene and acetone towards 

shorter wavelengths was noted when compared with the measurements made 

on alkaline acctonic solutions. At the same time th(‘ intensity of the ab¬ 
sorption was strongly decreased. 

The decrease in the absorption intensity is almost certainly due to the 

stabilization of the anion of the methylene compound by combination with 

the solvent, the anion forming a hydrogen bond with the ethanol 

O 

CH, ~ C - CH,- HOC,H, . 

The reactivity of the anion might thus be less in ethanolic than in acctonic 
solution. 

While / max. of the addition product of //i-dinitrobenzene and acetone in 

alkaline acetonic solution is 559 lUjii and f 1(10 (calculated on the basis 

of the amount of /n-dinitrobenzene present) the corresponding values in 

ethanolic solution are only /. max. 510 mu and c - 570 (calculated on the 

basis of the amount of acetone present). The displacement of the band 

amounts in this case to 50 nijn. Therefore the figures reported in this paptM' 

are not comparable with those in previous contributions (1, 2). in all the 

measurements taken Beer's law was fulfilled in the concentration ranges 
studied. 

Discussion. 

It is obvious from the measurements given in the tables below that the 

power to activate the methylene group so much that a positive reaction is 

obtained with /n-dinitrnbenzene in alkaline solution is not restricted to the 
grouping -CHiUO- . Other groups, such as -CHsCN, CHoNOo and 

—CHaCH = CHz, are on principle equally effective. It is also evident that a 

necessary condition for a positive reaction is that a methyl or methylene and 
not a methinyl group is present. Only those compounds containing a 

carbonyl group will be discussed in detail here. 

The same hypothesis of the course of the reaction as was used in previous 
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contributions (1, 2) will be used here. The principle is exemplified by the 

reaction between m-dinitrobenzenc and acetone: 

CH;,COCH., + OH CH.COCH, 

0~ 
I 

■CR,-C .^CH, + H,0 

NO., 

\/NO, 

H 

NO, 
.0 

-!■ 

0 

-H 

o 
;i_ 

> CH,C =- CH. 

—*■ H- NO., 

or 

Os NO., 

+ N 

O'' 

CH.,COCH, 

H 

H- + 0—>0H 

H +N0.,= 

NO., 

.^r'V_ CHXOCH, 

The over all base-catalysed reaction might thus he regarded as a substitu¬ 

tion followed by an oxidation. However, all attempts to isolate 2,4-dinitro- 

phenylacetone or 2,4-dinitrophenyl-/50-propenylcther from the reaction mix¬ 

ture have been unsuccessful and the course of the reaction is not proved. 

The complex ion has been depicted as containing a simple —C—C— 

or —C—0— bond although in reality it is a bond between an anion and a 

dipole, cf. (1). 

In what follows it is assumed that an anion of the type 

CH, 
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is responsible for the light absorption in the visible. B is a base with a 

resonance system of the triad type: 

X - Y Z <-^ X :::= Y - Z 

It is also assumed that B only to a very slight extent contributes to the 

light absorption but that B““ is responsible for the stabilization of the 

quinoid structure of the benzene ring. These assumptions mean that tlie 

position of the absorption bands in the spectrum is almost unaffected by 

variations in B while the intensity of the absorption depends exclusively 

on B . The different effects observed among the methylene compounds 

might thus be attributed to differences in nucleophilic reactivity between 

their anions. 

The variations noted in the positions of the absorption bands are, as seen 

in the tables, very small. The differences in the height of the bands are on 

the contrary very large. The reasons for these last mentioned variations 

will be discussed below. 

Structural units which can be made to dissociate to give a proton may 
be arranged in the following order of decreasing acidity*) 

-I" 

N-H > 0-H > N--H > C-H. 

From studies on hydroxyl acids it is known that the acid-strengthening 

groups are those groups which have a high polarity or which introduce 

new possibilities of resonance in the system. The groups we arc interested 

in may be arranged in the following order of decreasing resonance-inducing 

effect when they are directly or indirectly by means of a conjugated system 

attached to the oxygen atom: 

NO, > C^N> CH,CO > C vrC, 

and we have the series of acids: 

NO,OH > N = C - OH > CH3COOH > C C - OH. 

These groups (the nitro group, etc.) are the most effective acid¬ 

strengthening substituents also in the ammonia and methan acids series. See 

ref. (6), section 28. 

When the corresponding bases of these proton dissociating groups as 

nucleophilic reagents attack a molecule, e. g. attack a carbon atom lacking 

*) For a complete discussion see ref. (6), chap. VI, especially section 28. 
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electrons, they may be arranged in the following order of decreasing 
activity: 

1 

-C: 
1 

'> 
1 

-N: > -6: 

1 

This means, while only considering the reaction 

1 -f 1 
B: 

1 
B:C- 

j 
1 

where [B:] - is one of the ahovementioned nucleophilic reagents, that a 

carbanion is superior to an amide ion; the amide ion superior to the 

alkoxide ion ami the latter superior to the amine, lu aqueous ethanoUc 

solution only the carbanion (fives a positive reaction with m-dinitrobenzene, 

Tn other solvents, however, c. g. in petroleum elher, the carbanion as well 

as the amide ion gives a j)ositive reaction at low temperature. On the other 

hand neither the alkoxide ion nor the (tertiary) amines give even in petro¬ 

leum ether a positive reaction. For a discussion of the reactivity of amines 

in petroleum ether, see (3). 

Tn order to get a broad view of the base-catalysed prototropic reaction 

of the methylene compounds some of the more important structures have 

been studied in detail. The reagents have been arranged in more or less 

naturally closed groups, though from a theoretical point of view this 

arrangement is purely arbitrary. 

A. Grouping —ClhCOCIL— 
Table 1. 

Absorption data of the addition products of m-dinitrobenzene and 

various coitifwimds containing the stnictiire —CHjCOCHj— 

Compound A max. mp f 

Acetone . 510 570 
Butanone . 500 200 
(A'clohexanone. 510 1680 
Dihvdromorphinone HCJ. 505 1380 
Dihvdrocodeinone bitartrate . 505 1830 
TTy(iroxydihydrocodeinone 11(3... 505 1120 
h^strone . 530 1460 

The first group of methylene compounds studied consists of aliphatic 

and cyclic monoketoncs. Acetone is a little more activated than butanone. 

All the cyclic ketones have about the same activity, ("uriously enough the 

hydroxyl in hydroxydihydrocodeinone has a noticeable suppressing effect 

though it is located in ^-position. 

By the aliphatic as well as by the cyclic ketones the extinction increases 
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with time, by the cyclic ketones slower than by the aliphatic ones. This 

phenomenon might depend on a slow dissociation, cf. Dewar (4). 

OH 
C~C=::0-> 

slow 

— 

C = C - 0 -►"C-C-:0 

the reacting anion 

To obtain comparable results the measurements in this series had to be 

made after a defined lapse of time. Of the reported values only that of 

estrone is considerahlij dependent on time. Usually the extinction of the 

addition product of estrone and //i-dinitrobenzene (5) is measured after 

sixty minutes. The extinction values of the other addition products are 

almost constant after five minutes. A period of five minutes was chosen. 

Thus, in the reported ^ values a time factor is included. 

B. Grouping —COCll/X)— 

Table ^2. 

Absorption data of the addition products of m-dinitrobenzene and 

various compounds containing the structure —COClhCO- ~ 

Compound A max. ! 

(Phenol) . — 

Resorcinol .I 500 u faiiil I'olour | 
Phloroglucinol . 500 :i faint ccjlour J 

Acetvlacetone^) ... 

Ethvl acetoacetate . 500 275 
Diethvl malonate . 1 470 

1 880 ; 

0 Acetylacetone gives in high concentrations a very | 

rapidly fading colour with / max. at about 500 mji. j 

At the same time the sodium salt precipitates. I 

This atomic arrangement is particularly suited to the demonstration of the 

superiority of the carbanion as a nucleophilic reagent. In the scries phenol, 

resorcinol and phloroglucinol the phenol anion might be considered solely 

as an enolate ion (A). The other resonance forms, the carbanions (B), seem 

seldom to take part in a reaction (compare however the salicylic acid 

synthesis and the Reimer—Tiemann reaction): 
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In the resorcinol anion, however, the eholate ion form and the carbanion 

form liave about equal reactivity as nncleophiiic reaj^ents: 

L ^ 

.0 

I 
OH 

H 

otlier resonance fcjrms 

and the same is true in the phloroi^hicinol anion: 

other resonance forms 

The experimental results indicate as might be exi)ected that phenol gives 
a negative reaction while resorcinol as well as ])hloroghicinol give positive 

reactions. This is in good agreement with the well known fact that under 

certain experimental conditions phenol by methylation with methyl iodide 
gives only O-derivatives, resorcinol gives a mixture of O- and ("-derivatives 
while phloroglucinol only gives (1-derivatives. 

The second series consists of acetylacetone, acetoacetic ester and malonic 

ester. The dissociation constants of these acids are of the order 10“ ^ 10 

and < 10 These great variations of the dissociation constants depend 

on the different degrees of resonance in the corresponding bases, the anions. 
In the acetylacetone anion the principle resonance forms are: 

O’- o— 
I I 

CH.COCHCOCH, <—► CH, - C--=CH - COCH, <—> CH,COCH.- 

Here the resonance is especially .strong as two resonance forms are 

identical. These two forms are of enol type and thus O-derivatives might be 

expected to be the coniinon reaction products. 
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The acetoacetic ester anion is a resonance hybrid of the type: 

0“ o- 
I I 

CH3COCHCOOR ◄—> CH3 - C = CHCOOR <—► CH3COCH == C - OR <—► 

0“ 

— I -f 
4-►CH3COCH-C-OR 

All the resonance forms are different and a stronj^ cross-conjugation, the 
ester resonance, is present. K.^ for the ester is about one thousandth of that of 

acetylacetone. 

In the malonic ester the ester resonance is dominant and the anion might 

be regarded chiefly as a carbanion. of the malonic ester is so small that 
the ester is practically insoluble even in concentrated aqueous alkaline 

solutions. 

O' o - 
— 4“ I — — I + 

ROCOCHCOOR 4—► RO^.C- CHCOOR ROCOCH - C OR 

O " O 
I I 

ROCOCH C - OR 4—> RQ-Q:-. CHCOOR 

The absorption intensities of the addition products of m-dinitrobenzene 

and these compounds increase in the same order as the K ^ values decrease. 

This strongly supports the view that by the formation of the complex anion 

the carbanion form is the most important one. 

The bond between the dipole, the nitro compound, and the anion might 

thus best be described as 
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G. Grouping CdirflHRCOBi 

Table 3. 

Absorption data of the addition products of m-dinitrobenzene 

and various compounds containing the structure CJirCHRCORx 

Compound A max. m« 

Phonylacetone .j 510 2 620 

Phenylac.otic acid .•. 

Methyl phenvlncetate . 500 720 

Diphenvlacetic acid . 

Diethylaminoethyl diphenyl- 

acetate H(X . 

Phenvlcvclohexylacetic acid. 

Diethylaminoethyl phenyl- 

cvclohexvlacetatc HfX . 

— 

Phenvlethvlacetic acid . 

Ethvl phenvlethvlacetate . 

Tropic acid .’ 

Methvl tropate.* 

Phenylacetamide . 

Phenvlethylacetamide . 
L i i 

— 

Phenaceturic acid . — 

Toluene . 

Kthylbenzene . 
■ — — 

Acetamide. 

Gdiloroacetamide . 

IXhvl acetate . 

— 

— 

Ethyl chloroacetate . 1 520 
1 a rajadly 
1 fading colour 

In this grouping the methylene (xr methinyl Iiydrogen is activated both by 

the benzene nucleus and by the carbonyl group. R is H or a straight chain 

or an alicyclic or aromatic ring. Only in those cases where R = H is the 

reaction positive. R, is — nH2„ f v «r NH,. As seen in 
table 3 the ])resence of a carboxyl or an amide group does not make the 

system mobile enough to give a positive reaction. This is in good agreement 

with the fact (23) that the acid-strengthening effect decreases in the series 

- COCH3 > - COOR > - CONR, :> - COOH. 

The activation brought about solely by the benzene ring is not sufficient 

to produce a positive reaction as toluene like ethylbenzene gives no reac¬ 

tion. On the contrary, as was shown above, a single (X)— grouping in the 

form of a ketone is sufficient for a positive reaction. Neither a single ester 

grouping as in ethyl acetate, nor an amide group as in acetamide gives a 

sufficient activation of the methylene hydrogen to produce a positive reac¬ 

tion. A combination, however, of a benzene nucleus and an ester group as in 

methyl phenylacetate gives a positive reaction while, on the contrary, a 
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combination of a benzene nucleus and an amide group as in phenylacetamide 
is not enough. If in ethyl acetate a halogen is substituted for an a-hydrogen 
as in CHuClCOOCiH- the acidity of the remaining a-hydrogen atoms is 

increased so much that a positive reaction is obtained, e. g. the halo ester 
gives an anion, cf. (22). Owing to the rapid hydrolysis of the ester the 
duration of the colour is, however, too short to permit a (|uanlitative 

measurement of the extinction. If the same substitution is made in acetamide 
we obtain (^.H-ClCONHi*. Here again no colour is obtained. 

D. Grouping x-CJi^COCHiR 

Table i. 

Absorption data of the addition products of m-dinitrobenzene 

and various compounds containing the structure x-CaHiCOCHJi 

Compound A max. mff 

Acetophenone . 515 6100 

2,4,(3-Trimethylacelophcnone . ... 515 260 
p-BromoaCetophenone. 510 10 700 

p-Aminoacetophenone . — 

p-Hvdroxvacctophenone . 515 :i rapiilly colour 

])-Ac et a m i d oa c etoph c n o n e. 520 a raj)i(lly fadinj? colour 

p-M ethox vacetoph en on e. 515 iflo 

Phenacyl bromide . — — 

2,4,C-TriniethylphcnacyI chloride 500 25 300 

Phenacvl alcohol. — — 

Phenacvl acetate. -- 
Phenacvl benzoate .! 
Phenyl a-piperidinomethyl ketone 1 

HCl .. — __ 
Phenacvlpyridiiiiuni bromide .... 
Phenyl p-piperidinoethyl ketone 

— — 

HCl . 

1 2,4,6-Triinethylphenyl p-piperidino- 

510 
1 

1040 

ethvl ketone HCJ . 510 595 
1 Benzopheiione . — 

1) f is here the molar extinction after 15 minutes. 

When measuring the extinction coefficients of the addition products of the 

compounds in this group it was observed that some of the reactions were 

very dependent on time. The shape of the extinction coefficient/tiine curves 

indicated, as seen in fig. 1, that probably different mechanisms of dissocia¬ 

tion arc present among the phenacyl derivatives studied. The reported ^ 
values are those obtained 15 minutes after the mixing of the reagents. The 

£ values cannot be used for a detailed study of the nucleophilic properties of 

the anions of the phenacyl derivatives. However, as the differences in the 
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reported values are very lar;»e they may be used for a superficial discussion 
of the reactivity of the methylene compound. The underlying mechanisms of 
dissociation will, if possible, be investigated later. 

Fig. 1. Extinction coefficient k plotted (upiinst time of the addition products 

of /n-dinilrobenzene and 

A. acetophenone at 515 nui. 

H. 2,4,()-triniethylacetophen()ne at 515 mu. 
C. 2,4,()-triniethylphenyl (^-piperidinoethyl ketone at 510 1141. 

J). ])henyl P-i)iperidinoethvl ketone at 510 m.u. 

E. 2,4,0-trimethylphenacyl chloride at 510 mu. 

The acid-strengthening effect of the carbonyl group is greatly enhanced 

by an adjacent benzene ring if the latter can give tlie carbonyl carbon a 

jKirtial ])ositive charge. This j)henonienon is well illustrated in the series 
acetone, acetophenone and 2,4,0-trinicthvlacetophenone. Resonance hybrids 
of the type 

O O” O 
/y I \ 

>'-C - CH, e >-C-CH,-<—> ( >-C-CH, 
\=:./ ' \r=:/ ' 

will increase the ability of the a-hydrogeii to dissociate. If the resonance is 

blocked as in methyl mesityl ketone an f value of the same magnitude as by 
acetone is observed. Support for this opinion is j)rovided by the values 

found by ])-brom()acetophenone and p-aminoacetophenone. In the former the 

dominating resonance forms are 

COCH., 4—►Br CH. Br< 

o 
-f • 

- C - CH,. 

The strongly electronegative properties of the halogen are here dominant. 

The bromine atom seems to have no tendency to contribute with the 

unshared pair of electrons to the benzene resonance. On the other hand, in 
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p-aniinoacetophenone the unshared pair of electrons of the amino nitrogen 

will readily take part in the resonance and we have the hybrid 

H,N -C0CH,4—>H,N 

O'■ 
4“ 

4--^ aN= = C-CH,. 

0“ 

I + 
C~ CH34—► 

This resonance will counteract the acid-strengthening properties of the 

carbonyl carbon, and, as seen in table 4, no colour is obtained. Between 

these two extremes we find the p-hydroxy, the p-methoxy and the p-aceta- 

mido derivatives. Here only rapidly fading colours are observed. The acid¬ 

strengthening effect of a para substitution on the a-hydrogen in the aceto¬ 
phenone series might thus be arranged in the following decreasing order: 

Halogen > H > CH3O > OH, CH,,CONH > NH,. 

This is in good agreement with Hammetts (0) series of the influence of 

para substituents on the rate or equilibrium constants of certain general 

reactions of aromatic compounds. Unfortunately the reported values are 

not fitted for a quantitative application of Hammetts equation. 

The effect of the following substituents in rx position in acetophenone has 

been investigated, viz., Br, (3H, OCOR, NIU, NH., CH.NB,. 

Phenacyl bromide is hydrolysed too rai)idly to give a positive reaction. 

However, in the sterically strongly hindered 2,4,fi-trimethylphenacyl chloride 

the reaction is positive, and, indeed, here the highest ^ value of all is 

observed. 2,4,6-Trimethylphenacyl chloride is so highly sterically hindered 
that the compound is stable against bases (7). The reason being that the 

resonance of the benzene nucleus with the carbonyl group is Inhibited. The 

a-hydrogen, however, which is not hindered from dissociating, is strongly 

activated by the structure —COCH.Ul, and consexpiently the reaction is 
positive. This is no contradiction, as 2,4,()-trimethylacetophenonc gives with 

Grignar(i reagent an enolate (8) and not a tertiary alcohol derivative. (T. the 

analogous activation of the hydrogen in CH-ClCOOCijH-. as described above. 

The a-hydroxyl in the phenacyl alcohol suppresses as usual in ketols the 

acid-strengthening properties of the carbonyl group. The esterification of 

the hydroxyl does not change the reactivity of the hydrogen. 

If a nitrogen is substituted for an a-hydrogen the reaction is completely 

blocked by the electropositive properties of the nitrogen. Habe and Schnei¬ 

der (17) observed that phenyl a-piperidinomethyl ketone was more soluble 

in aqueous alkali than in water and attributed this to the formation of an 

enol salt. They also reported that an aqueous solution of the base turned 
yellow when alkali was added. It has not been possible to verify the lattei 
observation when using pure phenyl a-piperidinomethyl ketone hydro¬ 

chloride. 
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When the nitrogen is positively charged as in phenacylpyridiniuni 

bromide the expected strong positive reaction is not obtained. The reason 

being tliat P-ketoalkylpyridinium salts are rapidly hydrolyzed in alkaline 

solution. Krohnke (9) has proposed the following reaction: 

COCH..N<^ OH \cochn/^ S + H,0 

f >-COCHNf > + OH +H,0-►(f COO + 

+ CH,N<f \> + OH . 

This reaction has recently been reinvestigated by Pearson and Dillon (10) 

and they were able to demonstrate that also another formulation of the 

hydrolysis is in accordance with the experimental results. It is, however, 

possible to isolate the yellow coloured enol-betaine and its existence in 

solution is without doubt. The enol-betaine is best described as a resonance 

hybrid: 

- f 

^ - COCHN< 

o 
I + 

^>-C = CHN 

The inner electrostatic bond is certainly so strong that it completely inhibits 

an addition to m-dinitrobenzene in alkaline solution. 

If the nitrogen is insulated from the a-carbon by a new carbon atom as in 

phenyl p-piperidinoethyl ketone and 2,‘1,6-trimethylphenyl p-piperidinoethyl 

ketone the reaction again is positive. Here the inductively transmitted 

electropositive properties of the nitrogen are too small successfully to 

counteract tlie acid-strengthening effect of the carbonyl group. However, in 

alkaline solution cleavage of these compounds occurs according to scheme 

(11) 

/ \ 
COCH.,CH.,N< 

OH 
>COCH -- CH.. + HNc; 

but the velocity of this reaction is too low to have any disturbing influence 

within the time interval studied. 

As in the corresponding acetophenone the benzene resonance in 2,4,G- 

trimcthylphenyl p-piperidinoethyl ketone is blocked by steric hindrance and 

as expected the e value observed is lower than that of the addition 

compound of the unsubstituted ketone. 

To illustrate the necessity of the hydrogens for the reaction benzoplienone 

has been included in the series. It gives, as seen, no colour. 



14 

E. Other groupings 

Table 5. 
Absorption data of the addition products of m-dinitrobenzene and various 

compounds. 

Compound A max. mp 

Xitroethane . 510 a rapidly fading colour 
Acetonitrile . 515 10.300 

Benz vie vanide . 510 14 800 

Ethyl cyanoacetate .. 510 0 700 
Anethole . 510 a faint colour 
Allvl alcohol . 

Allvl bromide . : 
These compounds have only been studied and reported to illustrate that 

it is not, as mentioned above, necessary to activate the methylene hydrogens 

by means of a carbonyl group. An aliphatic nitro group as in nitroethane is 
quite enough. The resonance hybrid of the anion is 

CH.CHNO, CH,CH -- N(' 

In anethole the following resonance forms, cf. (12), are dominant in the 
hybrid of the anion: 

- CH-CH = CH, >CH CH - CH.. 

Unfortunately it has not been possible to obtain estragol. This compound 

would give an anion indistinguishable from that of anethole. Allyl alcohol 
and allyl bromide gave no colours. In benzylcyanide the resonance hybrid is 

Like the chlorine atom in ethyl chloroacetate the cyano group in ethyl 

cyanoacetate enhances the acid property of the hydrogen enough to make 
the latter dissociable, and the reaction is here again positive. 

Hesulis, 

The investigation has given the results that all compounds which contain 

a sufficiently activated methylene group R.CH^IL give with m-dinitrobenzene 
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in alkaline ethanolic solution a coloured complex anion. Structures which 

enhance the acidic properties of the methylene hydrogens are activating. 

Only very few of these structures are by themselves capable of activating 

the methylene hydrogens sufficiently. Such are the carbonyl, the nitro and 

the cyano groups in a position. All the others must be supported by other 
activating groups such as phenyl, suitably substituted phenyl, ester, halogen 

etc. If a strongly electropositive group is bonded directly or indirectly 

by a conjugated system to the carbon atom of the methylene group the 

electropositive group in most cases completely inhibits the reaction. Such 

groups are present in phenacylamines, ketols etc. The acid-strengthening 

effect of the carbonyl group is also completely inhibited in an amide grouping 

and in a carboxyl group, but is maintained though greatly weakened in an 

ester grouping. 

From the experimental results may be concluded that the bond between 

m-dinitrobenzene and the anion of the methylene compound is between the 

partiallx positively charged i)art of the m-dinitrobenzene nucleus and the 

carbanion. 

Experimental, 

All melting points were determined on the Kofler block and corrected. 

Hoiling points were not corrected. Absorption s])ectra were determined on a 

Beckman quartz spectrophotometer model 'DU using 1 ± 0,002 cm. Corex 

cells. A tungsten filament was used as light source. The absorption data were 

obtained in the following way. The methylene compound to be tested was 

dissolved in a suitable volume of 95 per cent ethanol and to 2,00 ml. of this 

solution were added 4,00 ml of an 1,00 per cent solution of m-dinitrobenzene 

in 95 per cent ethanol. Then 4,00 ml of 5N sodium hydroxide solution were* 

added and the volume adjusted to 10,00 ml. with 95 per cent ethanol and the 

solution thoroughly mixed. When not otherwise specified the absorption 

spectrum was measured after five minutes against a blind in which the 

methylene compound was omitted. In cases when the reaction was dependent 

on time numerous measurements had to be made to establish the maximum 

of the absorption band. The concentration of m-dinitrobenzene was always 

the same, about 0,021. Only in those cases wIktc ^ of the addition 

product was below 1000 did the proportion of m-dinitrobenzene: methylene 

compound fall below one hundred. 

Acetone, ethanol 95 per cent and m-dinitrobenzene were the same reagents 

as used previously (I, 2). 

The following comj)ounds were of C. P. grades. They were used after 

recrystallization from a suitable solvent or distilled immediately before use. 

Butanone, b. p. 79"—80"; cyclohexanone, b. p. 155"—150"; dihydro- 

morphinone hydrochloride, U. S. P. XIII; dihydrocodeinone bitartrate, Ph. S. 

XI; hydroxydihydrocodeinone hydrochloride, Ph. S. XI; estrone, Ph. S. XI; 

phenol, Ph. S. XI; resorcinol, Ph. S. XI; phloroylucinol, Ph. S. XI; acetyl- 

acetone, b. p. 139°—141°; ethyl acetoacetate, b. p. 71°/12 mm.; diethyl 

malonale, b. p. 195°—197°; phenylacetone, b. p. 100° 102°/12 mm.; phenyl- 

acetic acid, m. p. 77° --78°; diphenylacetic acid, m. j). 148°—150°; diethyl- 

aminoethyl diphenylacetate hydrochloride, m. p. 112°—114°; diethylamino- 
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ethyl phenylcyclohexylacetate hydrochloride, m. p. 146®—147®; toluene^ 

b. p. 109®—110®; ethylbenzene, b. p. 136®—137®; acetamide, ni. p. 79®—80®; 

ethyl acetate, Ph. S. XI; ethyl chloroacetate, b. p. 143®—144®; acetophenone, 

b. p. 90®/12 nini.; p-bromoacetophenone, m. p. 49®—51®; p-aminoaceto¬ 

phenone, 111. p. 104®—105®; phenacyl bromide, ni. p. 49®—50®; benzo- 

phenone, m. p. 47®—48®; nitroethane, b. p. 112®—115®; ethyl cyanoacetate, 

b. p. 95°/12 mill.; anethole, iii. p. 21°; allyl alcohol, b. p. 96®—97°; allyl 

bromide, b. p. 70®- 71°. 

Methyl phenylacetate was prepared from methanol and plienylacetic acid, 

b. p. 108®—109®/12 mm., 1,5087. Phenylcyclohexylacetic acid w^as 

obtained by alkaline hydrolysis of diethylaiiiinoethyl phenylcyclohexyl¬ 

acetate hydrochloride. After acidification the acid was extracted with ether, 

the solvent evaporated and the acid crystallized from 60 per cent ethanol, 

111. p. 149®—150®. Phenijlethylacetic acid was obtained by alkaline 

decomposition of phenylethylbarbituric acid, b. p. 151®-”153®/12 mm., 

m. p. 45®—16®. Ethyl phenylethylacelate was prepared from the correspond¬ 

ing acid and ethanol, b. p. 128®—130®/12 mm. Tropic acid was prepared by 

alkaline hydrolysis of atropine sulphate, m. p. 116® 118®. Methyl tvopate 

was prepared from tropic acid and diazonietliane. b. p. 118®—120°/20 mm.. 

Ill. p. 36® —37®. Phenylacetamide was prepared from methyl phenylacetate 

and ammoiiia, m. p. 157®—158®. Phenacetnrlc acid was prepared according 

to Hotter (13) from phcnylacetyl chloride and glycine in alkaline solution, 

111. p. 143® 145®. Phenylethyiacetamide was prepared from ethyl phenyl- 

ethylacetate and ammonia, m. p. 85®—86®. Chloroacetamide was prepared 

from ethyl chloroacetate and ammonia, m. p. 119°—120®. 2,'i,6-Trimethylace- 

iophenone was prepared according to Xoller and Adams (14) from 

mesitylene, acetic acid anhydride and b. p. 239®- 240® (corrected), 

iip^yO 1,5164. p-Acetamidoacetophenone was prepared from p-aminoaceto- 

phenone and acetic acid anhydride, m. p. 167®—168®. p-Hydroxyaceto- 

phenone was prepared from p-aniinoacetophenone according to Klingel 

(15), 111. p. 106® -107®. p-Methoxyacetophenone was prepared from 

p-hydroxyacetophenone and diazonietliane, m. p. 36°—37®, b. p. 134®— 

135®/12 mill. Phenacyl acetate and phenacyl benzoate were prepared from 

phenacyl bromide and sodium acetate respectively sodium benzoate, in. p. 

49®—50® and 118®—119®. Phenacyl alcohol was prepared according to 

Fischer and Busch (16) from phenacyl acetate by alkaline hydrolysis with 

barium carbonate, in. p. 84°—85®. Phenyl a-piperidinomethyl ketone hydro¬ 

chloride was prepared from phenacyl bromide and piperidine according to 

Rabe and Schneider (17), in. p. 227®—228® (decomp.). Phenacylpyridinium 

bromide was prepared according to Bamberger (18) from phenacyl bromide 

and pyridine, m. p. 197®—199®. 2,4,6-Trimethylphenacyl chloride was 

prepared from mesitylene, chloroacetyl chloride and AK^la according to the 

method given by Allewelt and Day (19) for the preparation of phenacyl 

chlorides, m. p. 67®—68®. Phenyl f^-piperidinoethyl ketone hydrochloride 

was prepared from acetophenone, piperidine hydrochloride and paraformal¬ 

dehyde according to Mannich and Lammering (11), m. p. 192®—193®. 

2,4,6‘‘Trimethylphenyl ^-piperidinoethyl ketone hydrochloride was prepared 
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from 2,4,6-trimethylacetophenonc, piperidine hydrochloride and paraformal¬ 

dehyde in the same way as phenyl P-piperidinoethyl ketone hydrochloride, 

m. p. 185°—180° (decomp.), Cl^..^j^. 11,98 per cent, 11,79 per cent. 

Acelonitrile was prepared according to Dumas (20), b. p. 80°—82°. Benzifl 

cyanide was prepared according to Adams and Thai (21), b, p. 105°— 
lio°/12 mm. 
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THE CHEMICAL ESTIMATION OF DIGITALIS AND 
STROPHANTHUS GLYCOSIDES 
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Member of the Swedish Pharmacopceia Commission 

Certain glycosides of plant origin possess valuable cardiotonic pro¬ 
perties. The Families Scrophulariaceae and Apocynaceae are the plant 
orders which contain most members furnishing drugs of therapeutic 
value. If in this connection the toad poisons are included, the heart- 
active substances from a chemical viewpoint may be subdivided into 
three large groups: the digitalis-strophanthus group, the scilla-helleborus 
group and the nitrogenous venoms secreted by the parotid glands of 
toads. The chief differences between the groups are: the members of 
the first group are glycosides, the aglucones of which contain a five- 
membered lactone ring, the members of the second group are glycosides, 
the aglucones of which contain a six-membered lactone ring and the 
members of the last group are suberylarginine derivatives of acetylated 
hydroxylactones more closely related to the scilla group than to the 
digitalis group. 

Only the first group will be discussed here. The ring system of the 
cardiac glycosides from the genera Digitalis and Strophanthus is given 
below: — 

O 
1! 

The sugar moiety R| may be composed of as many as four sugar 
molecules. The sugars are for the most part o-desoxy sugars (cymarose, 
digitoxose and sarmentose) and digitalose, glucose and rhamnose. When 
an o-desoxy sugar is joined directly to the nucleus, the hydrolysis of the 
glycoside bond is earily effected; when rhamnose or glucose is the 
first sugar molecule the union is much firmer, and drastic conditions 
are necessary for splitting off the sugars. Digitoxin may be mentioned 
as an example of the first group; ouabain as an example of the second 
group. In fact, it is only very recently that Mannich has succeeded in 

201 



TEODOR CANBACK 

splitting off rhamnose from ouabain without dehydrating the aglucone 
at the same time. The aglucones are steroids* with a Ao:/5.butenolide 
Ci7 side chain and they are hydroxylated in positions 3 and 14. Many 
of the aglucones have additional hydroxyl groups in positions 5, 12 and 
16. Summarising, it may be said that the characteristic cardiac- 
stimulating activity of the glycosides is due to the steroid skeleton of 
the aglucone, the side chain, the hydroxyl group and to a minor 
extent to the structure of the sugar moiety. The glycosides are present 
in the plants in mixtures. From Digitalis purpurea a number of sub¬ 
stances have been isolated: the purpurea glycosides, which on partial 
hydrolysis give digitoxin and gitoxin, gitalin, the inactive glycoside 
diginin, saponins such as digitonin, tannins and enzymes. 

It is about fifty years since the first paper was published on the 
biological assay of digitalis, and there is still controversy among the 
biologists as to which method shall be used. In recent publications 
Gold et al' advocate a human assay of digitalis to overcome the dis¬ 
crepancy between the potencies of digitalis preparations obtained by 
the cat method and the actual activity in man, especially by oral ad¬ 
ministration. This discrepancy has emphasised the necessity of finding 
a more specific method of analysis than the crude lethal dose method. 
Thus it is desirable that any assay method of cardiotonic drugs should 
take account of not only the amount and the distribution of the active 
glycosides, but also of the absorbability of the active principles from 
the intestine. 

Chemical Te.sting 

It is symptomatic that in the last few years some very interesting 
papers on the chemical estimation of digitalis and strophanthus pre¬ 
parations have been published. Some of these papers will now be re¬ 
viewed and commenced upon. 

The chemical assay of digitalis leaf is a complicated matter. The 
ideal method should give figures for:—(1) the total amount of active 
glycosides; (2) the amount of each different glycoside; (3) the amount 
of aglycones; (4) the absorbability of the glycosides. As the potency 
ot the glycosides varies with the number of sugar molecules attached 
to the nucleus it is also desirable to have information of the amount 
of sugars attached. 

The structure of the compounds also gives some clue to the solution 
of the problem. Purely physical methods such as ultra-violet and infra¬ 
red spectroscopy would give some information. Colorimetric methods 
which determine either the sugars or the butenolide group should give 
reliable figures of the amount of active principles present, but unfortu¬ 
nately no method is known, which differentiates between the glycosides 
and the aglucones when working on the genin part of the glycoside. 
However, by combination of a method based on the sugars and a method 

•‘The alkaloids from Erythrophleum have cardiotonic activity. They are not 
steroids. 
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based on the butenolide group it is easy to calculate the amounts of 
glycosides and aglucones present. 

It should also be possible to separate the glycosides from the aglucones 
by chromatography on aluminium oxide, or charcoal, or paper strips or 
by partition chromatography. The separation of the different glycosides 
(or, after hydrolysis, the aglucones) would also be possible by some kind 
of chromatography. The chromatographic spectrum of the glycosides 
could be determined by the aid of pure glycosides. 

The extraction of the glycosides from digitalis leaf powder or from 
galenicals can be done in different ways. Usually an aqueous, methyl 
alcoholic or ethyl alcoholic extract is prepared. The tannins are removed 
by shaking with fresh lead oxide or precipitated by lead acetate solu¬ 
tion, the precipitate is filtered off and the dissolved lead removed by 
hydrogen sulphide or sodium phosphate. From this partially purified 
extract the glycosides and aglucones are extracted with chloroform. Free 
sugars are left in the aqueous phase. When the final estimation is made 
on the sugar moiety of the glycosides the latter are hydrolysed and the 
free sugars estimated. 

This route of isolation and purification has some disadvantages, as 
at all stages large losses are suffered. Extraction with water or with 
alcohols of different strengths may result in a fractionation of the 
glycoside complex, as the different glycosides have very different solu¬ 
bilities in these solvents. When the tannins are precipitated by lead 
acetate, coprecipitation of the glycosides will occur, and it is difficult to 
wash the precipitate free from them. The extraction of the glycosides 
and the aglucones from the aqueous or alcoholic solution by chloroform 
is a very troublesome procedure. The presence of saponins enhances 
the solubilities of the active principles in the aqueous phase, and even 
repeated extraction will not give a quantitative yield. 

Methylene chloride is a much better solvent than chloroform when 
extracting pure or purified glycosides from tablets containing lactose 
because the solubility of lactose in methylene chloride is much less than 
in chloroform. Lactose disturbs most of the known colour reactions, 
especially those carried out in alkaline solution, and measuring the 
transmission at about 500 m|i is unreliable when chloroform is used as 
the solvent. 

Methods Dependent on the Butenolide Side Chain 

All glycosides from the digitalis and strophanthus groups show in 
ethyl alcoholic solution an absorption maximum between 215 and 220 
mu in most cases at 217 nui with log e about 4-2. This absorption is 
very characteristic and is due to the A“:P-butenolide group. Of course, 
it is not possible to differentiate between glycosides and aglucones. The 
method has been used for some years in this laboratory as routine 
control on injections containing ouabain or digitoxin. )^^en suitably 
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equipment is available and interfering substances are known to be absent, 
the method is very rapid. 

Extinction plotted against amount of glycoside present gives a straight 
line when the measurements are made on the peak of the absorption 
curve. If alkali is added, it is possible to follow the isomerisation of the 
glycosides as the peak at 217 m|j. gradually disappears, which is a good 
identification of the substance present. 

The following methods depend on a reaction with the butenolide 
group: the Legal reaction with sodium nitroprusside and alkali, the 
Knudson and Dresbach method with alkaline sodium picrate solution, 
the Raymond method with /n-dinitrobenzene in alkaline solution, the 
Kedde method with alkaline sodium 3:5-dinitrobenzoate solution and the 
Warren, Howland and Green method with sodium /S-naphthoquinone- 
4-sulphonate. 

The Legal reaction depends on the formation of a red colour when 
sodium nitroprusside is added to an alkaline solution of the glycosides. 
The colour test has been described by Jacobs, Hoffman and Gutus* and 
has been extensively used in research work on the cardiac glycosides. 
Qualitatively the test is performed so that a relatively large amount 
(0-01 g.) of the glycoside to be tested is dissolved in pyridine and an equal 
volume of water is added. A few drops of a 10 per cent, sodium 
hydroxide solution are added and then I ml. of 0*3 per cent, sodium 
nitroprusside solution. When a heart-active glycoside is present, a bright 
red colour develops, which slowly fades. The test has been criticised by 
Elderfield’, who proposed the use of potassium ferricyanide instead of 
sodium nitroprusside. Hardegger, Heusser and Blank* have shown that 
)he Legal test is not specific for the butenolide group, but that certain 
related synthetic products also give a positive reaction. The reaction 
probably involves a condensation of the butenolide group with the 
reactive NO group (in alkaline solution), and the colour is probably due 
to salt formation of an isonitroso derivative. 

Kedde® has developed a quantitative method for the assay of digitalis 
preparations based on the Legal reaction. He works in a buffered solu¬ 
tion of pH 11, and obtains a relatively stable colour. The absorption 
band has a maximum at about 470 m|t. 

Some years ago Knudson and Dresbach® u.sed the Baljet’ reaction to 
estimate digitalis preparations. The Baljet reaction is based on the Jaffe 
reaction®: creatinine gives with alkaline picrate solution a red colour. 
The glycosides give a red-orange colour when their solutions are treated 
with alkaline picrate solution. The method has recently been of current 
interest in the United States of America and Bell and foantz® especially 
have contributed some interesting investigations. In a series of papers 
they have shown that the method gives rfeliable results when the trans¬ 
mission is measured by means of a photoelectric colorimeter. In a 
collaborative study*® of the assay of digitalis and its preparations by 
the Baljet reaction and the cat method it was shown that significant 
correlation between the two methods existed, showing that both methods 
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measure the same activity of the drugs. Their method has been made 
the basis for method 1. Digitoxin Colorimetric Controls, in the U.S.P. 
XIII. For the decolorisation of ethyl alcoholic extracts of digitalis leaf 
powder they use lead acetate and sodium phosphate. No extraction 
of the glycosides with chloroform is used, but the reagent, alkaline 
picrate solution, is added directly to the purified aqueous extract of 
the drug. After 20 minutes the difference in transmission between the 
extract and a blank is measured at about 525 m|t. As standards the 
U.S.P. digitalis reference standard tincture and the same tincture of half 
strength are used. 

U.S.P. Xlll uses absolute methyl alcohol to extract digitoxin from 
tablets." It is necessary to change the composition of the reagent to 
avoid precipitation of digitoxin and sodium picrate in the final solution. 
To the methyl alcoholic digitoxin solution containing 0-1 to l-O mg. in 
10 ml. are added 10 ml. of reagent (2 g. of trinitropiienol dissolved in 
methyl alcohol to 50 ml., 5 ml. of sodium hydroxide solution (1 in 10) 
and water to 100 ml.) and after 30 minutes the transmission is measured 
at about 525 nin. 

The modified Knudson-Drcsbach chemical assay has been criticised 
from different aspects and published results indicate that the values 
obtained are generally higher than the values obtained by bioassay 
procedures. The most serious drawback is that glycosides as well as 
aglucones are determined and reported, as Baljet pointed out. 
Goldstein*'^ has shown that ageing of digitalis tinctures does not 
apparently affect their potencies according to the chemical assay, which 
is rather improbable. Elmqvist and Liljestrand,'* working with infusions 
and pills, point out that while the bioassays (guinea-pig) indicate a rapid 
deterioration of the preparation with time, the potencies obtained by the 
chemical assays are constant or sometimes even increase. Vos and 
Welsh'^ have reported similar results. 

Another disadvantage of the Knudson-Dresbach method is that the 
difference between the absorption curve of the picrate ion in alkaline 
solution and the absorption curve of the test solution with alkaline 
picrate solution is very small, while difficulties of purely technical kinds 
are present. The Lambert-Beer law is not fulfilled. Lactose interferes 
it gives a pronounced colour with the alkaline reagent. An advantage is 
that the curves obtained by plotting photometer readings against time 
indicate the presence of interfering substances when the resulting curves 
differ in shape from those obtained with a standard. 

In 1935, Marthoud'® pointed out that a solution of m-dinitrobenzene 
and heart-active glycosides in ethyl alcohol, on addition of alkali, de¬ 
velops a bright blue-violet colour. This colour test was quantitatively 
used by Raymond’" to estimate the amount of ouabain in East African 
arrow poisons prepared from seeds of Strophanthus species and from 
Acocanthera wood. Rasmussen” used the method to estimate ouabain 
in injections, Anderson and Chen” to assay digitoxin. Canback 
modified the method and estimated digitalis, strophanthus"' and uzara 
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preparations-’". The reaction is a special case of the general reaction of 
«i-dinitrobenzene with active methylene groups in alkaline solution. 

Anderson and Chen'" use the following technique: 150 to 250 |ig. of 
digitoxin is dissolved in 10 ml. of 47-5 per cent, ethyl alcohol and 1 ml. of 
u 1 per cent, m-dinitrobenzene solution in absolute ethyl alcohol is added. 
The mixture is placed in an ice-bath for 5 to 10 minutes. Then 2 ml. 
of a 20 per cent, solution of sodium hydroxide is added and the mixture 
returned to the ice-bath. Exactly 5 minutes after the addition of the 
sodium hydroxide the transmission is measured in a photoelectric colori¬ 
meter equipped with an orange filter. Water is us^ as a blank. The 
amount of digitoxin present is read from a standard curve. The colour 
fades fairly rapidly and it is necessary to read exactly 5 minutes after the 
addition of the alkali. The colour intensity is dependent on the alcoholic 
strength and the temperature, both of which must be rigidly controlled. 

To overcome most of the difficulties the following technique'® for the 
estimation of digitoxin tablets has been used in this laboratory: — 

As much of well powdered tablets as corresponds to 800 ng. of 
digitoxin is weighed into a 15-mI. centrifuge tube and 10 00 ml. of methyl¬ 
ene chloride is added. The tube is immediately closed with a cork 
covered with tinfoil and shaken in a machine for 30 minutes. Then the 
mixture is centrifuged at 2,000 r.p.m. for some minutes. 5 00 ml. of 
the clear solution is transferred to a beaker and the methylene chloride 
evaporated in a vacuum at 50^. The residue containing the glycoside 
and any lubricant that may be present (stearic acid), is treated with 5 ml. 
of 50 per cent, ethyl alcohol and carefully warmed to about TO'C. for a 
few seconds. This warming is necessary to dissolve the glycosides under 
the prescribed conditions. The solution is cooled and the separated 
stearic acid removed by filtration. The filtrate is adjusted to 6 00 ml. with 
50 per cent, ethyl alcohol to this solution 2-00 ml. of a I per 
cent, m-dinitrobenzene solution in 50 per cent, ethyl alcohol and 2 00 ml. 
of 10 N sodium hydroxide solution is added. At the same moment as the 
alkali is added a stop watch is started and the extinction is determined at 
about 620 mu every 30 seconds. The logarithms of the extinctions 
were plotted against time and a straight line is obtained. Log extinction 
at zero time is read from the graph. A standard curve is prepared from 
“ zero ” extinctions, obtained with weighted amounts (2(X) to 600 |ig.) of 
digitoxin. 

In this modification the Raymond method is unaffected by reasonable 
variations in alcoholic strength of the final solution and by temperature 
variations within the range 17° to 23 "C. From measurements made on 
digitoxin, cymarin, strophanthin, ouabain, gitoxin, digitoxigenin. 
strophanthidin, and on the synthetic analogue /S-phenyI-A“:/S-butenolide 
the extrapolated molar “ zero ” extinction coefficient has been found to be 
about 12,0(X) or log e — 4*08 at 620 m|i. Lactose interferes, therefore it 
is preferable to extract digitoxin with methylene chloride, instead of with 
chloroform, from tablets containing this sugar. Injections, even those 
containing glycerol, are diluted with ethyl alcohol and directly estimated. 

The Raymond method has the following advantages over the 
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Knudson-Dresbach method. The absorption maximum lies far in die 
red part of spectrum at 620 mix, and thus yellow and red colours from 
impurities have a less serious effect on the measurements than in the 
Knudson-Dresbach method. The reagent is colourless and stable for 
some days. The measurements are made very rapidly. Another positive 
character is that the glycosides from Scilla and Helleborus do not give 
colours. A disadvantage is that it is necessary to work with speed in 
order to obtain sufficient points to construct the curve. The Raymond 
method, like the Knudson-Dresbach method, makes no distinction be¬ 
tween glycosides and aglucones. 

The Raymond method has been discussed more in detail than the 
other methods because in my opinion this method is the most pro¬ 
mising of those acting on the lactone side chain. In combination with 
one of the methods discussed below acting on the sugar moiety, it 
seems possible to devise a good chemical assay of digitalis preparations. 

A new reagent for digitalis glycosides has recently been proposed by 
Kedde®. He uses 3; 5-dinitrobenzoic acid in alkaline solution to estimate 
the sum of glycosides and aglucones. The mechanism of the reaction 
is probably the same as in the Raymond reaction. 

Another new reagent is sodium j3-naphthoquinone-4-sulphonate used by 
Warren, Howland and Green“* for the estimation of digitoxin. Ehrlich 
and Herter*^ and Feigl and Frehden*’--^ described the use of the reagent 
for the detection of active methylene groups. TKe colour produced is 
probably due to the formation of a quinoid condensation product. The 
condensation reaction is carried out in alkaline solution and the colour 
produced is purple. On acidification with acetic acid a stable yellow 
colour is obtained which may be extracted by dibutyl phthalate. 

Warren. Howland and Green-' assay digitoxin tablets in the following 
way. Tablets are ground to a fine powder, which is extracted with boiling 
chloroform. After filtering, the volume is adjusted and an aliquot part, 
corresponding to 200 |ig. of digitoxin, is evaporated in an Erlenmeyer 
flask on a steam bath. 01 ml. of chloroform is added and the flask is 
shaken to wet all the residue. Then 4 ml. of alcohol and 0-5 ml. of 
0-05 N sodium hydroxide solution are added. The flask is placed in 
a lOO^C. bath and after I minute 1 ml. of the reagent (containing 
0-024 per cent, of sodium |i-naphthoquinone-4-sulphonate and 0-024 per 
cent, of sodium sulphite in distilled water) is rapidly added. One and 
one-half minutes after the addition of the reagent 0-5 ml. of acetic acid 
solution (containing 13 per cent, of acetic acid in alcohol) is added with 
agitation. The flask is removed from the bath, and cooled under the 
tap. The volume is adjusted to 25 ml. with alcohol and the transmission 
measured within 2 hours at about 450 m|t. A blank is prepared in the 
same manner omitting the digitoxin. As aldehydes give a positive 

’reaction with the reagent, aldehyde-free ethyl alcohol must be used. 
As expected, the authors report that lanatoside A (digitoxin derivative) 

and lanatoside C (digoxin derivative) gave a strong positive reaction. 
Curiously, however, gitoxin and its derivative lanatoside B gave only 
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a weakly positive test. The only structural difference between digitoxin 
and gitoxin is the additional hydroxyl group on Cie, and it is hard to 
believe that this hydroxyl group could interfere. The slight solubility 
of gitoxin may be responsible for the different behaviour of the glycoside. 
Digitonin gave a negative reaction. 

Methods Dependent on the Sugar Moiety of the Glycosides 

Many methods for the detection and determination of the sugars in 
the heart-active glycosides have been reported. All the digitalis gly¬ 
cosides of interest are built up according to the same scheme:—agluc- 
one -I- 3 digitoxose (-f glucose). The strophanthus glycosides contain 
other sugars instead of digitoxose, for instance, ouabain contains rham- 
nose, k-strophanthin-(>-cymarose and glucose, and cymarin cymarose. 

On the basis of a sugar determination it is for the moment a technically 
easier task to devise an assay method which is specific for the glycosides 
and excludes the aglucones, than to construct one on the basis of a 
determination of the butenolide side chain. In the first case it is only 
necessary to extract the glycosides and the aglucones from an aqueous 
or ethyl alcoholic extract and to determine the sugars which are set free 
in a separate hydrolytic reaction. In the latter case it is necessary to 
separate glycosides and aglucones by a tedious process and then to 
estimate the glycosides. When working with a sugar method it is, how¬ 
ever, always a good thing to remember that the part of the molecule 
actually measured is not the specific one. On principle those methods 
which depend on a reaction with the butenolide side chain should there¬ 
fore be preferred. 

Of the propo.sed colorimetric sugar methods only two recently de¬ 
scribed modifications of the Keller-Kiliani test will be discussed. The 
Keller-Kiliani test depends on the colours obtained when concentrated 
sulphuric acid is added to digitoxose dissolved in glacial acetic acid 
containing traces of ferric chloride. As early as 1906 Cloetta and 
Fischer*’ tried this method for the estimation of heart-active glycosides. 

Recently James, Laquer and McIntyre*" have described a modification 
that has been introduced in the U.S.P. XIII as Method II, Digitoxin 
Colorimetric Controls. They assayed digitoxin tablets in the following 
way. Ground tablets corresponding to 4 mg. of digitoxin were extracted 
overnight with 50 ml. of chloroform. The supernatant chloroform was 
filtered and the residue extracted 6 times with 5-ml. quantities of 
chloroform. The volume was adjusted and an aliquot part of the chloro¬ 
form solution corresponding to 200 ng. of digitoxin was evaporated to 
dryness. To the residue were added 3 ml. of glacial acetic acid, OTO ml. 
of 5 per cent, ferric chloride solution (FeCla.fiHaO) and 0*25 ml. of con¬ 
centrated sulphuric acid. The transmission was measured at IS-piinute 
intervals until a maximum reading was reached, usually within 15 to 45 
minutes. The light filter had a maximum transmission between 500 
and 570 ran. The Lambert-Beer law is fulfilled. 

In assaying injections containing glycerol it is necessary to prepare a 
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special graph from measurements made on solutions containing known 
amounts of glycerol and digitoxin. 

In a comprehensive study Soos*^ has investigated the details of the 
Keller-Kiliani test when applied to digitalis leaf. He used the reagent 
recommended by Lindewald=“*’“‘’, which consists of 97 ml. of glacial 
acetic acid, 2 ml. of concentrated sulphuric acid and 1 ml. of a 5 per cent, 
ferric chloride aqueous solution. Soos assays digitalis leaf in the follow¬ 
ing way. 1-50 g. of powdered leaf is moistened with a small quantity 
of water in a mortar and allowed to swell during 15 minutes. Then the 
mixture is washed into a flask with water and the weight adjusted to 
151‘5 g. The mixture is shaken now and then during 1 hour. After 
that 15 ml. of a 15 per cent, lead acetate solution is added. The 
precipitate is allowed to settle and the clear supernatant solution is 
filtered. 110 g. of the filtered solution, corresponding to 1-00 g. of the 
drug, is extracted with 3 x 25 ml. of chloroform. The chloroform solu¬ 
tion is dried with sodium sulphate and filtered into an Erlenmeyer flask. 
The chloroform is distilled off and the residue dissolved in 10 ml. of 
freshly prepared reagent. The extinction is measured at 30-minute in¬ 
tervals and the maximum value recorded during 5 hours. As the reaction 
is sensitive to light it is preferable to let the solution stand in the dark 
during this time. The absorption curve has a maximum at 570 mu. 

Soos points out that unknown impurities^in the glacial acetic acid 
he used had a very pronounced effect on the development of the colour. 
Thus it is necessary to construct a graph with the glacial acetic acid 
actually used. As standard substances cither digitoxin or digitoxose may 
be used. Drawbacks of the methods are that the development of the 
colour takes 2 to 5 hours and that the extraction of the glycosides from 
the aqueous extract with chloroform is never quantitative. Usually 
about 80 per cent, is recovered. The presence of saponins in the drug 
decreases the yield obtained by extraction. Nevertheless, the method 
probably is the best of the known methods for assaying digitalis leaf. 
It is the only method that measures the glycosides present in the drug 
excluding the aglucones. But, as pointed out previously, the method 
has the defect of not measuring an essential part of the heart-active 
molecule. 

The time seems to be near when the pharmacopoeias will have seri¬ 
ously to discuss the problem of the assay of drugs containing heart- 
active glycosides in the light of the experience gained with chemical 
methods. A combination of a method assaying the total amount of 
glycosides and aglucones present, and a method assaying only glycosides 
would appear to define most of the necessary characteristics of the drugs. 
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Sdrtryck ur Svensk FarmaceutUk Tidskrift nr 15, 1949. 

Fotometrisk bestamning av progesteron med 

2,4*dinitroFenyihydrazin. 
Av Elna Didiiuj 

Fn^n Statons fariiiaoevtiska laboratorium. 

(Inserted in F.ollectanea phannaceiitica suecica, lY, 1949) 

Enligt svenska farmakopen Ed. XT bestainiiies progesteron kvantitativt ge- 

nom sin forniAga att Astadkoinina en sekretionsfas i med ostron forbehand- 

Jad liviiioder fr^n infantil kanin. Deiina biologiska bestainningsmetods nog- 
grannhet uppges enligt farniakopeiis koniinentar iipi)gA till knappast ± 30 . 

Forutoni att inetoden s^lunda ger ganska osiikra varden, iir den dessutoin be- 
biiftad mod en del andra icke ovasentliga oliigenheter. For en bestamning 

Atg^r cj mindre iin sjii kaniner; bestamningens utfbrande kraver ganska myc- 

ket arbete och tager cirka tvA veckor i ansprAk. Allt detta medfor, att det 

ar av allra storsta intressc att erliAlla en kompletterande bestamningsmetod 
for progesteron i beredningar, som ger tillfredsstallande resultat och iir 

snabbare i iitforande iin den for niirvarande officiella biologiska nictoden. 

Olika kemiska bestamningsmetoder for progesteron ha provats. SAliinda 
har FAvidge (1) undersbkt olika fotoinetriska metoder, och han rekommen- 
derar en reaklion, som grundar sig pA bildningen av en rod fiirg vid be- 

handling av progesteron i starkt alkalisk Ibsning med salicylaldehyd. For- 
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soksresultat finnas angivna for progesteronberedningar innehSllande inellan 

2—10 mg/Hil. Denna nietod bar emellertid vid provning vid Statens farma- 

cevtiska lidtoratorium cj kiinnat vcrifieras, vilket mojligen kan bero p& skill- 

nader i kraiitet pa den anviinda saJicylaldehyden. Dessutoin ar den ganska 

arbetskravande, emedan ny standarkurva m&stc uppgoras for varje «nskild 
bestanming. 

Klein, Weiner och Gordon (2) ha angivit en inctod enligt vilken progeste- 

ron fkr reagera med 2,4-dinitrofenylhydrazin, och den iitfallda sv&rlosliga 

hydrazonen viiges. Varje progesteronmolekyl reagerar diirvid med b&da sina 

karbonylgrupper. Metoden iir utforniad s& att den aven mojliggor bestiim- 

ning om progesteron foreligger i oljelosning, vilket ju ar det vanliga. Darvid 

loses oljelosningen av progesteronet i hexan och progesteronet extraheras 

med sprit (90 v()l.-%). Alkoholutdraget indunstas, och Aterstoden uppvarrnes 

med dinitrofenylhydrazin i absolut alkohol och litet koncentrerad klorvate- 

syra. Den erh^llna fallningen vages sedan efter torkning i vakiuim. Med 

denna metod ha forff. erhSllit mycket tillfredsstallande residtat. Vid bestiim- 

ning av inviigda mangder progesteron p^ 18—20 mg losta i 2—20 ml sesam- 

olja &terfanns mellan 97,5—104,5 %. En nackdel syncs dock vara att relativt 

mycket undersokningsmaterial kigkr for en bestanming. l)e i handeln van- 

ligast forekommande progesteronpreparaten inneh§lla vanligen 1, 2, 5 och 10 

mg/ml. 

Egna undersokningor. 

Vid arbete med ovanniimnda av Klein m, fl. (2) angivna metod visade det 

sig, att den erh^llna hydrazonfallningen var lattloslig i kloroform. S51unda 

erholls for inviigda mangder p& cirka ett mg progesteron en stark rodgul 

fiirg vid fallningens iipplosning i 100 ml kloroform. grund hiirav forefoll 

det motiverat att narmare imdersoka mojligheten av att anviinda denna klo- 

roformlosning for att p^ fotometrisk viig bestiimma dylika sink mangder 

progesteron. 1 forsta hand iipptogs absorptionskurvan for den erh&llna farg- 

losningen inom spektrums synliga del. Vid dessa forberedande forsok erholls 

en kurva av det i fig. 1 ^tergivna utsecndct. Den erh&llna kurvaii inneh&ller 

icke ndgra maximi- eller niinimipunkter och for de fortsatta iindersokning- 

arna valdes filter M 440 (Liimetron). Diirefter bestamdes extinktionsviirdena 

for olika kloroformlosningar, som erh^llits for uppviigda miingder progeste¬ 

ron liggande mellan 0,1—1,5 mg. Utseendet av de erh&llna kurvorna tydde p& 

att hydrazonutfallningen i spritmediet vid dessa ISga progesteronkoncentra- 

tioner ej var fullstandig. Genom att variera iitfallningsmetodiken visade det 

sig emellertid slutligen mojligt att erh^lla en riitlinjig extinktionskurva. F61- 

jande metod anvandes darvid. 

Metodik. 

En losning av 0,25—1,25 mg progesteron i 5 ml sprit forsiittes i en 50 ml 

biigare med 3,0 ml av en 0,25 % nyberedd losning av 2,4-dinitrofenylhydrazin 

i 2 N klorvatesyra. Bagaren tiickes med ett urglas och fftr st& pft ett kokande 

vattenbad under 15 minuter. Darefter tillsattes 10 ml 2 N klorvatesyra och 

bagaren f&r st& ytterligare p& vattenbadet tills spriten avg&tt (30 minuter). 

Den uppkomna fallningen upptages darefter kvantitativt p& ett litet glas- 
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filter (Pyrex M eller iiiotsvarande), tviittas ett par fl^nger ined 2 N klorvatc- 

syra och slutligcn nied 3x5 ml vatten. Filter jamte fallning torkas i vakuum- 

exsickator. Diirefter upploses fallningen i kloroform medelst genomsugning, 

och klorofoniildsningen spades till 100 ml. Kxtinktionen mates i Lunietron 

fotometer med anviindande av filter M 440. 

Den erh^llna fargen har visat sig hSllbar under minst 24 tiinmar. 

Sambandet melian mg progesteron och extinktionskoefficient framg^r av 
lab. 1 saint fig. 2. 

BesUwming au proffesteron i olirlosning. 

Progesteron anvandes vanligen lost i jordnotolja, sesamolja, olivolja eller 

elyloleat. For att man skall kiinna anvanda ovan angivna fotometriska nielod 

for den kvantitativa bestamningen, iir det darvid nodvandigt att sa fullstan- 

digt som mojligt separera ])rogesteronet fr5n oljan. I forsta hand provades 

hiirvid del separeringsfdifarande som angivits av Klein in. fl. (2), och som 

grundar sig pii oljans och progesteronets olika Idslighetsfdrh^ilanden i hcxan 

och 90 vol -% alkohol. Medan oljan ar latlloslig i liexan och sv^rloslig i 

alkoholeii giiller for progesleronet oniviinda forhAllanden. Det visade sig 

eniellertid att en ringa del av oljan eller eventiiellt i densamma befintliga 

substanser lydligen delvis lostes i spriten och delta medforde vid de for- 

beredaiide fdrsdken missvisaiide resultat. (lenpin att vidtaga en del foriind- 

ringar vid separeringsfdrfarandet var det dock mojligt att p^ ett mera effek- 

tivl salt bortskaffa Tester av oljan. Foljande scpareringsmetod har anvaiits 

vid de forsok, som nedan redovisas. 

Bestainningens utfonmde. 

Progesteronoljelosning motsvarande 0,5 - 1,2 mg progesteron inviiges i ett 

viigglas och overfdres med hjiilp av 10 ml hexan till en separertratt. Darefter 

extraheras ined 4x5 ml 90 vol-% sprit, spritiitdragen samlas i en andra 

separertratt, som iiinehaller 20 ml hexan, och blandningen omskakas. Sprit- 

fasen filtreras geiiom ett med sj)rit fuktat filter ned i en 50-ml biigare. Ater- 

stoden i den andra separertratten extraheras med ylterligare 2x5 ml 90 

vol-% sprit, spritiitdragen filtreras varefter filtret tvallas med sprit. De 

samlade filtraten indiinstas pi\ vattenbad till torrhet. Aterstoden loses i 5 ml 

sprit och progesteronbestiimningen iitfores enligt i det foregAende angivna 

metod, med iindantag for att den erh^llna hydrazonfallningen dessutom 

tvatlas med 0x1 ml hexan. 

ForsoksresultaL 

1. Tabellerna 2, 3 och 4 ange resultat av olika forsok, varvid kiinda pro- 

gesteronniangdcr tagits i arbele. I labell 2 ha forsoken utforts iitan olja men 

med samma separcringsforfarande som angivits for oljelosningar. Av tabel¬ 

lerna 3 och 4 framg&r resultaten vid varierande mangder sesamolja och jord¬ 

notolja. 

IT. Tabellerna 5, 6 och 7 ange forsdksresullaten vid progesteronbestamning 

av ett antal farniacevtiska specialiteter (I—XV). 
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Av de erh&llna resultatcn franigSr foljande. 

Medelst den angivna metoden ha mangder av progesteron niellan 0,4 —1,2 
mg nojaktigt kunnat bestammas (tab. 1—2). 

Metoden mojiiggor aven mcd nojaktig noggrannhet bestamning av pro¬ 

gesteron i sesamolja eller jordnotolja i koncentrationer liggandc mellan 1— 
25 mg progesteron per ml oija (tab. 3—4). 

Av resultaten i tab. 7 att doma finns anledning tro, att niir progesteron 

foreligger lost i etyloleat for hoga varden erb^llas vid de svagarc progesteron- 

losningarna. Vid kontrollforsok med enbart etyloleat visade det sig ocksS, 
att betydande blind varden erhollos. Detta kan mojiigen bero p& i etylolealet 

forekommande fororeningar. Metodens utformning for bestamning av pro¬ 

gesteron i etyloleat ar darfdr ej slutgiltigt fiirdig, men arbetc harp& p&g&r. 

Av tab. 3—4 franig^r, att den foreslagna tvattningen med 6x1 ml hexan i 

vissa fall icke foretagits. Orsaken hartill var att undersbka buriivida det vid 
dessa upprepade tvattningar mojiigen iitlostes nSgot av hydrazonfallningen, 

varigenom for l&ga varden skiille erh^llas. \)k detta emellertid ej tycktes vara 

extinction 

Absorption curve for the 2,4-dinitropbenylbydrazine derivative of pro¬ 

gesterone in cbloroformic solution. About 1 mg progesterone taken. The 
derivative obtained is dissolved in 100 ml of chloroform. 

IDM 
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extinction 

coefficient 

faJlet, ocli (IS vicl forbcredande forsok tvattningarna fdrefollo vara vardefulla 

vid analys av progesteron i olivolja eller etyloleat, utfordes alltid dessa tvatt- 

ningar vid de fortsatta undcrsokningarna. 

Smaltpunktcrna for erhSIlna fenylhydrazonfallningar liar av Klein in, fl, 

(2) angivits ligga mellan 270®—280®. I foreliggande undersokning ha aven 

nigra smaltpunktsbcstamningar utforls, varvid anvants progesteronmangder 

pi era 1 mg dels i siibstans dels i oljelosniiig. Vid utfallningen bar forfarits 

p4 samma salt, soni vid den kvantitativa bestamningen, dock har, dS det hiir 

ej gallde nSgot kvantitativt utbyte, tillsatsen av 2-N HCl och avdunstning av 

spriten uteslutits. De erhSllna smaltpunktcrna ha vid de utforda bestam- 

ningarna legat mellan 270®—280® (Koflers mikrosmaltpiinktsapparat). 
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Table 1. 

Data for the standard curve of progesterone. 

progesterone taken extinction coefficient 
mg/lOO ml k 

0,0505 0,038 
0,152 0,108 
0,253 0,159 
0,303 0,187 
0,380 0,249 
0,574 0,359 
0,000 0,302 
0,772 0,470 
0,772 0,471 
0,772 0,471 
0,801 0,510 
0,909 0,547 
1,10 0,088 
1,21 0,097 
1,51 0,833 
1,54 0,845 
1,54 0,803 

Table 2. 

Determination of progesterone without oil accorciing to the inetliod for 

progesterone in oil. 

progesterone extinction progesterone percentage 
added coefficient found found of 

mg k mg added 

0,386 0,249 0,40 103 
0,574 0,344 0,57 100 
0,772 0,461 0,77 100 
1,16 0,650 1,10 95 
1,54 0,848 about 1,54 about 100 
0,772 0,495 0,83 106 
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Table 3. 

Determination of progesterone in sesame oil. 

progfestcrone sesame oil extinction progesterone percentage, 

added added coefficient found found of 

mgr S k mg added 

*0,80 0,05 0,500 0,84 98 
*0,77 O.OG 0,437 0,73 95 
0,77 0,11 0,434 0.73 95 
0,77 0,13 0,452 • 0,70 99 

•0,8() 0,13 o,5;)(i 0,91 100 

*0,77 0,15 0,454 0,70 99 

0,77 0,24 0.140 0,73 95 
0.77 0,24 0.418 0,70 91 

*0,77 0,29 0,402 0,77 100 
0,77 0,12 . 0,450 0,77 100 

0,77 0,44 0,433 0,73 95 
0,77 0,44 0,459 0,77 100 

0,77 0,44 0,483 0,81 105 
*0,77 0,58 0,480 0,81 105 
0,91 0,90 0,550 0.93 102 

0,91 0,99 0,540 * 0,92 101 

Table 'i. 

Determination of progesterone in arachis oil. 

progesterone arachis oil extinction progesterone percentage, 

added added coefficient found found of 

mg S k mg added 

*0,80 0,09 0,497 0,83 97 

•0,86 0,16 0,495 0,83 97 

*0,86 0,16 0,498 0,84 98 

*0,86 0,35 0,483 0,81 94 

*0,86 0,39 0,480 0,81 94 

*0,86 0,69 0,490 0,82 95 

*0,86 0,73 0,517 0,87 101 

’ The precipitates have not been washed with hexane. 
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Table 5. 

betermination of progesterone in commercial preparations witli arachis oil. 

preparation 

number 

I 

11 

III 

IV 

V 

progesterone 

labelled 

mg/ml 

2 
2 
2 

lU 
10 
25 

25 

2 
2 
5 

5 

oil solution 

taken 

g 
0,3522 

0,4406 
0,4198 

0,1035 

0,0849 

0,0393 
0,0394 

0,4112 

0,4435 

0,1783 

0,1477 

extinction 

coeffieent 
k 

0,419 

0,522 

0,512 

0,580 

0,487 

0,558 

0,570 

0,477 

0,531 
0,532 * 

0,418 

progesterone 

found 

mg/ml 

1,82 

1,84 

1,87 

8.8 
8,8 

21,9 

22,3 
1,78 

1,86 
4,6 

4,3 

percentage, 

found of 
labelled 

91 

92 

93 

88 
88 
88 
89 

89 

93 
92 

86 

Table 6. 

Determination of progesterone in commercial preparations with sesame oil. 

prepara- progesterone oil soution extinction progesterone percentage, 
tion labelled taken coefficient found found of 

nunber mg/ml k mg/ml labelled 
VI 5 0,1843 0,563 4.7 94 

5 0,1818 0,548 4,7 94 
VII 1 0,8983 0,631 1,09 109 

1 0,9135 0,672 1,15 115 
VIII 2 0,3910 0,509 2,02 101 

2 0,5212 0,666 1,99 100 
IX 5 0,1600 0,519 5,0 100 

5 0,2316 0,691 4,6 92 
X 2 0,3472 0,487 2,14 107 

2 0,4575 0,575 1,95 98 
XI 5 0,2244 0,615 4,3 86 

5 0,2668 0,738 4,3 86 



Table 7. 

Determination of progesterone in commercial preparations with ethyl oleate. 

prepara- progesterone solution extinction progesterone percentage, 
tion labelled taken coefficient found found of 

number mg/ml S k ing/ml labelled 
XII 10 0,1040 0,648 9,1 91 

10 0,0897 0,599 9,8 98 
XIII 5 0,1878 0,595 4,6 92 

5 0,2089 0,672 4,7 94 

XIV 2 0,3074 0,456 2.15 108 
2 0,4328 i),620 2,11 106 

XV 1 0.4502 0,369 1,18 118 

1 0,4275 0,343 1,16 116 

Lille raiur: 

1. Klvidge, W. F., Qiuirl, J. Pharm, PharmacoL J9, 260 (1946). 

2. Klein, D., Weiner, N. oeh (hmlon, M., ArwL Chenu W, 174 (1948). 

Vid fortsatta forsdk liar visat sig, att den beskrivna metoden med sm§ for- 

iindringar, iiven iir anvandbar for kvanlitativ bestamning av ostron och 

testosteron. Rcsultat erh^llna harvid kornnia att senarc redovisas. 

Photometric determination of progesterone with 2,4-dinitrophenylhydrazine. 

Summary, 

A cpiantitative method for the determination of progesterone in amounts 

of about 1 mg has been worked out. The method is based upon the fact that 

with 2,4-dinitrophenyHiydrazine progesterone yields a red hydrazone soluble 

in chloroform. The colour of this solution is measured in a photometer. 

Method [or the determination of progesterone. 

Dissolve 0,25—1,25 mg of progesterone in 5 ml of alcohol (96 % v/v) in 

a 50 ml beaker. Add 3,0 ml of a freshly prepared 0,25 % solution of 2,4- 

dinitrophenylhydrazine in 2 M hydrochloric acid. Place the beaker covered 

with a watch glass on a boiling water bath for 15 minutes. Remove the watch 

glass, add 10 ml of 2 M hydrochloric acid, and evaporate the alcohol for 

30 minutes. Transfer the precipitate quantitatively to a glass filter (Pyrex M), 

and wash with 2 M hydrochloric acid and then with three portions of water. 

Dry the precipitate in a desiccator. Dissolve it in chloroform by suction and 

make up to 100 ml with chloroform. Read the extinction in a photometer 

at 440 nifi. 

This method has been used for the determination of progesterone in oil. 

The separation has been performed according to the following method in 

principle given by Klein et aL (2). 
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Method for the determination of progesterone in oil. 

Weigh a solution of progesterone in oil containing 0,5—1,2 nig of pro¬ 

gesterone into a weighing bottle. Transfer the solution to a separator with 

the aid of 10 nil of hexane (b. p. 60°^—80°). Extract with four 5 ml portions 

of alcohol (90 % v/v). Collect the alcoholic layers in a second separator 

containing 20 nil of hexane and shake. Filter the alcoholic layer into a 50 nil 

beaker. Repeat the extraction in the second separator twice with 5 nil of 

alcohol (90 % v/v) and wash the filter with alcohol. Evaporate the filtrate 
to dryness on a boiling water bath. Dissolve the residue in 5 nil of alcohol 

(90 % v/v) and proceed according to the method for the determination of 

progesterone. In this case, the precipitate after having been washed with 

w’ater is also w^ashed with six 1 ml portions of hexane. 

Results obtained are given in tables 1—7 and figures 1—2. 

A.B. Realtryck, Sthlm 1949 



Sdrtryck nr Svensk Farmaceiitisk Tidskrift nr 23 19i9, 

Progesteronlosning till injektion. 

Av Elna Didimj och \z7,v Ake Diduuf. 

Friiii Apolokons koniposilionslahoraloriuin 

(Inserted in ('(ilk'ctaiu*a Pharmac*(*ulic*a Suocia IV, 1949) 

Ik'oi^c'steronlosnin^ till injektion beredes enlifjl Svenska farmakopeii ge- 

noin iipi)Idsnin« av suhstansen i steril olivolja, varefter Idsniiif^en avfylles p^ 

anij)iil]er. Denna l)cre(lninf,^smeto(l for injektahilier, vilken fbnitsatter asop- 

tiskt arhete, fdreskrives i farmakopen i regel i si\(iana fall, da ingi\ende verk- 

samina snbstanser iitgdras av terniolabila aninen, soin vid on steriliscring 

genoiii vannebeliandling kiinna iindergA sbnderdelning eller inaktiveras. 

Dylik asejttisk heredning av injektionsidsningar utan efterfdijande varnie- 

behandling niftste iir bakteriologisk synpunkt generellt betraktas soni inindre 

tillfredsstiillande oeh bdr endast koinnia till anviindning i de fall, dt\ sterili- 

sering genoin varinebebandling pA gruiid av lakeniedlets egenskaper iir 

iitesliiten. I den niAii aseptiskt franistallda injektionslosningar iiro avsedda 

att lagerliAllas pA apotek, niSste de iiven imderkastas sterilitetsprdvning. 

Litteratiiruppgifter betniffande progesleronets bAlIbarbet i oljeldsning och 



(lylika losnin^ars rcsistcns mol viinnebehaniilin^ai ibo sparsaiiinia. Av lill- 
giingli^a iippgiftor, bl. a. over progestaronets fraiiislalliiiiig, synas eiiicllcrtid 

vissa antagandeii betrafrandc* siibstanscns slabilitcl kiinna dragas. Numcra 

franistalk's progesteron i ren form luivudsakligi*n syntctiskt ur .1. t*\. 

kolestoi'in, sapogeniiier, gallsyror oiler prognanderivat fridi iirinextrakt, och 

i vissa fasor vid dossa syntesor inga oxidationsreaktionor vid rolativt hdga 

lomperaliiror (1). I on dvorsikt av Kobor (2) angivos alt ])r()goslor()nots sla- 

bilitot synos vara stor framfdrallt gontomot iiiflytaiido av Iidgro lomj)eratii- 

roi\ ooh alt subslanson 1. ox. kan uppholtas till smallj)iinkton iilan att sdn- 

dt'i’dolas. Dossa fdrhallandon lyda pa att progosloron iir oil ganska slal)ill 

iimne iivon vid fdrhdjd tomporatur. Holraffando hallbarhoton for progosloron- 

borodningar angivor Slophons (3), all progosloron iir on slabil siibslans oob 

alt dot i don form, i vilkot dot tiIIhandahi\Ilos for kliniskt I)riik, oj minskar i 

aktivitot oflor fdrvaring under mor iin tvii ar. All j)rogosloron i olja tordo tiila 

storiJisoring vid don lomporatur, som vanligon anviindos for oljoldsningar, 

framg^u’ iivon av Ijritliska farmakopons (1918) borodningsfdroskrift for 

tnjoclio ])rogostoroni, som framsliillos gonom ui)pl(‘)sning av subslanson i 

olja och oflorfdijando viirmoboliandling vid IdO' under 1 limmo. 

ExpevimentcUl, 

Med utgangspunkl fran fdrogAondo lia vi ansoll del molivoral att niirmaro 

undersoka mdjiigliolon att vid borodning av progostoronldsning till injoklion 

anviinda on s^dan storilisoringsmotod, s(mi i svonska farmakopon vanligon 

fdroskrives for Idsningar innoliallando tonnostabila liikomodol, d. v. s. i 

delta fall iippliotlning vid 140' 150'* iiiidor 3 limmar. Problomot bar sAlodos 

giillt att imdorsdka, luiruvida j)rogcsloron vid dylik storilisoring i oljolosning 

iindorgar sdndordolning oiler biboluMlor sin aktivitot ofdriindrad. 

Bostiimning av progosloron i ott proparat kan utfdras dels gonom biologisk 

provning av vorkningsvardot, varvid don orliallna offokton jiimforos mod don, 

som orh^Ilos mo(i ott standardi)roparat, dels gonom komisk vlirdobostamning. 

Enligt svonska fai Jiiakopons foroskriftor skall progosloronots vorkningsvarde 

i borodningar bostiimmas ])a biologisk viig, varvid offokton ])A infantil kanin- 

utorus rogistroras oob jiimforos mod don, som orb511os mod ott kiint standard- 

proparat. En komisk bosliimningsmotod for ])rogostoron i oljolosning bar 

aiigivits av Diding (4). 1 fdroliggando arboto bar s^viil biologisk provning 

enligt svonska farmakopon som komisk bosliimning onligt Diding gjorts. Un- 

dorsokningon bar iitforls pA foljando siitt. En 0,5 % progostoronldsning 

bereddos gonom uppldsning av progosloron i jordndtolja ulan uppvarmning. 

Don erb^llna Idsningon disponsorados pa injoktionsflaskor a 10 ml. Lds- 

ningarna bebandlados darcftor pA ettdera av foljando siitt: 

1. Ingen viirmobobandling (onl. Ph. Sv. Ed. XT). 

2. Upphettning i vannliift 140°—150° under 3 limmar 

3. » » » 140°-150° » 12 » 

4. » » » 170°—180° » 1 tirnnie 

P& de Idsningar, som framstallts enligt 1 och 2, utfdrdes biologisk provning 

av progesteroneffekten enligt svemska farniakopen, varvid Idsning 1 betrak- 
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ludcs soin slandardprcpiirjit. ICftcr oslronbeliandling erlioll varjt* kanin en 

dos av p/ov respcktivr standard inolsvarandt* 0,25 progesteron per in- 

jeklion. Vid dessa proviiingar erhdlls i samtiiga fall dcii eftcr progestcron- 

iK’hanfiling karakteristiska foriindringar i livinoderhornen nicd fullt ut- 

vecklad sokretioiisfas. Nagon kvaiititativ skillnad i effekt eftcr bcliaiidling 

ined Idsniiig 1 oeli 2 kunde ieke i nagot fall iakllagas vid den liistoiogiska 

iindersdkningcn. Itcsultalen av dc keniiska bestainningarna av progcsteron 

i Idsiiingarna 1 1 aterfinnas i necianst^ende labell. Soin framg^r av dcnna 

liar ieke nagon sdnderdelning av jirogcsleronct i dc p5 olika satt vatnie- 

bcliandlade losningarna kiinnal p^visas nied den anviinda inetodcn. 

Soliilion jjrogeslcronc, added progesterone, found 

niiinber nig/inl nig/inl 

1 5,28 5,2 

5,5 

2 5,28 

5,2 

3 5,28 

0,0 

, 5,1 

1 5,28 

«),«> 

0,3 

5,0 

(icnoni de erliAllna resultaten frAii saviil dc biologiska som kemiska prov- 

iiingarna liar franigatt, alt svenska farniakopens steriliseringsnictod I 3 b 

(iipi)liettning i variiiliift vid 140'"- 150° under 3 tininiar) viil torde lanipa 

sig soil) steriliseringsiiielod for oljcldsning av jirogestcron. Av dcnna anled- 

ning fdreslas fbljandc beredning.sfdreskrift for Injcclabilc progcsleroni, 
0,5 Vr. 

Progesleronuiii . 0,5 g 

Oleum araebidis . q. s. 

100 ’ iiii 

Progesleronel loses i jordndtoljan oeb Ibsningen avfyllcs pS for utlanman- 

det avsedda kiirl, vilka darefter steriliscras cnligt svenska farniakopens for- 

faringssiitl I. 3 b. Kg. v. 0,92. 

Anrn.: Svenska farniako])en upptager endast olivolja soni oljevchikel for 

iiijcktionslosningar. Knligt en undersdkning av Sandell (5) syncs jordnot- 

olja ur oxidationssynpunkt i allmanhct vara etl lainpligarc vehikel, och den 

bar diirfdr forcslagits i ovanstAcnde beredning. 

Till laboratorn vid Statens bakleriologiska laboratoriuni, incd. dr. Gimnar 

Norlin vilja vi franifora ett varint tack for dc vardcfulla rftd och den hjalp, 

som liimnats oss vid utfdrandet av de biologiska prdvningarna. 
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Snmnwrip 

The Swedish Pharmacopoeia specifies that Injeclio Progestcroni should 

be prepared in an aseptic way by dissolving progesterone in previously 

sterilized olive oil. From a bacteriological point of view the aseptic method 

is not very satisfactory. 1'he sterilization of a 0,5 '/(■ solution of progesterone 

in arachis oil by heating at 140° 150° for three hours has tlierefore been 

investigated. The j)rogester()ne effect of the healed solution has been 

compared with that of a standard solution tliat was not healed in the biolo¬ 

gical way prescribed in the Swedish Pharniaco])oeia. No difference in effect 

was found. The progesterone content of the two solutions has also been 

chemically determined. Such chemical determinations were also performed 

on two further solutions of progesterone, one heated at 140"—150" for 12 

hours, and the other at 170" 180° for one hour. No difference in pro¬ 

gesterone content was fouinl in the various solutions, (amsecjuently it is 

proposed that the injection he prepared by dissolving progesterone in 

arachis oil and then heating at 140" -150" for three hours. 

A.B. Realtryek, Sthlni leiO 



Sartryck ur Farmacevtisk Revy, 17, 265, 1949. 

Penicillinberedningars hallbarhet 
Av Ake Piding och Carl Oloj Rosni 

Apotekens konipositionslaboratoriuni 

( Inserted in Col. I’harni. Suec. IV. 1940) 

Resiiltatet av de senaste arens snahba ntveckling pa penicillinforskningens 
omrade bar bl.a. medfdrt, att penicillinets anviiiKlning icke enbart ar begran- 
sad till den parenterala terapiformcn. Xiiniera ingar penicillin soni verksatn 
bestandsdel i ett flertal olika farniaccvtiska beredningsfonner, sasorn salvor, 
tabletter, pastiller, sletn, vaginalsiipj)Ositorier ni.fl. Dylika beredningar finnas 
intagna i saval engelska soni amcrikanska fannakopcerna. Betraffandc deras 
medicinska varde iir det niiniera klarlagt, att de i manga fall aro lan^pliga ocb 
beriittigade (i, 2, 3). 

Vid bedomning av de olika j)enicillinberedningarnas liiniplighet maste stor 
vikt fiistas vid deras hallbarhet. J^enicillin ar kansligt for paverkan av flera 
olika faktorcr och sdnderdelas diirvid snabbt. Bristande kannedom oni vilka 
dessa faktorer voro, medfdrde till en borjan stora svarigheter att erhalla sta- 
bila preparat. Sedan kannedomen okat om vilka fdroreningar, som skadligt 
paverka penicillin, och allteftersom framstallningsmetoderna tdrbattrats, bar. 
forvaringstiden for de i handein forekommande penicillinsorterna avseviirt 
kunnat okas. Under senare ar har kristalliniskt penicillin av mveket hog ren- 
het funnits tillgangligt. Stabiliteten av dylikt synes vara mycket god. Saledes 
uppges kristalliniskt benzylpenicillinnatrium, fdrvarat i torrt tillstand. icke 
visa nagon inarkbar nedgang i styrka after ett ar (t6), och enligt ofFiciella 
amerikanska fdreskrifter far kristalliniskt penicillin after fdrvaring vid lOo'’ 
under 4 dygn hogst visa 10% nedgang i styrka (4). Fortfarande iir dock 
renheten hos de olika saluforda penicillinsubstanserna riitt varierande, vilket 
torde forklara de skiftande uppgifter oni penicillinets halll)arhet, som fdreligga 
i litteraturen. 



Vid fraiiistallning av farmacevtiska beredningar, innehallande penicillin, iir 
det nodvandigt, att till varje beredningsforni valja sadana konstitnentia, soni 
ge de inaktiverande faktorerna den minsta mojligheten att gora sig gallande. 
Dessutom niaste fdrvaring ske i lanipHg miljd. Manga undersdkningar ha ut- 
forts, frainst i de anglosachsiska landerna, for att ntrbna vardet av olika koin- 
positioner under olika forhallanden. 1 det foljande vskall lainnas en kortfattad 
oversikt, grundad pa i litteraturen tillgiingliga uppgifter, otn penicillmets ocli 
olika penicillinberedningars hfdlbarhet saint oin faktorer, soni pilverka denna. 

Penicillinets stabilitet ar starkt beroende av fuktighctshalten. 1 luirvaro av 
stdrre iniingd fiiktighet sker en snabb nedbrytning och inaktivering. [ officiella 
amerikanska bestaninielser (4) tilkUes cn maximal fuktighetshalt av 2,5 % i 
amorft penicillin och 1,5% i kristalliniskt. V'id bestamning av penicillinets 
hygroskopicitet har det visa! sig, att benagenheten att upptaga fuktighet ar 
starkt varierandc hos olika penicillinpreparat (5). Framfdr allt voro de amorfa 
formerna av natriumpenicillin starkt hygroskopiska och som fdljd av vatten- 
upptagandet agde en snabb inaktivering rum. Ju renare substanserna aro, 
desto mindre tycks benagenheten vara att taga upp fuktighet, och kristalliniskt 
natriumpenicillin G visade sig vasentligt mindre hygroskopiskt an de amorfa 
sorterna. Vid framstallning av vattenfria farmacevtiska beredningar rekom- 
menderades anvaiidning av kalciumpenicillin eller kristalliniskt natriunipeni- 
cillin G. 

Hallbarheten av penicillin, lost i vatten, synes vara starkt beroende av lbs- 
ningens pH. Penicillinets sbnderfall i vattcnlbsning ar en hydrolytisk spjiilk- 
ning av A-laktamringen, varvid bildas overksam penicilloinsyra och i sur lbs- 
ning penicillinsyra (2, ii). Maximal .stabilitet erhalles vid pH 6—('>,5 (6). 
Hallbarheten av penicillin, lost i destillcrat vatten, anges olika av olika fbr- 
fattare, men i allmanhet rbr det sig om nagra dagar vid rumstemperatur och en 
nagot langre tid vid fbrvaring i kykskap ( 2, 6, 7, 8, 16). 1 vissa fall har hall¬ 
barheten visat sig battre, nar amorfa penicillinsorter anvants (8). Detta torde 
kunna fbrklaras genom narvaron av buffrande fbroreningar. 

For att oka hallbarheten av vattenlbsningar av penicillin har undersbkts 
mojligheten att tilLsatta buffrande substanser i sadant fbrhallande att for peni- 
cillinet optimalt pH erhalles (2, 5, 6, 7, 8, 16). Diirvid forliinges nedbryt- 
ningstiden saval vid fbrvaring i rumstemperatur som vid lagre temperatur. 

Sma mangder av tunga metaller, sasom bly, jam, koppar och zink, ha vi.sat 
sig paskynda penicillinets sbnderfall i icke buflfrade Ibsningar (9). Siilunda 
visade en Ibsning, innehallande 2 500 1. E. penicillin och 0,2 7 koppar per ml 
en sankning av penicillinhalten med 32 % efter 6 dagar, medan en kontroll- 
Ibsning utan koppar under samma tid visade en sankning av halten med 16 %. 
Metallernas inverkan synes vara av katalytisk art. Om Ibsningar, innehallande 
sma mangder av tung metall, samtidigt utsattas for inverkan av luftens syre 
eller andra oxiderande amnen, okas sbnderfallshastighcten ytterligare (9). 
Organiska peroxider ha samma verkan. Av denna anledning maste oljor, vax 
m.m., som inga i penicillinberedningar vara peroxidfria. 

Sasom redan delvis framgatt av ovanstaende spelar fbrvaringstemperaturen 
en stor roll. Lag temperatur fbrdrbjer .sbnderdelningen av penicillinet. 

Vissa bakterier producera enzymer, penicillina.ser, som snabbt inaktivera 
penicillin. Av denna anledning ar det av betydelse att de har avsedda farma¬ 
cevtiska beredningarna framstallas aseptiskt och fbrvaras i sterila karl. 



Da cle storsta erfarenheterna rorande olika penicillinberedningars hallbarhet 
torde finnas samlade i Amerika, synes en kort redogorelse for officiella anieri- 
kanska foreskrifter angaende nagra olika penicillinpreparat kunna vara av in- 
tresse (4). 

1. Penicillin i olja och vax 
Beredningen utgores av en suspension av calciuinpenicillin eller kristal- 

liniskt penicillin i renad jordnotolja eller sesamolja, i vilken vitt vax ar dis- 
pergerat. Oin beredningen ar flytande, skall minst 50 % av det anvanda 
penicillinet utgbras av i)artiklar nied en storlek av minst 50^/. Styikan av 
preparatct skall vara 100000, 200000 eller 300.000 I. E. per ml. Innehallet 
av vitt vax i oljan skall vara 3 %, oni preparatets styrka ar hogst 200 000 
T. E. per ml, och 4,7—4,9 om .styrkan ar 300 000 1. K. per ml. Fuktighets- 
halten far utgbra hogst i %. Freparatet skall vara sterilt. Jordndtoljan, 
sesamoljan och det vita vaxet skall fylla amerikanska farmakopens (D. S. P. 
XI11) fordringar. Preparatct skall fbrvaras i steril, sliitcn behallare om hogst 
20 ml. Hallbarhetstid: om kristalliniskt penicillin anvants 18 manader, eljest 
12 manader. 

2. Penicillinsalva 
Denna skall beredas av calciuinpenicillin eller kristalliniskt penicillin i en 

salvbas av ullfett eller vaselin eller en blandning av dessa. Dessutom finnas 
vissa andra tillsatser, sasom vitt vax, gult vax, jordnotolja etc. angivna. Euk- 
tighetshalten far vara hogst 1 %. Styrkan skall vara'minst 250 1. 1*.. per gram. 
Salvan far innehalla hogst 50 mikroorganismer per gram. Renad jordnotolja 
skall anvandas, och varje annan komponent i salvan skall fylla fordringarna i 
U. S. ]\ XriT. Hallbarhet.stid: 9 manader vid fdrvaring under 15°. 

3. Ihiffradc pcnicillintahlciier 
Dessa skola beredas av natrium-, kalcium-, kalium- eller prokainpenicillin 

med till.sats av en eller flera buflFrande substanscr, t.ex. natriumcitrat, natriiiin- 
bensoat, citroii.syra, aluniiniunihydroxid, kalciumkarbonat, rnagnesiumoxid 
ni.fl. i mangd, som kaii utdva buffrande verkaii. Styrkan skall vara minst 
50000 1. K. per tcablett. Fuktighetshalten far vara hogst 1 %. \"arje .substans, 
som anvandes, skall upi)fylla fordringarna i IJ. S. J\ XIII eller National 
Formulary (N. F.). Hallbarhetstid: om kristallini.skt natrium- eller kalium- 
penicillin anvants 18 manader, eljest 12 manader. 

4. Penicillinsugtabletter 
Dessa skola beredas av natrium-, kalcium-, kalium- eller prokainpenicillin 

med tillsats av lampliga indifferentia. Styrkan av varje sugtablett far ej Vara 
mindre an 500 I. E. Fuktighetshalten far vara hogst i %. \"arje substans, 
som ingar i sugtabletterna, skall uppfylla fordringarna i U. S. P. XIII eller 
N. F. Tabletterna skola fdrvaras vid hogst is'". Hallbarhetstid: 9 manader. 

5. Penicillin’-sulfonanticl pulver 

Detta pulver skall vara sammansatt av kalciumpenicillin och sulfonamid 
eller sulfonazol. Det skall vara sterilt. Fuktighetshalten far vara hogst i %. 
Mangden av sulfonamid eller sulfonazol skall ej dverstiga 0,0125 g per 100 
I. E. penicillin. Hallbarhetstid: 9 manader. 



EGNA UNDERSOKNINGAR. 

Avsikten med foreliggande arbete bar varit att studera hallbarheten av ett 
antal penicillinberedningar, framstallda utan andra hjalpmedel an sadana, soni 
Annas pa varje svenskt apotek och under forhallanden, soni rada dar. Till 
samtliga provade beredningar bar anvants kristalliniskt benzylpenicillin- 
natriutn (ca i 500 1. E. per ing). (Wriga ingaende substanser ba utgjorts av 
varor, provbaltiga enligt svenska farniakopen. Harigenoni ba forfattarna bop- 
pats kunna draga vissa slutsatser betraflfande apotekens mojligbeter att fram- 
stalla ballbara penicillinberedningar. 

Temperatiirens inverkan bar undersokts genoni fdrvaring dels vid rums- 
temperatur, dels i kylskap. Utensilier och i lamplig grad aven konstituentia 
ha steriliserats enligt svenska farniakopens fbreskriftcr. Allt arbete bar skett 
aseptiskt. 

Aktiviteten bar bestanits niikrobiologiskt enligt den inetod, soni angivits av 
Diding-Sdderlundh (12). 

I. Vattenlosningar 

a) Som spadningsvatska for penicilinlosningar till injektion torde i de fiesta 
fall anvandas fysiologisk koksaltlosning. Med hansyn till vad tidigare angivits 
betraffande en accelererande inverkan pa penicillinets inaktivering av snia 
inangder tunga metaller bar det enligt var uppfattning varit av intresse att 
narmare undersoka inverkan av sadana niangder tunga metaller, som kunna 
maximalt forekomma i fysiologisk koksaltlosning, beredd av natriumklorid, 
provhaltig enligt Kcl XI. Da hallbarheten av buffrade penicillinlosningar, 
innehallande sma mangder tunga metaller, synes vara biittre an av obuflfrade, 
ha aven de forra prdvats. Fdljande buflFrade koksaltlosning med pH 6,5 bar 
darvid anvants som losningsmedel: 

Sek. natriumfosfat . 0,50 g 
Primart natriumfosfat. g 
Natriumklorid . 7 g 
Aq. sterilisata . ad i 000 ml 

Ldsningen bar steriliserats genom autoklavering. En liter av denna losning 
kan maximalt innehalla ungefar foljande mangder tunga metaller (Cu), oin 
de anvanda salterna arc provbaltiga enligt Ed. XI (10). 

Fran Natr. chloridum . 1407 
„ Natr. phosph. monobasic. 507 
,, Natr. phosph. dibasic. 207 

Totalt 2107 

Som jamforelse kan namnas att motsvarande losning, beredd med substanser, 
provbaltiga enligt U. S. P. XIII, maximalt skulle kunna innehalla: 

Fran Natr. chloridum . 35 7 
„ Natr. phosph. monobasic. 20 7 
„ Natr. phosph. dibasic. 57 

Totalt 60 7 

Foljande penicillinlosningar, samtliga av styrkan 10000 I. E. per ml, 
undersoktes. Som losningsmedel anvandes sterilt, glasdestillerat vatten, och 
de tillsatta salterna utgjordes av rena analysvaror: 



Lbsning: Penicillin lost i: 

I Aqua destillata 
II Aqua destillata 4- 50 7 metall per liter (Pb och Cu) 
III Aqua destillata + 200 7 metall per liter 
IV Sol. natr. chlor. physiol. 
V Sol. natr. chlor. physiol. 4- 50 7 metall per liter 
VI Sol. natr. chlor. physiol. 4- 200 7 metall per liter 
VII Buffrad koksaltlosning 
VIII Buffrad koksaltlosning + 50 7 metall per liter 
IX Buffrad kok.saltlosning -f 200 7 metall per liter 

Varje lasning dispenserades pa tva flaskor, av vilka en forvarades vid rums- 
temperatur och en i kylskap. 

Resultaten av .styrkeprovningarna framga av tabell i, varvid penicillinstyr- 
kan angivits i procent av hegynnelsehalten. 

Tahcll / 

Losning Temp. 
Antal dagar 

I 3 5 7 12 18 35 

I 4“ 96 92 89 * 91 94 81 

I 20'' 98 65 
11 4” 96 98 93 94 89 66 
11 20"" 100 .A

 
ty

i 0
 

III 4° 95 95 90 94 81 56 
HI 20'^ 9a < 50 
IV 4° 104 105 95 90 91 67 
IV 20" 90 70 
V 4 100 97 87 93 91 57 
V 20" 95 < 50 
VI 1 4^ 98 100 94 90 ~ 56 
VI 20" 89 A

 
U

t 0
 

VII 4^’ 100 94 94 97 97 95 
VII 20'’ 102 100 9a 0 
VIII 4^ 98 96 91 94 98 98 
VIII 20'’ 100 100 0 
IX 4^ 96 99 92 92 96 90 
IX 20"" 103 lOI 0 

.SAMAIANFATTNlNd: 

Av tahellen framgar, att fiirvaringstemperaturen i samlliga fall visat sig ha 
en mycket stor hetydelse. Vidare framgar tydligt den okade hallharheten i de 
buffrade losningarna. I dessa, forvarade i kylskap, iir nedgangen relativt ohe- 
tydlig efter 35 dagar. Forvarade vid 20° visa de full aktivitet efter 5 dagar, 
medan daremot efter 35 dagar ej pavisbar mangd penicillin fmnes kvar. I de 
buffrade losningarna, i mot.sats till de dvriga, kan ej heller nagon inverkan av 
de tillsatta metallerna iakttagas. 



b) De ovati undersokta losningarna voro relativt hogpotenta. Som ogon- 
droppar anvandes en svagare beredning, dar styrkan ar 500 I. E. per ml. b'n 
sadan losning undersoktes aven, varvid kristalliniskt benzylpenicillinnatrium 
lostes i Sol. natr. chloridi physiologica. Losningen forvarades i sterila ogon- 
droppsflaskor a 10 ml, dels i kylskap, dels vid rumstemperatur. Undersok- 
ningama gavo foljande resiiltat (penicillinets styrka ar angiven i procent av 
den urspnmgliga halten): 

Tahell 2 

Temp. 
Antal dagar 

I 4 7 

4“ 99 94 8s 
20° 99 91 75 

Samtidigt utfordes forsbk med kristalliniskt benzylpenicillinnatrium, lost i 
buffrad koksaltlosning med tidigare omtalad sammansattning. Lbsningens 
styrka var aven hiir 500 I. E. per ml, ocb den forvarades i sterila bgondropps- 
flaskor a 10 ml (tabell 3). 

Tabell 3 

Temp. 
Antal dagar 

10 22 

4“ 95 88 

Fbrvarad i rumstemperatur visade en likadan losning efter 25 dagar 
mindre an balften av den ursprungliga mangden penicillin. 

SAMMANFATTNTNG: 

Penicillinlbsning (500 I. E. per ml) beredcl av kristalliniskt penicillin ocb 
med buffrad koksaltlosning som losningsmedel bar vid forvaring i kylskap 
sjunkit med ca 10 % efter 20 dagar. For motsvarande ickc buffrade losning 
sjonk halten under samnia betingelser pa 7 dagar ungefar 15 %. Ur hallbar- 
hetssynpunkt torde det darfdr vara lampligt att som losningsmedel for penicil- 
Hnlosningar anvanda buffrad koksaltlosning. 

2. Slem 

I litteraturen finnas angivna flera olika kompositioner. Enligt engelska 
uppgifter (i) minskades halten i dylika beredningar 20 % under tre veckor i 
kylskap, medan andra uppgifter tyda pa en nedgang till 8“5 % efter 8 dagar 
(2). 



Har har provats ett slem med foljande samniansattning: 

Benzylpenicillinnatriuni (kristalliniskt) - looooo I. E. 
Cellugel super . 2,5 g 
Klorkresol . 0,1 g 
Aq. stcrilisata. ad 100 g 

Cellugel super loses i vattnet genom autoklavering vid 120° i 20 min. Till det 
erhallna, avsvalnade slemmet sattes sedan aseptiskt klorkresol och penicillin. 
Styrka: i 000 1. E. per gram. Beredningen fdrvarades i glasproppijurkar a 
10 g, dels i kylskap, dels vid rumstemperatiir. Foljande resultat erhollos 
(penicillinets styrka ar angiven i % av den ursprungliga halten): 

'J'abell 4 

Temp. 
Antal dagar 

1 5 8 11 15 18 37 

4° 107 lOI 87 93 86 67 

ao° 107 8.1 73 <50 

Diirjamte gjorde.s ett slem, diir Cellugel super Idstes i den tidigare angivna 
buffrade koksaltlosningen. Denna beredning visade sig emellertid ha en 
mycket tunnllytande konsistens, varfdr konipositionen ansags olamplig och 
inga hallbarhetsprov utfordes. 

.SAMMANFATTNINC: 

Det prdvade penicillinslemmet visade efter cirka 10 dagars fdrvaring i kvl- 
skap en nedgang i styrka pa ungcfar 15 %. 

3. Salvor 

Penicillinsalvor kunna indelas i tva betraffande hallbarhcten vasentligt 
skilda grupper, namligen vattenhaltiga och vattenfria salvor. De vattenfria 
salvorna iiro betydligt stabilare, fdrutsatt att det ingaende penicillinet icke ar 
hygroskopi.skt och bvriga substanscr aro peroxidfria (i, 2, 5, ly). Kliniska 
erfarenheter tyda emellertid pa att den terapeutiska eflFekten iir markbart 
battre i vattenhaltiga salvor (2, 13). 

Av vattenhaltiga salvor har dels provats sadana av emulsionstypen vatten 
i olja, dels av typen olja i vatten. Nagon namnvard skillnad i hallbarhet mel- 
lan dessa tva synes icke foreligga (2). 

a) Hallbarheten hos foljande vattenhaltiga salva har provats: 

Benzylpenicillinnatrium (kristalliniskt) _ too 000 1. E. 
Unguentum molle . 75 g 
Aq. sterilisata. 25 g 



Penicillinet lostes i det sterila vattnet, och losningen inarbetades aseptiskt i 
den steriliserade mjuka salvbasen. Styrka: i ooo I. E. per gram. Salvan for- 
varades i salvbiirkar a lo g, dels i kylskap, dels vid rumstemperatur. Foljande 
resultat erhollos (penicillinets styrka ar angiven i procent av den ursprung- 
liga halten): 

Tabell 5 

Temp. 
Antal dagar 

I 6 10 11 17 32 42 

■ 98 lOI 100 78 72 65 B 98 92 78 

I en annan beredning anviindes i stallct for aqua sterilisata en steril biiffrad 
koksaltldsning med den sammansattning, som tidigare angivits: 

Benzylpenicillinnatrium (kristalliniskt) .... rooooo 1. E. 
Unguentuni molle . 75 g 
Buff rad koksaltlosning (steril) . 25 g 

Denna salva bereddes pa niotsvarande satt som foregaende och f()rvarades i 
kylskap i salvburkar a 10 g. Foljande resultat erhollos (penicillinets styrka ar 
angiven i % av den ursprungliga halten): 

Tabell 6 

Temp. 
Antal dagar 

I 25 52 

4° 100 82 84 

SAMMANFATTNJNG: 

Av resultaten framga, att den provade vattenhaltiga, buffrade penicillin- 
salvan efter 50 dagars forvaritig i kylskap visat en nedgang i penicillinaktivitet 
pa mindre an 20 %. 

b) Foljande vattenfria salva har pro vats: 

Benzylpenicillinnatrium (kristalliniskt) _ 100000 I. E. 
Vaselin . 89 g 
Paraffin, liq. i g 
Adeps lanae . 10 g 

Styrka: i 000 I. E. per g. Salvan forvarades i salvburkar a 10 g, dels i kyl¬ 
skap, dels vid rumstemperatur. De i kylskap forvarade burkarna voro paraf- 
finerade for att utestanga luftens fuktighet. Penicillinaktiviteten minskade 
enligt nedanstaende tabell 7 (penicillinets styrka ar angiven i % av den ur- 
sprungliga halten): 



Tabell 7 

Temp. 
Antal dagar 

2 7 12 18 29 32 34 37 41 ' 74 

4° 106 los 78 80 75 

20° 106 99 89 90 62 67 
1 

64 

SAMMANFATTNING: 

Trots forvaring vid lag teniperatur och i skydd for luftens fuktighet sjonk 
penicillinhalten i den prdvade salvan ined ca 30 % efter ungefar 2V2 manad. 
For den i rumstemperatur fdrvarade salvan sjonk halten iinnii snabbare. Soin 
fdriit nanints, angives i anierikanska foreskrifter en hallbarhetstid av 9 mana- 
der pa salvor av inotsvarande slag (4). De salvbaser, soni anvandes vid den 
av oss prdvade salvan utgjordes av farinakopevaror. Med hiinsyn till peni- 
cillinets kanslighet for peroxider synes det ligga nara till hands att antaga, 
att den relativt snabba nedgangen av penicillinstyrkan kan ha berott pa oxida- 
tionstillstandet i det anvanda fettet. Salunda har visats^, att adeps lanae, prov- 
haltigt enligt svenska farniakopen, kan halla hog halt av peroxider (14). For 
att erhfilla battre hallbarhet pa vattenfria penicillinsalvor torde kriivas speci- 
ella fordringar betraflFande oxidationstillstandet av ingilende fetter. 

4. Pcninllinsuspension i olja och vox 

Fdljande koniposition prdvades: 

lienzylpenicillinnatriuin (kristalliniskt) .. 10000000 L\\. 
Cera alba. 3 g 
01. arachidis . ad 94 g 

Vaxet och oljan snialtes tillsaniinans och steriliserades. IVnicillinet rdrdes ut 
till en homogen inassa med en liten del av den ungefar 50® varma oljebland- 
ningen, varefter resten tillsattes efter hand, lieredningen fdrvarades i glas- 
proppburkar a to g, dels i kylskap, dels vid rumstemperatur. Fdrslutningarna 
voro paraffinerade. Resultaten av styrkeprovningarna framga av tabell 8 
(penicillinets styrka ar angiven i procent av den ursprungliga halten): 

Tabell 8 

Temp. 
Antal dagar 

I 6 8 12 29 35 42 SO 75 

■ 104 111 

00 80 

B 104 lOI 103 77 



SAMMANFATTNING: 

Penicillinsuspension i olja och vax har vid forvaring i kylskap efter ca tva 
jnanader visat en nedgang i styrka pa tingefar 15—20%. Motsvarande be- 
fedning, forvarad i runisteinperatur, har visat iintm snabbare nedgang. Or- 
saken till det relativt snabba sonderfallet, som iir stbrre, iin vad man har an- 
ledning att vanta med hansyn till amerikanska uppgifter, torcle lik.som vid den 
vattenfria salvan hero pa peroxider i ingaende vax och olja. 

5. Penicillin sugtabletter 

Som tidigare omnamnts angives i officiella amerikanska foreskrifter en h&ll- 
barhetstid pa 9 manader for penicillin sugtabletter, nar de fiirvarats i tatt- 
slutande forpackning vid en temperatur under 15°. Betriiffande det ingaende 
penicillinet tillates anvandande av amorft penicillin. Av danska undersdk- 
ningar framga (15), att hallbarheten av penicillin sugtabletter okas, oni tablet- 
terna beredas med kristalliniskt penicillin. Dessutom synes (let vara av stor 
betydelse, att tabletterna forvaras skyddade for fuktighet och darfbr fore- 
skrives, att de omedelbart efter framstiillningen skola fyllas pa for utlam- 
nande avsedda karl. vilkas forslutning skall overdragas med fast paraffin. 

I foreliggande undersokning har hallbarhetsprdvningen utforts pa tabletter 
av styrkan 500 I. E. per sugtablett. Vid framstallningen har anvants dels 
kristalliniskt och dels amorft penicillin (ca i 150 T. E. per mg). Komposition 
och beredningssatt har varit foljande (efter danska rekommendationer): 

Benzylpenicillinnatrium (kristalliniskt) _ 550000 I. E. 
Sacchar. lactis anhydricum . 50 g 
Saccharum pulv. (940 g 
Acid, stearicum. 10 g 
Aether. 200 ml 
Spirit, dibit. q. s. 

Harav bereddes i ocx) tabletter pa foljande satt, Rorsockret granulerades med 
den utspadda .spriten, och granulatet torkades under tva timmar vid 105°. 
Penicillinet, utrivet med det vattenfria mjblksockret, blandades med det torra 
granulatet. Stearinsyran Idstes i eter och sprayades over denna blandning. 
Efter eterns avdunstning slogos omedelbart tabletter a i g. Vattenfritt mjolk- 
socker bereddes av pulveriserat mjolksocker genom torkning vid 130° till kon- 
stant vikt. Vid tablettslagningen skall granulatet vara fullstandigt torrt, och 
luftfuktigheten i arbetsrummet hallas lag. Tabletterna skola vid framstall¬ 
ningen omedelbart uppsamlas i for utliimnande avsedda karl, vilkas forslut¬ 
ning overdrages med en tunt lager fast paraffin. 

Tabletterna ha forvarats i tablettburkar, dels vid rumstemperatur, dels i 
kylskap. Forvaringen har skett i burkar med paraffinerade lock. Resultaten 
framg& av nedanstaende tabell 9 (penicillinets styrka iir angiven i % av den 
ursprungliga halten). 



Tahcll () 

Losninj< Ternperatur 
Antal dagar 

I 30 60 120 

I 103 100 100 94 
I 20” 100 89 83 
11 4‘-‘ 96 8s 82 

II 20^ 100 79 70 

(I. J’enicillinsugtabletter, bereclda iiicd kristalliniskl penicillin och II. Peni- 
cillin.sugtabletter, bcredda nied ainorft penicillin.) 

SAMM .ANFATTNING: 

Re.snltaten vi.sa, att ])enicillinsugtabletter frain.stallda ined kristalliniskt 
penicillin och fdrvarade i ])araffinerade burkar i kylskap icke namnvart ned- 
gatt i styrka efter 4 ni.anader. Mot.svarande taldetter I'rani.stallda nied ainorft 
penicillin ha visat en nagot .samre hallbarhet. For att iinder.sdka paraftine- 
ringens betydel.'^c har aven ansatts en .serie fcinsok ined tabletter forvarade ])a 
icke paraflinerade burkar. Des.sa fdr.sdk aro annu icke av.slutade, men hittills 
erhallna resultat tyda pa att hallbarheten hiirvid blir avseviirt inindre. 
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SUMMARY 

The stability of crystalline penicillin in some pharmaceutical preparations 
has been investigated. 

Aqueous penicillin solutions, containing traces of heavy metals (50—200 
microgram Pb and Cu per i 000 cc solution) showed after 35 days a greater 
loss in activity than solutions prepared without metals (storing temp, 4°), 
Furthermore the decomposition was considerably retarded in solutions con¬ 
taining 0,01 m phosphate buffer. 

A water-containing penicillin ointment buffered with 0,01 m phosphate 
buffer retained 80 % of its activity after 50 days (storing temp. 4°). 

Anhydrous penicillin ointment and penicillin suspension in oil and wax 
showed 25% resp. 20% loss in activity after 75 days (storing temp. 4®). 
These unsatisfactory results are believed to depend on oxidising agents in the 
vehicles used. 

Troches penicillin showed no significant loss in activity after 120 days 
(storing temp. 4°). 



Saitryck ur Svemk Fnrnuict'utisk Tidskrifl nr 34 19^9* 

Adeps lanae i vattenfria penicillinsalvor. 

Av X. A. Diding ocli E. Snndidl 

(Inserted in ('.ollectanea Phannaceiitiea Siieeica IV, 1949) 

Fr^ui Apotekens konipositionwSlaboratoriuiii oeh Farniaeevtiska institutet, 
avd. for farniacevtisk teknoloj^i. 

Penieillinsalvor av olika .slag lia nuniera slor anviiiKining for behandling 
av infektiosa luid- ocli 6gon.sjukdoinar, briinnskador in. in. l)e salvor, som 
diirvid rekoniinenderats, iiro ined bansyn till sin saniinansattning oeh h&ll- 
barhet av tvA olika luivudtyper, nainligen vattenhaltiga och vattenfria. 

Redan pi\ (drliand kan antagas att vattenhaltiga salvor tilltUa en snabbare 
diffusion av penieilliiiet Mn salvan, sk att ined deni hdgre penieillinkoncen- 
tralioner kiiniia erli^llas iiioin beliandlingsoinrAdet. Undersbkningar i delta 
avseende ha hitlills frainfor allt utforts soin in vitro-fbrsbk, soin avse att efter- 
likna do fdrhftllanden, under vilka preparaten anvandas. S^lunda framh&lla 
Cliinier och Ferlanto (1) cfter dylika fdrsok, att penicillinels tillganglighet 
iir avseviirt biittre i salvor av typen olja i vatten iin i vattenfria salvor. Samma 
forh&llande ange ocksft Biichi och Gundersen (2) efter diffusionsforsok p& 
agarplalior, varvid ingen soin heist effekt erholls ined vattenfri salva. Culler 
(3) diireniot anger efter anvandning av sainina inetodik tydlig diffusion aven 
Mn olika vattenfria salvor och drager den slutsatscn, att detsainina kan 



viintas ske, da sadan salva appliceras pa s^r idler anviindes som dgoiisalva. 

Dylika inodellforsok ge givetvis vardefulla upplysningar, men siikra slilt- 

satser om den farmakologiska effekten vid olika anvandningssatt kiinna 

knappast dragas. Harfor erfordras kliniska undersokningar, ocdi sadana sy- 

nas ej foreligga i samina iitstrackning. Belloufs (4) anger kliniskt goda resul- 

tat nied vattenfria ogonsalvor, Jiksom iiven Biichi och Giindersen (2). Vid 

derinatologisk anvandning dareniot finna Storck och Gundersen ((>) o/v-sal- 

vor overlagsna. CuUer (3) kan hiinvisa fill goda erfarenluder nied vattenfria 

salvor. 

Kngelska farinakopen upptager sAviil vattenhaltig soin vattenfri penicillin- 

salva. I officiella ainerikaiiska fdreskrifter (5) npptages endast vattenfri 

])enicillinsalva. 

Oni sAlunda resorplionsforhallandena for olika salvty])er ej torde vara belt 

klarlagda, kan det dareniot nied bestamdliet siigas, att del i frAga oin liAll- 

barlieteii fbreligger en bestiimd skillnad inellan de IvA huvudlyperna av pe- 

nicillinsalvor. Valtenlialtiga penicillinsalvor iiga en i jiimfbrelse nied de vat¬ 

tenfria niyeket begiiinsad liAllbarhet oeb iitgbra av denna anledning typiska 

extemporeberedningar. Vattenfria penicdllinsaivor uppvisa diirenot om de 

beredas pA liimpligt siitt god liAllbarbet. Knligt anierikanska fdreskrifter (5) 

fAr vattenfri penieillinsalva lagerhAllas under ett Ar, oni fdrvaringen sker vid 

lagrc temperatiir iin Id'’ oeli eljest 9 inAnader. (nillande engelska fannakope 

fdreskriver for salva av sainnui typ lagring i skydd for fuktigliel och vid lAg 

temperatiir, heist ej over 15% men anger ingen fixerad liAllbarhetslid. Den 

vattenlialtiga Cremor penicillini skall dareniot beredas for tillfiiJIet. 

Denna goda liAllbarbet av vattenfria salvor uppnas dock ej generellt utan 

kriiver beaktande av Atskilliga faktorer sAsom iienieillinets kvalitet, fiik- 

tighetsbalten, fdrvaringstemperatur saint renbeten av ingAeiide konstituentia. 

Woodard (7) framliAller sAliinda, att ainorft penieillinnatriiim bar stdrre 

tendens alt iipptaga fiiktighet iin krislalliniskt salt oeb diirfdr iir oliiinpligt 

alt anviinda i dessa sammanbang. Annii biittre stabilitet iippvisar iienicillin- 

kalcium. Cidter (3) visar, att orent penieillinnatrium (400 I.E./mg) bade 

mycket begriinsad liAllbarbet iiven i vattenfria salvbaser, inedan ganska god 
stabilitet uppnAddes nied orent penicillinkaleiiim (500 *050 l.E./mg). Minst 

lika tillfredsstallande resiiltal erbolls emellerlid nied krislalliniskt penicitlin- 

natriuin eller -kalium (c:a 1000 l.E./mg). SAlunda visaiie en penicillin- 

salva inneliAllande 500 I.b^. per g av krislalliniskt penieillinnatriiim en ned- 

gAng av 14 % i styrka efter ett Ar, niedan motsvarande salva inneliAllande 

orent penieillinnatriiim redan efter 2 veekor nedgAtt till mindre iin hiilflen 

av den iirspningliga styrkan. Salvbasen iilgjordes i bAda fallen av boiiuills- 

froolja (5 %) och vaselin (95 %). Tydligt biittre liAllbarbet erbolls ofta, dA 

salvorna forvarades i kylskAp. 

Biichi och Gundersen (2) provade liAllbarbeten av en vattenfri penicillin- 

salva innehAllandc 1000 l.E. per g, diir salvbasen utgjordes av 15 % ullfctt, 

50 % vaselin och 35 % flytandc paraffin. Forvarad vid rumstcniperatur vi- 

sade denna .salva en snabb nedgAng i .styrka; efter 10 dagar Aterstod 85 %, 

efter 00 endast 40 % av den iirspningliga styrkan. Den snabba nedgAngen 

antaga forfattariia bero pA den fuktighet, soin salvan pA griind av peni- 

cillinets bygroskopicitet upptagit under beredningen. 
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Av siirskilt intresse aro dc imdersokningar av penicillinsaJvors liallbarhet, 

soil! iitforts av Woodard i tidigare niuiint arbetc (7). Diir visas forst, att 

peniciIJinsalvor av styrkan 25000 I.E./gi beredda iiitMi kristalliniskt peni- 

cillinnatrium ocli flytandc paraffin—vaselin som has, ba oforiindrad styrka 

efter 4 ni&naders Jagring vid runisteniperatur. Svagare salvor diireinol (650 

l.E./g) iippvisa d^lig hftllbarhet under sainnia lagringsforli^llanden: efter 

4 niSnader erliolls en nedgAng i styrkan av onikring 40 

Woodard iittalar den forniodan, att i sal van iiarvaraiide fiiktighet 

( ; 0,1 %) kan orsaka forstoringen av penieillinet, dft detta foreligger i 15g 

koiicentration i salvan. Hiirfdr tala nfigra jainforande forsok ined salvor 

inneh&ilande penicillinkalciiiin i sainnia koncentration, vilka visa att detta 

iiiera fiikliglietsresistenta salt utniarkes av god stabilitct i dessa beredningar. 

Men dessiitoin franiliigges den teorien, att ullfettalkoholer (Alcoholia Lanae), 

vilka tillsatts vaselinet i de svagare salvberedningarna, kiinna spela cn viss 

roll. Det visade sig naiidigen, att penieillinnatriiimsalva beredd ined nyheni- 

koininen s^dan prodiikt, var betydiigt h5Ilbarare iin niotsvarande tidigare be- 

redning. Woodard franib^ller darfor att iillfettalkoliolerna iiro iitsatta for 

oxidation vid liingre tids lagring, oeli att hiirvid bijdade produkter kiinna 

fbrstbra penieillinet. Det biiiivisas till iippgifter av Smith (8), att organiska 

peroxidcr (i butanol oeb eter) inaktivera penicillin ocb att oxiderade oljor 

bora undvikas vid franistallning av penicillinberedningar. Hiir in^ dock 

framh&llas, att dc naiimda proven av ullfettalkoholer vid undersokning vi¬ 

sade praktiskt taget sainnia per()xi<llialt, varfor dessa forsok knappast utgora 

direkt stod for oxidationsteorien. 

1)^ det vid bar tidigare utforda for.sok (9) visat sig, att biMIbarbeten av 

vattenfri penicillinsalva, innebiillande 10 % ullfelt saint vaselin, var pfi- 

fallande d&lig i jainforelse ined uppgifteriia i anierikanska forcskrifter, an- 

sAgs att ullfettets roll borde narniare provas. Ungefar saiiitidigt bade nani- 

ligeii i annan undersokning (10) franikoniiiiit, att i bandeln forekoniniande 

ullfett ofta ar starkt oxiderat. 

Kannedoinen om ullfettets saniinansattning iir aiinii l^ngt ifrSn fullstandig. 

Den ofortvSlbara delen utgor onikring 40 % ocb inneb&ller friinist kolesterol. 

Bland ing&ende .syror anses vissa oxisyror .sc^soni iiiest karakteristiska enligt 

senastc uppgiftcrna p& oniradet, angivna av Bertram (11). 

Ullfettets kansligbet for oxidation synes foga uppniarksainniad inom far- 

niacien, utan produkten anses i stallct soni .synnerligen stabil. Ett stort antal 

kemiska arbeten bebandla eniellertid oxidationcn av kolesterol under inver- 

kan av ljus ocb luftsyrc. En saninianfattning ges av Berffstrom (12) i sain- 

band nied cn onifattande undersokning p& onir&det. Oxidationen tiger rum 

vid CHs-grupp narmast intill dubbelbindningen under bildning av peroxider 

saint bl. a. keto- ocb oxi- kolesterol. 

Experimentellt. 

I det foljande fraiiilagges endast en forsta undersokningsserie over saiii- 

bandet mellan peniciliinets bAllbarhet och oxidationstillstSndet bos ingA- 

ende ullfett i vattenfri salva. 
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Olika prov av ullfett insaniJades i handcln, och si\dana nied for iinder- 

soknin^en lainpliga poroxidvarden utvaldcs. Vid tidigare kontroll liade 

sanilliga visat sig provhaltiga ciiligt farmakopens forcskrift, nu kontrollera- 

des endast att foreskriftens prov p^ fri syra saint pa vatteniitdragets pcrinaii- 
ganatforbrukniiig fortfarande uppfylidos. 

Do utvalda pro von hado fdijaiide poroxidhalt, iittryokt sasoiii forbrukning 

av N7100 natriiimtiosulfat (ml) por g iillfott vid bostiiinning onligt Wheelers 

nietod. 

I 0,71 \’ 1,22 

II 1,14 VI 4,2 

III 1,05 VII 7,7 

IV 1,24 Vlll iS,2 

Provon IV och V iitgjordos av I, som fbrsatls mod 0,01 Vc pro])yl- 

gallat rospektive 0,01 Vc NDGA (*nordihydrogiiaiarolio acid»). 

Undor anvandande av dossa &tta prov av iillfett framstiilldos lika manga 

penicillinsalvor av foljande sammansiittning: 

Ponicillinnatrium krisl. (c:a 1()00 l.E./mg) . 100000 T.E, 

Adeps lanao. 10 

Vaselin . ad fOO g 

Salvorna forvarados i burkar av brunt glas mod bakolitlock, vid riims- 

temporatur och i skydd for ljusot. 

Undor forvaringon bostamdos salvornas ponicillinhalt mod vissa mollan- 

rum onligt cylindorplattmotodon i bar tidigaro iitarbotad modifikation (13). 

For varjo bostamning invagdos era 1 g salva i sojiarortratt orb skakados mod 

30 ml otor. PoniciJlinot oxtraborados mod 4x25 ml biiffortlosning (pH 0,5), 

varoftor don orluHIna losningon spiiddos mod buffort till onskad koncontra- 

tion. Hosultatoii av baltbostamningarna (I.E. por g salva) ba sammanstallls 

i nodanstaondo taboll. 

Salva 

nr 7 

Antal 

15 

d a g- a r 

60 105 

I 910 840 810 750 

11 1040 810 680 740 

III 940 790 830 730 

IV 
KKKll.Eg 

960 870 780 

" 920 870 790 820 

vr 750 610 410 410 

Vll 900 750 620 430 

Vlll 970 850 490 420 

Dot framgar, att do iindorsokta salvorna ur h&llbarhetssynpunkt iitgora 

tv& lydligt at.skilda grupper, I—V och VI—VIH. De forra ha beretts av obe- 
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tydligt oxiderat ullfett, de senare av ganska starkt oxiderat. Nedgiingcn i slyr- 
ka ulgjordc i niedeltal 24 % efter 3 Ms m^n. lagring av I—V, inedan inotsva- 

rande vardc for griippen VI- ~VII1 var 58 %. Inoin griipperna kiiiina inga 

signifikativa skiJlnader konstateras. 
Under lagringen iindersoktes aven peroxidhalten av de olika salvorna. 

Donna dkades tydligt i de fiesta proven men visade n5gon Hedging i de med 

antioxidantia forsatta, IV och V. Erlu^llna varden ge eniellertid ingen ytter- 

ligare ledning vid bedomning av h^llbarhetsresiiltaten. 
Det iir s^lunda tydligt, att iippmarksainhet bbr iignas ullfettcts oxidations- 

tillst^nd vid beredning av vattenfria pcnicillinsalvor, inneh^llande denna 

produkt. Vissa svarigbeter torde eniellertid ofta fbreligga att erhalla iir den¬ 

na synpiinkl inviindningsfri vara, eftersom oxidationstendensen i sainband 

med lagring ej iir obetydlig, Mojligheterna till konservering av ullfett bora 

bland annat prdvas. 

Siunnutrif. 

In this paper the stability of penicillin ointments containing wool fat and 

white soft paraffin is studied. It is shown that the oxidation condition of the 

wool fat is a factor of decisive importance. Ointments containing crystalline 

sodium penicillin (1000 l.E./g) and 10 % wool fat rtf low peroxide values lost 

on an average 24 % of their initial activity in 3 Mr months at room tempera¬ 

ture, while ointments containing wool fat of high peroxide values lost 58 % 

in the same period. 
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Fluorimetric Determination of Adrenaline III. 

The chemical structure of the fluorescent compound 

By In^e FJirlen 

(Apotekens kontrollaboratorium, Stockholm) 

This paper will be inserted in Coll. Pharm. Suec. IV, 1949. 

In coniK'Ction with a report on the determination of adrenaline by the 
fluorescence method 1 put forward the opinion that the fluorescence appearing 
at the oxidative degradation of adrenaline is due to i-methyl-3,5,6-trihydroxy- 
indole formed from adrcnochrome by an intramolecular rearrangement (i). 
The proposed formula was based partly on experiments described in the paper 
and partly on similarities to the conditions of the mclanine formation from 
dihydroxypheiiylalaninc. 

In addition to the literature cited in the preceding paper there will be 

mentioned here a pa])er by Rangier (2) in which he considers the fluorescent 

compound to be i-methyl-2,3-dihydro-3,6,7-trihydroxy-indole. Cohen (3) claims 

that adrenochrorne is at lirst converted into oxoadrenochrome which is the 
5,6-quinone of i-methyl-indoxyl. 

The purpose of the present investigation is a further study of the formation 

and of the chemical properties of the fluorescent compound. 

Experiments carried out in order to isolate the compound were not successful. 

An attempt to obtain the acetyl derivative in the following way was made. 

A concentrated solution of adrenochrorne in pyridine was gently heated in a 

test-tube where the air was expelled by a stream of nitrogen. Acetyl chloride 

was then added. The olive-green greasy masses formed could, however, not be 

further purified. 
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Spectrophotometric measurements made during the adrenochrome trans¬ 
formation did not give the absorption spectrum of the fluorescent compound 
with any degree of certainty. On the other hand the results from polarographic 
analyses were worth attention. 

The polarographic behaviour of adrenochrome has previously been investig¬ 
ated by Wiesner {4). He found i. a. that the cathodic wave obtained in a solution 
of adrenochrome containing sulphite or dithionite was gradually transformed 
into a cathodic-anodic wave indicating a partial reduction to leuco-adreno- 
chrome. At this reduction the wave-height decreased and simultaneously a new 
cathodic wave at a potential about 0,7 V more negative developed. The new 
w;ave he attributed to an addition compound between sulphite (or dithionite) 
and an adrenochrome derivative, formed in a reaction competitive to the 
reduction, 

Wiesner has also studied the melanization of dihydroxyphenylalanine 
polarographically (5) and his results confirmed the course of oxidation of this 
compound originally proposed by Raper, as he proved the existence of an 
oxidation wave from a substance formed from the “red quinone^’. In connection 
with this, Wiesner calls attention to an analogous oxidation wave in adreno¬ 
chrome solutions. It seems possible to him that adrenochrome could be subject 
to an intramolecular oxydo-reduction. Wiesner is not brought in contact with 
the fluorescence problem. 

Experimental 

In a polarographic cell neutral or alkaline aqueous solutions of adreno¬ 
chrome were allowed to rearrange spontaneously in the absence of air. The 
mercury was continuously dropping and at regular intervals current-potential 
curves were recorded. Simultaneously the intensity of the fluorescence of the 
solutions was measured. From data obtained from the current-potential curves 
the velocities of the rearrangement of adrenochrome and of the formation of 
degradation products with other polarographic characters were determined. 

By the polarographic determination an instrument constructed in this 
laboratory was used (6). The instrument is intended for manual operation 
The iR-drop in the cell circuit was subtracted from the applied voltage before 
the current-potential curves were plotted. The cell resistance amounted to 
between 1.200 and 1.300 ohms in all experiments. The resistance of the galvano¬ 
meter was 12.300 ohms and its sensitivity 0,0615 /«A/scale division. The current 
is below always expressed in galvanometer scale divisions. A saturated calomel 
half-cell was used as reference electrode. 

The solutions to be investigated were prepared by dissolving pure adreno¬ 
chrome in buffer solutions, which were prepared from 0,1 molar solutions of 
potassium dihydrogen phosphate or of sodium hydrogen carbonate to which 
sodium hydroxide solution was added to suitable pH. The solutions contained 
as a maximum suppressor 10 drops of a 0,5 per cent gelatin solution per 50 mis. 

Tank nitrogen led through an alkaline sodium dithionite washing solution 
Was used to remove dissolved oxygen from the solvent and from the solution 
in the cell and also to keep the atmosphere above the solution free from air 
during the experiment. 
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The ciirrent-])()tontial curves were prepared by measurements of the current 
at applied voltages over the range from + 0,3 V to - - 2,0 V (vs SCE). In the 
anodic part of the curve the galvanometer deflection was usually observed at 
intervals of 25 mV and in the cathodic part usually at intervals of 100 mV. 

Ten minutes were required to obtain a total current-potential curve. During 
the following 10 minutes the fluorescence was determined. Then a new series 
of c.-p. measurements was begun and so on. The diffusion current at a certain 
])otential as well as the fluorescence were thus determined every 20th minute. 
(In the concentration range examined the diffusion current is known to be a 
linear function of the adrenochrome concentration.) In consideration of these 
20 minutes intervals, the pHs of the adrenochrome solution were chosen hK> 
tween 7,5 and 10, where the rearrangement proceeds with a velocity, suitable 
for kinetic calculations. 

Evaluation of the fluorescence by the aid of a Lumetron 402-EF fluorimetcr 
has been described previously (i). By these measurements 1,00 ml of the 
solution from the polarographic cell was mixed with 250 mis about i/ioo molar 
buffer solution (acetic acid-acetate) with pH 4,7 as the fluorescence shows 
maximum stability at about this pH. A comparison of the stability of the 
fluorescence at different pHs was carried out at identically the same conditions 
that prevail in the actual analyses. The decrease of the fluorescence intensity 
observed after 10 minutes in an open cuvette was , 

at 2,4 about 35 
0 ' 
/ 0 

y f 12 0 
. 0 

> f ,, 4.7 .. 8 0 
0 

* 1 5.3 .. 20 0 0 
f t »* (),b 50 0 

0 
>> >» „ 70 0; 

,0 

In the following experiments usually one minute elapsed from the moment 
the sample was witlidrawn from the cell and diluted with buffer until the 
fluorescence was determined. 

It may be mentioned that the fluorescence in acid solutions seems exceedingly 
green to the naked eye while it in alkaline or neutral solution shows a marked 
tinge of yellow. 

The experiments were carried out at 19"—21'' C. 

The following solutions were investigated: 

I. 0,0120 g adrenochrome/50 mis phosphate buffer pH 7,29 
II. 0,0113 „ 50 .. >» 11 8.05 

III. 0,0186 ,, f» 50 ft ft .. 8,05 
IV. 0,0116 ,, >> 50 .. ft 11 8,53 
V. 0,0120 ,, so ,, carbonate tf „ 9,08 

VI. 0.0123 „ »i 50 .. ft tt .. 9.54 
VII. 0,0116 ,, »f SO tf tf .. 10,03 

(The current measurements of sol. Ill were made with a lower sensitivity 
of the galvanometer, 0,185 A^A/scale division.) 

The c.-p.-curves from sol. IV are represented in Figure L For the sake of 
perspicuity only every second curve is plotted. 
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Fig. / 

Fig. I. — Current-potential curves from solution IV. 

Curve T is obtained TO— 20 minutes 
1. 2 ,, ,, 50— 60 

3 M ,, <)0- -lOO 

4 - 130—140 

5 - 180—190 

M M 360 ,, after the start of the spontaneous reaction 

Similar curves were obtained for all other solutions. The halv-wave potentials 
of those curves, however, are somewhat displaced in relation to the half-wave 
potentials of the reproduced curves owing to the different pH of the solutions. 

When the cathodic adrenochrome wave disappeared, there developed both 
a secondary cathodic wave at a potential 600 mV more negative and an anodic 
wave 200 mV more positive than the original adrenochrome wave. When the 
reaction was followed long enough the new anodic wave gradually disappeared 
and the c.-p.-curve in this range resumed approximately the same shape as at 
the start of the reaction. The secondary cathodic wave simultaneously lost its 
characters. 

The half-wave potential of the adrenochrome wave at pH 8,53 was —0,295 V, 
at pH 8,05 — 0,265 V and at pH 7,27 — 0,220 V (vs SCE). The results agree 
exactly with those found by Wiesner. From the curves at pH 8,53 the half- 
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wave potential of the anodic step could be estimated to — 0,05 V. Tlie shape 
of this step, however, made it clear that the value was rather approximate. 
At pH 8,05 the potential was determined to be — 0,03 V and at pH 9,08 to 
— 0,075 V. The secondary cathodic wave appeared at — 0,90 V at pH 8,53. 

Calculations 

In the following section the results obtained from the current-potential 
curves and from the fluorescence measurements will be treated from a kinetic 
viewpoint. The c.-p,-curves will be examined in two respects mainly, viz, the 
height of the reduction wave attributed to adrenochrome (part I) and the height 
of the anodic wave formed at the spontaneous rearrangement (part II). The 
fluorescence will be discussed in part III. 

Only the results from the measurements on solution IV, however, will be 
given in detail to exemplify the procedure. Solution IV was elected for this 
purpose as the velocity of the reactions taken into account seemed to be most 
suitable here. Results having reference to the solutions I—III, V—VII may be 
found in Table IV or are graphically recorded in Fig, 2 and 3. 

Part I: In Table I the concentration of adrenochrome of solution IV at 
different times is recorded and expressed as the diffusion current at — 0,550 V. 

Table I, — Transformation of adrenochrome. 

Time minutes 
Adrenochrome cone. 

Diff. ciirr. at — 0,550 V 
in galv. .scale div. 

ki 

Adrenochrome 
transformed 

per cent 

0 172 (calc.) _ 

18 1,^5.5 0,012 21 

38 107 0,012 38 

58 84 0,012 51 
78 <>5.5 0,015 02 

98 48 0,013 72 
118 37 0,017 79 
138 26 — S3 
158 18 — .90 
188 9 — 95 
218 4 — qS 

360 0 — 100 

kj — velocity constant 

By substituting the concentration data from two successive c.-p.-curves 
into the formula 
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the krvalucs given in the third column were obtained. They indicate that the 
adrenochrome transformation follows the rate of a first order reaction compara¬ 
tively well. At a chosen value of 0,012 of the velocity constant (ki) the current 
at zero time was calculated to be 172. From this value as a measure on the 
initial concentration the figures of the fourth column have been calculated. The 
transformation per cent was used to compare the course of reaction in the 
various solutions. Figure 2 graphically shows this comparison.' 

Fig. 2 

Fig 2 .— Adrenochrome transformed, expressed in per cent of the initial concentration, as a 

function of time. Curve I refers to solution I and so on. The curves IT and III coincide. 

Part II: In Table II a comparison of the anodic current of solution IV at 
different times is made. The difference between the diffusion current observed 
at + 0,050 V and the zero-time current at this potential is considered to be 
proportional to the concentration of the compound formed. The zero-time 
current was not measured in this solution. It was calculated from a c.-p.-curve 
of a slightly acid solution with the same concentration of adrenochrome. In 
this solution no measurable transformation occurs during the time that elapses 
for obtaining a c.-p.-curve. A projection of this curve in which the half-wave 
potential of its adrenochrome step was made to coincide with the half-wave 
potential of solution IV was reckoned as an idealized zero curve. The errors 
introduced by the use of this rather conventional procedure are negligeable. 
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Table II. — Formation of the compound responsible for the anodic wave. 

Time minutes 
Diff. curr. at 
-f- 0,050 V in 

galv. .scale div. 
kg 

0 16 (calc.) _ 
T2 2g 0,017 

43 0,013 

5^ 0,017 

7^ (>^ 0,017 

71 0,017 

112 76 0,018 

132 80 0,020 

I5i 84 — 
t82 — 

212 83 
— 

kg = velocity constant 

Part III: The fluorescence of solution IV at different times expressed in per 
cent of an arbitrarily chosen standard is given in Table 111 and plotted in 
Figure 3 (curve IV). This figure also shows dhe fluorescence as a function of 
time for some of the otlier solutions. 

Table 111. — Formation of the fluorescent compound. 

Time minutes I'luorescence 
per cent 

23 23 0,014 

44 43 0,0lf) 
^>3 37 0,018 

83 (H) 0,020 

104 73 0,020 

123 80 0,023 

143 83 — 
lOi 83 

— 

193 ^^3 
221 84 — 

270 81 

300 78 — 
360 72 — 

kj — velocity coastant 
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Fin. 3 

Fig. 3. — FlxioYe^cence intensity as a function of time. Curve II, IV, VI, V11 ref er to solution 
II, IV, VI, VII diluted i : 250. Curve III refers to solution III diluted i : 400. 

It is clear from Figure 3 and Table III that the fluorescence rises to a maxi¬ 
mum and then falls off. The decomposition of the fluorescent compound thus 
proceeds simultaneously to its formation at a rate that cannot be neglected. 
As I did not succeed in obtaining an exact idea of the velocity of this de¬ 
composition under the actual experimental conditions, the rate of the formation 
of the fluorescent compound could not be kinetically treated in a completely 
correct manner. When neglecting the rate of the decomposition the calculations 
according to the formula 

c = c„ ^), 

where Cq denotes the highest intensity of the fluorescence, gave the ka-valucs 
in Table III. 

As has been mentioned before the anodic current in a current-time diagram 
shows a maximum similar to that of the fluorescence. In Table II, column kj, the 
results are recorded from a kinetic treatment of the development of the anodic 
wave. 

Thus the measurements lead to three different velocity constants, 

ki, that refers to the transformation of adrenochrome, 
ki, to the formation of the compound responsible for the anodic wave and 
ka, to the formation of the fluorescent compound. 

(The secondary cathodic wave which develops when the adrenochrome 
disappears was not made the basis of any quantitative calculations. As the 
wave-heights were relatively small, such calculations would have been subjected 
to too large errors.) 

In Table IV the values of these three constants of the investigated solutions 
are given. They are the average values obtained at calculations by the aid of the 
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first three (or four) measurements in every experiment. Concerning kj and kn 

it is gained thereby, that the error, made when the maximum concentration 

of the fluorescent compound (or the compound responsible for the anodic 

wave) actual at a certain moment is used instead of the total amount formed, 

will be eliminated to the greatest possible extent. 

Table IV, — Comparison between the velocity constants calculated from 
solution I—VIL 

vSoliition iiuinbcr pH 1 
1 

ko 

I 7.-9 0,008 _ _ 
II 8.05 1 0,01 I 0,014 0,014 
III ‘S.O3 0,01 1 0,012 0,013 
IV ^^.53 0,OT2 0,016 , 0,016 

9,08 0,014 0,017 1 0,017 

VI 9.54 0,044 0,050 -t- 
c c 

VII 10,03 0,110 
1 

Discussion * 

T\w figures given for iho constant ki in Table IV emphasize the well-known 

fact that tlie degradation of adrenochrome in acpieous solutions proceeds faster 

with increasing alkaline reaction. In the same direction kg and k, develop with 

increasing alkalinity, llie magnitudes of the two last-mentioned constants, 

calculated from measurements on the same solutions agree well at all experi¬ 

ments. 1'his indicates that the formation of the fluorescent compound is com- 

bined with the devcloj)ment of tlie anodic wave, i. e. tlie fluorescence and the 
jiossibility of an anodic oxidation may be ascribed to the formation of the 

same compound. 

In the different experiments the values of k2 and ka show^ a rather good 

correspondence to ki indicating that the same reaction is observed. The 

corresponding curves in Fig. 2 and Fig. 3 give a graphical comparison between 

the transformation of adrenochrome and the formation of the fluorescent 

compound. 

The concentration of the fluorescent compound reaches a maximum and 

then falls off indicating the influence of some “deteriorating*' factor. It is 

probable, especially as the fluorescent compound in alkaline solution is very 

rapidly destroyed in contact with air, that this factor is oxygen w^hich cannot 

be completely kept out from the solutions during the measurements. Tlie 

decomposition of the fluorescent compound, however, makes that the value 

of Co, used at the calculation of kg and kg, is too small. With higher values 

of the maximum concentration, kg and kg would have been in still better 

correspondence with kj. The hypothesis about the deteriorating effect of 

oxygen seems to be supported by the fact that kg and ka are in better agree- 
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merit with ki in the more concentrated solution III than in solution II. Both 
solutions have pH at 8,05, and under the influence of equal amounts of oxygen 
the disturbing effect must be relatively greater in the less concentrated solution. 

In spite of some technical shortcomings the results of the polarographic 
analyses seem to be a good proof of the theory that the spontaneous adreno- 
chrome transformation in neutral and alkaline solutions is.an intramolecular 
rearrangement of adrenochrome into a compound showing the charactheristic 
fluorescence. This compound is assumed to be an o-dihydroxy compound on 
account of its polarographic oxidation wave. The half-wave potential is closely 
connected with those of 5,6-dihydroxyindolc and its 2-carboxylic acid, which 
Wiesner found to appear by the transformation of the “red ciuinone” and 
situated in a potential range where the reduction potentials of many quinones 
are to be found. However, nothing was observed indicating that the anodic 
wave by the decomposition of the fluorescent compound was transformed into 
the corresponding cathodic wave, a behaviour which would have indicated an 
oxidation to the corresponding quinone. 

The secondary cathodic wave that Wiesner ascribed to an addition product 
between an added reducing agent and an unknown compound, develops also 
in the absence of these reducing agents. Hence Wiesner's point of view cannot 
be correct. In spite of no figures were calculated for the velocity constant of 
this reaction, the experimental results made it probable (cf. Figure i) that this 
wave grows parallel to the anodic w^ave. The primarily well-defined step tends 
to be less distinct as the anodic wave begins to disappear. 

It is reasonable to assume that the reducible group responsible for the 
secondary cathodic wave is formed by a conversion of the enol into a keton. 
A great many ketones are known to be reduced at the dropping mercury 
electrode at half-wave potentials of about this magnitude. The c.-p.-curvo 
obtained in a solution of the related compound adrenalone by the same experi¬ 
mental conditions showed a well-defined cathodic wave at about — 1,2 V. If a 
solution of the “red quinone’* (obtained by shaking a solution of dihydroxy- 
phenylalanine with silver oxide and filtration) was allowed to rearrange at 
conditions similar to those in the adrenochrome experiment a quinone wave of 
decreasing height and an anodic wave were observed but no secondary cathodic 
wave. This behaviour is in accordance with the proposed theories as the red 
quinone by its rearrangement cannot form a keto-compound responsible for a 
secondary cathodic wave. 

Wiesner found the secondary cathodic wave to be of about the same height 
as that of adrenochrome. In all my experiments I found the height of the 
secondary wave to be only about one fourth of the adrenochrome step. This 
phenomenon can hardly be explained by the hypothesis that in the pH-range 
7,5—10 one fourth of the compound exists in keto-form and three fourth in 
enol-form. It is more probable that the keto-conversion is quantitatively 
accomplished. The small current must then be caused by an irreversibility in 
the cathodic reaction under the actual experimental conditions. This is not 
an unusual phenomenon observed by the polarography of carbonyl com¬ 
pounds (7). 

The polarographic analysis has thus supported the proposed formula of the 
fluorescent compound in regard to the dihydroxy-configuration. Moreover it 
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has shown the presence of a reducible group, probably a carbonyl group 
occurring by an enol-keto conversion in the five-membered nucleus. The 
compound seems to be i-methyl-3-oxo-5,6-dihydroxy-2,3-dihydro-indole. 

HO C C — — C-0 

11 1 1 
HO C C CH, 

• I 
CH, 

A compound with this structure can be considered as a derivative of indoxyl 
(keto configuration). Indoxyl resembles the fluorescent compound formed by 
the oxidative degradation of adrenaline in other respects too. An aqueous 
solution of indoxyl is yellow with a yellowish-green fluorescence and the alkaline 
solution is very easily oxidized. The oxidation of indoxyl into indigo may give 
a hint how the oxidation of the fluorescent compound proceeds. Neither the 
oxidation of indoxyl to indigo nor the oxidation of the fluorescent compound 
involves the formation of the corresponding quinones. 

The fluorescent compound is insoluble in ether but in can be extracted from 
an aqueous solution at pH 4 by shaking with ether containing some ethanol. 
Figure 4 gives the absorption spectrum of such an ether extract (diluted with 
ethanol) from one of the experimental solutions which was acidified when 
the fluorescence showed maximum intensity. 

Fig, 4 

Fcig. 4, — Absorption spectrum of a diluted ether-ethanol extract containing the fluorescent 
ompound. 
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The absoiption spectrum, obtained by the aid of a Beckman spectrophoto¬ 
meter, ^ows four maxima at 2.320,2.580,2.940 and 4.150 A respectively. 
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Bestamning av oljors och fetters 

hMlbarhet II 

Farmacevtiska institutet, avd. for farmacevtisk teknologi 

Av Per Elvius, K.-E. Gr^nkyist och Erik Sandell 

(This paper will be inserted in Collectanea Pharmaceutica Svecica IV, 1949.) 

I en allman oversikt har nyligen redogjorts for de metoder, som framfor 
allt inom livsmedelsindustrien anvandas for bestamning av hSllbarheten' 
hos oljor och fetter, och det har foreslagits, att dylika borde komma till 
anvandning aven inom farmacien vid varukontrollen av dessa amnen (i). 
Kannedom kan pi detta satt erhillas om oljornas lagringsegenskaper, 
vilket ar av sarskilt varde vid deras anvandande i beredningar, inne- 
hillande oxidationskansliga lakemedel. I viss utstrackning kunna accele- 
rerade hillbarhetsbestamningar aven komma till anvandning for fast- 
stallandet av for lakemedelsberedningar lampliga antioxidantia. 

Sisom rutinmetoder vid sidan undersokning bora, sisom tidigare 
framhillits, Swift-metoden och syreabsorptionsmetoder i forsta hand 
komma i friga. Den forstnamnda ar numera belt dominerande bland 
forekommande standardfdrfaranden. Di emellertid for sidan bestamning 
erforderlig apparatutrustning ej varit tillganglig for oss, ha forsdk har 
utforts under anvandande av ett i friga om behovlig apparatur vida 
enklare fdrfaringssatt. Avsikten har framfor allt varit att fi en uppfattning 
om denna metods lamplighet. Undersokningarna ha fdrst avsett rena 
oljor och fetter (Elvius och Sandell). Darefter har samma metodik 
anvants for bedomning av den stabiliserande elFekten av vissa antioxidan¬ 
tia (GrSnkvist och Sandell). 
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Bestamningmetod 

Vid bestamningarna av h&Ilbarheten bar anvants det i den tidigare 
oversikten s&som filtrerpappersmetoden betecknade forfaringssattet i an- 
slutning till ett av Lea (2) foreslaget utforande. Detta tillgSr sS, att 
filtrerpapper neddoppas i oljan eller det smalta fett, som skall undersokas, 
samt sedan pressas mellan filtrerpapper for borttagande av overskott. 
Omkring 0.12 g olja kommer att p& detta satt fordelas p4 varje prov 
(5.5 cm filtrerpapper). Papperen inhangas i torkskdp vid 100° samt 
uttagas under forsokets g&ng med lampliga mellanrum ett och ett for 
peroxidbestamning. Lea framhMler, att god temperaturkontroll ar en 
forutsattning f6r metodens anvandbarhet, men p&pekar for ovrigt dess 
framtradande fordelar: ingen speciell apparatur kraves och ej heller det 
omstandliga rengoringsarbete, som ofta forekommer vid andra for- 
faringssatt. 

Denna bestamningsmetod utformades har ytterligare under inledande 
forsok, innan den egentliga undersokningen vidtog. I forsta hand utfordes 
en genomprovning av temperaturforh&llandena i det anvanda tork- 
sk&pet (typ Helios), varvid framgick, att inom 1° konstant temperatur 
epdast kunde erhillas pd den ovre hyllan, och dd ej dess yttersta delar. 
F6r forsoken anvandes filtrerpapper, Munktell nr 3, av 9 cm diameter. 
Pd dessa invagdes 0.50 g olja, som samtidigt fordelades over papperets 
yta. For varje olja iordningstalldes en serie dylika prov, vilka med ndgra 
cm mellanrum upptraddes pd en smal glasstav, som darefter snabbt kunde 
placeras pd en upphangningsanordning i det i forvag till avsedd tempe¬ 
ratur uppvarmda torkskdpet. For erndende av en konstant behandling 
ar det namligen av betydelse, att skdpet endast oppnas under sd kort tid 
som mojligt under forsokets gdng. Med den har beskrivna anordningen 
kan insattningen av den iordningstallda serien utforas pd 5—10 sek., 
och ett prov uttagas pd 3—5 sek. 

Oxidationstillstdndet for uttagna prov har bestamts jodometriskt enligt 
Wheeler och uttryckes liksom i tidigare arbeten genom angivande av 
peroxidtalet = ml fdrbrukat N/ioo natriumtiosulfat per g olja. 

Behandlingstemperatur 

Vid orienterande forsok framgick, att behandlingen vid den av Lea 

foreslagna temperaturen, 100°, i allmanhet gav en for bestamning av 
hdllbarheten ganska lamplig oxidationskurva med tydligt markerad in- 
duktionsperiod. Vissa mera ohdllbara oljor och fetter visade daremot ett 
mycket snabbt oxidationsforlopp under dessa betingelser. Det mdste for 
den skull anses onskvart, att behandlingen utfores vid en till de skilda 
oljetyperna sd anpassad temperatur, att en tydligt markerad induktions- 
period alltid erhdlles. Forst dd ar en noggrannare jamfdrelse olika olje- 
prov emellan mojlig. 

For faststallande av denna lampligaste behandlingstemperatur ha de 
aktuella oljorna pd beskrivet satt behandlats vid temperaturerna 100°, 
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90°, 8o° och 70°. I vidst^lende diagram ha resultaten sammanfattats 
Mn tv§ sidana forsoksserier, utforda med de mycket olikartade oljorna 
torskleverolja och sesamolja. 

Med ledning av dylika forprov ha de behandlingstemperaturer valts, 
som anvandas i foljande undersokning av olika oljor. 

Hdllbarhetsbestamning av mforskaffade oljeprov 

Pd ovan angivet salt ha bestamningar utforts med ett antal frdn 
apoteken insamlade prov av olika oljor. Sdsom mdtt pd hdllbarheten 
angives har induktionsperiodens langd, beraknad frdn forsokets borjan, 
tills ett peroxidtal av 10 uppndtts. Bestamningen har utforts med ledning 
av den uppgjorda oxidationskurvan. Erhdllna resultat ingd i nedanstdende 
sammanstallning, som aven upptager oljornas peroxidtal vid bestam- 
ningens borjan. 



Oleum arachidis. Bestamningarna utforda vid 90°. 

I 
II 
III 

Peroxidtal Induktionsperiod 

0.05 
O.IO 

1.21 

4*5 t 
4.0 t 
3.8 t 

Oleum rapae. Bestamningarna utforda vid 90°, 

Peroxidtal Induktionsperiod 

I 0.27 5-0 t 
II 0.49 4.8 t 
III 1.36 4.2 t 

Oleum sesami. Bestamningarna utforda vid 90° 

Peroxidtal Induktionsperiod 

I 0.20 4-5 t 
II 0.35 3*6 t 
III 3-0 0.7 t 

Adeps suillus. Bestamningarna utforda vid 

Peroxidtal 
I 

Induktionsperiod 

I 0.24 5.0 t 
II 0.30 4.6 t 
III 1.12 4.0 t 

Oleum amygdalae. Bestamningarna utforda vid 80°. 

I 
II 
III 

Peroxidtal Induktionsperiod 

0.54 

1.4a 
2.8 

2.5 t 
4.5 t 
3.6 t 

Oleum olivae. Bestamningarna utforda vid 80° 

Peroxidtal Induktionsperiod 

I 0.38 3.7 t 
II 0.60 3-5 t 
III 1.06 3.2 t 
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Oleum sqjae. Bestamningarna utforda vid 8o°. 

Peroxidtal Induktionsperiod 

I 0.05 6.0 t 
ir 1.20 3.8 t 
III 1.42 5.3 t 

Av erhMlna resultat framg&r i forsta hand, att en oljas h&llbarhet, 
s&som den kommer till uttryck i bestamningar av detta slag, i allmanbet 
avhanger av dess oxidationstillstdnd, O^an med l^sta peroxidhalten upp- 
visar mestadels den langsta induktionsperioden. Detta bor givetvis i de 
fiesta fall vara regeln, eftersom enligt oxidationskurvan en hogre peroxid- 
halt angiver, att en del av induktionsperioden redan passerats, och en 
viss del av oljans naturliga antioxidantia blivit forbrukade. 

Sisom i den tidigarc lamnade oversikten framhdllits, kan faststallandet 
av lig peroxidhalt dock aldrig utgora tillracklig bedomningsgrund med 
avseende p4 en oljas hMlbarhet. ForhSllanden, som sammanhanga med 
oljans proveniens, dess utvinnande och senare bearbetning, kunna ofta 
endast komma till uttryck genom en sarskild hailbarhetsbestamning. 
Det kan harvid visa sig, att en olja av Idg peroxidhalt karakteriseras av 
dSlig hdllbarhet. Av de bar undersokta oljorna uppvisar silunda den ur 
oxidationssynpunkt basta mandeloljan den kortaste induktionsperioden. 

Det skulle i detta sammanhang varit onskvart, att en omfattande h&ll- 
barhetsprovning kommit till utforande avseende i handeln forekommande 
oljor av mycket Idg peroxidhalt. En uppfattning om olikheterna oljorna 
emellan skulle pd detta satt erhSllas och darmed aven om hSllbarhets- 
bestamningarnas varde. Emellertid voro handelsforhSllandena vid tiden* 
for provens insamlande (1946—1947) sidana, att i handeln forekommande 
olja av ett och samma slag ofta var av samma ursprung. En mera om¬ 
fattande undersokning av det Ssyftade slaget var darfor ej mojlig att 
utfora. 

Hdllbarhetsbestamningar vid rumstemperatur 

Det anfores ofta, att de betingelser, som komma i friga vid accelererade 
h&llbarhetsbestamningar, starkt avvika frin vanliga lagringsforhMlanden, 
och att resultaten darfor bli mer eller mindre missvisande. For att er- 
hSlla en uppfattning i denna friga ha vissa av de ovan anforda bestam¬ 
ningarna utforts aven vid rumstemperatur. De liksom tidigafe fardig- 
stallda serierna av filtrerpapper ha placerats pS glasstavar i ett morkrum, 
varifr&n prov f6r peroxidbestamning uttagits med lampliga mellan- 
rum. Rumstemperaturen har under forsokets g&ng varierat endast s& 
obetydligt, att man belt kan bortse fr&n detta vid en jamfdrelse mellan 
samtidigt ansatta prov. Erh&llna varden p4 induktionsperioden ingi i 
foljande sammanstallning, som aven for jamforelses skull upptager de 
tidigare resultaten med samma oljor. 
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Oleum arachidis. Peroxidtal Induktionsperiod 
vid 90'^ 

I nduktionsper iod 
vid rumstemp. 

I 4-5 t 14.5 dagar 
II 4.0 t IS dagar 
III 3-8 t 10 dagar 

Oleum sesami. Peroxidtal Induktionsperiod 
vid 90'' 

Induktionsperiod 
vid rumstemp. 

I 4-5 t 30 dagar 
II 3.6 t 28 dagar 
III 0.7 t II dagar 

Oleum olivae. Peroxidtal Induktionsperiod 
vid 80" 

Induktionsperiod 
vid rumstemp. 

I 0.38 3-7 t 8 dagar 
II 0.60 3-5 t 7 dagar 
III 1.06 3-a t 

1 

8 dagar 

Oleum sojae. Peroxidtal 
Induktionsperiod 

vid 80'' 
Induktionsperiod 
vid rumstemp. 

I 0.05 6.0 t 29 dagar 
n 1.20 3.8 t 25 dagar 

Av sammanstallningen framgSr, att resultaten med de bdda metoderna 
visa en relativt god overensstammelse i friga om en och samma olja. 
Jamforas daremot skilda oljor, kunna stora awikelser upptrada. Jordnot- 
olja och sesamolja av I4g peroxidhalt (I och II) visa s&lunda ungefar samma 
h&llbarhet, d4 bestamning utfores vid 90°, vid rumstemperatur ar daremot 
skillnaden betydande. Forsoken i friga ha utforts parallellt, varfor varia- 
tioner'i friga om behandlingen knappast torde foreligga. Vi skola senare 
ytterligare iterkomma till denna frSga. 

Forsok med antioxidantia 

Det ar ett mycket stort antal substanser, som under de senaste tiotal 
4ren foreslagits och delvis funnit anvandning s&som oxidationsforhind- 
rande tillsatser i oljor och fetter. Men forst pi de allra senaste iren synes 
man ha nitt fram till en mera preciserad uppfattning av verknings- 
mekanismen for dessa antioxidantia och en viss overblick av delta mycket 
heterogena omride. I den sakerligen viktigaste sammanfattningen av 
delta slag anfor silunda Mattill (3), att den primara antioxidations- 
effekten alltid utbvas av di- och polyfenoler med OH-grupperna i 0- eller 
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p-stallning eller amnen med liknande elektronkonBguration. Ovriga 
antioxidantia sammanfattas under beteckningen synergister. Dessa endast 
forstarka den verkan, som utovas av narvarande egentliga antioxidantia. 
Ensamma visa de ingen oxidationsskyddande efFekt. I allmanhet aro 
synergisterna av syrakaraktar. Citronsyra, askorbinsyra, fosforsyra aro 
de viktigaste representanterna for denna grupp, 

UndersSkningen av filtrerpappersmetodens anvandbarhet for provning 
av antioxidantia bar utforts med tillhjalp av valkanda sidana substanser, 
namligen som fenolantioxidantia pyrokatekin, hydrokinon och propyl- 
gallat, som synergister askorbinsyra och fosforsyra. S^som substrat ha 
anvants jordnotolja och sesamolja. Dessa ha varit av ur oxidationssyn- 
punkt god kvalitet (peroxidtal for de bSda proven av jordnotolja 0.12 
och 0, for sesamolja 0.32 och o). Det ar namligen val kant, att antioxidan¬ 
tia utova god effekt endast i oforstorda oljor och fetter. Har oxidationen 
redan blivit framtradande, reagera tillsatta antioxidantia med forekom- 
mande peroxider, och effekten blir osaker eller uteblir belt. 

De namnda antioxidantia ha for bSda oljorna provats i koncentrationer 
av 0.001 och 0.005 P®*" ^ 000 g Substanserna ha finpulvriserats 
och darefter losts i oljan under uppvarmning i vattenbad under 10 min. 
Under dessa betingelser lostes askorbinsyra ej fullstandigt ens i den lagre 
koncentrationen. 

H&llbarhetsbestamningar med dessa prov utfordes forst enligt filtrer- 
pappersmetoden vid 90° p& samma satt som vid de tidigare forsoken 
med de rena oljorna. Det visade sig emelldrtid genast, att denna metodik 
var ganska oanvdndbar for bedotnning av tillsatsernas stabiliserande effekt. 
Oljeprov, innehdllande s4 effektiva antioxidantia som hydrokinon och 
propylgallat, visade i det narmaste samma induktionsperiod som olja 
utan sddana tillsatser. Tydligen forstoras tillsatta antioxidantia snabbt 
under dessa betingelser och hinna aldrig inverka pS oxidationsforloppet. 
Under dessa omstandigheter utfordes hSllbarhetsbestamningama i stallet 
vid rumstemperatur s4som vid den avslutande provningen av de rena 
oljorna, 

S^som tidigare angivits (i) ha de senare Irens undersokningar ofta 
visat, att accelererade metoder ej utgora en saker grund vid bedomning 
av antioxidantia. Endast forvaringsprov under normalt forekommande 
betingelser aro belt tillforlitliga. Samtidigt med bestamningarna enligt 
filtrerpappersmetoden ansattes darfor aven lagringsprov, bestlende av 
30 g olja i med kork forslutna sprundburkar a 60 g av brunt glas. Dessa 
forvarades darefter i ett stangt skip i ett rum av ordinar temperatur, 
och oppnades forst efter 18 mlnader for peroxidbestamning. 

Vid dessa forsok erhillna resultat ha sammanstallts nedan. Liksom 
tidigare angives induktionsperiodens langd sisom tiden frln forsokets 
borjan, tills peroxidtalet 10 uppnitts. Sisom uttryck for den stabiliserande 
effekten av de olika antioxidantia angives aven ’’protection factor” = for- 
hlllandet mellan okningen av induktionsperioden och dennas langd hos 
obehandlad olja. For lagringsproven redovisas peroxidtalen efter 18 min. 
forvaring. 
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OLEUM ARACHIDIS 
Kmc. av tillsatta antioxidantia: o.ooi mol/i ooo g olja. 

Ind.-period 
vid 

accel. prov 

** Protection 
factor** 

Peroxidtal 
for lagringsprov 

(18 man) 

Utan tillsats . 
1 

18 dagar 1 5.6 
pyrokatckin . 24 dagar 0.3 1 3.9 
hydrokinon . [ 25 dagar 0.4 j 0.89 
propylgallat. 28 dagar 0.6 0.70 
askorbinsyra.1 1 19 dagar 0 4-3 
fosforsyra. 11 dagar proox. 13.9 

Konc. av tillsatta antioxidantia: 0.005 niol/i 000 g olja. 

Ind.-period 
vid 

accel. prov 

**Protection 
factor** 

Peroxidtal 
for lagringsprov 

(18 man) 

Utan tillsats . 22 dagar _ 
5-9 

pvrokatekin . 44 dagar I.O 1.60 
hydrokinon . 24 dagar O.I 0-34 
propylgallat . 42 dagar 0.9 0-39 
askorbinsyra. 21 dagar 0 0.25 
fosforsyra. 19 dagar proox. 2.3 

OLEUM SESAMI 
Konc. av tillsatta antioxidantia: 0.001 mol/i 000 g olja. 

Ind.-period 
vid 

accel. prov 

! *’Protection 
factor** 

Peroxidtal 
for lagringsprov 

(18 man) 

Utan tillsats . 46 dagar _ 2.2 
pyrokatekin . 39 dagar proox. 1.43 

hydrokinon . 46 dagar 0 0.69 
propylgallat . 61 dagar 0.3 0.70 
askorbinsyra. 53 dagar 0.15 0.45 

fosforsyra. 30 dagar proox. 1.89 

Konc. av tillsatta antioxidantia: 0.005 ^olji 000 g olja. 

1 Ind.-period 
vid 

accel. prov 

**Protection 
factor** 

Peroxidtal 
for lagringsprov 

(18 man) 

Utan tillsats . 38 dagar _ 1.19 
pyrokatekin . 52 dagar 0.4 0,69 
hydrokinon . 41 dagar 0 0.31 

propylgallat . 59 dagar 0.6 0.56 
askorbinsyra. 38 dagar 0 O.II 

fosforsyra. 45 dagar 0.2 0.74 
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Vid bedomning av den bar anvanda accelererade metoden ha givetvis 
resultaten frin lagringsprov avgorande betydelse. Av dessa senate fram- 
glr med all tydlighet att hydrokinon och propylgallat utgora synner- 
ligen effektiva antioxidantia. Redan den lagre tillsatsen, motsvarande av 
hydrokinon omkring o.oi %, av propylgallat omkring 0.02%, artill- 
racklig for erhSllande av god verkan. Aven pyrokatekin verkar oxidations- 
skyddande men ar de b&da tidigare vasentligt underlagset. Askorbinsyre- 
tillsats har i tre av de fyra proven visat sig mycket vardefull. EfFekten 
av fosforsyra ar daremot mindre uttalad. 

Den forbattring av hSllbarheten, som s&ledes i m&nga fall angives av 
utforda lagringsprov, kommer i de fiesta fall aven till uttryck vid de 
accelererade bestamningarna, dock ej med samma tydlighet. Men i 
&tskilliga fall rflder ej alls samstammighet mellan resultaten. Den goda 
efltekten vid tillsats av askorbinsyra kommer sSlunda i de fiesta fall ej 
alls till synes. Detsamma galler aven betraffande hydrokinon i forsoken 
med sesamolja. 

Diskussion: Vid den har utforda provningen av filtrerpappersmetoden 
for accelererad bestamning av oljors hSllbarhet har framkommit, att detta 
forfaringssatt innebiir ett for det praktiska arbetet ganska enkelt utforande. 
For erhfillande av reproducerbara resultat ar det dock av avgorande 
betydelse, att en noggrann temperaturkontroll kan genomforas. 

Emellertid har det visat sig, att metoden i Mga ar behaftad med 
ganska utpraglade principiella svagheter. Vid provning av rena oljor 
och fetter ha forsok utforda vid forhojd tempferatur och vid rumstempera- 
tur visserligen givit ganska overensstammande resultat vid bedomning 
av olika prov av samma slags olja. Men jiimforelsen kan ej utstrackas att 
galla prov av olika oljor. Oljor, som visa samma induktionsperiod vid 
90°, kunna ha belt olika stabilitet, d^ samma provning utfores vid rums- 
temperatur. 

For bedomning av olika antioxidantia kan filtrerpappersmetoden, ut- 
ford vid 80°—100°, knappast anvandas, ty under dessa betingelser pdverkas 
oxidationsforloppet endast obetydligt genom dylika tillsatser i oljan. 
Tydlig effekt har daremot erhSllits vid rumstemperatur med samma fbr- 
faringssatt. Jamforas emellertid harvid uppn&dda resultat med lagrings¬ 
prov med samma oljor, upptrada Ster markerade awikelser. Sarskilt har 
detta varit fallet vid provning av olja inneh&llande askorbinsyra, men har 
aven forekommit for ett s^ utpraglat harskningsforebyggande amne som 
hydrokinon. Den goda effekt, som erhSllits vid lagringsproven, Ster- 
speglas ej vid accelererad bestamning. 

Sisom ett forsok till fbrklaring av de ovan patalade avvikelserna vid 
hillbarhetsbestamning enligt filtrerpappersmetoden vilja vi understryka 
de stora skillnaderna i frSga om oxidationsbetingelser vid detta fdrfarings- 
satt och vid lagring. De lattoxiderade substanser, naturligt forekommande 
eller tillsatta, som verka oxidationsskyddande i oljoma och siledes aro 
ansvariga for dessas h^llbarhet, aro under vanliga lagringsfbrhillanden 
i oljelbsning ganska val skyddade mot forstoring genom direkt inverkan 
av luft och varme. De aro darfor i tillfalle att forhindra den peroxidbild- 
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ning, som utgor fettoxidationens inledande stadium. Vid accelererade 
bestamningar andras emellertid forhMlandena ganska radikalt och speciellt 
torde s& vara fallet vid filtrerpappersmetoden. Luften kommer p& grund 
av oljans utbredning over en stor yta i mer eller mindre direkt kontakt 
med de d& lattforstdrda antioxidantia. Avgorande kommer under s&dana 
betingelser att bli i vilken utstrackning narvarande amnen gv detta slag 
t&la luftens inverkan. Deras oxidationsskyddande effekt kommer alltsi 
mindre till synes. 

Ett dylikt betraktelsesatt ger forklaring till Itskilliga i denna under- 
sokning omnamnda forh^lllanden. Det ar tydligt, varfor provningen av 
rena oljor ger jamforbara resultat for ett och samma slags olja men ej 
alltid tilliter en jamforelse olika oljor emellan. Emedan tillsatta artificiella 
antioxidantia troligen forstoras mycket snabbt vid forhdjd temperatur, 
kunna dessa amnen ej alls provas med filtrerpappersmetoden under 
sidana betingelser. Aven vid rumstemperatur bli resultaten missvisande, 
t.ex. i fr&ga om askorbinsyra, sakerligen av samma orsak. 

Sammanfattningsvis synes filtrerpappersmetoden sMedes mindre val 
lampa sig for prbvning av oljors och fetters h&llbarhet eller for bedom- 
ning av olika antioxidantia. Sakerligen ha betingelserna for oxidationen 
andrats si radikalt, att andra egenskaper blivit utslagsgivande, an de 
som under normala lagringsbetingelser aro av betydelse. 

Litteratur: 

1. E. Sandell: Farm. Revy, 699 (1948). 
2. C. H. Lea: J. Soc. Chem. Ind., Lond., 5J, 388 T (1934). 
9. H. A. Mattill: Oil and Soap, 22, i (1945). 

SUMMARY 

Stability tests for oils and fats 

Swift stability test and oxygen absorption methods are now accepted 
in the oil industry as accelerated tests for predicting the stability of oils 
and fats. The use of these methods should be of value in pharmacy too. 
A survey of this field has already been published (i). 

In this investigation, however, we have tried a method which can be 
used without any special apparatus. The susceptibility to oxidation is 
obtained by the method earlier described by Lea (2), samples of the oil 
being dispersed on filter papers and then treated in an oven at a fixed 
temperature. The technique has been somewhat modified in our tests, in 
order to obtain a uniform treatment. 

The stability of some samples of pure oils and fats was determined in 
this manner, at a temperature of either 80° or 90° C. In most cases there 
is, of course, a distinct connection between the peroxide number of the 
oil and the stability. Exceptions are still occurring, indicating that the 
establishing of a low peroxide content only cannot be satisfactory. 
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The stability of some of the above samples was determined at room 
temperature too by the same method. It is evident from these trials that 
results obtained at 8o° or 90° C and at room temperature generally can 
be compared for the same kind of oil. Considerable deviations can arise, 
however, when it is a question of different oils. 

The same methods were used for the determination of the stabilizing 
effect of some wellknown antioxidants, phenolic inhibitors as synergists. 
Heating of the samples at 80° or 90° C was not applicable for this purpose. 
Added antioxidants are obviously destroyed under these conditions and 
have no chance to act upon the course of the oxidation. These accelerated 
tests were therefore performed at room temperature only. In addition, 
samples were kept under storage conditions. Their peroxide values were 
determined after 18 months. From inspection of results obtained it is 
evident, that the protection indicated by the accelerated tests often 
differs from storage data. 

Finally, we therefore maintain that the method used is not very reliable 
as a stability test for oils and fats. Presumably the oxidation conditions 
are altered so drastically, that other properties than those shown by oils 
in ordinary storage are decisive. 
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Farm. Revy, 4/, 850 [1948]). Dispenseringen utfores fran en behal- 
lare, innehallande den forsiktigt snialta massan och omgiven av ett 
vattenbad av 40° temperatur. Behallaren bor vara forsedd med en 
elektrisk omrorare. Sasom kanyl anvandes ett glasrdr, utdraget till en 
spets med omkring 3 mm diameter. Sasom handstod under dispense- 
ringsarbetet anvandes lampligen en enkel trabrygga, under vilken 
backen kan framforas successivt. 

Omedelbart sedan en back pMyllts, placeras den kallt, varvid massan 
stelnar pa c:a 20 minuter. For kakaofettets omlagring till a-modifika- 
tionen forvaras suppositorierna sedan vid rumstemperatur till foljande 
dag. De kunna da upptagas, varvid holjet samtidigt invikes. 

For att prova denna metodik bar en storre sats av Suppos. anti- 
haemorrhoidalia anaesthetica beretts. Sjiilva dispenseringsarbetet kunde 
harvid bekvamt utforas med en hastighet av 2—3 000 suppositorier per 
timme. Doseringsnoggrannheten blev synnerligen god, motsvarande 
den som tidigare redovisats vid arbete med olja i den anvanda appa- 
raten. (For att glasventilerna i apparaten skola funktionera niaste 
perubalsamen vara ytterst noggrant fordelad i massan.) 

Sasom i farmakopeforeskriften sarskilt framhalles bor sedimente- 
ringsrisken alltid observeras, da suppositorier beredas genom gjutning. 
For den skull bar ett antal bestamningar av zinkbalten utforts i den 
ovan namnda beredningen. Efter upplosning av en suppositorie i eter 
ocb skakning av eterlosningen med M/i svavelsyra, da zinkoxiden 
loses, bestammes ingaende niangd zink i vattenfasen genom titrering 
med kaliumferrocyanid ocb difenylamin som indikator. Ingen bait va¬ 
riation kunde konstateras mellan suppositorier uttagna vid olika till- 
fallen under tillverkningen. Darefter utfordes analys av olika delar av 
sanima suppositorie for att undersoka, oni sedimentering ager rum i 
formarna fore stelnandet. Endast obetydliga differenser kunde pavisas. 

Det provade forfaringssattet utgor salunda en enkel ocb snabb nie- 
tod for suppositorieframstallning i storre skala ocb torde sakerligen 
vara att foredraga framfor arbete med gjutformar, oavsett kostnaden 
for dessas anskaffande. Det tidsodande momentet utgor givetvis for- 
marnas tillverkning. Detta bar bar ej tidsstuderats, eftersom sa forst 
kan ske sedan manuell skickligbet uppnatts i rutinarbete. I varje fall 
kan detta arbete knappast vara mera tidsodande an da det utfores vid 
inlaggning av pa annat satt framstallda suppositorier. 

SUMMARY 

The preparing of suppositories by fusion 

In this paper is shown that suppositories can be prepared by fusion, 
using moulds made from tbe aluminium-foil generally used for tbe 
wbrapping of these preparations. The moulds are made by aid of a 
wooden model and are placed into a stand. Accurately-measured quan¬ 
tities of the melted mass are then poured at the rate of 2—3 000 per 
hour, using a type of automatic filler earlier described in this journal. 

Victor Petter«ons Bokindustriaktiebolag 

Stockholm 1949 
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In a previous paper (1) the present author reported some methods for the 
quantitative determination of eserine. Later, Ehrlea proposed another 
modification of the photometric rubreserine method (2). Both papers con¬ 
sider only eserine uncontaminated by its decomposition products. These will 
however obscure or spoil the results of the methods unless special precau¬ 
tions are taken. 

The deterioration of eserine in aqueous solutions is initiated by decofil- 
position of the urethane chain, leading to methyl amine, carbon dioxide and 
eserinol as final products. The intermediate stages are less well known. In 
contact with air or certain other oxidants the eserinol is oxidized, at first 
as a rule to rubreserine and then to products as yet only partly known. 

(xenerally, the decomposition of a substance may be measured by two dif¬ 
ferent principles. Either some of the decomposition products or the comr' 
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pound remaining intact can be determined. It seems to be impossible to 
invent a method for measuring the quantitative degradation of eserine, based 
on any of the decomposition products and applicable in practice. However, 
it may be of theoretical interest to study what happens to eserine in aqueous 
solutions free from air, and to this end it is possible to work out a procedure 
for eserinol. This compound is stable in a medium free from oxygen and 
certain other oxidants but it is rapidly oxidized to rubreserine by air or 
oxygen at pH 11. As will be proved in a subsequent paper (3) this oxidation 
takes place without accelerating the primary decomposition of the alkaloid. 
It is therefore possible to determine eserinol in the presence of eserine after 
air-oxidation to rubreserine, fundamentally by the method previously 
reported by the author (1). However, a special calibration curve must be 
drawn, because the colour depends somewhat on the pH at the oxidation. 
For the details of the procedure see the experimental part. 

The degradation of eserine in 0,200-molar sodium carbonate at 25,0® G 
was studied by this method. The hydrolyses were carried out in air-free 
solutions in nitrogen atmosphere. The results, wich are given in Table 2 a 
in the experimental part, should be compared with those in Table 2 b, which 
refer to the same conditions of hydrolysis but to determinations of eserine 
remaining intact. By adding corresponding percentages of intact and of 
decomposed eserine, 100 per cent will be obtained to within reasonable 
limits of error. 

The other way of .studying the degradation is by determining the alkaloid 
remaining intact. In a partly decomposed solution one may expect a series 
of compounds containing methyl amine. Apart from eserine and methyl 
amine, methyl isocyanate and methyl carbamic acid may also occur. 

CHaNHCOOR = CHaNCO + HOR 
CHsNHGOOR + H2O = GH3NHGOOH + HOR 

From a solution alkalinized with sodium carbonate, eserine is extracted 
quantitatively by ether. Methyl amine is also extracted in minor quantities. 
Methyl isocyanate is probably hydrolyzed at the pH of a sodium carbonate 
solution. However, according to F a u r h o 11 methylcarbamic acid is rather 
stable at neutral and moderately alkaline pH (4). But according to the same 

author its k^ is about 10“"^ and therefore the compound — if formed — 
is probably not extracted by ether at pH 11. Among the methyl amine-free 
products, eserinol has the character of a base and a phenol and will be 
extracted by ether from sodium carbonate solution. But only in exceptional 
cases, when the hydrolysis takes place without free access of air or other 
suitable oxidant, will there be any eserinol in the liquid. Rubreserine and 
the other coloured oxidation products are not extracted by ether from 
sodium carbonate solution except in traces. 

Therefore, if d partly decomposed eserine solution is alkalinized with 
sodium carbonate and extracted with ether, the eserine will pass over to the 
ether phase quantitatively. Eserinol will also be found in the ether solution, 
if it occurs among the decomposition products. But on oxidation with air 
or oxygen in the water phase the eserinol can be rapidely transformed to 
rubreserine and other oxidation products, which are not extractable. Methyl 
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amine will pass over in minor quantities — about 10 per cent of the free 
amine under the extraction conditions used in this work. However, it is 
demonstrated in the experimental part that it is possible to get rid of the 
methyl amine by evaporating the dried ether solution. It may now be pre¬ 
dicted that the residue of the evaporation is fairly pure eserine and conse¬ 
quently all the four methods for the determination of. eserine, described in 
the earlier paper (1), should be applicable. One of these methods deals with 
the alkaloid as such, two of them are determinations of methyl amine, libera¬ 
ted from the alkaloid, and the fourth founded on eserinol, which after 
liberation from the alkaloid is oxidized to rubreserine. 

The four nietods were applied to studies of the degradation of eserine in 
carbonate-bicarbonate buffer of pH about 11. The hydrolyses were per¬ 
formed at 25,O'* C and with oxygen slowly bubbling through the solution. 
The experiments arc described in the experimental part and it appears from 
Tables 4 and 5 that these fundamentally different methods give results, which 
are consistent within reasonable limits of error. This seems to prove that our 
prediction was correct, that eserine may be isolated from its partly 
decomposed solutions by the procedure outlined above. Further support 
comes from the fact that the method for determining decomposed alkaloid 
described first gives results corresponding to those from the methods based 
on the eserine remaining intact. 

Experimental Part. 

1. The (ieterminaiion of eserinol in air-free eserine hydrolysates. 

Construction of the standard curve. In air-free 0,1-normal 
sodium hydroxide and in nitrogen atmosphere eserine salicylate was 
completely hydrolyzed. The solution was filled up to a suitable volume with 
airfree water and from this eserinol standard aliquots (0,5—5 mg) were 
taken and added to a mixture of 2,00 ml of 1,00-rnolar sodium carbonate and 
as much 0,1-molar sodium bicarbonate as was equivalent to the sodium 
hydroxide in the aliquot. The liquid was diluted to 10 ml and slowly bubbled 
with air for 5 minutes. 1,6 ml 1 M phosphoric acid was added and the solu¬ 
tion transferred to a volumetric flask and filled up to 25,00 ml. The stability 
of eserinol in the standard solution was good. Even after 4 hours no decrease 
in the content of eserinol could be detected. The results of some calibration 
series are recorded in Table 1 and Fig. 1. 

Table 1. Calibration data for the photometric determination 
sodium carbonate solution. 

Eserinol 

of eserinol in 

(as eserine sali¬ 
cylate) 

Extinction at 550 111,1 

(1 cm cuvette) 
Eserinol Extinction 

0,482 nig 0,106 1,93 nig 0,406 
0,860 0,199 2.41 0,520 
0,964 0,209 2,53 0,547 
1,45 0,311 3,37 0,744 
1,68 0,376 4,21 0,929 
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Determination in hydrolysates. 50,00 mg eserine salicylate 
was dissolved in water in a 50 ml volumetric flask and the solution freed 
from air by a stream of nitrogen. The nitrogen bubbling was slowly conti¬ 
nued throughout the experiment. The liquid was mixed with 10,00 ml air- 
free 1,00-molar sodium carbonate and filled up with air-free water. The 
temperature of the liquid, was maintained at 25,0“ ±0,05“ G. by immersion 
in a water bath, regulated automatically. At certain intervals 5,00 ml were 
drawn, diluted to 10 ml and treated by the procedure described under 
^construction of the standard curve*. When calculating the time of hydro¬ 
lysis the 5 minutes during which air was bubbled through the solution were 
included. The results are recorded in Table 2 a and should be compared 
with those in Table 2 b which originate from hydrolyses at the same 
soda concentration and the same temperature, but assayed by deter¬ 
minations of eserine remaining intact.*) If the decomposed eserine in 
Table 2 a and the intact eserine in Table 2 b are added, the sum will be 
100 per cent to within reasonable limits of error. The chief source of this 
error is a blankjn the rubreserine determinations in Table 2 b, which has 
not been corrected for. 

Fig. 1. Calibration curve for the photometric determination of eserinol in 

sodium carbonate solution. 

2. The determination of intact eserine in eserine hydrolysates. 

The possibility of removing methyl amine quantita- 
tively from the ether-extractable products of hydro- 
lysis. Solutions of pure eserine and partly decomposed eserine were 
alkalinized with sodium carbonate and extracted with ether. The extracts 

The hydrolyses in Table 2 b occurred with free access of air. This dif¬ 
ference is immaterial, as will be further elucidated in a subsequent paper (3). 
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Table 2 Decomposition of eserine in 0,200-molor sodium carbonate at 25,O'" C. 

Original concentration of eserine salicylate 0,1 per cent, 
a) Determination of eserinol by the procedure given in section 1 of the 

experimental part. Air-free solution. 

30 min | 

Deconi] 

60 min 

posed eserin( 

120 min | 

^ after: 

180 min ' 240 min 

35,5 % 

32,4 

52,0% 

50,8 
69,0% 83,7% 

83,7 
91,5% 

93,4 

b) Determination of intact eserine by the nibreserine method, reported in 
section 2 of the expcrhnental part. Free access of air/) 

30 min 

Remaining eserine after: 

60 min 120 min | 180 min 

61,2% 

62,1 

48,6% 

48,4 

31,0 % i 20,4 % 

33,4 i 

were dried with anhydrous sodium sulphate. Two equal portions were 
drawn for each experiment. One was evaporated directely to dryness, the 
other after addition of 20 ml of a 0,01-normal solution of methyl amine in 
dry ether. In both cases the residues A^re treated with small portions of 
ether, wich were again evaporated. The residues were dissolved in some 
water and a few drops of 5 N sulphuric acid, and the eserine determined by 
titration of the methyl amine liberated by hydrolysis and distillation. See 
procedure in (1). The results are reported in Table 3. 

Table 3. The possibility of remoinny methyl amine. 

The consumption of 1/100 
normal sulphuric acid 

Methyl amine 
added 

No methyl 
amine added 

Unhydrolyzed eserine 

Hydrolyzed eserine 

9,75 ml 9,50 ml 
9,68 

(40 % decomposed) 3,07 3,17 
(60 % decomposed) 4,30 4,35 

Conditions of hydrolysis. The experiments were performed on ^ 
two different scales, viz. with 0,4 and 0,04 per cent solutions of eserine 
salicylate. The temperature was maintained at 25,0® G ± 0,05® by keeping 
the reaction vessel in an automatically regulated water bath. The solutions 
were carbonate-bicarbonate buffers (95 per cent anhydrous sodium carbo¬ 
nate and 5 per cent sodium bicarbonate). In the experiments with 0,4 per 
cent eserine salicylate the buffer was 0,200-molar and with 0,04 per cent of 

0 See note p. 640. 
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the alkaloid salt 0,100-molar. A decrease of pH was to be feared on account 
of the chiefly acidic products formed on decomposition of eserine salicylate. 
But by choosing these comparatively high buffer concentrations and by 
adding the bicarbonate the pH was kept up during the hydrolyses. Never¬ 
theless, in the stronger solution a decrease of pH from about 10,90 to 10,50 
was shown. In the dilute solution the pH never fell below*10,85. The dis¬ 
placement in the former case was great enogh to effect the reaction velocity 
distinctly. This is easily seen from Tables 4 and 5. 

In order to avoid the eserinol when extracting a slow stream of carbon 
dioxide-free oxygen was led through the solutions in all the experiments in 
this section. It should be pointed out, that the eserinol will never complicate 
the analyses in practice. 

The determinations in 0,4 per cent solutions of 
eserine salicylate. At certain intervals two 10 ml portions were 
drawn and rapidly extracted with 3 X 40 ml peroxide-free ether. The ether 
solutions were dried with sodium sulphate and evaporated to dryness. The 
residues were treated with a few ml of ether which was evaporated again. 
One residue was dissolved in a few ml water and 3 drops of IM sulphuric 
acid, and the eserine was determined titrimetrically after hydrolysis and 
distillation of methyl amine by the procedure described by the author in a 
previous paper (1). The other residue was dissolved in 10,00 ml 0,01000-nor¬ 
mal sulphuric acid and made up to 25,00 ml in a volumetric flask. 5,00 ml of 
this solution was taken for determining eserine by the modification of the 
rubreserine method described by the author (1). The remaining 20 ml were 
titrated with 0,01000-normal borax, using methyl red as the indicator. All the 
results are found in Table 4. The determinations in Table 2 b w^ere made by 
the rubreserine procedure. 

The determinations in 0,04 per cent solutions of 
eserine salicylate. 5 ml portions were drawm at intervals and 
rapidly extracted with 3 x 25 ml peroxide-free ether. To the filtrated ether 
solution was added 5 ml 0,01-normal sulphuric acid, the ether was evaporated 
and the eserine determined in the w^ater solution as rubreserine in the same 
manner as at the higher concentration. 

Simultaneously 10 ml portions w^ere extracted with ether, the ether solu¬ 
tions dried with anl][ydrous sodium sulphate, evaporated to dryness and 
treated with another small portion of ether. The residue was dissolved in a 
few ml of w’ater and 3 drops of IM sulphuric acid. After hydrolysis of the 
eserine and distillation, the methyl amine was determined photometrically 
with ninhydrin. The detailed procedure is given in (1). The results are 

.found in Table 5. 

Conclusions. 

In summing up it may be concluded, that the conformity between the 
results of the fundamentally different methods shows, that they all depict 
correctly the decomposition of eserine. 

One or other of the following procedures is recommended for the deter¬ 
minations of eserine in partly decomposed solutions. 
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Table 4. Hydrolysis of OA per cent eserine salicylate solutions at pH 
about 10,7 and 25,0° C, 

! 

I Time of hydrolysis 

Eserine remaining intact; found by 

Direct titration 
Hydrolysis, titra¬ 

tion of methyl amine 

Photometric 
determination as 

rubreserine 

32 min. 84.0% 82.5% 81,9 % 
GO min. 71,8 71,6 76,0 

120 min. 57,1 57,1 57,0 
180 min. 45,9 1 46.2 45,5 

1 able 5. Hydrolysis of 0,04 per cent eserine salicylate solutions 
at pH 10,9 and 25,0° C. 

Eserine remaining intact; found by 

Time of hydrolysis Pliotomefric deter¬ 
mination of metliyl 

amine after hydrolysis 

Photometric 
determination as 

rubreserine 

Experiment 1 

90 min. 43.5 % 44,4 % 
180 min. ilfi 22,2 

Experiment 2 

45 min. 61,8 64,8 
120 min. 

o
 

C
O

 35,5 

1) Alkalinizc the solution, 5—10 ml containing 20—100 mg of eserine 
salicylate, with sodium carbonate and extract immediately with three por¬ 
tions of peroxide-free ether, 25—40 ml in each. Dry the ether solution with 
anhydrous sodium sulphate, filter and evaporate the solvent on a water bath. 
Treat the residue with another portion of ether and evaporate again. Dissolve 
the residue in 0,01-normal sulphuric acid and titrate back with borax or 
hydrolyze the alkaloid and titrate the methyl amine after distillation (1). 

2) Treat the solution, containing only 1—6 mg of eserine salicylate, as 
before but complete with a photometric determination of methyl amine with 
ninhydrin (1). 

3) Extract the solution, containing 0,5—5 mg of eserine, with ether as 
before. Add 0,01-normal sulphuric acid to the filtered ether solution and 
evaporate the ether on a wather bath. Determine eserine in the water solu¬ 
tion photometrically as rubreserine, e. g. according to (1). 
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On the Stability of 

Eserine Solutions — Especially Eye Drops. 
By Hans Hellberg 

The Chemical Department of the State Pharmaceutical Laboratory, 
Stockholm 

(Inserted in Collect. Pharm. Siiec. IV. 1949) 

Eserine is nowadays principally used as a miotic in eye drops. Some 
ophtalmologists assert that the deterioration of eserine solutions — 
perceptible through the red colour developed — does not influence the 
miotic properties (1), whereas other authors are more undecided (2). 
However, it is well known that the decomposition of eserine in aqueous 
solution will first attack the urethane chain, which Stedman has shown to 
have a decisive influence upon the physiological properties of the alkaloid 
(3). Moreover, in biochemical experiments with cholinesterase inhibition, 
Ellis et al, have shown that the decomposition products have no effect 
comparable with that of intact eserine (4). 

Until now, no sensitive method for testing miotic potency biologically has 
been worked out. Rather great differences in concentration are necessary 
to secure differences in effect. But a powerful red colour may be produced 
in an only slightly decomposed eserine solution. It is, therefore, no wonder 
that solutions, apparantly highly decomposed, may exert satisfying miotic 
effect. But this does not mean that the decomposition products have a 
miotic effect. To make sure some biological tests were performed, in which 
the action on the rabbit’s eye of a freshly prepared solution was compared 
with that of an entirely decomposed one. 

Stock solution of decomposed eserine. 25,0 mg eserine 
salicylate was divssolved in 4,5 ml of water and mixed 'with 0,75 ml of 1 M 
sodium hydroxide. After 15 minutes the solution was shaken gently for 5 
minutes. 0,50 ml 1 M phosphoric acid was added and the solution made up to 
10,0 ml. pH about 7. 

Stock solution of eserine. 0,25 per cent solution of eserine sali¬ 
cylate in diluting liquid (see below). 

Diluting liquid. Phosphate buffer pH 7 as in the Swedish pharma¬ 
copoeia. 

For the experiments fully grown, white rabbits were used. The stock 
solution of eserine exerted miotic effect down to dilutions of 1:100. From 
1: 50 upwards a distinct effect was always produced. In the main experiment 
six rabbits were used, divided into three groups. 0,1 ml of the 1: 50 dilution 
of the eserine stock solution was instilled in one eye of all the rabbits. 
Simultaneously 0,1 ml of the dilutions 1: 5,1:15 and 1: 50 of the decomposed 
eserine stock solution was placed in the other eye. In all the eyes treated 
with intact eserine there was a distinct miotic effect, while none of the eyes 
treated with decomposed eserine was affected. 

The products of eserine present in the decomposed solution used were 
.chiefly methyl amine, carbon dioxide and rubreserine. In naturally 
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decomposed eye-drops the main products of decomposition are probably 
not riibreserine but some substances even more unlike eserine. It therefore 
seems permissible to conclude from the experiments that the decomposed 
eserine in eye-drops is devoid of miotic properties. Consequently it is of 
interest to know the stability of eserine under the conditions to which the 
alkaloid is likely to be submitted in the preparation and storage of eye- 
drops. 

* * * 

The changes in eserine solutions are particularly obvious, as they reveal 
themselves by a red colour. They have, therefore, been the object of much 
interest. Most investigators have only established the time during which 
eserine solutions of certain types remained colourless (5,6, 7,8). This manner 
seems to be primitive. Considerably more valuable is the work of Ellis et aL 

(4), who have studied the decomposition of eserine in aqueous solutions 
of body temperature by two quantitative methods. Firstly they used a 
biochemical method determining the power of the solution to inhibit the 
enzyme cholinesterase. Secondly they applied a photometric determination 
analogous to the rubreserine method used in this work. They seem to apply 
these methods directly to the hydrolysates, which appears to be unsuitable 
in the latter case, as coloured products appear on decomposition. 

Even the simple observation of the production of colour showed that the 
pH of an eserine solution affected the stability considerably. Ellis et at, 

confirmed this pH-dependence in their quantitative experiments. 

At an early stage it was observed that the addition of bisulphite to eserine 
solutions apparantly acted as a preservative (5, /.a.), as the formation of 
colour was prevented. After recognizing some of the decomposition products 
the addition of sulphite seemed logical, because the oxidation of eserinol to 
rubreserine with air would be hindered and an accumulation of eserinol 
produced, by which the progress of decomposition should be prevented. 
However, experiments by the author had indicated that the primary decom¬ 
position of eserine was independent of a possible oxidation of the eserinol 
by oxygen or air (9). This point was examined more exhaustively in this 
work. 

A series of hydrolyses were performed under different conditions of 
oxidation. The details are stated in Talbes 1 a and 1 b, where the results 
are given. In the experiments where oxygen was not bubbled continously, 
the portion drawn for analysis was treated with a slow stream of oxygen 
for 5 minutes, this time being included in the total time of hydrolysis. For 
the method of assay the reader is referred to a previous paper (9). 

The experiments show that oxygen does not affect the decrease in eserine 
content during hydrolysis. Nor does the sulphite seem to inhibit the decom¬ 
position in any other way. 

One of the demands made on eyedrops is that their pH shall not deviate 
too much from the physiologic one. Different opinions have been asserted, 
but nobody seems to go outside the limits pH 5—pH 8. There¬ 
fore, the stability of eserine solutions was investigated in the pH-range 
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Table 1 a, Decomposition of 0,4 per cent eserine salicylate in 0,200 molar 
sodium carbonate solution at 25,0° C. Determinations of eserine titrimetri- 
cally after hydrolysis and distillation. 

Eserine remaining intact after 

30 min. 60 min. 120 min. 180 min. 240 min. 

Air-free solution Nitrogen 
atmosphere 79,0 % 67,5 % 52,2% 41,6% 

Open vessel 67,8 52,1 47,0 

Open vessel. Sodium pyro- 
sulphile added 0,1 g/5() ml 72,0 54,0 43,6 35,8 

Oxygen bubbling 79,2 67,7 52,8 42,7 

Table 1 b. Decomposition of 0,0^ per cent eserine salicylate in 0,100 molar 
carbomite^bicarbonote buffer pH 10,9 at 25,°0 C, Delerminations of eserine 
by the riibreserine method. 

Eserine remaining intact after ! 

30 min. 60 min. [ 90 min. | 120 min. ISO min. 180 min. i240min.| 

Air-free solution Nitro¬ 
gen atmosphere 75,8 % 58,7 % 38,0 % 23,3 % 

1 

16,0 % 1 

Oxygen bubbling 75,8 58,9 46,4 40,2 30,2 24,1 16,7 1 

5—8 and at a constant temperature (25'') not too far from ordinary room 
temperature. The analyses were carried out in accordance with the direc¬ 
tions given in (9). The results are found in Tables 2 a and 2 b. Three of the 
experiments in Table 2 a had to be discontinued after a little more than 30 

days because of mould formation in the solutions. The solutions used for the 
experiments in Table 2 b contained 0,04 % of methyl p-hydroxybenzoate as 
a preservative. 

The results show that at room temperature eserine salicylate solutions in 
pure water or with 2 per cent boric acid have good stability. However, it is 

Table 2 a. The stability of 0,4 per cent eserine salicylate solutions at 25° C, 

Determinations of eserine titrimetrically. 

Solvent 
2 

E 

10 

setine r« 

15 
‘mains' ii 

20 

itact after 

30 ! 60 lOOdays 

Water 

2 % boric acid 

Phoshpate buffer pH 7 

Borate buffer pH 8 97% 

98% 

96% 

80% 

91 % 

71 % 

89% 

62% 

100% 

97% 

81 % 

40% 

98% 104%*) 

Probably some evaporation of the last portion of the solution. 
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Table 2 b. The stability of 0,1 per cent eserine salicylate solutions at 25*". 
Determinations of eserine by the rubreserine method. 

Solvent 
5 

Eserii 

10 

ae remain 

20 

in; intact 

30 

after 

' 40 50 days 

Water 

2 % boric acid 

Phosphate buffer pH 7 

Borate buffer pH 8 

98% 

100 

98 

78 

97% 

99 

96 

60 

96% 

99 

90 

45 

100% 

102 

90 

38 

97% 

100 

85 

31 

95 X 

100 

85 

24 

to be noted that the water solution had turned distinctly pink as early as 
after 2 days. Even the horic acid solution was pink after 10 days. 

According to the Swedish pharmacopoeia eye drops shall be delivered 
sterilized. For solutions of eserine salicylate the pharmacopoeia states that 
this may be done by heating for 1 hour at 100*" C. That such a treatment is 
quite out of the question at pH 7 or above can be foreseen from the results 
of the preceding experiments. As to solutions in pure water or with horic 
acid the statement needed examination. In order to make the experiments 
more obvious, the solutions were heated to 100® C for 2 hours. At the same 
time the effect of sulphite was examined once more. The results are found 
in Table 3. 

None of the solutions examined was completely stable during the treat¬ 
ment. The stability appeared to be greatest at a pH below 5 but such a solu¬ 
tion is unsuitable for the eye. Moreover, it was demonstrated that the 
sulphite was of no significance for the stability, but served instead to conceal 
the decomposition. 

Table 3. Heating of 0,1 per cent eserine salicylate solutions to 100® C for 2 
hours. Determinations of eserine by the rubreserine method. 

Composition of the solution 

Colour after heating 
pH after 
heating 

Eserine intact 
after heating ' Boric 

acid 

Sulphite 
as Na^SOg 

and/or 
NagSjOj 

Sulphuric 

acid n/100 

0 0 strongly red 6,48 0 

0 0,5 ml/25 ml almost colourless 4,23 28% 
0 10/00 0 colourless 3,03 90% 
2% 0 faintly pink 5,05 83% 
2% 0 faintly pink 4,99 76% 

2% lOoo 0 colourless 6,33 0 

2% lO'oo 0 colourless 5,61 12% 

2% 10/00 0 colourless 3,38 83% 
2% 10/00 0 colourless 86% 
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Conclusions, 

The presence of air or sulphite in eserine solutions has no real influence 
on their stability. Acidic solutions containing sulphite remain colourless 
because the coloured decomposition products are converted by the sulphite 
to substances which are colourless at acidic pH. 

For the sake of stability the pH of eserine solutions must not rise above 7. 
Preferably the pH may be 6 or lower. If not satisfactorily buffered, the solu¬ 
tions must be kept in glass, free from extractable alkali. A solution with 2 % 
boric acid is stable at room temperature and not easily infected. It is recom¬ 
mended even for medical reasons, €.g. by Hind and Goyan (10). A stable 
eserine solution, e,g. one made with boric acid, may be beautified by the 
addition of a small quantity of sulphite. However, the strong acidic displace¬ 
ment of pH even by very small quantities of bisulphite or pyrosulphite must 
be taken into consideration for physiological reasons. 

Solutions of eserine must not be sterilized by heating, whatever the pH 
value. 
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ASSAY OF THE CURATIVE ACTION OF NEOARSPHENAMINE 
BY TIME-MORTALITY DATA 

Bv Are Liuestrand 
From the State Pharmaceutical Laboratoiy and the Medical Clime of the Canfline 

Hospital, Stockholm 

Reedved Novonber 6, 1948 

The commonest current methods etQployed for teeing the action of 
neoarsphenamine are those in which the drug is injected into mice or 
rats already lightly or heavily infected widi Trypanosoma equiperdum 
on a previous day. Blood specimens removed from every animal are 
examined daily, involving the counting of many squares of the counting- 
chamber. before deciding whether or not the animals are cured. These 
methods are laborious and time-consuming, and for this reason, and 
because of other disadvantages. Biilbring and Bum' proposed that the 
activity of a preparation should be estimated from Ae survival times 
of mice infected and treated on the sanm day. In the present work, this 
method has been extended and examined statistically. 

Method 
* 

Blood taken from rats which had been infected 2 days earlier was 
diluted with 1 per cent, sodium citrate solution till it contained 7,000 
trypanosomes in 1 microlitre. Mice weighing about 16 to 18 g. were 
iiiected by intraperitoneal injection with 0*5 ml. of this trypanosome 
suspension. Neoarsphenamine was injected intravenously h 0*2 per * 
cent, solution within 2 hours from the time of infection, 'ibe doses 

were calculated in proportion to the 
body wei^t. The usual precautions 
to prevent the oxidation of the 
neoarsphenamine were taken. 

Results 

The results of a preliminary pilot- 
experiment provided a curve relating 
dosage with survival time. Seven 
groups each of IS infected mice were 
injected with graded doses of 
neoarsphenamine ranging from 
13*9 iug./g. of body weight upwards 
by steps of 20 per cent. From 2 
days after the infection the mortality 
was noted every hour for 36 hours. 
After that, observations at night 
were discontinued. For the two 

highest doses the mortality was noted only once a day. A control 
groiq> of 40 mice was followed at the same time. The survival time- 

^ 0 

10 15 20 30 40 50 
/*9/g Log scale 

Fig. 1. Survival in hours from the 
time of infection for the median in 

every group. 

O Untreated. • Treated. 

n 
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dosage curve was drawn from the medians of the survival times in eveiy 
groiq> (see Fig. 1). AH animals, except those receiving the highest dose, 
died, the last mouse surviving until the ISth day. In the highest dose 
group, i.e., those receiving 41*5 /ig./g.. 3 animals survived, the last one 
dying on the 18th day. Since we rarely found any anunals dying after 
this time it was decided that any mouse living beyond the 18th day 
should be counted as definitely cured. 

..r ' 'I— '-1-r-".■T- 
loo Iso 2 00 Ojo loo Iso 

LogCr-^^ loffCT-SH) 

(c) (d) 
1^. 2. Brobit tnuttfoimatioos for the survival timet from the time of infeetion of 
the 40 infoeled control mice, (a) Survival time in hours; (b) Log survival time 
ki hoors; (c) Log (survival time uthoars - 48); (4) Log (survival time in hours 

times of the- last observatiao with all living animals and those of 
me first obswvation with all dead animals are matved with arrows. 
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Using this basis we observed which fditction of survival tiiae a 
normal distribution. In toxicity tests in which the lethal time it de¬ 
layed. some function of the time elapsing between the time of iaject&ig 
the animal and its death can be found to be normally distributed, and 
the standard deviation of this function becomes a suitable mieasuiw of 
the varying sensitivity of the animals to the drug. Since the untreated 
infected controls show differences in their survival times, these were 
also determined and their limits of variation ascertained. 

Of the 40 controls mentioned above. 4 animals died during periods 
when observations were more in|re«iuent For the other 36, the time 
of death could be stated to within an hour. The percentage of animals 
that had died up to the various times was transformed into probibs 
according to Bliss^. These values were then plotted on graph paper 
with the probits along one axis and the time or the logarithm ^ the 
time along the other, the time being measured frmn the moment when 
the animals were infected {see Fig. 2 a and b). If the plotted function 
of time had been normally distributed, the points diould have foUoi 
mainly along a straight line. In neither case did diis happen, however, 
but the points fell along curved lines. That this was not accidental 
could be seen from similarly curved lines with corresponding probit 
transformations for the lower neoarsphenamine doses, in spite of the 
small number of animals in each one bf these groups. 

Every mouse was inoculated with about 3*5 million trypanosomes. 
In this way it received such a large number of trypanosomes that one 
hardly needs to take into account any differences in virulence between 
the infecting material of the different mice due to random variation.. 
The dispersion of survival times will thus be mainly due to the host 
animals, i.e., the possibilities of growth for the trypanosomes in the 
different mice and the varying resistance of these to t^ fully developed 
infection. With intraperitoneal infection the conditions of growth may 
be regarded as nearly optimal, and so no great differences should exist 
between the different mice on this ground. This line of reasoning is 
confirmed by the results from the trypanosome counting method. In 
this the animals are used when the infection is very strong in the blood, 
that is, 2 days after being infected. Relatively few animals, however, 
need to be rejected on account of badly developed infection. In other 
words, full development of the infection is reached at approximately 
the same time by the majority of the infected animals, ^hsequently 
the differences in survival times would chiefly be due to the varying 
resistance of the mice against the fully developed infection. If such is 
the case some function of the time between the point when full infec* 
tion is reached and the time of death might have a normal distribution. 

The first control mouse died SS hours after being infected. Evidmrtfy 
full infection most have been reached some time earlier, aftn whi^ 
the remaining time of survival ^iras influenced only by resistance 
of the mouse. Times of 48 and 52 hours after infection were, thmtffme; 
chosen, as it vi^s considered that full infection might have attaiQid 

so 
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ia the control group at one of these periods. New probit diagrams were 
made with the logarithms of the times from these new starting points 
along one axis, that is. the logarithm of the survival time in houm 
minus 48 and hours minus 52 respectively. In both cases good agree¬ 
ment with a norma] distribution was obtained {see Fig. 2 c and d). In 
view of the small amount of material the points on both figure appear 
to lie reasonably near a straight line. 

Also for the mice treated with neoarsphenamine the logarithms of 
(survival time in hours-48) seemed to be normally distributed for 
every dose. As the groups were rather small, on a later occasion 2 
groups with 40 infected mice in each were treated with doses of 20 
and 31 g./g. of body weight respectively. In these groups, too, no 

certain deviation from the formula just mentioned could be found, the 
points lying fairly well along a straight line in the probit diagram. 
On this occasion a certain change in sensitivity to the neoarsphenamine 
was observed* as compared to that shown in Figure 1 since half of the 
animals in these two groups died after 108 and 218 hours. 

If this transformation of the primary values, i.e., the logarithm of 
(survival time in hours—48) proves to be generally useful for experi¬ 
ments of this kind in different laboratories, the mice of a group in 
different tests or at different times should as a rule be approximately 
normally distributed when their times of survival are transformed in 
this manner. The values given by BUlbring and Bum and also those 
found in earlier experiments from this laboratory, lend support to this 
contention. These figures confirm, among other things, that ^e maximum 
mortality of the controls as well as that of the animals treated with 
small neoarsphenamine doses occurs during the night between the second 
and third day after the infection. 

TABLE I 

Reading Time , 
Time in Hours 

After the 
Infection (T) Day after 

Infection , Time of Day 

2 22 o’clock 61 

3 8 . 71 

3 14W „ . 77-25 

3 22 . 83 

4 8 .. 95 

4 20“ . 107-75 

5 13 . 124 

6 9“. 144-5 

1 10 „ ... ... ! 169 

8 17 

10 10 . 241 

12 14 « . * 293 

15. ■- 9 » ff ..e 3^ 

18 17 p. ... ... 4^ 

Class Limit 
Log (T-48) Oass Width Class Middle 

1-114 .0-248. .1-238 
i-362 .0-104. .1-414 
1-466 .0-102. .1-517 
1-568 .0-104. .1-620 
1-672 ..0-104. .1-724 
1-776 ..0-105. .1-828 
1881 .0-104. .1-933 
1- 983 
2- 083 

.0-098. .2-034 

.0-099. .2-132 
2-182 .0-104. .2-234 
2-286 .0-103. .2-337 
2-389 ..0-105. .2*442 
2*494 .0*099. .2*544 
2*593 ...•i«..f)i0* l03«..«,( 

* Cbliwiftm wfth ^ dftii Minn mO' 103, which ii UM mean of itfl dan widths except the lint 
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As it thus seems that the logarithm of (survival time in hours—48) 
in practice may be taken as normally distributed in the different dosage 
groups, due regard should be given to this fact in the spacing of die 
reading times. The following example shows bow this may be performed 
so that the intervals between the observations are as far as possitde 
equally large when expressed in the normally distributed function, Le., 
log. (time in hours between the time of infection and the observatitHi 
-48). Even allowing for this, the readings can be so arranged that most 
of them are made during the normal working day. 

Example 

Croups of 20 newly infected mice, which had been kept in the 
laboratory for over a week before this experiment were injected intra¬ 
venously with doses of 24 and 30 /iig./g. of body weight of the Inter¬ 
national Standard and of a commercial {nreparation respeaively. both 
in 0*3 per cent, solution. The mice were infected at 9 o’clock in the morn¬ 
ing and the injections of neoarsphenamine were made within the following 
2 hours. The readings were performed according to Table 1. The times' 
when the mice were found dead are given in Table Ila and die corres¬ 
ponding class middle for each animal in Table Ilb. Two methods of 
analysis of the data are now available. 

TABLE llA 

Results. Number of Dead Mice 

Ody 
2 
3 
3 
3 
4 
4 
3 
6 
7 
8 

10 
12 
ts 
18 

Reading Time 

Time 
of day _ 

22 o’clock 
8 

14“ 
22 

8 
20«» 
13 9M 
10 
17 
10 
14 
9 

17 

Standard I Test Preparation 

24Ai8./8.(Sid) , 30m8./8.(Sh) I 24 m8./8.(Ul) 30 ^./g.(Ua) 

Surviving after the 18th day 

The simplest method is to calculate the means, standard deviations, and 
standard errors of the means in the usual manner for each group as in 
Table IIB t-analysis for the difiterences between the means of and 
Si. and between Uh and Ul shows in the first case P < 0.001 and in the 
second case P = 0.001. The differences are therefore not attributable 
to random variation alone. This shows that the test reaUy is sensitive 
to a difference in dosage of 20 per cent Fot the difference between the 
means of a^ U,i P = 0*05. i.e. the larger test dose has smaBer 
effect than die smaller standard dose. 



THE ASSAY OF NEOARSPHENAMINE 

TABLE Ub 

Results Transformed 
Class Means from Table I for the Death of Each Mouse 

Mouse Standard Test Pmparation 
.. , 

Number . 30M8^Sa) 24 

2 .1 1*620 1*724 1*238 1*414 
3 . 1*620 1*724 1*238 1*317 
4 .1 1*620 1*828 1*238 1*517 
3 .1 1*620 1*828 1*414 1*317 
6 . i-ru 1*828 1-414 1-517 
7 . 1*724 1*828 1*414 1*620 
8 .i t-724 1*828 1-414 1*620 
9 . 1*724 1*828 1*414 1*620 

10 .. 1*724 1*933 1*414 1*620 
11 .; 1*724 2*034 1*414 1*620 
12 .! 1*724 2*034 1*317 1*724 
13 .! 1*724 2*132 1*517 1*724 
14 . 1*828 2*132 1*620 1*724 
13 . 1*828 2*132 1*620 1*724 
16 .. 1*828 2*132 1*620 i 1*724 
17 .* 1*828 ' 2*132 1*620 1*724 
18 ... t. ... i 1 *933 2*234 1*620 ' 1*828 
19 . 1 *933 2*234 1*724 i 1*828 
20 . 2 132 2*645 1*724 1 2*132 

Total . 35*099 39*914 29*432 1 33*128 
Mean .< 1*73495 1*9957 1 1*4716 1*6364 
Standard deviation.1 0*138 0*232 0*159 0*164 
Standard error of the mean 0*031 0*052 0*036 0*037 

Total S . . 75*013 Total U . 62*360 

More information, however, may be extracted from the material if it 
is subjected to variance analysis (Fisher®), the results of which are shown 
in Table III. 

TABLE III 

Analysis of Variance. Data of Table 11b 

1 1 Degrees of Sum of Mean 
Source of Variation 

1 
Freedom 

1 
Squares Square i ^ p 

Between samples. 1 1*9385 
1 
’ 1*93830 I 61 -74 <0*001 

Between-doses of same substance | I 2 1 0*9211 , 0*46033 14-67 ^001 
Random sampling ^ .j 1 76 1 2*3867 1 0*03140 _ 

Total .‘ 79 5*2463 
■ ““ i — — 

Slope, 2*18 Potency, 0*72 Fiducial limits, 0*380 to 0*809 (P 0*03). 
Percentage limits, 80*3—112*0 

The slopes of the dosage-response lines were calculated and found to 
be homogeneous. It was therefore legitimate to calculate a combined 
slope and to use this value in order to obtain- the potency of the unknown 
in terms of the standard ficom the equation provided by Gaddum^, 
and the fiducial limits of error of the estimated potency from the equation 
provided by Fiellcr*. 

Summarising die results, the unknown preparation had a potency of 
0’72 of the standard with fiducial limits of error of 0*580 to 0*809 for 
r =0*05. . 

When material is grouped it is dMirable to group it widtia m^ow 
dlafi llfilits. fje. to gro#‘fi in clasaesf^m^ much 
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iofonnatiaii as possible. In this case the number of Classes ditec^ 
depends on the frequmey of the readings: many times of observations 
allow many classes with narrow class limits, whereas few readings alloiit 
only a few classes and widely spaced class limits. The number Qf ^ 
observations, however, is limited by the fact that in practice it is 
hardly feasible to make observations during the night An increase 
of the number of readings during the day but none during the ni^t 
implies alternating small and large intervals between the observationsi' 
with varying class widths, and this natural gives no increased precision. 

This could also be verified in the m&terial from our example in which 
more readings were made during the days than are recorded in the tables. 
The number of readings in the example is near the maximum possible in 
practice with approximately equally spaced intervals. The feet that the 
first class has n much larger width than the rest has no great importance 
as in any case the doses of neoarsphenamine mu.st be so large that only 
single animals die here. 

One objection that has been raised against using survival times for 
estimating the curative action is that one does not know if the death 
of the animal is due to the infection. A certain control of this, however, 
exists. No deaths are caused by the infection on the day when the 
animals are infected or on the first or even on the greater part of the 
second day after infection. If the animals die during this time, it is 
due either to technical faults, which should be few with proper technique, 
or to non-specific deaths. Mice dying during this time must therefore 
be excluded from the analysis. When the groups are not too small and 
the times of survival not too long, the death of one or two mice during 
this period does not appreciably alter the accuracy of the test. If more 
mice die. it shows that they were in bad condition and the assay most be 
rejected. It has been found convenient to keep the mice in the laboratory 
for some days before they-are used in order to make sure that th^ are 
in good conation. 

When it is desired accurately to determine the curative potent of a 
preparation, the calculations will be performed as indicated in the ex¬ 
ample quoted above. Often, however, it is only necessary to ascertain that 
the potency of the test preparation is not less than that of the standard or 
of a certain proportion of it. The doses to be used should give a clearly 
prolonged survival time without making the test unwieldly.. In our 
experiment a dose of 24 to 30 /xg/g. of body weight fulfilled these 
conditions. As a control of the sensitmty of the method a weaker dose 
of the standard was given as well, by way of example say 20 pa cent, 
weaker. In a successful experiment a difference between fee two shotdd 
be evident. 

Practical Performance of a Test 

Guided by these principles and by fee aforementioned results, the test 
is performed as follows: 60 mice which have been kept in the laboratory 
for a week are infected intiaperitoneally wife 0>S ml. per mouse 
of a trypanosome suspotion containing 7>000 trypanosoma. per 



THE ASSAY OF NEOARSPHENAMINE 

microlitre. This is obtained from the blood of rate that have been in¬ 
fected 2 days earlier. The trypanosomes are counted in a coimting 
chamber and the blood is diluted with 1 per cent, sodium' citrate solu¬ 
tion to the desired concentration. The infection is performed at 9 o’clock 
in the morning. Within the next hour the mice are injected intravenously 
with the different doses of the 0-3 per cent, neoarsphenamine solutions. 
During the preparation of the solutions the usual precautions against 
oxidation are observed {see Bum”). 20 mice receive 24 /ug. and 20 mice 
30 /*g./g. of body weight of the standard and 20 mice receive the dose 
of the test preparation that is to be compared with the higher standard 
dose, and which must not be less potent than this standard dose if the 
preparation is to pass the test. The mice are observed at 16 o’clock 
on the second day after the infection. Those which have died are re¬ 
jected and excluded from the calculations. After that the readings of 
the mortality are spaced according to the times in Table 1. The mean 
and the standard error of the mean are calculated for every group, the 
value for every animal being that of the corresponding class middle seen 
in the table. Thus, if an animal has died only on the fourth day at 
8 o’clock its value is 1-620. The preparation passes the test if t-analysis 
shows that it is stronger or not weaker than the larger standard dose. 
In the latter case, however, a significant difference between the standard 
doses must exist, otherwise the test must be repeated. If t-analysis 
shows that the test preparation is significantly weaker than the larger 
standard dose it is rejected. 

Discussion 

When testing substances on animals, it can be shown in many cases 
that the logarithm of the duration of the effect or the logarithm of the 
time till the effect appears is approximately normally distributed (Bliss’^. 
Goodwin and Marshair, Goldberg® and others). A close study of this 
question, however, may reveal that a more complicated function of 
the time has a normal distribution (Ipsen®). On the other hand, it is 
sufficient to have an approximate knowledge of the kind of fimction 
that is normally distributed when grouping the observations' as the laws 
for calculating the means, standard errors and t-values are also applicable 
to a number of different distributions, more or less deviating from the 
normal. The grouping of the observations advocated in this paper 
seems to be more rational than making one or two readings every day 
for a limited number of days as proposed by Bulbring and Bum^ and 
Goodwin^® or for a longer times according to the method of Chen, 
Gelling and MacHatton*^. A further advantage is that an estimate of 
the error may be obtained for every dose, so extracting all information 
inherent in the material. A comparison with the results of Hawking'* 
shows that, whereas in the trypanosome counting method every animal 
gives only a qualitative expression for the strength of the preparation 
in this method, the survival times are quantitative estimates of the 
stisngth of the drug, and thus fumfsh more detailed information. 
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Summary 

The basis for using time-mortality data in estimating the curative 
effect of neoarsphenamine is examined. It is shown how the survival 
times may be transformed so that they become approximately normally 
distributed. A routine test has been designed on these lines. 

The author is indebted to Dr. W. L. M. Perry, of the National Insti¬ 
tute for Medical Research, London, for suggesting the treatment of the 
material with variance analysis and also for its application to the data. 
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Sartryck ur Svensk FarmaceutUk Tidtkrift nr P, 10, och 11 1949^ 

Kloralhydratets stelningspunkt. 
Av Goran Schill 

(Fr&n Kungl. farinaccutiska institutets keniiska avdelning) 

Inserted in Coll. Pliarni. Suec. IV, 1949 

Snialtpunkten for kloralhydrat anges niycket olika i litteraturen. Uppgif- 
lerna variera mellan 46®—47® [Hudolphi^)] och 59®—60® [Banchetti^*)]. 

Olika landers farmakop6er stalla ocks& ganska olika fordringar. S& anger 
t. ex. svenska farmakopen Ed. X 47®—57®, medan danska farmakopen 1933 
foreskriver, att prcparatet skall borja sintra vid 49®—50® och smalta vid 
51®—53®. 

Om orsaken till dessa varierande uppgifter lamnas olika fdrklaringar. 
Woip) och u, Bossem*) ansSgo, att kloralhydratet »dissocieras» i smaltan, 
och att en jamvikt erh&lles, som installer sig Mngsamt. Snialtpunkten konir 
nier darfor att bli beroende av upphettningshastigheten. Ju snabbare upp- 
hettningen sker desto lagre blir dissociationsgraden i smaltan och desto 
hogre blir smaltpunkten. Xven Fonteyne^^) ans&g sig genom undersdkningar 
av ramanspektrum ha visat, att kloralhydrat vid smaltning dissocieras i 
kloral och vatten. Schoorl^) anger daremot, att kloralhydrat kan forekomma 
i 2 olika former, a och p, av vilka a ar stabil vid vanlig temperatur. Vid 
smaltning omvandlas en del av a-formen till P-form, men jamvikten installer 
sig icke momentant. Smaltpunkten kommer darfor att variera med upphett* 
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ningshastigheten, och ju iftngsammare uppvarmningen sker desto narmare 
den »naturliga smaltpunkten» kommer man. SchoorP) rekommenderar dar- 
f5r bestamning av stelningspunkten. Substansen bor d& h&llas smalt tills 
jamvikt installt sig, underkylas till 43"* och ympas med fast kloralhydrat, 
d& en konstant stelningspunkt p& 46.8* erh&lles. Aven i Kqmmentaren tiH 
Pharm. Helu. Ed, V*®) anges, att kloralhydrat forekommer i 2 former. 

I elfte upplagan av svenska farmakop^n anges» att smalt kloralhydrat skall 
ha stelningspunkten 47*. Stelningspunktsbestamningen skall givetvis utfdras 
enligt de allmanna foreskrifterna p. 8. 10 g smMt kloralhydrat fylles i ett 
provror, och en termometer nedfores i smaltan, varefter provroret nedsan- 
kes i vatten med en temperatur av omkring 42* och avkyles, tills termo- 
metern visar omkring 45*. Genom omroring med termometern bringas sub¬ 
stansen att stelna» och den hogsta temperatur som avlases raknas som stel¬ 
ningspunkten. I stMlet for omroring kan man ocks& ympa med en liten 
kristall kloralhydrat. 

Utfores stelningspunktsbestamningen p& detta satt visar det sig eniellertid» 
att mycket vaxlande resultat kunna erh&llas, och man f&r latt stelningspunk- 
ter som variera mellan 48* och 51*. 

En tankbar orsak till dessa varierande varden kan vara, att svenska farma- 
kop6n icke anger n&gonting om hur lange substansen skall hollas smalt. 
Som ovan namnts foreligger mojligen n&gon form av jamvikt i smaltan, 
och denna jamvikt installer sig relativt l&ngsamt. Det iir darfor mojligt, 
att de varierande resultaten beror p4 att de olika bestamningarna utforts 
med olika hastighet, vilket medfort, att jamviktslagets stelningspunkt ej upp- 
n&tts i vlssa fall. 

En serie forsok utfordes p& foljande satt. 10 g kloralhydrat (provlialtig 
farmakopevara) uppvagdes i ett provror. I substansen nedfordes en termo¬ 
meter graderad i 1/10 grader, som med hjalp av en kork holls fast sft att den 
icke rorde vid provrorets vaggar. Substansen smiiltes darefter genom upp- 
hettning i oljebad av onskad temperatur. Sedan smaltan forvarats i detta 
bad angiven tid, overfordes den till ett oljebad med temperaturen 42* och 
holls dar tills termometern visade ungefar 2** under den vantade stelnings¬ 
punkten. Genom rivning med en omrorare bringades substansen att kri- 
stallisera. Den darvid erhftllna hogsta temperaturen betraktades som sub- 
stansens stelningspunkt. 

Den vasentligaste avvikelsen frftn Ed. XI :s metod var att tiden och tem¬ 
peraturen for smaltningen fixerades. Vidare anvandes oljebad i stallet for 
vattenbad, f5r att vatten ej skulle uppta^ av substansen och andra stelnings¬ 
punkten. Resultat i tabell 1. 

Av tabellen framg&r, att den stelningspunkt som erhSlls omedelbart efter 
fullbordad smaltning i allmanhet l&g avsevart hogre an de varden som er- 
hdllos, nar substansen h&Ilits smalt en viss tid. Efter hand uppnftddes dock 
ett definitivt varde, som ej andrades genom langre smalttid. De l&ga vardena 
vid 0 min. fSr 60* och 55* berodde formodligen p& att smaltningen vid dessa 
temperaturer gick s& l&ngsamt (30—60 min.), att jfimvikt nastan hann in- 
stSlla sig efter hand i sm51tan. Vid 65*, dar smaltningen gick relativt snahbt, 
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Table 1 
Chloral Hydrate 

Variation in freezing point with the time the substance is maintained in 
melted condition and with the initial temperature of the melt. Cooling 
time 1—3 min. 
Each value constitutes the mean of at least three determinations. 

Temp. 
Number of minutes substance has been in melted condition 

|||[Q|||[ 3 6 9 12 15 18 30 60 

85° 51.2 49.6 49.5 49.4 . ■ 49.6 493 
70° 49.6 — — 48.6 48.5 48.3 48.4 48.5 48.4 
65° 50.0 49.4 48.9 48.2 4&1 48.0 48.0 48.1 48.0 
60° 48.7 48.2 47.9 47.8 47.8 47.6 47.4 47.4 47.5 
55° 47J 47.0 47.1 47.2 — — 47.0 46.9 

tog det daremot c:a 10 minuter innan stelningspunkten nfttt sitt definitiva 
varde. Vid hogre temperaturer gick det som synes betydligt snabbare. 

Det mest anmarkningsvarda med de erh&Ilna resultaten var emellertid> att 
den definitiva stelningspunkten blev hdgre, om substansen h&llits smalt vid 
hogre temperatur. 

En sammanfattning av de definitiva stelningspunkterna for smaltor med 
olika begynnelsetemperaturer finnes i tabell 2. Stelningspunktsbestamning- 
arna ha utforts som i tabell 1. Vid temjferaturerna 90^—60 ** holls substansen 
smalt 30 min.» vid 55”—46” i 60 min.» s& att jamvikt sakert hann installs sig. 
Stelningspunkterna for temperaturerna 50” och 46”, som ju ligga under 
kloralhydratets normals smaltpunkt, bestamdes genom att substansen smal- 
tes vid 60”. Temperaturen p& badet fick darefter p& c;a 30 min. sjunka 
ned till 50” resp. 46”. Smalttiden raknades fr&n den tidpunkt d& den slutliga 
badtemperaturen uppn&ddes. 

Table 2 
Chloral Hydrate 

Variation in freezing point with the initial temperature of the melt. 
Melts in equilibrium at respective temperatures. Cooling time 1—3 min. 

Temp. 90° 85° 80° 75° 70° 65° 60° 55° 50° 46° 

Freezing point 50.1 49.6 49.2 48.9 48.4 47.6 

I tabell 3 ges n&gra exempel p& avkylningstidens inverkah p& stelnings¬ 
punkten. Kloralhydratet holls i samtliga fors5k smalt vid 80” i 30 min. och 
fick sedan svalna till omkring 2” under beraknad stelningspunkt, innan riv- 
ning skedde. Det enda som varierades var avkylningen. I forsta fallet pla- 
cerades roret med kloralhydrat i en bagare 80”-ig olja, och det hela fick 
svalna i luftem Avkylningstiden blev d& 32 minuter. I det andra fallet om- 
gavs rdret med ett luftbad, ett vidare, tomt provrdr, vilket sankte avkyl¬ 
ningstiden till 15 min. I tredje fallet fick roret svalna direkt i luften (tid 8 
min.) och i sista fallet p& vanligt sMt i 42”-igt oljebad (tid 3 min.). Avkyl¬ 
ningen var alltsft i samtliga fall kontinuerlig. 
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Table 3 

P,hloral Hydrqte 
Variation in freezing point with cooling time. 
Melts in eqmlif)riuni at 80®. Continuous cooling. 

Cooling time in min. 32 15 8 3 

Freezing point . 47,0 47.9, 48.3 49.2 

Av forsoken frimg&r, att &telningspunktcn blev lagrc ju lang're avkylnings- 
tiden var. Nar denna var kort erholls en stelningspunkt spin narniast torde 
hftra sanlman med jamviktslaget vid smalttemperaturen, 80®. De langre ti- 
derna g&vo daremot stelningspunkter, som visade, att forh&llandena i dessa 
smaltor i olika grad hunnit narma sig det jamviktslage, som r&der i narhetcn 
av stelningstemperaturen. 

Enligt farmakop^ns metod for bestamning av stelningspunkt kan man 
bringa substansen att kristallisera antingen genom ympning eller genom 
rivning. B&da metoderna ha forsokts men lamnat lika rosultat. 

Som framg&r av ovanst&ende forsok kan stelningspunkten knappast apses 
vara lamplig som farmakopeprov p& kloralhydrat. Visserligen kan man er- 
h&lla en lagsta stelningspunkt — 45.6® — men harfor fordras, att substansen 
h^llits smalt vid 46® i minst en timma, yilket kan vara ganska besvarligt att 
genomfora. 

De hittills utforda forsoken ha visat vilka faktorer som pSverka kloralhyd- 
ratets stelningspunkt. Nasta problem blir dk att forsoka forklara, vad som 
kan varp orsaken till att stelningspunkten kan andras p& detta satt. Foljande 
tankbara orsaker ha provats: 

1. Substansen forstores delvis vid smaltningen 

2. Substansen kan upptrada i flera olika modifikationer: 
a. Enantiotropi eller monotropi foreligger 
b. Isomeri foreligger, och ett pseudobinart system erhSlles 

3. »Dissociation» sker i smaltan 

4. Jamvikt mellan olika hydrat av kloral fdreligger i smaltan 

1. »Substansen forstores delvis vid smaltningcn.» 
Denna orsak till stelningspunktsvariationerna iir visserligen tankbar, men 
m&ste betraktas som ganska osannolik. Det verkar ytterst otroligt, att for- 
storingen skulle vara mindre vid hogre temperatur an vid lagre, vilket ju i s& 
fall ^kulle bli konsekvensen av de t^digare gjorda forsoken. 

N&gra forsok utfordes emellertid. 10 g kloralhydrat (provhaltig enl. Ed. 
XI, halt 100.4 %) holls smalt vid 80® i 2 timmar och gav darefter vid av- 
kylning som i tabell 2 stelningspunkten 49.0®. En annan portion kloralhyd¬ 
rat bolls smalt vid 55® i 2 timmar och gav darefter stelningspunkten 47.0®. 
Pft bida substanserna gjordes sedan prov pft renhet och halt enligt Ed. XI. 
Renhetsproven givo samma resultat som fore smaltningen utom provet p& 
klorid: substansen fr&n 80®-smaltan gav opalisering, medan den andra sub¬ 
stansen gav svag opalisering med silvernitrat. Halt for b&da smaltorna 
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100.5 I b&da fallen allts& en mycket ringa sonderdelning efter Iftngvarig 
smaltning, vilken sSkerligen var utan namnvard betydelse fbr stelnings- 
punkten. 

Att ett sonderfall av substansen omojligt kan vara forklaringen till stel- 
ningspunktens variationer, ses for ovrigt av att man kan f& stelningspunkten 
for en smalta att stiga, genom att hoja smaltans temperatur. Kloralhydrat 
bolls s&lunda smalt vid 50 i en timma, varvid ett uttaget prov gav stelnings¬ 
punkten 46.2®. Temperatur en p& substansen hojdes sedan till 90®, och smal- 
tan bolls vid denna temperatur 15 minuter. Stelningspunkten bestamdes dar- 
efter p& vanligt satt (se tabell 2) ocb befanns vara 50.2®. 

Ovanst&ende forsok liksom de tidigare stelningspunktsforsoken visar tyd- 
ligt, att nagon form av jamvikt m&ste forellgga i smaltan. Som tidigare namnts 
anges i litteraturen 2 mojligbeter: dels en jamvikt mellan 2 former, dels en 
»dissociation». 

2. )»Substansen kan upptrada i flcra olika modifika- 
t i o n c r.)> Schoorl^) anger, att kloralbydrat kristalliserar i 2 modifikationer. 
Den ena, a-formen, som best&r av monosymmctriska plattor, ar stabil vid 
vanlig temperatur, medan den andra, p-formen, som best&r av n&lar, ar in- 
stabil vid vanlig temperatur. Pope*) bar beskrivit de b&da formerna ocb upp- 
stallt vissa formodanden om att de aro orsaken till vissa termiska egendom- 
ligbeter, som kloralhydrat uppvisar. Vfin Rossem^) ans&g daremot, att de 
b&da formerna endast utgoras av olika vaxtformer av samma kristalltyp. 

a. »Enantiotropi eller monotropi foreligger.» En sub- 
stans, som upptrader i flera olika kristallformer kan vara enantiotrop eller 
monotrop. Karakteristiskt for en enantiotrop substans ar, att den ena for- 
men omvandlas i den andra redan under b&das smalttemperaturer. Vid stiabb 
upphetlning av substansen hander det, alt denna omvandling ej hinner ge- 
nomforas, varfor smaltpunkten for den vid bogre temperatur instabila for- 
men erh^lles. Sker daremot upphettningen l&ngsamt att omvandlingen blir 
fullstandig, smalter substansen vid den stabila formens smaltpunkt. Vid 
smaltpunktsbestaiiining p& vanligt salt blir darfor resultatet ofta, att sub¬ 
stansen smalter oskarpt vid en temperatur, som ligger mellan de b&da former- 
nas smaltpunkter. 

For en monotrop substans giiller daremot, att den vid vanlig temperatur 
stabila formen ar stabil iinda till sin smaltpunkt. De instabila formerna ha 
alltid lagre smaltpunkter. 

Kloralhydratets varierande smaltpunkt skulle kunna tankas bero p& att 
substansen ar enantiotrop. For b&de enantiotropa ocb monotropa substanser 
galler emellertid, att om smaltan avkyles till begynnande kristallisation, s& 
utfaller allt efter forsoksbetingelserna en viss form, och man fir en bestamd 
stelningspunkt, som ar karakteristisk for denna form. 

Nar det galler kloralhydrat, kan man daremot f& vilken stelningspunkt 
man vill inom omr&det 50®—46®, endast genom att billa smaltan vid olika 
temperaturer. Det finns darfor ingen anledning att anta, att kloralbydrat 
skulle vara en enantiotrop eller monotrop substans. 

b. »Isomeri fdreligger och ett pseudobinart system 



6 

e r h ft 11 e s.» Det ar eniellertid ocksft mojligt, att kloralhydratets bftda kri- 
stallformer utgoras av tvft isomera eller polymera former, soni vid smaltning 
delvis omvandlas i varandra, s& att en jamvikt installer sig. Mojligheten att 
de bftda formerna skulle kunna ha olika konsiitution har framh&llits bftde 
av Pope*) och Meyer och Bulk-). 

Flera exempel pft stelningspunktsvariationer av denna orsak finnas be- 
skrivna, t. ex. bensaldoxim [Cameron’)], acetaldehyd [HoUeman^)]. Proble- 
met har i detalj diskuterats av Bancroft^). 

Fig. 1 

Om tvft isomera eller polymera former av elt amne ha tendens att bilda 
jamvikt med varandra i smaltan, och denna jamvikt installer sig med viss 
ej alltfor hog hastighet, sft ffts ett s. k. pseudobinart system. Ett exempel pft 
en stelningspunktskurva for ett sftdant system finnes i linjen ACB i fig. 1. 
De bftda formerna betecknas med A och B. Den rena A-formen ar icke stabil 
i smalt tillstftnd, utan omvandlas efter hand delvis till B-form, och om sub- 
stansen hftlles smalt tillrackligt lange uppnfts ett jamviktslage. Linjen DE i 
figuren anger, hiir jamviktssmaltans sammansattning varierar med tempera- 
turen. Avkyles en jamviktssmalta med sammansattningen Xi sft hastigt att 
sammansattningen ej hinner andras, borjar substans utkristallisera i punkten 
Pi och stelningspunkten ti erhftlles. Pft samma satt ger smaltan Xs begynnande 
iitkristallation i P2 och stelningspunkten ts. Eftersom linjen DE i figuren lutar 
ftt vanster stiger alltsft stelningspunkten vid snabb avkylning, om smaltans 
temperatur hojes. Avkyles emellertid smaltan sft Iftngsamt att jamvikten hela 
tiden bibehftlles, kommer sammansattningen att folja linjen DE, och ut- 
kristallisationen borjar i punkten E vid temperaturen ts. En lagre stelnings- 
punkt erhftlles. Avkyles slutligen en smalta av A-form snabbt, omedelbart 
efter fullbordad smaltning innan dess sammansattning uppnfttt linjen DE, 
erhftlles en hogre stelningspunkt an som ges av en jamviktssmalta av samma 
temperatur. I samtliga dessa fall ar det A-form som utfaller vid begynnande 
kristallisation. 

Smftlter man ft andra sidan ren B-substans, omvandlas den efter hand fill 
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en viss del till A-form. Smaltans stelningspunkt kommer att sjunka efter lin- 
jen BG. S& lange smaltans sammansattning ligger mellan C och B ar det 
B-form, som utfaller vid avkylning. S& snart punkten G passerats bdrjar 
emellertid stelningspunkten stiga efter linjen GA och nu ar det A-form som 
utkristalliserar. Xndringen av smidtans sammansMtning fortsatter tills linjeii 
DE uppn^tts. ' 

Soker man omsatta dessa allmanna principer betraffande pseudobinara 
system p& kloralhydrat, blir forsta fr&gan, hur de isomera formerna skola 
vara sammansatta. SchoorP) g&r ej alls in p& sammansattningen av a- och 
P-formerna» daremot anfor Pope*), att de b&da formerna mojligen kunna ha 
formlerna GGhGH(OH)2 resp. GGhGHO, H*0. Varken Pope eller Schoorl an¬ 
ger n&gonting om smaltpunkten for den isomera formen, men i Kommenta- 
ren till Pharm. Helv, Ed. V”) uppges» att a-formen smalter vid 57® och 
p-formen vid 47®. Meyer och Dulk^) anse sig emellertid ha framstallt en 
isomer form av kloralhydrat med smaltpunkten 80®. Kristallformen ar ej 
beskriven, utan substansen angcs endast som val kristalliserande. Den for- 
modas ha formeln GGhCHO, HaO. Banchettianser sig ev. ocks& ha funnit 
en kloralhydratform som smalter over 75®. 

Den isomera formen skulle allts& inneh&lla HaO bundct som kristallvatten, 
och skulle smalta till molckyler av samma form, vilket ju ar forutsattningen 
for att ett pseudobinart system skall uppkomma. 

Man m&ste ocks& ta med i berakningen att polymera former kunna fdre- 
komma. Kloralhydratets nara slaktskap med aldehyderna talar for denna 
mojlighet, d& ju polymera former ofta finnas bland dessa. Den bland dessa 
foreningar forekomiiiande formen av bindning med hjalp av en 0-brygga ar 
dock knappast mojlig mellan kloralhydratmolekyler utan att bruttosan^man-^ 
sattningen andras. Nigra polymera former av kloralhydrat finnas ej beskriv- 
na i litteraturen. 

Om man emellertid antar, att det forekommer 2 isomera eller polymera 
former av kloralhydrat och kallar den vid vanlig temperatur stabila formen 
for a och den andra for p, si har man tvi mojligheter. 

Den linje i fig. 1, som iskidliggor jamviktssmaltans sammansattning vid 
olika temperaturer, kan med hansyn till resultaten i tabell 2 tankas ha tvi 
lagen, ED eller FG. 

Pope framstallde sin p-form — nilformiga kristallcr — genom utkristallisa- 
tion ur smaltan och anger, att denna form ar stabil vid hogre temperatur. 
Vid samtliga stelningspunktsforsok syntes ocksi den utkristalliserade sub¬ 
stansen vara nilformig. Detta tyder narmast pi att linjen FG skulle iskidlig- 
gora forhillandet i smaltan. A andra sidan finns di kurvgrenen AG, som 
borde ge sig tillkanna pi olika satt. Nysmalt a-form borde silunda kristalll* 
sera i a-form vid omedelbar avkylning. Nigot sidant har aldrig iakttagits, 
men kan mihanda vara svirt att beddma. Vidare borde stelningspunkten for 
exempelvis 65®-smaltan, forst sjunka och sedan iter stiga enligt det resone- 
mang, som genomfordes betraffande B-formen i den allmanna diskussionen 
av ett pseudobinart system. 

For att studera dessa frigor utfordes nigra forsok. 

I: En 90’’-jimviktssmfilta bereddes genom att kloralhydrat smaltes och 
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hSlls i oljebad vid 90'' i 1 timma. Ett uttaget prov gav stelningspunkten 50.3% 
vilket val stammer med tabell 2. Substansen borde, om linjen FG var riktig, 
till huvudsaklig del bestft av P-form. 

II: En smalta, som borde inneh&lla nastan uteslutande a-form» bereddes 
genom att pulvriserat kloralhydrat smaltes under flitig omroriifg i ett oljebad 
med temperaturen 70% D& allt var smalt, var smaltans temperatur omkring 
55". En koiitroll pi ett parallellt utfort prov visade omedelbart efter full- 
bordad smaltning stelningspunkten 51.1". 

Omedelbart efter att prov II var smalt forsattes det med lika mangd av 
prov I, och stelningspunkten pi blandningen bestamdes genom kylning i ett 
42"-igt oljebad. Stelningspunkten befanns vara 50.8". Om linjen FG iskidlig- 
gor forhillandena i kloralhydratets jamviktssmalta borde emellertid stel¬ 
ningspunkten for denna blandsmalta legat avsevart under bide I:s och II :s 
stelningspunkter. Det ar foljaktligen foga troligt, att I och II bestodo av resp. 
p- och a-form. Snarare torde de till huvudsaklig del ha innehillit samma 
form, vilket bor vara fallet om linje DE ar den riktiga. Genom denna linje 
blir ocksi stelningspunktens forandringar lattarc att forklara. Den form som 
utfaller ur smaltan ar densamma som ar stabil vid vanlig temperatur, och pi 
grund av att kurvan lutar it vanster kommer jamviktssmaltan att innehilla 
mera av denna form vid hdgre temperatur an vid lagre, och foljaktligen blir 
dess stelningspunkt hogre. 

Hur skall man di forklara, att det ar den nilformiga modifikationen, som 
utfaller ur smiltan, medan den vid vanlig temperatur stabila formen bestir 
av plattor? 

Enligt SchoorP) kan P-formen, den nilformiga, framstallas genom snabb 
utkristallisation ur bensollosning. Nilformiga kristaller erhollos ocksi, di en 
losning av kloralhydrat i varm bensol avkyldes i vatten. De erhillna kristal- 
lerna avsogos och fingo torka i luften. Pi denna substans gjordes darefter 
stelningspunktsbcstamning. Kristallerna smaltes i 70"-igt oljebad under om- 
roring. Smaltningen gick betydligt snabbare an med vanligt kloralhydrat, 
och all substans var smalt, niir smaltans temperatur var 55". Omedelbart efter 
fullbordad smaltning avkyldes substansen i 42"-igt oljebad och gav di stel¬ 
ningspunkten 51.2", d. V. s. nastan densamma som erhilles av nysmalt vanligt 
kloralhydrat. En nyberedd smalta av dessa nilformiga kristaller blandades 
vidare med lika stor mangd av en likaledes nyberedd smalta av vanligt 
kloralhydrat. Blandningen gav stelningspunkten 51.4". Av allt att doma var 
alltsi den pi detta satt framstallda nilformiga modifikationen i smalt form 
identisk ined vanligt kloralhydrat. 

Ytterligare forsok gjordes att ur bensol eller kloroform genom omkristalli- 
sation framstalla en produkt med avvikande smaltpunkt. Losningarna hollos 
vid temperaturer varierande mellan 35" och 85", alltifrin nigra minuter upp 
till 3 timmar fore avkylningen. Torkningstiden varierade mellan 1 timma 
och 2 dygn. I samtliga fall erhollos nilformiga kristaller, men stelningspunk¬ 
ten, bestimd som i f5rra forsoket, lig alltid vid 50"—52". De nilformiga 
kristallerna voro emellertid inte stabila vid vanlig temperatur, utan fdllo 
efter nigon tid sonder till mindre kristaller av plattyp. 

Som tidigare namnts ansigb sig Meyer och Bulk*) ha framstillt en isomer 
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kloralhydratfonn, som de funnit ha smaltpunkten 80^ De framstallde den 
genom att blanda kloral och isattika och snabbt indunsta blandningen 5ver 
svavelsyra. De ang&vo ocks&, att snabbheten vid industningen var av avgd* 
rande betydelse. Vid l&ngsammare arbete erholls na.mligen substans med 
lagre smaltpunkt anda ned till kloralhydratets vanliga. 

Det visadc sig emellertid mycket svirt att upprepa dessa forsok. 
Kloral franistalldes genom att kloralhydrat skakades med dubbla mangden 

konc. svavelsyra. Den avskilda kloralfasen befriades Mn resterande sp4r av 
svavelsyra genom skakning med kalciumkarbonat samt destillerades efter till- 
sats av P2O5 vid vanligt tryck. D& kloral mycket latt upptar vatten iir luften, 
skyddades systemet med ett klorkalciuniror. Isattikan var analysvara, som 
angavs inneh411a minst 99 % attiksyra. Indunstningen av kloraMsattik- 
blandningen skedde i exsickator med blSgel. Trots anvandande av olika hogt 
vakuum, indunstningskarl av olika volym och olika proportioner mellan is¬ 
attika och kloral var 4terstoden alltid flytande anda tills allt avdunstat, moj- 
ligen med undantag for n4gon enstaka kristall. 

Meyer och DuW) omnainnde emellertid, att en temperaturstegring iakttogs 
vid blandning av kloral och isattika. Vid de har iitforda forsoken var denna 
vanligen ganska liten och uppgick till hogst c:a 10®. En mojlighet syntes dk 
vara, att forff. ej anviint vattenfritt iitg4ngsmaterial. Tillsats av en liten 
mangd vatten visade sig ocks4 leda tilbrcsultat: temperaturstegringen blev 
kraftigare (40®—50®), och en kristallinisk 4terstod erholls. Foljande fram- 
stallningsmetod visade sig leda till det basta iitbytet: 15 g kloral blandades 
med 5 g isattika och 1.8 g vatten, varefter blandningen uthalldes i en flat- 
bottnad sk41, som var s4 vid att viitskelagret blev hogst 5 mm tjockt. Los- 
ningen indunstades omedelbart i vakuuniexsickator. Trycket i exsickatorn 
holls s4 14gt att blandningen kokade kraftigt. Redan n4gra minuter efter det 
kokningen slutat borjade siibstansen iitkristalliscra, men exsickatorn oppna- 
des inte forriin efter c:a 12 timniar, dk en fullstiindigt torr kristallmassa 4ter- 
stod. Denna bestod vanligen nastan uteslutande av sm4 kristaller, men i vissa 
fall, dk avdunstningsbetingelserna varit mindre goda, erholls ett ovre skikt 
best4ende av sm4 kristaller, och ett iindre lager sammansatt av storre n41- 
formiga kristaller. Smaltpunktsbestamning visade, att de sm4 kristallerna 
smalte oskarpt vid omkring 80®, medan de n41formiga smalte vid era 52®, 
d. v. s. vid samma temperatur som vanligt kloralhydrat. Utbytet var l&gt och 
oversteg aldrig 10 % beraknat p4 den anvanda kloralmangden. 

P4 substansen gjordes stelningspunktsbestamning. Smiiltningen skedde i 
90®-igt oljebad, och substansen var fullstandigt smalt vid c:a 80®. Den av- 
kyldes dk omedelbart till begynnande kristallisation. Sk snart stelningspunk- 
ten avlasts smliltes substansen p& nytt och omedelbart efter fullbordad smalt- 
ning gjordes en ny stelningspunktsbestamning 0. s. v. Foljande serie av stel- 
ningspunkter erholls; 

50.2®, 42.0®, 39.6®, 37.6®, 36.5®, 33.8®, 33.2®, 33.0®, 38.4®, 43.6®, 45.8®. 
Darefter smaltes substansen och holls vid 90® i 30 min. Stelningspunkts¬ 

bestamning gav 47.2®. 
Vid stelningspunktsbestamningarna iakttogs att s& lange sjunkande varden 

erhSllos (50.2®—33.0utfoll en finkornig kristallmassa, medan vid de av- 
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slutande stigande vardena (38.4''—47.2"), erhollos n&lformiga kristaller av 
samma typ som erh&llits vid stelningspunktsbestamningar pft vanligt kloral- 
hydrat. 

En stelningspunktkurva av samma typ som i fig. 1 syntes alltsj^ ha erhftllits. 
Den enda avvikelsen var, att jamviktssmaltans stelningspunkt ej overens- 
stamde med den som erh&llits med vanligt kloralhydrat (47.2® resp. 50.1"). 
Detta kunde dock tankas hero p& att den formodade isoformen ej erh&llits i 
ren form. 

Klorbestamning utfordes darfor p& substansen enligt Seip°). 0,1000 g sub- 
stans kokades med &terflodskylning med 2.0 g zinkpulver p. a., 15 ml isattika 
p. a. och 50 ml vatten i 90 minuter. Efter avsvalning fr&nfiltrerades ofpr- 
brukad zink, och filtratet forsattes med 10 ml konc. salpetersyra, 25.00 ml 
1/10 normalt silvernitrat och 10 ml ferriammoniumsulfat-R, varefter &ter- 
titrerades med 1/10 normal ammoniumrodanid. Parallellt utfordes blind- 
prov. Klorhalten i den formodade isoformen var i 2 prov 65.0 % resp. 
65.3 %, medan vanligt kloralhydrat gav halten 63.2 % vid bestilmningen p& 
samma satt. Beraknat varde 64.3 %. 

Trots ett stort antal forsok lyckades det inte att framstalla en substans, som 
i jamvikt visade samma stelningspunkt som vanligt kloralhydrat. Forsok 
gjordes d&, att omkristallisera den ur olika losningsmedel. Bast lampad syntes 
en blandning av kloroform och petroleumeter (1 + 4) vara. Omkristallisa- 
tionen gav till resultat en viil kristalliserande substans, som gav foljande stel- 
ningspunktsserie, bestamd p& samma satt som i nyssniimnda forsok. 

66.0", 64.1", 53.6", 48.8", 44.6", 44.0", 42.0", 40.2", 39.8", 38.0", 37.8". 
Nar delta sista varde erh&llits gav omsmaltning och omedelbar avkylning 

ingen iindring i stelningspunkten. Temperaturen p& snialtan fick darfor stiga 
till c:a 90" mcllan varje stelningspunktsbestamning, varvid foljande viirden 
erhollos: 

40.1", 42.2", 44.5". 

Alldeles som i den tidigare forsoksserien erholls en finkornig kristallmassa 
i den sjunkande delcn av stelningspunktsserien (66.0"—37.8"), medan den 
stigande delen (40.1"—44.5") gav huvudsakligen n&lformiga kristaller. 

Efter den sista stelningspunktsbestamningen fick smaltan svalna till rums- 
temperatur. Xnnu efter flera timmar var den halvflytande och bestod av val 
utvecklade kristalln&lar i en klar vatska. Blandningen hade kraftig klorallukt, 
som tydligt skilde sig fr&n smaltans ursprungliga lukt. Efter c:a 12 timmar 
var dock hela smaltan fast. 

P& substansen utfordes haltbestamning enligt Ed. XI: 2.000 g substans 
Idstes i 5 ml vatten och forsattes med 15.00 ml normal natronlut. Efter 2 mi¬ 
nuter fttertitrerades pft overskott av lut med fenolftalein som indikator. 

Vid bestamningen iakttogs, att substansen loste sig mycket Iftngsamt i 
vatten. 

Haltbestamningen gav vid handen, att substansens ekvivalentvikt var 155.9. 
Vanligt kloralhydrat har ekvivalentvikten 165.4. 

Klorbestamning enligt 5e//^") samt bestamning av vate och kol med 
Reihlen-Weinbrenner-apparat, gav de resultat, som anges i tabell 4, kolumn 
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»Half hydrate», found. Som jamforelse anforas ocks& motsvarande berakna* 
de varden for kloralhydrat kolumn Chloral hydrate, calc. 

van Rossem*) gjorde forsok att framstalla ett annat hydrat av kloral, 
genom att l&ta cn substans l&ngsamt utkristallisera ur en losning av kloral* 
hydrat i kloral. Substansen, som erholls i sm& mangder och i oren form, 
syntes emellertid av klorbestamningar att doma innch&lla ungefar 1 mol vat- 
ten p& 2 mol kloral. For en substans med exakt denna sammansattning har 
vardena p& klor-, vate- och kolhalt samt ekvivalentvikt beraknats och.an- 
givits i tabell 4, kolumn »Half hydrate* calc. 

Table 4 

*Half hydrate* 
found 

*Half hydrate* 
calc. 

Chloral hydrate 
calc. 

Cl 66.2 % €8.0 % 64.3 % 
H 1.30% 1.28% 1.81% 
C 15.31 % 15.34 % 14.51 % 

Equivalent weigfht. 155.9 156.4 165.4 

Som synes ar dverensstammelsen mellan »halvhydratet* och den erhSllna 
substansen synnerligen god. Endast halteh klor ar n&got for l&g. Den anvanda 
metoden synes emellertid vid kontroll pi vanligt kloralhydrat ge omkring 
1.5—2.0 % for liga varden. 

Det visade sig emellertid onodigt att gi vagen over isattiklosningen for att 
framstalla *halvhydratet*. Foljande metod gav bra utbyte. Tvi mol kloral 
blandades under avkylning med en mol vatten, varvid en fast substans iit- 
kristalliserade. Efter hand blev liela blandningen fast och efter ett dygns for- 
varing vid c:a O'* omkristalliserades substansen ur petroleumeter och kloro- 
form (4 + 1) och erholls di som vita glansande kristallfjall. Vid analys gav 
den varden som viil overensstamde med de i tabell 4 angivna. Stelningspunk- 
ten bestamdes som vid tidigare forsok efter smaltning i oljebad. Substansen 
var fullstiindigt smalt vid omkr, 95®. Darefter togs en stelningspunktsserie 
genom omedelbar avkylning till begynnande kristallisation, omsmaltning, 
efter fullbordad smaltning omedelbar avkylning o. s. v. som forut namnts. 
Foljande varden erhollos: 

90®, 81.2®, 73.5®, 66.3®, 59.0®, 54.2®, 52.4,® 45.2®, 43.0®, 41.6®, 38.2®, 37.8®. 
ttverensstiimmelsen med det ur attiksyra framstallda, omkristalliserade 

»halvhydratet» ar alltsi god. De forsta vardena aro hdgre, men de aro ju belt 
beroende pi hur snabbt avkylningen sker. Slutvardet for bida serierna ar 
emellertid detsamma. 

Smaltans temperatur hojdes sedan till 90®, och substansen holls vid denna 
temperatur 15 minuter i val slutet ror och gav darefter stelningspunkten 
44.0®. Efter 30 min. vid 70® blev stelningspunkten 41.3® och efter 60 min. vid 
50® 37.7®. Tydligt nilformiga kristaller erhollos bide ur 90®- och 70®- 
smaltorna, medan hela den forsta stelningspunktsserien gav en finkornig 
kristallmassa. Smaltans beteende var aven i dvrigt fullstilndigt detsamma som 
vid f6rsoket.med den ur isattika framstillda substansen. 
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Haltbestanining enligt Ed. XI utfordes pft substansen b&de fore och efter 
stelningspunktsforsoken. Fore snialtningen hade substansen ekvivalentvikten 
155.9 och efter avslutade bestamningar 156.1. Substansens bruttosammansatt- 
ning hade allts& ej andrats under forsoket. 

Sannohkt fbreligger i smaltan n&gon form av jamvikt niellan kloral, kloral- 
hydrat och »halvhydrat», t. ex. enligt foljande formel [»halvhydratet» har 
betecknats med (CChCHOaHaO]. 

(CCIsCHOaHaO -> CClaCHO + CGhCH(OH)a (A) 

Av forsoken har framgStt, att jamviktssinaltan vid 70® har lagre stelnings- 
punkt an smaltan vid 90®. D& i b&da fallen kloralhydrat synes utfalla vid 
stelningspunkten, bor jamviktssnialtan inneh&lla mera kloralhydrat vid hogrc 
temperatur an vid lagre. Jamvikten har allts& forskjutits ki hoger med 
stigande temperatur. 

Att en andring av smaltans konstitution sker, framg&r ocksk av dess bryt- 
ningsindex. Matningarna utfordes med Pulfrichs refraktometer vid 80.0®. 
»Halvhydratet» smaltcr visserligen forst vid c:a 90®, men genom att substan¬ 
sen holls smalt vid 90® n&gra minuter, hann omvandlingen fortskrida s& 
l&ngt, att substansen kunde kylas till 80® och overforas till refraktomctern, 
utan risk for att den skulle stelna. Avlasningarna 5tcrfinnas i tabell 5. Tempc- 
raturen valdes &k ISg som 80®, darfor att jamvikten installer sig med lamplig 
hastighet vid denna temperatur. Matningarna gjordes i natriumljus (5890 A). 

Table 5 
y^Half Hydrate» 

Variation in the refractive index of the melt with the time. 
Temperature 80.0°. Na-light (5890 A). 

Time in min. 
(reckoned from the mel¬ 
ting of the substance) ^80® 

6 1.4706 
15 1.4676 
23 1.4639 
30 1.4615 
42- 1.4583 
58 1.4567 
74 1.4560 
80 1.4560 

Av tabellen framg&r att brytningsindex sjunker efter hand. Slutligen synes 
dock ett konstant varde uppn&s. Detta varde erholls ocks& med substans, som 
hdllits smalt samma tid vid 80® i slutet ror. 

Meyer och Bulks »isomera kloralhydrat)^ var med all sannolikhet detta 
]»halvhydrat», alltsA en belt ny forening. Framstallningen av jihalvhydratet)^ 
enl. Meyer och Bulk har emellertid sitt intresse. Om man utg&r fr&n 1 mol 
kloral och 1 mol vatten i isattiklosning, och indunstar losningen i vakuum, 
s& f&r man under vissa betingelser ett )»halvhydrat». F5rsdk visade, att 
samma resultat erholls, om man istallet utgick fr&n kloralhydrat. 16>5 g 
kloralhydrat (0.1 mol) lostes i 5 g isattika. Blandningen indunstades p& det 
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salt som beskrivits for kloral-vatten-isattikldsningen, och resultatet blev en 
substans, som smalte vid omkring 72'’. Vid avkylning stelnade subst^nsen 
forst vid 37.0 och sedan den h&llits smalt 60 min. vid 50gav den en stel- 
ningspunkt pft 44.2 ^ Den erh&llna substansen var sannolikt en blandning av 
kloralhydrat och »halvhydrat». Det ar darfor troligt, att i losningen fore- 
ligger nigon form av jamvikt mellan kloralhydrat, »halvhydrat», kioral och 
vatten. Vid indunstningen bortg4 de lattflyktigare komponcnterna ur 15s- 
ningen, och »halvhydratet» utfaller. 

N&gon jamvikt mellan isomera former av kloralhydrat har allts& inte kun- 
nat p5visas. Att n^gon form av konstitutionsandring ager rum 1 kloralhydra- 
tets smalta framg&r emellertid tydligt genom matningar av dess brytnings- 
index. 

Bestamningarna utfordes med Pulfrichs refraktometer vid temperaturen 
60.0®. Substansen smaltcs snabbt under omroring och overfordes till appa- 
ratcn s& snart den antagit temperaturen 60®. Matningar gjordes i natriumljus 
(5890 A). Avlasningarna finnas i tabell 6. 

Av tabellen franigSr att brytiiingsindex stiger till ctt konstant slutviirde. 
Delta varde erholls ocksS med ctt prov som h&llits smalt samma tid i slutet 

Enligt Lorcnz-Lorentz formel ar molekylarrefraktionen 

(iar n = brytningsindex, M = molekylvikt och d = eg. v. for substansen. M 
kan i delta fall endast beriiknas for jamviktslaget, d& bestainning av egentlig 
vikt endast kan utforas pk en substans i jamvikt. Mj^ blir vid 60° 29.47. 

Beraknat efter den atonirefraktionen for D-linjen (5890 A) som anges av 
Eisenlohr^^) skulle kloralhydrat med formeln CCl»CH(OH)j ha = 29.08 
och for CCUCHO, H,0 Mr = 29.77. 

Det funna vardet ligger mellan dessa bftda och motsager allts& inte fdre- 
komsten av dessa tv& isomerer. Bestammes molekylarrefraktionen for andra 
temperaturer, fks emellertid v5rden, som gor det mindre troligt, att andring- 
en i brytningsindex skulle bero p& forekomsten av isomeri. I tabell 7 anges 
brytningsindex och motsvarande molekylarrefraktion for tempcraturerna 
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50% 60® och 90®. Uppgifterna om eg. vikt for smalt kloralhydrat vid dessa 
temperaturer aro hamtade frftn Kiirnakotv och Efremow^*). 

Table 7 
Chloral Hydrate 

Change in molar refraction with the temperature. 
Refractive index is indicated by constant final value. 

Temperature Dt. dJ. Molar refraction 

50" 1.4879 1.6193 29.42 
60" 1.4807 1.5966 29.47 
90" 1.4568 1.5148 29.73 

Molekylarrefraktionen stiger med stigande temperatur. Enligt Hiickel^) ar 
visserligen inte Mj^ fullstandigt temperatiiroberoende, utan stiger n&got med 
stigande temperatur. Den nodvandiga korrektionen utgor emellertid inte mer 
an 1 Voo per 10®, medan stegringen har utgor omkring 3 Voo. Om det i klorai- 
hydratets smalta foreligger cn jamvikt mellan tv& former med olika 
synes det darfor sannolikt, att halten av den form, som har hogst molekylar- 
refraktion, okar med temperaturen. Om en jamvikt mellan isomera former 
skall vara mojlig, m&ste emellertid jamviktssmaltans sammansattning folja 
linjen DE i fig. 1 enligt den tidigare forda diskussionen. Detta innebar alltsft, 
alt koncentrationen av den vid vanlig temperatur stabila formen m&ste oka 
med stigande temperatur. Konsekvensen av detta skulle bli, att den form som 
har hogst Mp, d. v. s. CClaCHO, H2O skulle vara stabil vid vanlig temperatur. 
Detta strider dock mot den vanliga p& ett flertal undersokningar stodda 
^sikten, att vanligt kloralhydrat inte inneh&ller n5gon karbonylgrupp.’®)^^^*) 

3. ^Dissociation sker i smaltan». Som tidigare namnts har 
Wo//®) och V, Eossem*) sokt forklara kloralhydratels smaltpunktsvariationer 
med att en »dissociation» sker i smaltan. Formodligen avses med uttrycket 
»dissociation» en spjalkning av kloralhydratet i kloral och vatten, som leder 
till ett visst jamviktslage. Aven Fonteyne^^) anger att en sidan spjalkning 
sker. Vissa av kloralhydratsmaltans egenskaper aro ocks& forenliga med 
denna uppfattning. Om jamvikten installer sig relativt ISngsamt, ger den for- 
klaring till kloralhydratsmaltans efter hand sjunkande stelningspunkt. »Dis- 
sociationen» ger ocks4 en andring av smaltans konstitution, varfor dess 
stigande brytningsindex vid konstant temperatur mojligen ocks4 kan for- 
klaras p& detta salt. 

Som framg&r av tabell 2 stiger emellertid stelningspunkten med stigande 
temperatur p& jamviktssmaltan. D& det i samtliga fall ar kloralhydrat, som 
iitfaller vid avkylning, maste detta innebara, att kloralhydrathalten i smaltan 
okar med stigande temperatur. Om det ar en ^dissociation* som sker, blir 
reaktionsformeln 

CClsCHO + H,0 CClsCHCOH), (B) 
Med stigande temperatur skulle a]lts& jamviktslaget forskjutas at h5ger, 

vilket innebar, att reaktionen skulle forlopa at hoger under upptagande av 
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varnie. £n direkt niatning av reaktionsvarmen visade sig sv&r att genomfdra, 
dels p& grund av den kraftiga varmeutvecklingen* dels emedan reaktionen 
endast forloper till en jamvikt. Istallet mattes temperaturhojningen» nar 
kloral Idstes i stort overskott av vatten, och detta varde jamfordes njcd den 
temperaturhojning, som erholls, d& en smalta av kloralhydrat i jamvikt lostes 
p& samma satt. ttverskottet av vatten var vid forsoken s& stort att de er- 
h&llna losningarna m&ste anses vara lika, oberoende av om utg&ngssubstansen 
var kloral eller kloralhydrat. 

Matningarna utfordes i ett termoskarl av omkring 500 ml ryrnd. Karlet var 
slutet med en gummipropp i vilken en Beckmann-termometer och en motor- 
driven oinrdrare inpassades. Den substans, som skulle undersokas, inneslots 
i en ampiill, som krossadcs nere i karlet med hjalp av en utifrftn manovrerbar 
skruvanordning. matningarna utfordes, nedsanktes karlet i ett vattenbad, 
s& att vattnet tiickte proppen i ett minst 5 cm tjockt skikt. Temperaturen p& 
vattenbadet avvck Mn temperaturen inuti karlet med hogst n§gon grad. 
Termoskarlets varmeutbytc med omgivningen blev darigcnom si litet, alt 
korrektion harfor ej behovde inforas. 

Den anviinda apparaturen var som synes enkcl, men av rcproducerbar- 
helen av forsoksresultatcn att doma syntes den dock ge mojlighet till bestam- 
ningar med niigra procents noggrannhet. 

For fdrsoket anviindcs 7.40 g kloraf (0.05 mol) och ekvivalent mangd 
kloralhydrat (8.30 g). Den substans, som skulle undersokas, infdrdes i en 
ampull (kloralhydrat efter smaltning till Jamvikt vid forsokstemperaturen) 
och efter tillsmaltningen kontrollerades genom vagning, att avdunstningen 
vid tillsmaltningen ej dversteg 0.5 %. I termoskarlet fylldes 320 g vatten av 
den onskadc temperaturen, varefter det hela placerades i vattenbadet. Nar 
temperaturen hSllit sig konstant i minst 15 minuter krossades ampullen. 
Reaktionen gick i samtliga fall snabbt, och konstant temperalur erholls utan 
undantag inom 5—7 minuter. Skillnaden mellan de konstanta temperatur- 
niv^erna fore och efter reaktionen anges i tabell 8. Apparaturen var exakt 
lika i samtliga forsok. 

Table 8 
Temperature rise on dissolving 0.05 mol chloral and melted chloral 

hydrate respectively in 320 g water. 

Temperature Chloral Chloral hydrate 

55" 1.46" 0.48" 
80" 0.50" 

Med den anvanda apparaten kunde ej reaktionsvarmen for kloral vid 80"* 
bestiimmas. Reaktionen blev namligen sft haftig att en del av vatskan over- 
gick i Sngform, och pi grund av tryckokningen i karlet pressades 10—20 g 
vatten ut genom det ror i vilket omrdraren lopte, Tempcraturhojningen upp- 
gick vid dessa forsok till 1.3—1A\ 

Av forsoken framgir att reaktionsformel (B) ej kan forlopa it hoger under 
varmeupptagande, di varmeutvecklingen ar avsevart mycket hogre vid upp- 
losningen av kloral an vid upplosning av jamviktssmaltan. Smaltan ar alltsi 
energifattigare, varfor reaktionen miste ske under avgivande av varme. 
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4. »Jamvikt mellan olika hydrat av kloral forelig- 
ger i smaltan.» Man kan emellcrtid ocks& tanka sig en annan form av 
spjalkning i smaltan. Av forsoken med »halvhydratet» bar jii framg&tt, att i 
dess snialta mojligen foreligger en jamvikt mellan »halvhydrat», kloral och 
kloralhydrat. Det synes darfor vara sannolikt, alt en jamvikt av liknande typ 
ocks& r&der i kloralhydratets smalta. Man skulle forslagsvis kiinna tanka sig 
foljande jamvikt. 

2CClaCH(0H), ^(CCb^ HaO + HaO (C) 

Med stigande temperatur skulle denna jamvikt forskjulas ki vanstcr, d. v. s. 
reaktionen skulle forlopa vanster under varmeupptagande. varken 
kloralhydrat eller »halvhydrat» aro stabila i smalt form, g&r det into att 
genom direkt matning av reaktionsvarmen avgora, om en dylik jamvikt kan 
vara mojlig. 

Man kan emellertid f& vissa upplysningar om jamviktssmaltornas samman- 
sattning pk cn annan vag. Kyler man bastigt ner en jiimviktssmalta av kloral¬ 
hydrat till nimstemperatur, erhSlles en fast substans, som visar en stclnings- 
punkt, som tyder p& att smaltans sammansattning bibebAllits relativt ofor- 
iindrad. Efter n&gon tids forvaring stiger stelningspiinkten ocb antar eftcr 
band sitt normala viirdc. Genom att bestamma losningsviirmen for en nyss 
avkyld smalta vid 20% ocb jamfora denna med motsvarande varden for de 
formodade komponenterna, kan man ik en viss iippfattning om substansens 
sammansattning. 1 tabell 9 &terfinnas resultaten av n^gra s^dana forsok. 

Sanima apparatur anvandes som vid det foregSende kalorimeterforsdkct. 
Enda skillnaden var, att substanscn inte forvarades i en ampull utan i ett val 
slutet ror. Roret tdmdes genom en utifr&n nianovrerbar kolvanordning. Dc 
substanser som undersoktes voro kloralhydrat (farniakopevara), »halvhyd- 
rat» och substans, som erh^llits genom snabb nedkylning av jamviktssmiiltor 
av kloralhydrat med temperaturerna 90° och 50°. 8.3 g kloralhydrat resp. 
7.8 g »halyhydrat» inviigdes i roret, i terinoskarlet fylldes 300 g vatten, och 
hela apparaten med omrorare och Beckmanntermometer placerades i ett vat- 
tenbad. Korrektion for varmeavgivning var aven i dessa forsok onodig. Tem- 
peraturavliisningarna skedde p^i samnia satt som i foregliende forsok. 

Strax fore forsoken bestamdes stelningspiinkten p& prov av de snabb- 
kylda smaltorna genom smaltning i 70° oljebad. Oniedelbart efter det sub- 
stansen var smalt, kyldes smaltan till begynnande kristallisation. 90°-siib- 
stansen gav stelningspiinkten 51.0° och 50°-substanscn 48.4°. 

Table 9 
Temperature change on dissolving 0.05 mol (equivalents) 

substance in 300 g water. Temperature 20.0°. 

Chloral hydrate »Half hydrates 
Rapidly cooled substance 

from 

90° melt 50° melt 

Temperature 
change 

-0.13° + 0.18° + 0.03° + 0.08’ 
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Av forsoken i tabell 9 framg&r att de till vanlig temperatur nedkylda jSm- 
viktssnialtorna aro energirikare an vanligt kloralhydrat, under det att »halv- 
hydratet» synes vara energirikast av samtliga substanser. Av tabellen fram- 
g&r vidare, att »90''-smaltan» ger lagre varmeutveckling an »50'’-smaltan». 
Delta ni&ste innebara, att den hogre temperaturen medfort en forskjutning 
av jamvikten mot hogre halt av i fast form energifattigare komponenter. 
Om man antar, att jamvikt (C) galler, skulle detta innebara, att »90®-smal- 
tanj^ inneholl mera kloralhydrat an »50®-smaltan», vilket ju stammer val 
overens med de resultat, som erh&llits ur stelningspunktsbestamningarna. 

Om jamvikten (C) r&der i smaltan, s& horde det bildade vattnet dock ge 
sig tillkanna p& n^got satt. Mgon uppdelning av smaltan i flera flytande 
faser har emellertid aldrig iakttagits, och dc snabbkylda jamviktssmaltoma 
voro fasta och lato sig latt rivas till grovt piilvcr. Mojligen var dock mangden 
frigjort vatten sk liten, att den icke p&verkadc substansens utseende. 

N&gra forsok gjordes att bestamnia vattenhalten i smaltan gcnom att snabbt 
kyla ned denna, och darefter titrera p& ev. frigjort vatten enl. Fischer^). 
Fischers reagens bestir av en losning av jod och svaveldioxid i pyridin och 
metanol och kan anvandas for att direkt bestamma sm4 mangder vatten. 
Enligt en niodifierad nietod av Bryant, Mitchell och Smith^") kan denna titre¬ 
ring iitforas iiven vid narvaro av karbonylgnipper. Substansen lostes i en 
blandning av dioxan och metanol forsatt med cyanvate och natriumcyanid 
och titrerades darefter med Fischers reagens. Resultatet av bestamningen 
blev emellertid, att reagcnset reagerade aven med vatten bundet i »halv- 
hydrat» och kloralhydrat. Mojligen kan delta hero p& att en jamvikt fore- 
ligger i Josningen, som forskjutes under titreringcns g&ng. 

Aven om allts& dessa forsok icke motsager antagandet, att jamvikten *(C) 
r&der i smaltan, iir det darmed icke bevisat att endast denna jamvikt galler. 
Man kan ocks& tanka sig, att kloral och vatten kunna bilda ytterligare for- 
cningar, som ing4 i andra jamviktcr. 

Detta kundc prdvas genom narmarc undersokning av det binara system, 
som erliAlles av kloral och vatten. 

Woip) har iitan narmare forsok beskrivit kloralhydratets »dissociation» 
med hjiilp av en figur, som anger, att ban uppfattar systemet som ett binart 
system av kloral och vatten med en kongruent smaltpiinkt for kloralhydrat. 
van Bossein*) anfor ett smaltpunktsdiagram, som har 3 kongruenta smalt- 
punkter: en for kloralhydrat, en for en siibstans best&cnde av 25 mol-% vat¬ 
ten och 75 mol-% kloral och en for en substans sammansalt av 6 eller 7 mol 
vatten pk 1 mol kloral. 

Av de tidigare utforda forsoken kan man dra vissa slutsatser om n&gra 
punkter i det binara systemet kloral—vatten. Kloralhydratet, som kan exi- 
stera i jamvikt med en smalta av samma bruttosammansattning, bor ge en 
kongruent smaltpunkt. Hur »halvhydratet» skall ge sig tillkanna i stelnings- 
punktskurvan ar daremot inte fullt klart. Vid hogre temperatur p& smal¬ 
tan har sonderdelningen av »halvhydratet» gitt s& l&ngt, att det ar kloral¬ 
hydrat, som utfaller vid snabb avkylning. En smalta av denna typ borde 
ge en inkongruent smaltpunkt for »halvhydratet». Vid lagre temperatur sjun- 
ker emellertid kloralhydratkoncentrationen, och den fasta fas, som ar i jam- 
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vikt med sraaltan vid begynnande kristallisation, best&r evenliiellt av »halv- 
hydrat». Om s& vore fallet skulle en kongruent smaltpunkt erh&llas* 

For att utrdna om ytterligare fasta faser kunde bildas, fordrades en full- 
standig termisk analys av systemet. Delta erbjod dock stora syirigheter. Sft- 
lunda bar kloral stelningspunkten — 57.5® enl. van Rossem*), och eutekticum 
vid denna sida av systemet m&ste allts& ligga annu lagre. En stor sv&righet vi* 
sade sig ocks& ligga i att jamvikten i systemet installde sig s& l&ngsamt. 

Forsoken utfordes p4 foljande salt. Blandningarna inneh511ande mera an 
50 mol-% vatten bereddes av kloralhydrat och vatten. De med lagre vatten- 
halt av kloral och kloralhydrat. Blandningarna smaltes i oljebad och hollos i 
bade! vid 55® i minst 1 timma fore bestamningens b5rjan. Bestamningarna 
utfordes p& 10 g av blandningarna i ett provror forsett med termomcter gra- 
derad i 0.1 ® och omrorare. For att i mojligaste m&n gora avkylningen av pro¬ 
ven likformig, omgavs provroret med 2 vidare, tomma provror, och dessutom 
holls det hela i ett bad, vars temperatur var c:a 15® lagre an provets. Tcm- 
peratursiinkningen blev p& delta salt c:a 0.7® per minut for den flytande sub- 
stansen. Bestamningarna avbrotos i allmanhet, nar substansen blivit s& fast 
att n&gon effektiv omroring med omrorare cller termometer icke liingre var 
mojlig, och det allts& icke langrc med sakerhet kunde antas, att bland- 
ningens temperatur var likformig. Soni kallaste kylbad anvandes is-koksalt, 
varfor ingen av kurvorna utstrackts under c:a —15®. Avkylningskurvorna 
for de undersokta blandningarna &terfinnas i fig. 2 a och b. Sammansatt- 
ningen av blandningarna, se tabell 10. 

Avkylningshastigheten var mod sakerhet for hog, for att jamvikt skulle 
rSda i smaltorna under avsvalnandet. Delta ses t. ex. av kloralhydratets 
smalta (kurva 12), som gav begynnande kristallisation vid 47.2®, medan jam- 
viktssmaltan vid 46® har stelningspunkten 45.6°. 

P& »kloralsidan» av systemet (kurv. 13—19) har intet eutekticum uppn&tts. 
Kurvorna visa icke heller p& forekorasten av n&gon inkongruent smaltpunkt. 

P& »vattensidan» (kurv. 1—11) synes av kurvorna 6, 7 och 8 framg&, att en 
inkongruent smaltpunkt foreligger vid ungefar 18®, Tempcraturstillest&ndet 
ligger vid n&got olika temperaturer i de tre kurvorna. Delta heror formod- 
ligen p& att jamvikt ej r&der i nSgon av smaltorna, men att n&got olika av- 
kylningshastighet medfdrt, att forh&llandena narmat sig jamviktsliiget i olika 
hog grad i de skilda blandningarna. Kurvan for blandning 7, som avkylts 
15ngsammare an de ovriga, anger s51unda lagsta temperaturen for den in- 
kongruenta smaltpunkten. Sannolikt hor denna punkt samman med fore- 
komsten av ett y^dihydraU, sammansatt av 1 mol kloral och 2 mol vatten. 
Blandning 8, som inneholl 67.1 mol-% vatten, d. v. s. nastan »dihydratets» 
sammansattning, stelnade fullstandigt vid 18®, medan 7, som innehOll 
69.8 mol-% vatten var tjockflytande, aven efter den inkongruenta smalt¬ 
punkten. P& grund av det enkla fOrfaringssattet vid bestamningen av kur- 
voma g&r det ej att med sakerhet dra nftgra slutsatser om den fasta fasens 
sammansattning med ledning av den tid temperaturen holl sig konstant 1 
denna punkt. 

Kurvorna 1, 2 och 3 visa aven vissa egendomligheter. Samtliga blandningar 
gftvo begynnande kristallisation p& normal! salt vid resp. —3.4®, —7.2® och 
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Fig, 2 a 
Cooling curves for mixtures of chloral and water 

(composition of the mixtures see table 10), 

—1.0®. Vid fortsatt avkylning skedde en hastig och kraflig temperatursteg- 
ring. Sanitidigt stelnade siibstansen fullstandigt eller niislan fullstandigt. 
Temperaturen steg i blandning 1 till —6.6®, och i 2 till —2.8® och i 3 till 
—2.2®. Denna temperaturstegring, som foljdes av alt siibstansen belt stel¬ 
nade, horde av allt att donia ange ett eiitekticimi. Det synes emellertid 
egendoinligt, att den eiitektiska temperaturen skulle ligga ungefaf 4® lagre 
for blandning 1 iin for blandningarna 2 och 3. Vidare Iftg den primara stel- 
ningspunkten for blandning 2 c:a 5® lagre an den eutektiska temperaturen. 

P& blandning 2 gjordes en ny upptagning av avkylningskurvan. Innan be- 
stamning utfordes, holls blandningen smalt vid 0® i 20 timmar. Vid avkyl¬ 
ning erholls denna ging begynnande kristallisation vid —11.4®, och efter 
viss ytterligare avkylning steg temperaturen plotsligt till —5.5®, varvid sub- 
stansen stelnade belt. Den eutektiska temperaturen blev alltsft i detta andra 
forsok 2.7® lagre an i det forsta. 

Dessa varierande resultat kunna mojligen bero p& att underkylningen va- 
rit olika stark, men en antagligare forklaring ar, att de skiftande vardena 
p& den eutektiska temperaturen beror p& att forh&llandena i de olika 
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Fig, 2 b 
Cooling curves for mixtures of chloral and water 

(composition of the mixtures see table 10), 

blandningarna i hogre cller lagre grad avvikit fr&n jamviktsliiget. Nar bland- 
ning 2 i andra forsoket gav avsevart lagre eutcktisk temperatur an i forsta, 
kan delta allls& bero p& alt den l^nga forvaringen vid l&g temperatur fort 
blandningens sanimansattning narmare jamviktslaget. 

P& liknande salt kan man ocks4 mojligen forklara, att den primara stel- 
ningspunkten i blandning 2 l&g under den eutektiska temperaturen. 

I fig. 3 anges det ur dessa bestiimningar erh&llna stelningspunktsdiagram- 
met for syslemet kloral—vatten. Particrna narmast axlarna ha uteslutits. 
Eutekticum p& »kloraIsidan» bar ej uppn&tts, medan eutekticum p& »vatten- 
sidan» ej kunnat bestammas med tillracklig noggrannhet. Forekomsten av 
kloralhydrat och »dihydrat» framg&r fullt tydligt av kurvan, medan »halv- 
hydratet» varken ger sig till kanna genom inkongruent eller kongruent 
smaltpunkt. Delta beror formodligen p& att jamvikten forskjutes vid tem- 
peratursankningen, s& att kloralhydrat visserligen utfaller vid begynnande 
kristallisation, men att n&gon inkongruent smaltpunkt ej crh&lles, d& »halv- 
hydraU borjar utkristallisera redan fore denna temperatur. 

Fdljande slutsats kan dragas av de utforda forsoken: 
Orsaken till kloralhydratets stelningspunktsvariationer ni&ste vara, att i 
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Table 10 
Composition of the chloral—water mixtures included in fig. 2 a and b. 

Curve No. 
Content in moh% of 

HsO CCUCHO 

1 96.9 3.1 
2 91.1 8.9 
3 83.2 16.8 
4 79.1 20,9 
5 76.8 23,2 
6 74.0 26.0 
7 69.8 30.2 
8 67.1 32.9 
9 64.8 35.2 

10 59.7 40.3 
11 54.5 45.5 
12 50.0 50.0 
13 42.0 58.0 
14 35.3 64.7 
15 32.8 67.2 
16 27.8 72.2 
17 21.2 78.8 
18 11.7 88.3 
19 5.0 95.0 

kloralhydratets smalta fdrcligga jamvikter soni innefatta b&de »halvhydrat» 
(sammansatt av 2 mol kloral och 1 mol vatten) och »dihydrat» (sammansatt 
av 1 mol kloral och 2 mol vatten). 
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Freezing point diagram for the system chloral—water. 
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SUMMARY 

Freezing point of chloral hydrate 

The melting point of chloral hydrate is stated very differently in the 
literature, with temperatures varying between 46° and 60° C. In the Swedish 
Pharmacopoeia Ed. XI there is used instead the freezing point for melted 
chloral hydrate, wich is given as 47*. 
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The freezing point, however, is very much dependent on how the 
determination is carried out. Experiments have shown that it varies 

1. with the time the substance is maintained in melted condition (tabic 1). 
The freezing point is gradually falling finally reaching a constant value. 

2. with the initial temperature of the melt (table 2). The higher the initial 
temperature the higher the freezing point will be. 

3. with the time of cooling (table 3). Slow cooling gives lower freezing 
point than quicker cooling. 

Consequently determination of the freezing point cannot be regarded as 
suitable for pharmacopoeia test. 

Various conceivable causes for these freezing point variations have been 
investigated. 

It has been found by experiments that no destruction of the substance 
takes place in the melt. 

Moreover the freezing point variations of chloral hydrate cannot be due to 
enantiotropy or monotropy. 

Nor do the various crystal forms of chloral hydrate constitute isomeric 
forms that may give a pseudo-binary system. Experiments have on the 
contrary shown that they are identical in melted form. 

A form of chloral hydrate produced by Meyer and Diilk^) has been found to 
be an impure jihalf hydrate* (composed of 2 mol chloral and 1 mol water). 
This *half hydrate* has been produced in pure form by mixing 2 mol 
chloral and 1 mol water. After the mixture had been kept at 0*^ for twenty- 
four hours, the solid mass obtained was re-crystallised from a mixture of 
petroleum ether and chloroform (4 + 1), from which the substance was 
obtained as white shiny crystalline flakes. Analysis gave results agreeing 
well with the computed values (table 4). *The half hydrate* melted at app. 
95®. It was not stable in melted form and the freezing point, which at first 
was app. 90® gradually sank to 37.8®. The substance that was crystallised out 
in these freezing point experiments appeared to be *half hydrate* in all 
cases. The substance was then maintained in melted condition at high 
temperature for 15—30 minutes. When the temperature of the melt was 90® 
there w^as obtained the freezing point 44.0®, whereas the temperature 70® 
gave the freezing point 41.3®. During these determinations chloral hydrate 
crystallised out while the mixture acquired a strong chloral smell. On 
cooling this melt to room temperature, it took several hours for it to solidify 
throughout. Determination of the equivalent weight of the substance 
according to the Swedish Pharm. Ed. XI, before and after these freezing 
point experiments, showed that the gross composition was not altered during 
the experiment. An equilibrium between chloral hydrate, *half hydrate* and 
chloral is probably present in the melt. 

The determination of refractive index for a melt of this *half hydrate* 
showed that a change in the constitution of the substance takes place during 
melting (table 5). The refractive index gradually sank to a constant value. 

On the other hand, a melt of chloral hydrate showed rising refractive 
index (table 6). There was also reached in the end a constant value. 
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The determination of the molar refraction of chloral hydrate at various 
temperatures showed that the value rises by app. 3 Voo per 10° (table 7). 

The variations in freezing point of chloral hydrate cannot be explained 
by a simple dissociation 

C C\, CH(OH), ^ ^ C Cla CHO + H,0 

In fact, from the freezing point determinations it is found that the 
percentage of chloral hydrate in the melt increases with the temperature. 

If the above equilibrium were to hold good, this would imply that heat is 
absorbed when chloral combines with water to form chloral hydrate. Experi¬ 
ments have shown, however, that heat is evolved in this reaction (table 8). 

When melts of chloral hydrate arc rapidly cooled, there arc obtained solid 
substances, which show higher heat of solution than chloral hydrate not 
melted before (table 9). 

In view of the conditions in the melt of the »half hydrates it would appear 
more probable that the chloral hydrate is in equilibrium with other hydrates 
of chloral in the melt. 

A thermal analysis of the system chloral-water gave the cooling curves 
shown in fig. 2 a and b, and the freezing point diagram in fig. 3. The chloral 
hydrate gives a congruent melting point, while an incongruent melting point 
is to be seen in the left half of the curve. This point, which appears clearly 
on the curves 6r 7 and 8 in fig. 2 a, probably indicates the presence of a 
»dihydrate» composed of 1 mol chloral and 2 mol water. The »halv hydrate» 
on the other hand causes neither a congruent nor an incongruent melting 
point. This is probably due to the equilibrium being displaced during the 
cooling. 

Equilibrium did not prevail in the melts during the determinations as the 
rate of cooling was too great (app. 0.7° per min.). According to this the 
eutecticum on the left half of the curve could not be determined with 
sufficient accuracy. Eutecticum on the right half of the curve was not 
attained with the cooling employed. 

The reason for the freezing point variations of the chloral hydrate is 
probably that equilibriums are present in the melt, which comprise both 
»half hydrate» and »dihydrate» of chloral. 

A.B. Realtryck, Sthlm 1949 



Sartryck ur Svensk Farmaceuiisk Tidskrift 1949, 

Kvantitativ bestamning av oxidimorfin i morfin. 
(FrAii Kungl. Fariiiaceutiska institiitcts kcniiska avil.) 

Av Xils Thorn och Allan A(jren, 

Inserto(i in Coll. Phann. Succ. IV, 1949. 

Bland arbotsiippgiftcrna for »Koinniitten for provning av lakcmcdels hAll- 
barlict» stod 191G i fdrsta riiiniiiet provningen av inorfinainpiillcrs IiAllbar- 
het. Vid lagcrliAllning av donna lakomcdelsbcredning kan kassalioneii uppgA 
till ganska stora belopp, vilkct iir fallot t. ex. botraffandc do inilitara lagren. 
S&limda anfor t. cx. 1944 Ars utrcdning roraiide forsvarcts lakcmedclsfor- 
sorjning, att den icke omsattningsbara resten av inorfinanipuller beraknas 
representera en Arlig siiinma av omkring 50.000 kronoF). Att soka losa delta 
hAllbarhctsproblein ur keinisk och farinacevtisk synpunkt har koinniitteii 
anfortrott At oss.*) 

Vi borjade bearbeta uppgiften 1946 och fingo inedel till apparatur och 
material ur anslaget for framjande av inedicinsk forskning. PA grund av do 
lAnga leveranstiderna av vetenskaplig apparatur kunde vi ej fA vAr utrustning 
komplctt forran i november 1947, dA det definitiva arbetet igAngsattes. 

*) Problemets biologiska sida bearbetas av H, Rydin, Statens farmacev- 
tiska laboratorium. 



F(H' att kiiniia stiuiora h^llbarlietcn var (let av betydelsc atl kiinna nagon 

valdefinierad prodiikt, soni uppkoninicr i sainband nied sterilisering ocb for- 

varing av niorfinbydroklorid i valtenlbsning. Eii sSdan substans syncs oxidi- 

iiiorfin vara. Detta amiie, soni aven gar under nainnet pseiidoniorfin, finncs 

oinnanint i littcratiiren i niAnga saniinanbang. Saliinda ar oxidiinorfin 

naturlig bestandsdel i ()i)iuni, oclt vidare anses (^xidiniorfin vara en produkt, 

soni iippkoinnier under morfinets oinvandling i den levande organisnien"). 

Oxidiinorfin anses vara uppbyggt av tva inolekyler luorfin, vars 2-stalIda 

viiteatomer genoin oxidation fdrsvunnit oeb kolatoinerna sanimanbundils. 

Var fbrsta uppgift var att syntetisera rent oxidiinorfin, soin skulle ainandas 

for utprovandet av lainplig bestainningsinetod. En sannnanstiillning av olika 

syntesinetoder liar gjorts av Fiilloif). Soni oxidationsmedel anvandas kaliuni- 

ferricyanid, merkuroklorid, kaliunipersulfat in. fl. Vi ba forsdkt de niiinnda 

inetodorna ocb funnit persulfatinetoden vara den for vi\ra fdrbAllanden 

lainpligaste. Enligt detta fiirfaringssiitt Ibsas 10 g niorfinliydroklorid i 2,5 

liter valten ocb fbrsiittas ined 100 ml kopparsulfatldsning (1:10000 ined av- 

secndc p& koppar), 200 ml 5 kaliumjicrsulfatlbsning, 150 ml 5 % natrium- 

bikarbonatlosning ocb 50 ml pyridin. Efler nagra minuter utfaller etl fin- 

kristalliniskt piilver. Siibslansen renas genoni tre ganger iipprepad upplds- 

ning i klorviite.syra och utfallning med ammoniak. Produkten var svagt gul. 

Bietzel ocb Hiiss^) ba lagt bildningen av oxidiinorfin till grund for en 

undersbkniug av olika steriliseringsinetoders inflytande pii morfin. De ba 

undersokt rnorfins ocb oxidimorfins absorption i iiltraviolett ljus. Vi ba 

funnit att den av oss framstallda substansen giver samma extinktionskiirva 

soni deras, ocb vi betrakla diirfor vi\r substans som rent oxidiinorfin. 

I arbctet av Bietzel ocb Him, som ovan niimnls, bar uppsatts som nuM att 

utreda den kemiska foriindringen, som niorfinbydroklorid undergar vid upp- 

bettning i vattenlosning. Dessa fdrfattare anviinde sig av omsorgsfullt renad 

niorfinbydroklorid ocb vatten ocb utfbrdc forsoken vid varierande pll i 

atmosfar av syrgas respektive kviivgas. (ienom alt miita absorptionen i 

Iiltraviolett ljus visade de, alt en fdriindring av Idsningen skedde i syrgas- 

atmosfar men ej i kvavgasatmosfiir. Diirav drogo de den slulsatsen, alt for- 

iindringen m5stc vara en oxidation. Clenom alt jainfora absorptionen i los- 

ningar, som avseviirl foriindrals, t. ex. efter uppvarmning under 2 timmar 

vid 150% i syrgasatmosfiir ocb vid pH 11,7, med absorptionen bos en Icisning 

av oxidiinorfin, drogo de den slulsatsen, att oxidalionsprocessen resulterar 

i bildning av oxidiinorfin. 

Undersokning i ultravioleU ljus, 

Undersokiiingarna i iiltraviolett ljus ba utfbrts med »Beckman Spcctropboto- 

metcr Model DU». Diirvid upptogos exlinktionskurvor for morfinbydroklorid- 

losning ocb oxidimorfinbyclrokloridlosning. Losningsmcdlet bar varit c:a 

M/100 klorvalesyra. Syraii var avsedd att forbindra bydnjlytiska foriind- 

ringar. Bandvidden var maxiinalt 1 iiip. Extinktionen mattes i 1 cm kyvett. 

Morfinlosningens bait var 0,2 Voo beniknat som Morpbini bydrocbloridiiin. 

Oxidiniorfinlosningens bait var 0,04 Voo beniknat som oxidimorfinbas. 

Den del av morfinets extinktionskiirva (se fig. 1), som intrcsscrar oss most 
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Extinktionskurvans foriindring vid <?n partiell oxidation av niorfin till 

oxidiniorfin kan givetvis liitt bcraknas ur de reiia losningarnas cxtinklions- 

kiirvor. Men p4 grund av oxidiinorfinkiirvans branta fbrlopp inom delta vSg- 

langdsonir&de bli sadana berakningar relalivt osiikra. 

Vi ha <larfor upptagit extinktionskurvor for kiinda blandningar av niorfin 

och oxidiniorfin. Blandningarna inotsvarade oxidationsgraderna 2,0 %, 

0,5 % och 12,7 I dessa iipptogos endast viigliingderna oinkring 200 inm 

vilka soil! ovan anforts iiro av siirskilt intresse. 

Forsoksresiiltaten frainga av tabellerna 1 a, b, c, d och c saint av fig. 1. 

1 tabellerna bar s^val den direkt uppiniitta extinktionen (K) soin den inolara 

extinktionen ( f ) angivits. Denna scnare bar beraknats ined inorfinhydro- 

kloridens inolekylvikt soin grund. I figiiren angives endast den inolara 

extinktionen. 

Tabell 1 a. 

Morfin. 

Vaglangd 
i m 

Extinktion 
E 

Molar 
extinktion 

r 

Vaglangd 
i mff 

Extinktion 
E 

Molar 
extinktion 

f 

250 0,865 1625 281 1447 
253 977 282 1475 
255 695 283 0,792 1488 
258 474 284 1503 
260 438 285 1513 
261 442 286 I 1503 
262 455 287 0,782 1469 
263 474 288 0,740 1390 
265 543 290 0,612 1150 
270 799 295 0,212 398 
275 fi 1157 300 0,045 85 
280 0,769 1445 

Tabell t b. 

Oxidiniorfin. 

Vaglangd 
i 

Extinktion 
E 

Molar 
extinktion 

e 

250 
255 
260 0,568 
265 
270 
275 0,314 
280 0,262 : |i^B 
285 0,242 ^B jii^B 

j 290 0,232 ^B ^^B 
i 295 0,198 ^B [> !^B 

300 0,141 1000 
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Tabell r r. 
12,7 % oxidation. 

Vaglangd 

i m/' 

Extinktion 

E 

Molar 
extinktioa 

f 

253 0,895 1630 
255 0,700 1280 
258 0,540* 985 
260 0,499 910 
261 0,493 899 

i 262 1 0,492 897 
1 263 0,500 912 : 
1 265 i 0,505 921 1 

270 ! 0.585 i 1067 
1. ._! 

Tabell 1 d, 
(),5 % oxidation. 

Vagfliingd 

i m// 

Extinktion 

E 

Molar 
extinktion 

253 0,696 1290 
255 0,530 981 
258 0,390 722 
260 0,361 668 

! 261 0,361 668 
■ 262 0,363 672 
' 263 0,368 681 
1 265 0,390 1 722 

270 0,508 ■ 940 

Tabell 1 r. 

2,() oxidation. 

Vag-lan^d 

i mff 

Extinktion 

E 

Molar 
extinktion 

f 

253 0,587 1100 
2S5 0,430 804 
258 0,303 567 
260 0,280 524 
261 0,280 524 
262 0,283 529 
263 0,297 555 
265 ! 0,327 611 
270 0,452 845 

Blandnin^arnas extinktionsviirdcn stamina viil dvcrens ined do iir rona 

losningar beriiknade extinktionsviirdena. Motoden iir diirfor fiillt anviindbar 

for be.stiiinningar av oxidationsgrader frAn 5 % ocb iippAt. Oxidiinorfin- 
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halten erh&lles iir differensen iiiellaii de uppmatta extinktionsvardena i prov- 

losning och i nyberedd inorfinlosning av cxakt samnia bait. 

Vi koninio dock snart underfund ined, att vid anbefallda stcriliserings- 

inetoder och norinala forvaringsbetingelser oxidationcn av morfinet endast 

i undantagsfall uppn&dde sk hoga varden som 2 Flertalet av de av Dietzel 
och Huss funna vardena ha erhSllits under betingelser, som torde sakna 

motsvarighet i praktiken. \kv striivan bar darfor i fortsattningen inriktats 

p4 att finna en kolorimetrisk direktmelod, som gor dot mdjligt att bestiimma 

sm^ mangder oxidimorfin i narvaro av stora niiingder niorfin. 

Kolorimetriska metoder. 

A 11 i k s y r e a 11 h y d r i d m c t o d e n. 

Av i litleratureii behandlade kolorimetriska mclodcr iiro ett f&tal kvaiitila- 

livt utformadc och d^ sa ar fallet baseradc p^^ bestanming av oxidimorfin i 

substans iitan narvaro av morfiii. Drevoit) angiver emellcrtid ett siitt alt ur 

en mycket utspadd ren losning falla oxidimorfin och sedan beslamma mang- 

den'enligl nedan angivet fdrfarande. Ktt m^nga gi\nger rekommenderal fall- 

ningsmedel for alkaloider ar kiselwolframsyra, som Dvevoii bar anvander 

sig av. For att iir mycket utspiidda oxidimorfinlosningar (8 till 20.10'^ g/J) 

kunna isolera fallningen med kiselwolframsyra tillsiitter ban en barium- 

sulfatsuspension och centrifugerar blandningen. Den klara viitskan avliiilles, 

centrifugrorets vaggar torkas, varefter fallningen loses i konceiilrerad svavel- 

syra forsatt med alliksyrcanhydrid. Darvid iippkommer en gron fiirg, vars 

styrka han miiter. Drevon angiver alt morfin ej giver denna reaklion. Vi ha 

sdkt tiiliimpa metoden pk losningar innehallande sma miingder oxidimorfin 

i narvaro av relativl stora mangder morfin (1:20), vilka bada substanser 

s^liinda fiillas av kiselwolframsyra. Det visade sig da, att oxidimorfin gav 

en gron fiirg (max. 050 mg) och morfin en violett fiirg (max. 530 m}t). Dessa 

bSda maxima ligga sa Stskilda, att en matning av endera fiirgi n syncs kunna 

goras. Emellcrtid bar morfinet aven pk vfigliingd 050 nui en sk stark absorp¬ 

tion, att vid arbete med ovan niininda miingdforhallaiide, en kvantitativ be- 

stiinming iir omojlig. 

V o r m a 1 i n s V a V e 1 s y r e m c t o d c n. 

Metoden att ur mycket utspiidda losningar med hjiilp av kiselwolframsyra 

och bariumsulfat fiilla oxidimorfin och niorfin, vilken metod givetvis iir 

ganska omstiindlig, ha vi sokt tiiliimpa i forening metl ett annat fiirgfram- 

kallande reageiis. Som s^dant anviinde vi t. ex, formalinsvavelsyra, som ej 

heller visade sig lamplig. Samma var forh&llandet med formalinsvavelsyra 

och vatesuperoxid'*). 

G1 y o X y 1 s y r e m e t o d e n. 

Det bekvamaste forfaringssiittet vorc givetvis, om man kolorimetriskt kun- 

de bestamma oxidimorfin utan foregSende isolering. I lilteraturen angivas 

ett flertal kvalitativa fargreaklioner, som bascra sig p& anviindningen av 

aldehyder. S^lunda beskriver Pe&ez^) anviindningen av t. ex. glyoxylsyra. 
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som nicd oxidiiiiorfin giver en intensivl gron farg. Preliminara forsok g&vo 

vid handcn, att glyoxylsyra syntes anviindbar aven for kvantitativa bestam- 

ningar under betingelscr, som vi onskadc. 

Pesez franistiiller reagcnsct \)k foljande salt: Till 10 ml av cn 5 % valten- 

losning av oxalsyra siittas 5—6 droppar miittad kvicksilvcrkloridlosning och 

cll styckc aluminiumfolium. Man viirmer tills livlig vatgasutveckling intrii- 

dcr, vareflcr rcaktionen fdrloper frivilligt. Efter 5 minuter liltreras och 4--5 

droppar koncenlrerad svavclsyra tillsallas. Delta reagens anviinder ban p^ 

s^ siitt, att till 2 ml koncenlrerad svavclsyra siittas nagra korn oxidimorfin 

och 3— 4 droppar reagens. Fiirgen observcras forst i kyla, harefter ncdsiinkes 

prove! i kokande valtenbad, varvid efter 1- 2 minuter en myckct vacker, 

smaragdgron fiirg uppstiir. Morfin giver en violett fiirg. 

Till att borja med anviindc vi ett reagens berett enligt Pesez, och i ovrigt 

arbetade vi pi\ foljande salt vid upplagning av extinktionsknrvorna for oxidi¬ 

morfin och jnorfin: Till 1 droppe 1 oxidimorfinldsning, resp. 2 % morfin- 

hydrokloriflldsning saltes 2 ml koncentrerad svavclsyra och 3 droppar gly- 

oxylsyrereagens. Efter ininul i kokande vattenbad mattes exlinktionen vid 

olika v^gliingder. Den aiivaiida apparaten var en Leifo-fotoineter, diir filtren 

iilbytls mot en monokromalor. Skikltjocklekcn var 1 cm. Rcsiiltaten iiter- 

finnas i tabell 2 och fig. 2. Av viirdena och figmren framgar, alt vid vAgliingd 

()2;) mg oxidimorfinmangden kan hestammas, om vederbbrlig hiinsyn tages 

till morfinets exlinktion. 

Tabell 2. 

Vaglangd 

i m// 

Extinktion 

oxidimorfin ! morfin 

450 0,40 0,33 
475 0,37 0,21 
500 0,33 0,24 
525 0,26 0,16 
550 0,27 0,16 
575 0,36 0,13 
600 0,43 0,16 
625 0,63 0,16 
650 0,53 i 0,11 
675 0,07 1 0,12 
700 0,04 ; 0,10 
725 0,14 0,08 

£ 

0,4 

2 

/. Olidt’morftn (/%o) 

2.morjfn (2%) 

Efter forsok avsedda alt klargora betydelsen av variation av reagens- 

mangd och uppvarmningstid overgingo vi till faststiillandet av sambandet 

mellan haltcn oxidimorfin och extinktion. Delta samband skall ju, om Lam¬ 

berts och Beers lagar giilla, vara riitlinigt. Ett Sudani forsok visas i fig. 3, diir 

rena oxidimorfinlosningar ha anviints. Kurvans utseendc foranleddc oss att 

antaga, att glyoxylsyrcmangdeii var otillriicklig, varfbr vi, genom att iindra 

pi foreskrifterna for reagensets beredning, sdktc framstalla ett starkare 

reagens. Silunda forliingdes reduktionstiden och togs en mera koncentrerad 
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oxalsyrelosning i arbete. Dessa forsok g^vo ej ^syftat rcsultat. Vi fiinno ock- 

s^, att det var wSvSrt att rcprodiicera reagcnsets sammansattning, varfor vi 

sokte rciifrainstalla glyoxylsyra. Detta iir ett ganska besviirligt forctag, ocli 

hitintills ha vi ej heller lyckats inkopa fardig siibstans. Dessa sv^righetcr 

koiniiio OSS att soka andra vagar. 

M c t 0 d e r in e d a r o in a t i s k a a 1 d e h y d e r. 

Drevott) har bl. a. undersdkt ett antal aroinatiska aldehyders fargrcaktio- 

ner nied inorfin och oxidiniorfin ur kvalitativ synpimkt. Han anser sig kun- 

na fastslA, att det iir aldehydgrnppen, soin belingar fargen, eftersoin ban ined 

negativt resultat ])rovat narbeslaktade syror, alkoholer och fenoler. Oxidi- 

niorfin har ocksa fAtl anviindning soiii reagens pa aldehyder’*). Detta uppslag 

ha vi byggt viiiare p& och sdkt tillainpa p^ det kvaiititativa problem, vi fore- 

lagt OSS, iiamligen att bestainina smS iniingder oxidiniorfin i niirvaro av rela- 

tivt stora iniingder inorfin. l)e aldehyder vi i detta saniinanhang jirdvade 

voro: bensaldehyd, orlonitrobensaldehyd, salicylaldehyd, kanelaldehyd, 

paradiinetylaininobensaldehyd, protokatekiialdehyd och vanillin. 

I saintliga fall har Drevoii anviint en 3 7«m) Idsning av ifr^gavarande 

aldehyd i koncentrerad svavelsyra och diirtill satt niigra centigram alkaloid, 

varefter uppvarmls i kokande vattenbad 3 -10 minuter. Vid fdrprovning- 

arna ansloto vi oss niira till dessa forsoksbetingelser. Vi anvaiidc dock en 

1 7w) losning av oxidiniorfin och en 2 % av morfinh'ydroklorid. I saintliga 

fall gav oxidiniorfin en iner eller inindre klart grdn fiirg och inorfin en vio- 

Ictt. Alatningarna ha nn och i forlsattningen utforts med Hilgers »Spekker 

photoelectric absorptioineterd. Resultaten av dessa forprovningar blevo: 

a) Bensaldehyd: skillnad i extinktion vid vagliingd 000 mg, (oxidimorfincls 

inaximuiii) iir tillriicklig for att inojliggbra en kvantitativ bestiinining av 

oxidiniorfin i niirvaro av inorfin. Heagensets egenfarg iir dock kraftig. 

b) Ortonitrobensaldehyd: aven inorfin har i det grona onir&det en ganska 

kraftig extinktion. Vid uppvarmning intrader en storande forandring i 

nyansen. 
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c) Salicylaldehyd en kraftig egenfiirg men endast on inycket svag farg 

mod oxidiinorl’in och niorfin. 

d) KaneUddehijd gav alltfor kraftig ogenfarg for alt vara liiniplig. 

e) Paradinietyluniinobcnsiddehijd (ej provad av Drevon men darcmot av 

Peaez"^) ) gav mod niorfin redan i kyla kraftig fiirgning, som stegrades 

vid varmning. Med oxidimorfin erholls en svagt grdn fiirg, som vid fort- 

satt uppviirmning forandrades. 

f) Prolokatekiuddehyd, som gav svag egenfarg, reagerade mod niorfin under 

bildning av en svagt violetl fiirg ocli med oxidimorfin av en krafligl grdn 

fiirg. Delta reagens var del hittills liimpligaste och gav extinktionskiirvor, 

som fdergivas i fig. 4. Fiirsdksbetingelserna voro fdljande: (>,4 ml 1 7w 

oxidimorfinldsning rcsp. 2 % morfinliydrokloridldsning fdrsattes med 

8 ml 3 7.K) protokatekiialdebyd i koncentrerad svavcdsyra. Darefler iipp- 

viirmdes 10 minuter i kokande vattenbad. 

g) VaniUin, som ju kemiskt star protokatekualdebyden mycket niira, gav re- 

siiltat, som iiara dverensstamde med dem, som erhdllos med prolokateku- 

aldehyd. Extinktioiiskurvorna, erli^llna under samma betingelser, visas 

i fig. 5, varav framgi\r, att vanillin synes vara m\gol fdrdelaktigare iin 

protokalekualdchyd. Dartill kommer, att vanillin iir ett officinellt prepa- 

rat. Dessa resultat fdranledde oss att arbeta vidare med vanillin. Oxidi- 

morfins extinktionskurva bar sitt maximum vid 600 mp, vid vilken v^g- 

liingd matningarna i fortsattningeii s^ledes bora foretagas. 

Vaniilinmetotlen, 

Som ovan namnts synes vanillin vara ett reagens, som vi hade anledning 

hoppas vara brukbart i v&rt fall. I)e faktorer, som kunna ha inflytande p& 

extinktioncn forutom mangden alkaloid iiro: vanillinkoncentration, upp- 

varmningstid och svavelsyrakoncentration. 
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£ Fi^.s 

iMir iilt erluUIa tilifredsslallande reprodiicerbarhet fixcrades forsdksbe- 

tingelserna foljandc siitt: I ett oinsorgsfulll rengjort provror iippiiuittcs 

mod niikropipett 0,50 ml vattenlosning av alkaloideii. Hiirtill sattcs iir cn 

»V()llpipetl» 10,0 nd rcagonsldsning under oavbniten skakning ocb samtidig 

kylning i vatlen. Eftcr tillsatsen gjordes biandningeii bomogen mod bjalp av 

en onirorare av glas. Provroret nedsiuikles sedan i elt kokande vattenbad 

under foreskriven tid, kyldcs under rinnande valten, varefter losningens 

extinktion iniittes i en 1 cm kyvelt. Sanilidigt med prove! gjordes ett blind- 

prov, diir alkaloidlosningen utbyltes mot samma volym vatten. 

V a n i 11 i n k o n c e n t r a t i o n c n s b e I y dels e. 

Ueagcnsens vanillinhalt angivas i vikt/volym-procent, som i forlsalliiingen 

betccknas med Vi undersokle sambandet niellan extinktion vid 000 1141 

ocli vanillinkoncentration, Vid dessa forsdk var uppvarmningstiden 10 mi¬ 

nuter ocb den anviinda svavelsyran var uug. 95 %. Resultaten .^tcrfinnas i ta- 

bell 3 och fig. 0 (endast oxidimorfinkurvan utritad). Av dessa framgar, att 

en okning av vanillinkoncentrationen utover 1 % ej Astadkommer iiAgon 

iiAmnvard okning av extinktioneii vare sig lios oxidimorfin eller morfin. Vi 

ha darfor i fortsattningen arbetat med 1 %-igt reagens. 

II p p V a r m n i n g s t i d e n s b e t y d e 1 s e. 

Vid dessa forsok anvandes sAIunda 1 %-igt reagens, berett av 95 %-ig sva- 

velsyra. Sambandet mellan uppvannningstid i kokande vattenbad och ex¬ 

tinktion vid 600 mp anges for oxidimorfin och morfin i tabell 4 och fig. 7 

(differensen utritad), Av kurvans forlopp framgAr, att en okning av upp- 

varmningstiden utover 20 minuter ej medfor iiAgon aVwSevArd okning av fiirg- 

intensiteten. Vi ha valt denna tid for att ej i onodan forsv&ra arbetet, ehuru 

iinnu ej maximal fargintensitet uppnAtts. 



11 

Tabell 3. 

Provlosningar: 1 Vw oxidimorfiii 
2 % niorfinhydroklorid 

llppYarniningslid; 10 iiiinuter 

% vanillin 

Extinktion matt mot en los- 
ningf av 0,5 ml valten och 

10 ml reag. 
E 

oxidimorfin morfin 

1 
0.1 0,403 0,015 
0,3 0,593 0,029 
0,5 I 0,640 0,020 
1,0 0,758 0,057 

i 3.0 0,762 0.054 1 

£ Fi'g. 6 

Tabell '/. 

Heagcns: 1 vikt/volyni-procent vanillin i 95 % svavelsyra 

Tid i min. 

Extinktion 
E 

oxidimorfin 
4- morfin 

morfin 

3 0,339 0,023 
5 0,486 0,036 

10 0,720 0,022 
20 0,940 0,040 
30 0,998 0,108 
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S V a V e I s \ r a k o n c e n t r a I i o n e n s b e t y ci e 1 s c. 

V^id undersbkningens bdrjan beaktades ej eventuella variationcr i svavel- 

syrans koncentralion. Emellertid erhollos vid anviuidning av olika partier 

svavclsyra n^got olika vardcn, vilket foranledde oss att aven iindersoka sva- 

velsyrakonccntrationens betydcLse. Av skal, soni franikoninia scnare i denna 

uppsats (jfr sid. 13), ha vi varierat den anviinda svavelsyrans halt niellan 

85 % oeh 100 </c. Heagenscts vanillinhalt bar hela tiden varit 1 Vid forsok 

rorande dessa fdrhallandeii ha vi matt cxtiiiktioiien vid 000 inn., dels i en 

losning inneh^llande 0,50 ml vatten och 10,0 ml rcagens, dels 0,50 ml 2 % 

morfinhydrokloridlosning och 10,0 ml reagens och dels i 0,50 ml av en los¬ 

ning, som iir 1 V«o med avseende pk oxidimorfin och 2 % med avseende pA 

morfinhydroklorid, saint 10,0 ml reagens. Alla dessa losningar ha matts mot 

rent vatten. Vi ha valt denna metodik av foljande anledning: Vid bestamning 

av oxidimorfinhalt i morfinlosningar bor morfin vara niirvarande i blind- 

provet, eftersom morfin aven vid 000 mg bar en viss extinktion. Det iir alltsA 

differensen mellan extinktionen for oxidimorfin-morfinlosning och enbart 

morfinlosning, som iir av intresse. Men vi onska ocksA ha uppgift om extink- 

tionens absoluta bclopp, varfor blindprov innehAllande dels vatten och rea¬ 

gens, dels enbart rent vatten medtagits. 

Resultaten av miitningarna vid 20 minuters uppviirmning framgA av tabell 

5 och fig. 8. I tabellens koliimn 2 (K,) iiro uppforda de extinktioner, som er- 

hAlIits vid matning av vatten och reagens mot rent vatten, i kolumn 3 (K^), 

extinktioner erhAllna med morfinlosning och reagens mot rent vatten och 

slutligen i kolumn 4 (Ea) extinktioner, erhAllna med oxidimorfin-morfin¬ 

losning och reagens mot rent vatten. 
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Tabell 5. 

Uppvarniningslid: 20 inin. 

1 2 3 4 i 
Den anvanJa Extinktion 
svavelsyrans r. 

%-halt El E:, 

85,4 0,088 . 0,458 0,818 
90.0 0,07J 0,091 0,863 
94,8 0,010 0,050 0,950 
97,2 0,015 0,050 0,840 
99,0 0.010 0,092 0,572 I 

100,0 0,053 0,405 
____ 

1,175 1 
i 1 

Uppifarmmngsh d-ZOm in. 

Don onvondo ^vovQlsynjns ^/<rhoU 

Stiidora vi fig. 8, finna vi, att differensen niellaii Ki och abskissaxeln iir ett 

ni&tt p& reagensels egenfarg. Differcnson mellan E- och Et iir ett in^tt p& mor- 

finets extinktion vid denna v^gliingd. Shitligen iir diffcrensen mellan Ea och 

Ea extinktioneii hos oxidimorfin. Ju storre denna senare differens iir, jii 

storre iir iniitnoggrannhcten. Denna differens iir utritad i fig. 9. Observeras 

bor, att linjerna endast forena sanimanhbrande punkter men ej giver uttryck 

for kurvornas verkliga forlopp. 
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Fig. 9 

Av fig. 9 franigAr, att 95 % svavclsyra iir ur alia synpunkter den incst 

liiinpliga. Tyvarr ni^sle man ocks^ konslatera, att ett fastliiggande av syrans 

styrka p^ 1 % nar iir onskviirt. 

Figurernas overraskandc iitscende gjordc dot onskviirt att bcliigg for 

riktighcten genom att undersoka forh&llandena iivcn vid 10 och 5 miniiters 

iippviirnining. Hesiiltatcn av dessa undersokningar visas i figurcrna 10 och 
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Ufop^/ormningsiid: 5min. 
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11, (iiir bctoc'kningariia E., K.> ocli E., ha sainnia l)ety(ielse soni i fig. 8. For- 

soken visa, att liknaiule forh^llandeii Sterkomiiia soin vid 20 ininiiters upp- 

varinning. Vidare franig^r del, all 95 svavelsyra i konibinalion nied 20 

iiiinuters iippvannning giver del biista resullatet. 

Innan cn sliilgiltig iiiclod kundc formiileras var del nbdvandigl alt iin- 

dersoka om Lanibeiis oeli Beers lagar giilla, d. v. s. alt extinktionen iir pro- 

portionell mot halten oxidimorfin. Vid dc forscik, soni gjordes i delta syfte, 

var morfinhydrokloridhalten i provlosningeii Jiela tidcn 2 % under del att 

oxidiinorfinhalten varicradc mellan 0 och 1 7^. Matningarna av extinktionen 

gjordes vid 600 him. mot ett blindprov inneh&llandc 2 % morfin. Resultaten 

^terfinnas i tabell 6 och fig. 12. Dc.ssa visa, alt sanibandet iir ratlinigt. Linjens 

hitning har medelst »minsta kvadratmetoden» beriiknats till 0,902. 

TaheW 6. 

0/00 oxidi¬ 
morfin i 

provlosningen 

Extinktion 
E 

0.2 

1 

1.0 
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Fi^. 12 

e 

Hcaktionen liar ocks^ visat sig gynnsain i (let avseendet, atl fargen holler 

sig oforandrad ^tniinstone ctt dygn. 

M e t o d. 

Med slod av ovaii anforda undersokningar kan nietoden for hestainning av 

mangdcr oxidiiuorfin i narvaro av relativt stora mangder morfin forniii- 

leras p4 foljande salt: I ett oiiisorgsfiillt rengjort och torkat provrdr iipp- 

niatas iiied niikropipett 0,50 ml av provlosningcn. Hartill sattas ur en »Voll- 

pipett» 10,0 ml reagenslosning, som bestir av 1,0 g vanillin lost i 100 ml 95 % 

svavelsyra. Heagenstillsatsen sker sakta och under oavbruten skakning och 

samtidig kylning i vatlen. Efter tillsatsen gores blandningen homogen genom 

omroring med en glasstav. I anslutning hartill beredes p& samma salt ett 

blindprov, diir dock provlosningcn iitbytes mot 0,50 ml nyberedd morfinhis- 

ning av samma koncentration som i provet. Dc b&da provroren nedsankas i 

kokande vattenbad under 20,0 minuter. Diirefter kylas de under rlnnande 

vatten. Skillnaden i extinktionen mates vid 000 niji i kyvetter av lamplig 

storlek. 

M a t n i n g a r i narvaro a v glycerin och sprit. 

Ursprimgligcn bereddes for injektion avsedda morfinlosningar av enbart 

vatten och morfinhydroklorid. Omkring ^r 1943 borjade man emellertid in- 

om militarfarmacien i Sverige att till losningen ocks& satta glycerin och 

sprit. Avsikten hjirmed iir att forhindra sonderfrysning av forvaringskarlen. 

Oni en sSdan losning fryser, bildas namligen en kristallgrot, som ej spranger 

karlen. Sedermera bar denna tillsats liven upptagits i Svenska farmakopen 
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194(). Losningsnicdlet ar liar glycerin 5 g, sprit 15 g och valten till 100 nil. 

Detta losningsniedel avses, (1& i fortsattningen glycerin-sprit-Iosning oni- 

naiiines. Det var darfor av intressc atl prova den av oss utarbetade nieto- 

dens anvandbarhct i narvaro av glycerin och sprit. Del visade sig da, att 

uppvarniningen med vanillin och svavelsyra astadkoni on ganska kraftig 

brunfargning. Vi funno, att den orsakades av glycerinet och ait fargintensi- 
teten varierade med svavelsyrans styrka. 

Vi bestiimde fdrst extinktionskurvorna idr sav'il niorfin som oxidiniorfin 

dels i vattenldsning, dels i narvaro av glycerin och sprit. Darvid ha vi ar- 

betat enligt den tidigare beskrivna allnianna metoden. Morfinhydroklorid- 

Idsningens halt var 2 */( och oxidiiiiorfinlosningens 1 1 fig. l^i visas kur- 

vornas iitseende i vattenldsning och i fig. 14 utseendet i glycerin-sprit- 

Idsning*). Som synes ligger oxidiniorfinkurvans maxinuini vid samma v^g- 

liingd i tntda figiirerna. 

Fig. 13 

B \^Henl6sning 

Den vid arbete i ren vattenldsning fastsUillda vanillinkoncentrationen, 

1 vikt/voiyni-procent, och uppvariiiningstiden, 20,0 minuter, kunde med fdr- 

del aven tillampas vid arbete med glycerin-sprit-ldsningar. Detta visas i fi- 

gurerna 15 och 16. Kurvorna ha i stort sett samma fdrlopp som niotsvarande 

kiirvor med rent vatten som Idsningsmedel. figurcrna 6 och 7. 

Som tidigare visats hade svavelsyrans koncentration betydelse vid bestaiii- 

ningar i rena vattenldsningar. For att M klarhet i fdrliAllandena i glycerin- 

sprit-ldsningar var det av betydelse att iiven liar utfdra liknande fdrsdk. 

*) Att fig. 5 och 13 ej iiro identiska beror pA olika fdrsdksbetingelser. I 
fdrra fallet var den slutgiltiga nietodiken annii ej iitarbetad. 
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Fig. /4 

£ Qlycerin-sprii-iosnin^ 

Enda skillnaden iir, att glycorin-sprit-losning anviints i stiillet for reii vattcn- 

losning. . . , , i 
I fig. 17 aierfinnas forsoken vid 20,0 minutcrs Hppvarmning i kokandc 

vattcnbad. Differenscn incllan Ki ocli abskissaxoln, reagen.scts cgcnfiirg, iir 

Fi(j IS 

^/yUtrin-sprii-loining 
£ 
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Fiq. /6 

^lyc^rin- iprf1-/6inin(J 

hogst belydandi*. I lorhoppning oin all fa svagare egenfarg arbclade vi iiied 

.svavelsyrakonconlrationor iu*d till 85 */<. Miirkligl nog visado dot sig eiiiol- 

lertid, alt egenfargcn i stalled tilltog vid liigrt* syrakoncentration. Differensen 

nndlan K- ocdi K,, soin btdyder niorfincts exlinktion vid GOO mu, ocdi diffe- 

iTiisen niellan E.i o(di Iv-, oxidiinorfiiuds exlinktion, iir avseviirt inindre bero- 

ende av varialioner av svavedsyrans slyrka. Differensen bar sill slbrsta 

viirde vid anviindning av 95 svavelsyra. Del iir oc*ksii tytiligl, att svagare 

syra ej kan anviindas ])a grund av reagensets egenfarg. Matresultaten vid 

(lessa lidga extinklionsvarden iiro ej sa noggranna. 

For jiiinforelses skull ba fbrsok iiven utfbrls med 10 ocb 5 minuters upp- 

varmning. Hesultaten aterfinnas i figurerna 18 ocdi 19. vSiirskilt reagensets 

egenfarg avtager niarkant med minskad iippvarmningslid. NAgon anlednirtg 

alt franga den allmiinna nudoden fbreligger dock ej, ty fortfarande iir 20,0 

minuters uppvarmning ocdi anviindning av 95 '/o svavelsyra de lampligaste 

forsoksbetingelserna. 

P4pekas bbr doek, att nuitning av sni^ inangdor oxidimorfin i niirvaro av 

relativt slora niiingder inorfin ej kaii ske med samma noggrannbet i glycerin- 

sprit-losning som i vattenlosning. Orsaken biirtill iir, dels att differensen 

E;t—E> iir inindre, dels att E2“Vardet iir stbrre. Dct iir ej belief otroligt, att 

olika glycerinkvaliteter kunna giva olika resiiltat. 

Att kurvan, som anger sanibandet mcllan extinktionen oeb oxidimorfin- 

halten f&r ett annat forlopp kan man fdrutsiiga av tidigare forsok, viisentligt 

ar dock, att sanibandet iir riitlinigt, vilket forsoken i tabell 7 och fig. 20 av- 

5C att visa. Kurvan iir en riit linje med lutningen 0,811, beriiknad medelst 

►minsta kvadratmetodcn». 
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Tabell 7, 

0/00 oxidi- 
morfin i 

provl6snin$fen 

Extinktion 
E 

0.4 0,325 
0,4 0.315 

i 0,6 0,456 
0,6 0,463 
1,0 0,844 
1.0 ! 

i 
1 0,814 

Fig. 20 

1 on koniinancle iippsats skola ovaii vuiina erfarenlicler tillampi^s pi^ (ie 
praktiska problem, som vi fbrela^t oss. 
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S r M MARY 

Qnimtitalive Determination of Oxidintorphine in Morphine . 

•>y 
Nils Thorn and Allan Agreii 

We have examined the possibility of a quantitative delerniination of small 

amounts of oxidimorphine (pseudoiiiorphine) in the presenee of relatively 

great ({uantities of morphine, in order to study the stability of morphine- 

solutions afterwards. 

Dictzcl and Hiiss') have shown, that in the sterilization and storage of 

morphine-solutions, oxidimorphine is formed. They have investigated tliis 

change as brought about by different sterilizing methods in the ultra-violet 

region of the spectrum. We have however found, that when conditions of 

sterilization and storage are normal, such small amounts are formed, that 

this method does not give sufficiently exact values. In Fig. I, where the 

molar extinction coefficient if) has been plotted against the wave-length 

(mu), the following extinction curves are shown: 

1. Oxidiimu’phine calculated as Morphine hydrochloride 

100 oxidation) 

2. Morphine hydrochloride 

3. 12,7 Vr oxidation 

4. 0,5 oxidation 

5. 2,0 Vf oxidation 

Instead we have tried to find out a new colorimetric direct nielhod and in 

doing so we have, among other things, investigated the suitability of using 

some aldehyds as reagents for oxidimorphine. We have found that vanillin 

dissolved in concentrated sulfuric acid is a good reagent. By heating on the 

water bath a green color is formed with oxidimorphine and a violet one with 

morphine. The extinction curves are found in Fig. 13, where )>method» 

described below has been a|)plied. The test solution has been 1 7w. oxidi¬ 

morphine and 2 7 morphine hydrochloride respectively. Maximal extinc¬ 

tion has been measured at about GOO mg. where the subse(|uent measurements 

have been made, 'riie apparatus used was a Hilger »Spekker Photoelectric 

Absorptiometer». 

The following factors have been varied: The vanillin-concentration of the 

reagent (Tab. 3, FTg. G), the time of heating (Tab. 4, Fig. 7) and the 

concentration of sulfuric acid (Tab. 5, Fig. 8). 

In Fig. 6, which shows the shape of the oxidimorphine-curve, a solution of 

1 7w oxidimorphine and heating-time of 10 min. has been used. This fig. 

shows, that practically maximal extinction is obtained with 1 % vanillin. 

Fig, 7 shows that the extinction of the oxidimorphine is dependent on the 

heating time. After 20 min. there is only a small increase of the color 

intensity. 

The percentage of the sulfuric acid used has been varied in Fig. 8. The 

three curves shown have all been obtained by measuring the extinction 

against pure water. Ei shows the extinction of the reagent, E- the extinction 
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of inorphine-soliilion + reagent and Ka the extinction of a solution of oxidi- 

inorphine + morphine -}- reagent. The difference between Ka and E- (plotted 

in Fig. 9) is Huis the extinction of oxidiniorphine. This fig. shows that 95 % 

sulfuric acid is most suitable, and the percenlage ought to be fixed 

within 1 

At last il has been shown, that the laws of I.ambert and Beer are valid, 

wich appears from Tab. (i and Fig. 12, ‘where the »melhod» has been 

followed in all details. On the absciss-axis the |)ei centage of the test solution 

as regards oxidiniorphine has been plotteci in 7*«- 

In a carefully cleaned and dried test tube 0,50 ml. of the lest solution are 

measured out with a micropipetle. 10,ml. reagent-solution arc added by 

pipette, the solution consisting of 1,0 g. of vanillin dissolved in 100 ml. 95 % 

sulfuric acid. The addition of reagent must be made stowly and while 

shaking without interruption and at Ihe same time cooling in water. After 

the addition the mixture is made homogeneous by stirring with a glass rod. 

At the same time and in the same way a check is made, in which however 

0,50 ml. of fresh prepared morphine-solution of the same concentration as in 

the test is used instead of the test solution. The two test tubes are immersed 

in a boiling water bath for 20 min. They are then cooled in running water. 

The difference in the extinction is measured at 000 mu in an absorption cell 

of convenient magnitude. The color will keep unchanged for at least one day. 

In the investigations mentioned above the solvent has been water. In Ph. 

Svec. Ed, XI however the foll\)wiiig solvent is used for »lnjectabile morphini 

hydrochloridi»: (llycerol 5 g.v ethyl alcohol (90 vol. 7) 15 g. and water to 

make up 100 ml. The usefulne'^^of the »method» mentioned above has there¬ 

fore been tried with such soMtJ^s. In Fig. 11 the extinction at different 

wave-lengths is shown, in Fig. 15 the influence of the vanillin-concentration, 

in Fig. 1() the import of the healingtime and Fig. 17 shows, how the 

percentage of the sulfuric acid used influences the extinction (see Fig. 18, 

0, 7, 8). All of these figures show, that the conditions given in the »method)> 

are most suitable also when this solvent is used. The high extinction values 

shown in Fig. 17 es|)ecially when using less concentrated sulfuric acid, are 

caused by the presence of glycerol. It is possible, that different ({ualities of 

glycerol give different values. Finally tbe connection between the oxidi- 

morphine-percentage of the test solution and the extinction is revealed in 

Fig. 20. 
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Injectabile suifuris 

Svcu fFester 

(AputekcMis kontrollaboratoriiim, Stuckho'ni) 

(Inserted in Coll. Phann. Suec. I\'', 1949; 

Parenteral behandling med svavcl infordes i bbrjan av 1900-talet mot bl. a. 
tuberkulos och syfilis. iStdrre betydelse fick fran omkring 1920 anvandningen 
av svavelinjektioner mot vissa renmatiska infektionssjukdomar. Omdomena 
0111 deniia beliandlingsmetod ha emellertid viixlat starkt, och enligt iippgift 
anvandes den ej langre vid de ledande amerikanska sjukhusen (1). Under det 
senaste decenniet ha svavelinjektioner hiivudsakligen anvants i samband med 
desensibilisering vid allergiska sjukdomar, varvid svavlet, lost eller suspen- 
derat i olja, injiceras djupt intramuskulart. 1 allnuinhet orsakar injektionen, 
i varje fall stdrre doser, en kraftig temperaturstegring. leukocylos och vissa 
andra reaktioner av samma lyp, som framkomma vid ’’ospecifik proteinte- 
raj)i”. Jnlramuskulara svavelinjektioner orsaka ganska stark, dvergaende 
smarta pa injektionsstallet, av vilken anledning svavelpreparaten ofta aro feir- 
satta med ett lokalaiiestetikiim, t. ex. bensokain eller bensjlkarbinol. 

Dispcnsatoriiiui Daniciuu jq^8 ii]’‘])tar Oleum suifuris pro iujeeiioue, en 
i-procentig uppslamnincj av falll svavel i olivolja. l_kn*edningen franistalles 
aseptiskt och avfylles pa sterila kiirl, t. ex. injektionsflaskor med giunmihatta. 

MB Jijpi (2) anger ett liknande preparat, Injeetabile suifuris, bestaende 
av en 0,5-procentig Idsning av fallt svavel i olivolja med i'dljande berednings- 
bircskrift: Det fallda svavlet iitrives noggrant med olivoljan och loses genoni 
forsiktig uppvarmning. Losniiigen npphettas i slutet kiirl i torkskap vid 140® 
under 3 timmar. Utliimnas i vidhalsat, med glaspropp slutet kiirl eller i am- 
puller a i ml. 

Vid den driftskontroll, som vid Apotekens kontrollaboratoriiim utfdres av 
a distriktslaboratorierna framstiilld injektionsmedicin, bar Injectabile suifuris 
undersokts vid ett flertal tillfiillen. Diirvid bar i regel bestiimts saviil halten 
totalsvavel som halten "fritt"' svavel. 

Den fdrra bestiimningen innebar en forbriinning av organisk substans med 
kaliuniklorat och salpctersyra, varvid svavlet oxideras till sulfat, som efter 



avlagsnande av salpetersyran utfalles som bariumsiilfat ocli bestamnies gravi- 
metriskt (3). Totalsvavelhalten bar icke vid nagot tillfiille visat anniark- 
ningsvard avvikelse fran deklarerad niangd. 

Vid bestamiiing av fritt svavel dverfores delta till rodanid genom kokning 
nied kaliumcyanid-trietanolaminlosning. Efter avkylning bindes overskottet 
cyanid med formalin, blandningen surgores med salpetersyra och-forsattes 
med 1110 nornialt silvernitrat i overskott. Efter filtrering atertitreras over¬ 
skottet silvernitrat (4). Resultaten visa anmarkningsvarda variationer i halten 
fritt svavel, fran 40 till 80 % av totalhalten. Parallellt med lag halt fritt vsvavel 
har kunnat iakttagas en pataglig morkfargning av oljan och eii mer ellcr 
mindre utpraglad, obehaglig lukt. Vid framstallning enligt MR, som innefattar 
3 timmars upphettning vid 140"^, ske uppenbarligen mellan svavel och oljans 
omattade fettsyror rcaktioner, som i hiivudsak innebara en addering av svavel 
till fettsyrornas dubbelbindningar. En svavelolja med dcuna sainmansattning 
ar ej onskvard, eftersom verkan av svavclinjektionerna torde fa tillskrivas cn 
omsattning mellan elementart svavel och vavnadens proteiner. 

Den successiva minskningen av halten fritt svavel vid nppvarmniiig visas 
av foljande forsdk. 0,500 g fallt svavel iitrevs med litet olivolja. Siispensionen 
forsattes med olja till 100,0 ml. Genom varmning pa vattenbad och omskak- 
ning lostes svavlet i oljan, som diirefter dispenserades i tre glaslnirkar med 
propp. Ett prov varniebehancllades ej ytterligare, ett i)rov iipphettades i 
timme vid 140^^ och ett 3 timmar vid samma temperatur. Efter avsvalning 
bestamdes halten fritt svavel (se tabellen). 

Table i. 

Heating 

at i40°C 

for 

Free sulphur 

mg./ml. 

Colour 

of the 

sulphur oil 

0 hours 4,8 light vellow 
5,0 

I hour 4,3 yellow 
4,3 

3 hours 3,4 yellowish brown 
3,2 

MB tillater ej, att Injectabile sulfuris expedieras i injektionsflaska, forsedd 
med gummihatta. Nagon motivering for detta forbud har forf. ej kunnat finna. 
Som jamforelse kan namnas den i Pharmacopoea Danica 1948 upptagna In¬ 
jectabile stiljtiris, som bestar av en suspension av i % fallt svavel och 4 % 
bensokain i olivolja. Beredningen framstalles aseptiskt genom utrivning av 
substanserna med forut steriliserad olivolja. Blandningen omskakas och for- 
delas pa sterila karl. Darvid tillates aven ''hatteglas'*. Beredningen ma endast 
forvaras intill i ar efter framstallningen. 



Pa grundval av de funna resultaten fdreslas foljande dndrade herednings- 
fdrcskrijt for Injcctahile sitljuris: 

Sulfur praecipitatuni 0,5 g 
Oleum olivae sterilisatum q. s. 

100 ml 

Det fallda svavlet utrives omsorgsfullt med den sterila olivoljan och loses 
genom uppvarmning pa vattenl)ad. 

Ldsningeii avtylles pa for utlamnande avsedda karl utan efterfdljande upp- 
hettning. Kg. v. 0,92. 

Beredningcn utfores aseptiskt. 
Forordnas Ampullae sulfuris, svavcloljeainpuller, ^kola ampuller med i ml 

Injectakile sulfuris utlamnas. 

Kommentar: Svavlet maste forst suspenderas i en mindre -uiangd stenl 
olja, cftersom det aniiars latt bildar khimpar, vilkct forsvSrar upplosnim^en. 
Suspensionen siittes till aterstoderi av den sterila oljan, och svavlet bringas i 
Idsning genom 15 a 20 minuters uppvarmning pa vattenbod under omskak- 
ning. Injektionsflaskor med gunimihattor kunna anvandas, vilket f. 6. redan 
tillampats av etl antal apotek med sjukluislevcranser. I avvaktan pa resul- 
tatet av hallbarhetsundersokningar bbr beredningcn liimpligen ej forvaras 
langre tid an r ar. Eftersom beredningcn framstalles aseptiskt utan efter- 
foljande upphettning, skall den underkastas bal\teriologisk provning. 

Littcratur: 

1. Solhnan, A Manual of Pharmacology, 7th Ed., 127 (1948). 
2. Samling av Penamningar etc. godkiiiid av Kungl. Medicinalstyrelsen 1944, 

Stockholm. 
3. Analysmetoder, Hafte IX, 38 (1933). 
4. Allport, Quart. J. Pharm. VI, 43[ (1933). 

SUMMARY 

Injectahilc suljuris 

By Sven IVesfer 

I^d'om Apotekens kontrollaboratorium, Stockholm 

Jnjcctabilc suljuris (2) is prepared from 0,5 gm. of precipitated sulphur and 
100 ml. of olive oil. The sterilization is performed at 140^' for three hours. 
This mode of preparing the injection is shown to be unsuitable as the sulphur 
to a great extent is added to the double bonds of the unsaiurated fatty acids. 
The colour of the preparation is a function of the time of sterilization at 
140° C. The decrease of the free sulphur content in the preparation and the 
increase in colour is seen in table i. 

It is proposed to prepare the injection by dissolving the sulphur in sterili¬ 
zed olive oil at water bath temperature and to test the preparation for sterility. 
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