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2.1 Introduction

Am
ong the ni
nitrogen-¢ T
gen-containing heterocy
oroducts g heterocyeles. pyrroles are widely distri in bi
R é idely istributed in bio i
anthetic medici active natural
_ icinal agents, < i 3
Stitably substituted | agents, and drug-like compounds“"' The ready availability of
stituted and functi i ooty
branches of . netionalized pyrrole derivatives 18 essential for the progress of n
science includi i o
u ¢
photographic ch ding biology. pharmacology. material sciences agrochemicals, dy
chemicals [ . o
s. perfumes, and othe i yIT!
S. er organic compounds. P ole nu is wi
g . cleus is widespr:
ead
ny important bioactive molecules such as

in nat
ure and i
is the key s .
he key structural fragment of ma
rom bacterial sources prominent in

pentab
seud e .
odiline and pioluteorine, hoth isolated

es also display many biological activities

marin
¢ natural

products.!! Pyrroles and their derivativ
ative and anti-infla
wed good activity agai
-16] polysubstituted pyrroles

mmatory activities.”"!

Such
as antj
]bac e . ..
terial. antiviral, antitumor, anti-oxid
nst methicillin-

Nakamuric aei

acid, an axially chiral marinopyrroles also sho
bacterial red pigmem.I I3
es in medicinal chemistry,
(21-26] The pyrrole derivative

resist
ant St
. aphylo ~
L iy . ) . .
occus aureus strains and the
(17-18] .
conducting

pPlay ap ;
an im
porta N ..
nt role as promising pharmacophor
als science.

Polym
ers [19-20]
s well as multiple applications in materi
yl-pyrrole] was shown to pOSSESS

razinc-l—yl)melh
erium ruberculasis and some¢ nontuberculosis

ycobacteria and
The compounds I an histiocytic lym
ylmethy] CarbS like; 5-(3,S—dichlorophcnylthio)—4-isopropyl-1-(4-pyridinylmethyl)—lH-pyrrol-3_
Pyrrole. amate and 5-(3.5-d ichIorophenylthio)—4-isopropyl-l-(4—pyridinylmethy])-1H-

that show potent anti-HIV-1 sctivity? as shown in
sed as anticancer drugs, antibioti

y related compo
-36 and other

BM2
12 [1,5-dic
S-diaryl-2-methyl-3-(4-methylpipe

Ibitor . .
y activity against both Mycobact
also exerted bactericidal

Mycob
acterja.
BM212 was inhibitory t0 drug-resistant m
1271

U937 hum phoma cell line.

activj
ly agai
gai i
nst intracellular bacilli residing in the

3-m
e[han . .
ol were identified as leads
cs, and protease

Fi
8ure 2 |
-I.Ningalj
galins and Lamellarins ar¢ widely u
unds showed

eir structurall

inhibjt
ors [29-31) q: -
) Similar to pyrrole-3—methanol and th
nd HCT116 ¢

mu]t
1dry
g resis i
tance reversal activity against L1210 a ell lines."”

imp

Ortant h:

R ant biological activity."”"*
ceently activity.’™"!

g materials properties derived

nsors based on polypyrrole-

ation of volatile organic

s semiconductin

tetra-
arylpyrroles had shown 0 posses
(521 glucose S¢

nand discrimin
n system (BOD
ally, they have

ial sciences
the detectio

o-4-boradiP)’”i
Addition

€Xxa-(N-
(N-pyrrolyl)-benzene in mater

tex
Materj
als!®3l
and polypyrrole materials for
[PY) have a strong

Poundg [54) Th o
e derivatives of the 4, 4-difluor
nse fluorescence:

been found to

Sol‘p .
tl()n :
n
the UV and emit very inte
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show
platelet a
ggregatl inhibi
EE ion inhibiti (3
ition **1 and hypcncnsivc activilies'“" Some re
. presentalive

' p”l()lL'( (""ﬂll y Q¢ . ’ . l N F )
t

ﬁ{ fz{ Wh
Sy

An
ti-HIV activity inhibitor of mPTPB

Cl

Anti-HIV activity

NmN
~ T L X
X -
o] N N
[}
O=" ~N
o |
Vs
gm212 C! TAK-438
OH < il Br Br L
b Mpr SN N
o] H Br N LS R3
H O o H F2
Pioluteorine Pentabromopseudiline BODIPY dyes

Fi
igure 2.1 Some pyrrole-containing bioactive natural products

2G
€neral §
U to the h; ;’“thes.s of Pyrrole Derivatives
i
gh commercial impact of substituted pyrro

Han
tZSchl57|
Barton_Zard!*¥! and Paal-Knor synthesis
n developed including;

a number of methods have bee
(651 [3+2] cycloaddition of 1,3-dipolar

efficient methods including

a series of
developed by synthetic

les,
[59-631 were

Che
Mistg,
Ina
ddition to these famous routes.

vinyl oximes,
1671 and O

thesis!®®lare the

nde
m
reactions, [64] 1
earrangements of o-
lefin cross-meta

"agens
Wlth a
Ikynes, ¢! hydroammatlon of diynes
most of these

rovide easy &

. However,
5. suffer from low efficiency

Pr edo
Minant
ly applied strategies to P
imines

thod
S are h

mited to the use of elaborately design
h Condltlons

s with di

‘nvolvement of ald

Se]ec
tivit
y and sometimes required hars

in
[3+2]
c
ycloaddition/annulation reaction

Unctigp,
alized
pyrroles have recently beer studied extensively:
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Hant
zsch devel
oped a brief *
ief note in 1890, between an equimolecular mixture of acetoacetic ester 1

ammonia afforded a new compound

and chl
oroaceto
n > N .
¢ 2 under reflux in concentrated aqueous
74-75
174751 Actually,

which h

¢ correctly identif

Hantzsch sun y identified as a pyrrole derivative 3 shown in Scheme 2.1

'Sch synthesis is jus et -
s is just the modification of the Feist-Benary synthesis of furans.

o CO,Et Cl Aqueous CO,Et
+ NH, / \

H,C” O ——— > HC CH

CHy reflux ’ ” ?
1 2 3

s of pyrrole
zsch pyrrole 8 synthesis

alyst and water as

-component synthesi
d variant of the Hant
(DABCO) 7 as a cat
t was limited to 2 sin

nd 5. from variation

Scheme 2.1 The first multi

Me
shram
and co-work
o-workers reported @ base-catalyze

thro
Ugh the
Or ’an. N aQE % M .
ganic base 1, 4-diazabicyclo [2.2.2] octanc

generality since i

the positions 1 a

the
reactio
n medi :
um. This scheme lacked gle diketon¢
s in the

Subst
rate §
and substituti
nd substitutions were restricted to

phena
Cyl bromi
mide ¢ .
ide components 4 and primary amine 6 as shown If Scheme 2.2.17%)
Br COCHs
o M€
0 A7 oma .
* | T 2T o
|
0 R R
3 HaC 1 H,0,60°C. 14T Re 1
2
4 5 6 8
thesis

Scheme 2.2 Hantz
nce of the base to

Kn
OrT 3
nd co
-W . . 1
orkers reported the ring closing in the prese

a-amino ketones 9 with

ensation of
rated in Scheme

|ves the cond
yl group as illust

aCce
SS Substi
Ssti
tuted pyrroles 12. This method InvO
to the carbon

0 ha H
ving a reactive methylene group alpha

23117
3.7
R1IO o Ho  COzE R, COZE
+ /u\/ R4 -
CO.Et — =, R
o N 2 Rz N/ Rs Rz ﬁ Ra
9
10 “ 12
for the pyrrole synthesis

Scheme 2.3 KnorT method
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where 1. 4-dicarbonyl unit provides four carbon

Paal-K
-Knorr reporte

ported the synthesis of pyrroles
atom of the pyrrole (Scheme 2.4).7%7

atoms of
of the i
ing and ami
This method g and amine group provides the nitrogen
od involvi )
ving the nuc ih i
g cleophilic additi i i
d jon of the amine 13 to the di
1e dicarbonyl carbon
atoms

142
nd the |
0ss of over:
erall two molecules of water affords the pyrrole 13

A

1 NH, 0
e e — A
N
H

13
B
OH
Ph
L 15

Scheme 2.4 Paal-Knort synlhesis of pyrroles

2.1 Ut
tilizati ..
ion of imines for Pyrroles Synthesis
joped for the synthesis of substituted pyrroles

strates. [n this con

yanides 17 and N

yq a >
number of methods have been deve
text, Nair and co-workers

in wh.
ich im;j
mine 1s |
s . .
involved as one of the counterpart sub

eport
ed the
multi-¢
ti-component reaction of DMAD 16, isoc
cllent yi€

-tosylimines 18, to the
eme 2.5.%1 It is

as synthetic precursors for acyclic

(81

SYntheg;
€sis of
2-ami
no pyrrole systems 19 in exc Ids shown in Scl

€stin
gtonot
¢ th: .
hat 2-amino pyrrole systems have found use

Nucleqci
Oside a
nalO 7S
gs of the P)’WOIO-[2.3-¢[] pyrimidine ring system-
0]
RO,C—=— genzene,
L—=—co,R + R~—NC * NI/TS 14-221 RO2C R
A ) g9 examples Ris [ A
1 r . N” °N J
6 22-96 % yield NoA
17 18 Ts
19
Sche
me 2.5 Synthesis of 2-amino pyrrole involving multi—component reaction
—catalyzed reaction for the synthesis of pyrroles 23
heme 2.6.1% This

Mdtge
n and
co-workers reported 2 palladium

g alkyn
es 20, acid chlorides 21 and imines 22, 1
prepare substituted pyrroles 23.

One
Protocol gj
| gives a straightforward approach to

5 mol % Pd catalyst R R,
R H. R 15 mol % Iigand 3
T o B
R, *t + | ] -
R™ ¢! Rz’N EtNPry, 4 81T co, 55 °C 7 N
14 examples R4
23

20 |
21 22 63-95 % yield
adium catalyzed reaction

yolving Pa“

Se
heme 2.6 Synthesis of pyrroles in
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of substituted pyrroles 28 through

Shimi
1Zu and ¢
co-workers re o - ; ; i
ers reported @ regiosclective synthesis
25 with ketene

alkoxy ketenc silyl acetals

doubl
¢ nuCI » N ..

cophilic addition reaction of a.u-di
4 using acid mediated

dithi
oacetals o .
s or wheled )
trimethylsilyl cyanide 26 10 4. li-unsalurmcd imines 2

cyclizatj
ation ot 27 ¢ .
and oxidative sequence as shown in Scheme 2.7

El0  OTMS
EtO OEt 25 e R,
H 1. st 4- M2
m/\/& TMS—-R, 26 EtQ ngE? 2.0DQ 1 equiv. ﬂ
PMP > g BN-PMP T Ry GO

24 AICI5, 1.0 equiv. 1 4-dioxane PMP

H,0. 1.0 equvi. R

27 28

DCM, 0°C, 15 min.
aturated imines.

addition to & f-uns
rides 29 and @, B-

Schem
e .

2.7 Pyrrole synthesis using nucleophilic
es 32 from acid chlo

Lu
and ¢
-workers re ' .
ers reported a one-step synthesis of pyrrol
ct obtained in

nol A.

31. The desired produ

ted imincs ,
imines 30 mediated by triphenylphosphine
d to the synthesis of lukia

Moder
ate to .
good yields shown in Scheme 2.8!%land utilize
/R1 R4 R3
0o N pPh; 31 \
Sy Toomene | [ 3
Rs” ~Cl " DBU, CHCN. 1 s N
10 examples Ry
R 50-82 % Yie!
29 30 32
Scheme 2.8 pphs-mediated synthesis of pyrrole
; ynthesis of pyrroles

in situ coupling with alkynes t0

4 fro
oM oalk
hberatei ynes 33, acid chlorides 21 and imines 22 undergo “
Socyanate and form the pyrrole product in high yield as shown 1N Scheme 2.9-
R-NC Ry [
Ry Ho AR 17 7\
Ry, + /U\ + | Ry N Rs
N EtNPr2, CHsCN. 1t Y
1

R5 Cl RZ/
33 12 examples
21 22 65-98 % vield 34
yrrole

2,5-disubstituted pyrroles
f base

syntheSiS of p
ynthesis of
imines 361

mediated
pot direct S

yl protected

Scheme 2.9 [socyanide-

workers reported an efficient one-
toluenesulfon

D.
n the presence o

Using 4__ .
8 4-mtl‘0but-1_},ne 35 and p-
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(lll) ( ("' . M -
Pt LI] l]'l (§) \ H i ¢ h
-~ - ¢ i

2.10.1851
R, Ts (i) KtOBu 10 mol %
Osz\/ + N MeOH, rt. 4 h R \ﬂ

/“ » ? N R
R (ii) AuCl3 5 mol % ) 1

, 70 °C. 24-72h Ts

5 16 21-66 % yield
17 examples 37

droamination cascade sequence

Sch
10 Synthesis of
] » . . . .
¢sis of pyrrole involving nilro—Mannich/hy
under organocatalylic

yrrolc—3-carboxaldehydc 41

Our
group
rcp()ncd
l Y . .
he two-pot synthesis of p
9 followed by oxidative

[3+2]
annUla[io
ns > g .
s between succinaldehyde 38 and N-PMP imines 3

aromat;
Matization using )
g DDQ as an oxidant (Scheme 2.1 1).%!
cH CcHO
[ 0o pme O proline 40, DMSO. w\
o & | v
HO R (i) DDQ, AcOH, Toluene )
PMP
70°C,3h
38 18 examples
3
9 50-82% yield 41

catalytic condition

er [3+2] organo
hod to synthesize pyrrole-3-

Sche
me 2.11Synthesis of pyrrole und
a general met

Ue to
their
extensive ¢ L.
nsive applications in several fields.
mber of overall synthetic steps are highly

metha
no| from s;
simple building blocks and a minimal nY

eSil‘ab]
€. Additi
ionally, it is also motivating to develop a n¢

ICal.b
Ony]
C()mp
ou " . .
nds serve as a source of three rng atoms an

is direction:
rve as powerful

Oiet
Y could
. be .
obtained from g-iminonitriles. inth
|e catalyZe€S se

single/multip
. 18795) However, the

1
Wolving ¢
WO or more :
selective transformations using

S to
Conse
rve
energy and minimize the number 0
ghly functionalized ketiminé synthon

rresponding hi
(96-981 This

may be pecause it was @
991 ynder very

e dienophile-
Masson and Z

veloped by
n the literature for pyro

Syn
thet
ic
potent;
_ ential of g-iminonitriles, @ €©
hu el al[

to-ob

. tai }

m nent oo

lld Condit; ity until a simple method was de

on . .
s. There are two metho ds avail able i le synthests which

il‘ec
t]y ;
1
2.2 nVO]Ve a'iminonitr'l
11€8S.

. Util!
|Zati0
. n . R
Ping of iminonitriles for pyrrole S

Cyano‘]

ynthesis

Zhy
an

d co-workers reported [4+l] cycloaddition of a.p~
esence ofa catalyti amount of AICh afforded

ie

azadje
nes) 45 with isocyanides 46 in the PT
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Polysubstituted 2-amino-3 i
S-cyanopyrroles 47 in good 10 excellent yields. In combination with the

important heterocycle is rea

B-mediate - . .
ediated oxidative Strecker reaction. this1 dily Symhesized

s tr % . .
ps from simple starting materials <hown in Scheme 2 (2. wool
RN
/O 3 H2 43 R4 Ry
A n TMSCN 44 NC. _NR; AICl; RNC 46 M\
> .
2 ~__H RHAN" SN ~CN
1 1BX, TBAB Rz toluene, 90 °C Rs
R 10 examples
MeCN ! .
42 45 60-88 % yield A7

inonitriles with isocyanides

cloaddition of a-im
ized 3-amino pyrrole 51

Se
Yua:;::,rzli:z Synthesis of pyrroles by [4+11€>
u and coworkers reported an efficient synthesis of functional
cross-coupling reaction of |.3-butadiynes 48 with a-
e crude hydrolysis products 50

1 :mino-aza-Nazarov type

uSing .
4 Utani )
i ium-mediated regioselective

Minonir:
nlll’lles . .
49 were cfficiently constructed upon treatment of th

With sij;
Ica ge
Cyclizay gel or Lewis acid. The reaction likely proceeds via a nove
10n
of the diimines produced by hydrolys:s of th

show
n ln SChemc 2 l 3.“(“]

e in it generated azatitanacycles 50

Ry
N | .
= /"\ 49 R R4 1. hydrolysis HoN
m——, e S AL o
1 : / \N Rs N —R,
Ti(OiPr)/2 nBuli (OPr)2TI—N N o silica gel of %,
* Ry  lewis acid
selective 50 o
cross-coupling |
yrroles by aza-NazaroV cyclization
ed for any

not been utiliz
rective was 0 explore

Sch
eme 2.13 Titanium-mediated synthesis of p
=N), 0~ lmmon

Bes
ldes b
eing an activated ketimine (C

Cata]
ytic transformations, as far as We Kknow
we

rmations. Herein,

ytic transfo
succinaldehyde

the
i etic effectiven ity in ©
Clo ess of this important €nt! y
S¢ the am 3m
l tuted pyrrole -

3
8 a and o

inocatalytic SyntheSlS of substl
m
inonitriles 53 through direct M

q enc
e fo
them llowed by in sifu reductions with NaBF:
€2, 14 1102)
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Our
previous work (ref. 103)

CHO
E N’PMP L-proline 40 (20 mol%) ;—'OH
CHO /l\ :
s R™ H H*, NaBH. N” R (1)
39 (3+2] cycloaddition IIDMP
52

(3N
faq sol)  aldimines

Presem work:

j!
S 5= F=0H
~ Not formed [—}(R
N” “CN 2)

B proline 40 (20 mol%)
_PMP PhCO,H (20 mol%)

I
PMP 54

N
[ A DMSO, MW
(;,:o R CN >
n o FQ
g. sol) a-iminonitrile ) ) )
|
PMP 55

[3+2] cyc1oaddition
@ up to 75% yield
m Two steps. one-po

Formal

t transformation

ubslilulcd pyrrolc-B-mclhanols

Sch
eme
2.14 One pot synlhcsis towards s

23
. R
CSultg
. ts and discussic
“dpart of ss100
of o
ur conti . ¥ .
ntinued interest for the mg_v;mncumlylic ‘dhproachcs towards mcdlum-smed N-
or the usymmctric

h
Cle
roc
(.y(.'lcs‘[ 104-105)
-eduction sequence

d that

a4 formal [3+2

WE TeCe
ve recently reported
nich/cyeliz

and i1 siti 1
1 1031 We further anticipate

cheme =
53 in place of aldimine 39,ina
s G qualcmary chiral center (¢4 2. Schem¢
S m | . .
| ention that py"“)“dincs having quatcrnary stcrcocenters are existing a8 a
and patural produc [106-109) with this premise in
.o N-PMP-0-

Synth

€Sig o f

h,e[ 0! pyr[.()“ . .

» dines 52 by a cascade Man

il

gimilar cascade

SUccinalde
chyde 38 and aldimines 39 (cq 1.9
2.14).

349
| fo
mal ¢
§ i cyelos ..
Clion, 4, affy yeloaddition with u-iminonilrilc
ord .
pyrrolidine 54 dccormcd with
main

y
N ctural Core ;
Ing In ma
. ang
e our i
a lnonitl‘ile 5 previous study In this direction.
Ueoy ¢ (PMP = p-OMeCoHa) a5 @ I
sucein 6r M
aldehyde 38 for pyrrolidine 54
5 as a maj

n T -
y active pharmaceutlcals

Ow
ever
2_14) » We obtained
: pyrrole-_’s-alcohol 5
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Unleg,

(3Ma

Us
0°C

Qg
iy

M)

atalm

-

Table 2.1: Optimization of reaction conditions”

O O O O
N,

N“ TCOM N O N N7 1ZPh N

H OTMS H

H H  HN-N
proline 40 56 &7 58
_PMP ; o Al
wo ™ e, i
: ' (ol . R
C SR
GHE N conditions” poc-rt,2h ]\ll 05
O PMP
38 2 [3+2]cydoaddMon
3 S3c 55¢
M aq sol)
—__-___‘—;
P i yield” (%)

En = —

Gty S'W
T

- nr

1 40 DMSO i 4B iy

: 40 DMSO 80 °C 24h 42

’ 40 oMsO  Mw.50°C 30 min -

4 40 OMSO Mw, 60 °C 40 min a0

> 40 oMo Mw.70°C 4g:min 5

o 40 omso MW, 70°C 4 i ”

" 40 omso  Mw.80°C . nr

v 40 Toluene mw, 70 °C e 52

v 40 DMF mw, 70 0C 490 mi,n 40

o 40 CH3CN Mw, 70°°C som” 45

0 56 DMSO mw, 70 °C i m|.n 30

2 ey Ceo  ww.70%C m 40

19 58 oMsO MW, 00c 4 "“_" n.r

1 - DMSO Mw, 70 °C som” rile 53¢ (0.3 mmol), 3
Otherwige indicated, the reaction Was carried out with i) mO:(lj1 100 mol %), NaBH4,
So0l,0.9 mmol), catalyst 40 (20 mol %), solvunt( om )1 (C) 20 ol %)- dCatalyst 56
o2 Isolated yields after twWo steps- “With ¢ addit® - addi tive Ph cO:H (20 mol %)

2 OmOI 0%p), add!

o atalysl 57

%),
additive PhCO,H (20 mol %)-
H (20 mol 7).

38 (2
0 mol %), additive PhCO2H
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Unf
ortunat
ely. no 1
Je reaction was
as observed i
¢ under prcvlous‘.l 1 Yy
sy cstabllshed condit' n

jons at rt (e tr |

80 °C (entry 2. Table
rrolidine 54¢ when the reaction was

. dnd dl cOny (-l]l“)ll.l I » p) ' Il vev
) b l

metha
nol 55
C was s .
s obtained in 42% yield. instcad fth
) . instead of the py

{ 50 °C for 30 min, followed b
ed when the reaction was carried

y in situ reductions with

€arried out under mi
NaBHdenlru:(«k»r[ microwave heating 3
J, i N .

f)u‘ by changine [:hlu 2.1). Further increase in yield was observ

':Cfease " ym;(7:0/lcmpcruturc and time (entries 4-5 Table 2.1). Interestingly, a significant

hCO,H 0mor %') 10.) was observed when the reaction was carried out at 70 oC for 40 min with
as an additive (entry 6, Table 2.1). The increasing reactivity of imino-nitrile

o increment in the observed yield.

d such as: by increasing the
tries 8-10, Table 2.1),
d when a control

14, Table

53 ;
Cscnc, .
¢ ()l uci .
d additive might be responsible for th

Ho
Wev
er, fuy
» lurther
fenns: attempts :
Caction temperat pts to increase the reaction yicld was faile
ature a :
nd time (entry 7. Table 2.1). by altering solvent (en
jon was observe

mine catalyst (entry
nce to N-PMP-pyrrole-3-

and
Cata|
Ysts (entri
ntries re
ies 11-13. Table 2.1). Morcover. no react

E)(p .
ent w
as carri
1ed .
out under microwave irradiation without 2

2]
). There fore
two-steps seque

we preferred to perform this one-pot
entry 0, Table 2.1)-

jety of pr
le 2.2 The re
d with electro

Meth
anols 55 wi
with ..
optimized conditions (
eformed N—PMP-a-iminonitrile

€xt
» the
of this
s method was examined with a var
d well in

3
actions proceede

n withdrawing groups
n of the phenyl

HoweVer, the

Unde
T ODtim:
a] pllm]z: . ..
(Emost all ¢q ed conditions and summarized in Tab
W .
G) (e.g. were substitut€
ortho-, meta~
2) with

ses .
NOWhen u-iminonitriles 53
8ro ~NOa, -F, -C
up tq furmigh F, -Cl, -Br and -CN) &t the
corresponding pyrroles 55a2-559 (

or para- positio
good yields.
-position and req
le 2.2) were also

Table 2.
uired

53 substituted at ortho
55r-55V (Tab

rresponding he

I'ea .
Ctio
ns w
af; ere rat :
obltt]e longer her slow in case ot'a—iminonitriles
, reaction fi
. aineq ; eaction time. Gratifyingly: pyrrole-
de
hyq d q-iminonitrile
tions €X

3-methanol s5w (T
. itation tO elect

ction ha
ols 55X (Table 2.2) when

3-methanols
¢ 53 from co
cept for 101E°

able 2.2) when 0-
ron deficient @~

iminonitrile

tero-aromatic

r reaction time (60 min).

n go
od vi
yields when preforme
:minonitrile 53

€S w
. €re
Sim: em
.mllar res ployed under standardized condi
Crive ult was obtained with pyrrol
pyrrole-

: fro
Nan: pht
o Onitrie g haldehyde was employed- This rea
lve
-methan
O om el 3-me
C .
t tronically rich aryl aldehydes Was
jous studies,

ur previo
55 over pyrrolidines 5

3,a
» dS . .

reaction failed to give pyrrole-
a plausible mechanism is

4 through this

€ bac:
DI‘Q asis of
th
DOSe e aforementioned results and 0
-methanolS

d
tra t() 1 .
ng Justifs
fo y the formation of pyrrole-3

ation
as shown in Scheme 2.15-
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Table 2.2: substrate scope with respect to various iminonitriles 53

(i) proline 40 (20 moi%) OH
CHO N'PMP PhCO,H (20 mol%)
. I DMSO, MW, 70 °C, time (min) __ ! N g
CHO R” “CN N
(i) H*, NaBHg, MeOH 1
—_ 38 53 0°C-rt, 2h pMP 55

OH OH OH
O,N
% % % { ﬁ{aj ({@
| N
PMP PMP PMP

553' 5 .
Omin, 69%  5§5b, 40 min, 72% 55¢, 40 min, 75% 55d, 50 min, 65%  55e, 40 min, 70%

OH OH
A\ %H Br,
N !\
PMP a N
PMP
MP 55,. 50 min, 60%

P
S5f, 40 min, 72%  55g, 50 min, 63% 55h, 40 min, 65% §5i, 40 min, 73%

OH
o FQO[QQ Fﬁ@
N
PMP PMP

]
PMP
55k . 62% 55n, 40 min, 70% 550, 50 min, 60%
. 40 min, 65% §51. 40 min, 73% 55m, 40 min. 5<% °
OH
I\
Cl
N i/ \ / \
PMp cl N
]
>8P, 50 min 63% PP PMP 9 55:2::: min, 67% 55t 60 min, 68%
+063%  55q, 40 min, 69% 55r, 60 min, 65% , '
PMP PMP

S5u, 60 PMP
min, 60% 55v, 60 min, 67% 55w, 60 min, 55/o §5x, n.

) [mino-nitrile 53 (0.3 mmol), 38

rried out with (i
%), DMSO (3.0 mL), *Time

hCO:zH (20 mol
ds of 55

Nless
Otherwise indicated, the reaction was ca

3M
39 s0l, 0.9 mmol), proline 40 (20 mol %), P

fequ Uireq
for completion of the first step- lsolated ylel
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The direct Manm: ‘ .
irect’ Mannich reaction of cnamine intermediate 56 with iminonitrile 53 to yield an

rted to enamine intermediate 59 through intramolecular

cration of catalyst 40. As expected, in situ NaBH.4

l‘educ . .. . )
tions of intermediate 59 under acidic conditions should have delivered pyrrolidine 54,

intcrm ads . .
ediate 57, which subsequently conve
Cycliza

tion, dehydration, and simultancous reg
how.

ev - . o ' _

er. we obtained functionalized pyrrole 55 exclusively. Here, we assume that the

59 is very fast under micr

due to the . )
the aromatic nature of resultant pyrrole 41.as 59 could not be isolated. A's
: 3.4-dihydro-7H—pyrrole-Z-carbonitriles to

of in
sit . . .
u microwave-assisted dehydrocyanation of
o-workers.!'®! which further supports

owave heating conditions

dehyd
rocy : . . .
Cyanation step from dihydropyrrole
imilar observation

Substit

uted pyrroles was recently presented by Opatz and ¢

ocol furnishes pyrrole-3
intermediates for furthe

3.methanols 55 enclosing an

our h ,
Oothecie ©

Ypothesis. The present one-pot prot

r functionalization.

alcOhol . . .
functionality, which are important synthetic
O- Lo
CHo Hzo CO,HR CN S H
S 0o CN
Z ~H HN™ R
PMP
57
CHZOH
Prollne 40 &
pMP o HNT c0
>4 & H CHO 4y |
H+, NaBH4 AW \ o’
/
HCN]  inssitu WO R . HO  PMP R
dehydro PMP
Cyanation 59 58
CH,0H

’CS\ followed by ﬂ\
N in situ H ,}1 R
| reduction

55

4
Sch < of pyrrole->-
€me 2.15 Proposed Mechanism for oné-
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| of these compounds. In this direction, a

Therefore L
aii Ilur;, we initially explored the synthetic potentia
ek svithecic i
lhr(muh}l:(ljk:\[h of polyeyelic pyrrolo-dihydrochromene 60 was achicved from compound 55§
SCI]C[;]Cﬁ ]'L"““]..\ft'd intramolecular C-0O coupling reaction under optimal conditions (eq i,
2.16). Next, pyrrolo-dihydroquinoline compounds 61 and 62 were synthesized using two
werted to —OTs under

in EtOH: AcOH

differe
ent approaches. Fi .
pproaches. Firstly. alcohol group ol compound 55a was €Ol

Hund'
ard conditi
d p ' . ; y " : QR e
1iton and reduction of NQO):> aroup was pcriormcd with Fe/FeC I
zation of the in situ

(').l) A
<-1) with the ¢r , _ .
1¢ crude material without purification. The intramolecular cycli:

NO- furnished corresponding tricyclic  pyrrolo-

uC[]cF.
= ated - . .

amine from the reduction of
2.16). Next. cmnpnund 55j was tosylated first

dihy
ydroquj :
< ulr N . 3 ..
jumoline 61 with cood yield (eq . Scheme
.. Cu-catalyzed intramolecular

ucleophilic substitutior

tion in DME at high temper
2.16)."""1" These

1er and yse . .
used without puritication forn
ature to furnish

C-N
Coupling w; L )
N M 2 with p-anisidine under a standard condi
-PMp

yield (eq i,

ar fused skeletons

Scheme

“pyrrolo-di . T . i
poly yrrolo-dihydroquinoline 62 with 85%
Cyclic et
bio| N-heterocycles and their structurally simil are present In many
Ogically ; P

Y mmportant cnmpnum]s,lf1“'13'| For example, @ structurally similar compound

| class of inhibitors of the gastric

phCn

ylp T 2

(H4/k ’ ml“[-’.2-(_-]%1“”“']05 63, was cstablished as @ nove
TR s to fused pyrroles

vy [ 12276 3 .
ase.!"**ITheretore, the case of a

S by this approach is also
cees

Woryj
1Y to note,

OH

B .
I\ (i) Pd(OAC), (2 mol %) 0
N KtOBu (2.0 equiv) 7\ ) e )
PMp e (M) X
” PPhj (0.25 mmol) Jy T =
S DMF, reflux, 2 h PMP 1®S ".
75% vyield 60 "-.H/:“-. !
o x=0,NH
(34 (i) TsCl, EtsN, CH2Cl2 NH M
h e T\ (i g
M N _——>
P g (ii) Fe/FeCly, EtOH:ACOH N b 7
Sa reflux, 6 h, 70% yield MP N N
61
j BOH N,PMP OMe
\ d (|) T o
sCl. Et;N, CH,Cl. 0 °C- 1t
N _Omscl e, GG 0 7, f ) i g R=alkyl
PMp (i) p-Anisidine, DMF, 80 °c,3h | ATPase inhibitor
55 Cul (20 mol %), K,CO3 (2.0 equiv) PMP
proline (40 mol %), 110 "G 62
3 h, 85% yield
" O-heterocycles gystems

fused N-,

Scheme 2.16 Synthesis of pyrrole
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Next. azi
Xt azido—derivative . .
erivative 64 was obtained in good yield from 55g through the nucleophilic

substitut; .
ion of the corres . .
the corresponding  tosylate compound with NaN; at elevated temperature.

Com
pound 64 ;
Ldn ¢ > H y ¢ . 1 . FN . . . .
act as a suitable surrogate for several bioactive pyrrole-3-methanamines as well

as for cli
click-reacti . )
eaction with various alkynes (Scheme 5 17).

OH N
I R (i) TsCl, Et3N, 3
N CH,Cl,, 0°C-it_ [/ \ step _
\ —————>“ —_— pyrrole-methanammes
PMP (ii) NaN3. CHsCN
80°C.2h PMP
>59 64

as a pyrrole-methanamines surrogate

Sch
¢me 2.17 Synthesis of azido-derivative 64

2,
4 Conclusions:
esis ofpyrrole-3-methanols 53from N-

a new method for the synth
owave irradiation. The ov

In summary‘ w
PM P‘U.-

Process

¢ have described
erall one-pot

iminonitriles _ .
onitriles 53 and succinaldehyde 38 under micr
cyclization,

Mannich/ inlramolecular

r alt] y .
proceeds  through amine-catalyzed direct
n. Synthetic

on under mild conditio

deh
ydI'Oc .
Yanation, and in situ reduction as [3+2] annulati
nt polycyclic

Pplicat;
atio ) ‘ . ‘ .
n of this method was further shown for the synthesi$ of blologlcally importa

N.
heterocyc]es.

S G
ener .
Cnerg| al Experimental Methods: |
Remarks: Unless otherwise stated. all reagents were purchased from commercial suppliers
the reactions were distilled from

and
sed wj . .
APPrope: ithout further purification. All solvents employed 11 .
Priate drying agents prior to use. All reactions under standard conditions were monitored by
5 mm). The

thiml
Colu

'::ecrh:::matography (TLC) on Merck silica _coated plates 0.2
®micy) yielda togr‘aphy was performed on silica gle
400 (49 MSHrefer to pure isolated substanc-es. H
® Solven, res z) spectrometer. Chemical shifts 2 *
4 are rep onance as the internal standard (C ??13"
Goup orted as follows: chemical shift multicl
e,

DPQt

€, t = o
3 = tr
ipl 8 q quartet, br = bl‘Oﬂd,

NMRr
on SPectra were recorded on a BRUKER™
€C .
Oupling. High-resolution mass spectra were

iza;
°n (ES) technique.

ion
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2.6 Ty
pical
SUccm " procedure for the synthesis of pyrrole-3- methanols (55)
aldehyde
¢ 38 (0.3 mL.. 0.9 mmol. 3M solution) was added to a mixture of preformed N-PMP-

tle 53 (0.3 mmol) and proline 40 (7.0 mg. 0.06 mmol) in DMSO (3.0 mL), PhCO-H (7.3

\,* . mm()l . . , -
) and irradiated under microwave condition at 20 °C until the a-iminonitrile 53 was

¢ the imine consumed. reaction was taken to 0 °C and cold

18 pl) was added. To this solution NaBH4 was added

The reaction was subsequently quenched with aqueous
h EtOAc (2 x 8.0 mL) and

::n(s)umcd as monitored by TLC. One
CaZli::J:;O,mL). .(.H‘C()zH (100 mol%.
NaH((, (‘7‘(’)":1 stirred for additional 2 h.

1(20 % sol, 5.0 mL.). The aqueous solution was extracted wit

ed with brine, dried over anhydrous
lumn chromatography; eluting

C()mb'
Ined o .
ganic extracts were wash Na-SOsand concentrated

under v
aCUO 1o 3 . P
after filtration. The residuc was purified by silica gel co

With hey
ane: .
ne:EtOAc to afford pyrmlc-3-mcthanols 55 with 50-75% yields.

2,
(]::':z:cal data of (55a-55w)
————_tYPheny "'2-(2-nitr0pheny|)-1H_pyrro|-3-y|)methano| (55a). (66 mg, 69% yield);
035' 'H-NMR (400 MHz, €DC13) 8 3.75 (5. 3H), 4.39 (d./=12.0 Hz, 1H), 4.47 (d,
~ 12.0 Hz. 1H), 6.45 (d,J = 2.6 HZ |H), 6.73 (d.J =8.7HZ 2H), 6.90 (d. J
2H), 7.44 (4. J = 7.5 Hz, 2H), 7.56 (t. J =
[H); FC-NMR (75 MHz, CDCl3) 8 55.37,
60. 126.68 (20), 126 86, 128.82, 132.32,

M+H ]Calcd for C1sH16N20 325.1178;

!\
N
PMpP = 2.6 Hz. 1H). 6.96 (d.J =838 Hz,

\558

5777, 106, 7.5 Hz, IH), 7.81 (d.J = 7.9 Hz,

1324, 1350 11416 (20), 123.42, 123.60, 12434, 1260
4.08, 149.66, 158.33; HRMS (ESI- -TOF) m/z [

Fo
.
(1. 176.

(69 mg, 72% yield);
2H), 6.45 (d,J =23
1H), 7.02 (d, /=806

LH), 8.05 (d, /=88
_124.26,

—yl)methanol (55b).

pyrrol-3
3H), 4.56 (5

(4-me

th

O:xyphe“yl)-Z ~(3-nitrophenyl)- -1H-
'H-NMR (400 MHz, CDCl3) d

Ha. 1H), 6.82 (d. J = 8:6 HZ: 2H) 6900,

Hz, 2H), 7.41 (d,J =78 HZ
2, 109.

Za 2H) 3( 55b
124 54 -NMR (75 MHz, CDCl3) 8 5541 57.8

s 126
"z M 4 99 (20), 128.87, 129.35, 132:63; 133.32,
325. ll8l.
l-3-yl)methano|

H*
ICalcd for CgH6N204 325.1 178; Found 1H-pyrro
OH . 4-mtroPhe“y')’ Py
_ hen l)- (
(1-(4-methoxyphenty o MHz, CDCb)

(55¢). (72 mg, 75% yleld)
=2.0 0 Hz |

Mp
NO,| 4.55 (s, 2H), 6.45 (d.J
8 6 qu ZH)’ )

5
S¢ | 51 Hgz 1H). 7.00(d-/~
Page 56
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57.69. 110.40, 114.36 (2C), 123.21 (2C),
47, HRMS (ESI-

=8.5 Hz 2H) "¢
124.60 ,ﬂ;H)‘ C-NMR (75 MHz CDCl3) & 55.36.
24.60. 124.9¢ ,

). 126.78 (3C). 129,46, 130.12 (2€). 132,67, 138.18,145.89, 158

TOF) m
=M = H1Caled for C
[M ~ ' Caled for CrsHioN:Os 325.1178; Found 325.1182.

pyrrol-3-yl)methan0l (55d). (60 mg, 65%

(2-(2-chi
w“.‘l)-|-(4-mcthoxyphcnyl)-]H-
OH | yield):
m © yicld): "-NMR (400 MHz, CDC1) 8 3.75 (5, 380, 438 4./ 12.0 Hz, 1H),
148 (A - 12.0 Lz, 111, 6.47 (s, TH), 674 (d. /=83 Hz 2H), 6.92 (s. 1H),
13.0. 6.8 Hz, 3H). 735 (d. /=78 Hz,
3. 58.15. 108.76, 113.90 20). 12274,

1.20, 133.20, 133.59. 135.49, 158.04;

MP 7.00 (d. J = 8.3 Hz. 2H). 7.21 (dd. J =

\Sf’dJ s
IH); "*C-NMR (75 MHz, CDClz) d 55.3

123.67
07, 126.2 .
6.24 (2C). 126.42. 128.62. 129.48. 129.49. 13
314.0948; Found 314.0947.

rro (65 mg, 70%
Clz) o 3.79 (s, 3H),4.55 (s. 2H), 644 (d.J=

1.3 Hz 1H). 6.81 (d.J = 8.4 HZ. 2H). 6.87 (.= 1.5 Hz, 1H), 7.01 (d.J=
8.5 Hz. 3H). 7.15 (d. J = 7.8 Hz. TH) 790 (d, J = 14.0 Hz. 2H): C-NMR

(75 MHz. CDCly) 8 55.37. 5788, 109.57. 114.14 (20), 123.20, 123.53,

l267

7 QC

(ESI-TOF()’ 126.88, 128.31. 129.14, 129.95. 130.26, 133.03, (33.38, 133.78, 158.21; HRMS

2. Ym/z M + H"]Calcd for CsH16CINO2 314.0948: Found 314.0946.
yl)methanol (55f). (67 Mg 72%

( ~cl]l
0\ TOpheny m
I)-1-(4- ethoxyphenyl)—lH—pyrrol-3-
)1 |'5 I (S’ le)’ 6043 (d, J— 208 Hz,

OH
[\ 'H-NMR (400 MHz, CDCl3)d 3.79 (s, 3H

J=2.8 Hz, 1H), 700 (d, J =89 Hz,
_NMR (75 MHz,

N

p IH), 6.81 (d, J =89 Hz, , 6. X

2H), 7.09 (d. J = 8.5 HZ, 2H), 7.22 (d: J=8.5Hz, 2H); °C
3.38, 126.82 (20);

55f
827 (2C CDCls) & 55.40,58.01, 109.56, [14.13 20 122.79, 12
C 3.06, 158.15; HRMS (ESI-TOF) m/z [M +

+ )a
H 120.94, 130.65. 131.33 (2C), 132.80. 13

Calcd

(s L Tor Ciy,CIN . 0950

(2-n ,CINO- 314.0948; Found 314 :
1_3-y|)methanol (

%‘yl)-l-(4—methoxyphenyl)'l H-pyrr®
O | 'H-NMR (400 MHz, CDC1) 5379 (s 3%
E IH). 6.80 (d, J = 8.7 Hz 2H): 697 (& /=247

Mp (d, J=7.5 Hz, 1H), 721 &/~ 7.2 He, 1 159, 11572 12344

55
123 g 20, 113

. 4 12
» 124
*H;B’ 125.16, 126.23 (2C), 129-58: 129.98, 133.31, 158.11,
ICaled for C4H (FNO2 298.1243 Found 198.1240.

(ESI-TOE
TOF) m/= [M + H* |Caled for CisHieCINO:2

23
~chlorg
phenyl)-1-(4-methoxyphenyl)-1H-pY |-3-yl)methanol (55€)-

yield); 'H-NMR (400 MHz, CD

yield);

55g). (55 mg, 63% yield);
SH), 651 (& /=23 Hz,
3H), 7.10

A
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2-3-n
r=—tuorophenyl)-1
-1-(4-me v .
o | mcthmyphcn;I)-lH—pyrrol—3-yl)methanol (55h). (57 mg, 65%
Te L ’
/N\ £ yield): '"H-NMR (400 MHz. CDCl) 8 3.79 (s, 3H), 4.56 (s, 2H), 6.44 (d.J =
-) ' .
\ 2.6 Hz 1H). 6.81 (d.J = 8.6 Hz. 2H). 6.86-6.97 (m. 4H), 7.01 (d,J=8.4Hz
13C.NMR (75 MHz, CDCls) & 55.36, 57.90,

PMP
L ssh | 2H). 7.21 (1. J = 7.6 Hz, TH)
109.55. 113.81, 114.10 (2C). 116.94, 123.02, 123.50, 125.85, 126.73 (2C)

(ESI-TOF) m/= [M + H]Calcd for

CixH
I()FN B
02298.1243; Found 298.1241.

24
-3-yl)methanol (55i). (64 mg, 73% yield),

fluoro
phe“.Vl)-l-(4-meth¢myphenyl)-lH-p_vrrol
(d,J=2.5Hz,

3.79 (s. 3H) 4.53 (s, 2H), 6.43

T
% 'H-NMR (400 MHz. CDCl3) 8
N IH). 6.80 (d. J = 8.6 Hz, 2H) 6.86 (d. J = 2.5 HZ, 1H), 6.91-6.99 (m, 2H).
PMP £l 7:00(d.J=8.6 Hz 2H). 713 (t.J = 8.0 Hz. 2H): 13C.NMR (75 MHz, CDCl3)
— 58 4, 122.53,122.98, 126.83

20), 12757 5 55.36. 58.01. 109.35, 11407 2C). 1 14.92,115.1
57, 130.90, 131.81, 131.89, 133.18, 15813 . HRMS (ESL-TOF) m/z (M

163.02

H')c
aled for ¢
or C1xH o FNO- 298.1243; Found 298.1245.
hanol (55). (63 M& 60%

22

-bromo

\Othe"y')'|'(4-methoxyphenyl)-lH—pyrroI—3—yl)met

I ® yield): '"H-NMR (400 MHz, CDCL:) 5 3.75 (s, 3H). 437 (& J = 12.0 Hz, 1H),
4.46 (d, J = 12.0 Hz, 1H), 6.46 (d, J = 2.9 Hz, 1H), 6.74 (d, J =89 Hz, 2H),

Mp
a5 6.91 (d, J = 2.9 Hz, IH). 7.02(d,J= 8.9 Hz, 2H), 7.15 (ddd, J = 8.1,5.6,3.6
Hz, 1H), 7.21-7.25 (m, 2H), 7.54 . J = 8.0 Hz, 1H); 13C.NMR (75 MHz,

Cde
l3) 5 5

5.32,58.19, 108.63, 113.87 (20). 12231 123,38, 126.34 2C); 126,98, 129.70 130.43,
158.04, HRMS (ESl—TOF) wz Mt H*]Calcd for

o-=Z

57
ClsH.(,iar;ﬁB’ 13335, 133.70.
@-Gbrog 2358.0442; Found 358.0446.
ophenyl)- [ -(4-methoxyphenyl)-
yield); "H-NMR (400 MHZ, C
2.8 Hz, 1H), 6.81 (d. /=88 Hz, 2H):
8.9 Hz, 2H), 7.03 (s, IH), 210t J=78 Hz,
121.98 I 7.37 (s, 1H); "C-NMR (75 MHZ, cDCl3)d 55.43,57.93, 10
'58-2(; H23']0’ 12359, 126.80 (2C). 12876, 129.45, 129-82 130.19, 13281,
TRMS (ESI-TOF) m/z [M + H’]Calcd for CISHlerNO;’ 358.0442; Foun

\_w

ol (55Kk)- (69 mg, 65%

55(s, 2H), 643 (&=
6.87 (d, J = 28 HZ [H), 7.

[H), 7.34 (4,
9.57, 114.14(2C),

132.96, 133.58,
d 358.0445.
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(2-(4-br
omophenyl)-1
yvI)-1-(4-methoxy :
X) phcnyl)—lH—pvrrol-%- '
\ R )I)methanol (551). (77 mg, 73% yield);

\
OH 'H-NMR (400 MHz. ¢DC
B ) MHz CDCl:) & 3.80 (s, 3H). 4.53 (s, 2H), 6.41 (d, J = 1.9
N z. 11 ' = )
y 1). 6.82 (d. J = 8.4 Hz, 2H). 6.86 (d. J = 2.1 Hz IH
MP gr| 11.9.8.5 Hz SH 3 e
5 Hz. 5H). 743 (d. J =63 Hz. 1H): “C-NMR (75 MHz, CDClz) &

s |
55.46. 5
y. 57.92. 109.56. 114.26 (20). 115.89, 116.1 1. 123.09, 123.51, 126.91

(2C)
» 129.20
e ]2()5| B}
S 130.72. 130.79. 132.87. 134.91, 158.37: HRMS (ESI-TOF) m/z [M +

H'jc
aled for ¢
CixH1eBrNO- 358.0442; Found 358.0444

3-3
pyrrol—Z-yl)benzonitriIe (55m). (56 mg, 62%

1) 5 3.80 (5. 3H). 4.96 65 2H). 6.46 (d, J =
6.91 (d, J = 2.8 Hz 1H). 6.98 (d,J =

ZH)- 743 (S. IH), 752 (d, J= 7.2 HZ, ]H)’ |3c_

N P
MR (75 MHz. CDCl13) 0 55.43,59.72, 109.69. 112.33, 1 14.34 (2C), 118.53,

11855, 124

17, 126.88 (2C). 128.99. 130.55. 130.59. 132.40, 132.67, 133.39, 134.36, 158.50;
305.1290: Found 305.1294.
rrol-2-yl)benzonitrile (55n)- (63 mg, 70%
3H), 4.58 (s, 2H), 6.48 (d,J
d.J= 2.5 Hz, 1H), 7.03 (d,
2H), 7.55 (4, J = 8.1 Hz, 2H); BC-

g, 110.23, 114.37 (20), 118.89,
6.23, 158.51;

~(hydro

A Xy ,
ymethyl)-1-(4-methoxyphenyl)-1H-
yield): "H-NMR (400 MHz. C¢DCI
2 .

2.8 Hz, 1H), 6.81 (d.J = 8.8 Hz, 2H).

8.8 Hz, 2H), 7.34-7.38 (m.

HRM
S (ES|
-T(
)F) m/z (M + H'|Caled for CoH16N20:2

4‘(3‘(h d

y roxymethyl)—l-(4-mcth0xyphenyl)—lH-py

I OH yield); 'H-NMR (400 MHz. cDCl:) §3-83
— 24 Hz. 1H). 6.86 (d.J =86 Hz. 2H). 6.94

d. =281 Hz.

) & 55.44, 57.8

75 (2C) 1
90, Found 305.1293.
550). (62 Mg, 60%

d,J= {1.4 Hz, 1H),

o-=Z

Mp
on| o = 8.7 Hz, 2H), 7.30(

g |
NMR (75 MHz, CDCls

24.2]’ 2
(HzRMS . ;6T6 126.84 (2¢). 129.91, 13025 (20). 13!
2,4. N-02 305.12
|_3-y|)methanol (
3H),4.26
76 (d,J = 8.9 Hz, 2H),
2H), 7.35 (4, J =
113.87

32.09. 132.81, 13

OF) m/z [M + H']Calcd for CioHie
enyl)-lH-pyrro
Cl3)83.77 (s
J=2.8Hz, 1H), 6.
2H), 7-19 (5
32, 58.19, 108.63,
57, 133.13, 133.35,

: Found 348.

di

Ichlorophenyl)- 1-(4-methoxyph
yield); '"H-NMR (400 MHz, CD
_ 1.4 Hz, 1H), 642 (d,
Hz. 1H), 6.97 (4

0
/\ C|H
4.36 (d,J

Mp

2 350
C 0.9 Hz, 1H); "C-NMR (73 MHz,
g, 129.70.

), ]2
2

13 31,

053.70, 158.04 2338, 126.34, 126.38 (20): 126.9
52, ;HRMS (ESI-TOF) m/z (M * H"]Calcd

o-=Z

Page 59
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-3-yl)methanol (55p). (65 mg, 63%

(2-(3,4-dj
wcn."”'l-(4-mcthoxyphcny|)—IH-pyrroI
s, 2H), 6.42 (d, J =

OH )
B N vield): "H-NMR (400 MHz. CDCls) 6 3.80 (s. 3H). 4.54 (
N 2H). 6.87 (d. J=2.7 Hz 1H), 6.93 (dd,J =
7.29 (d, J = 8.7 Hz, 1H), 7.33 (d,

]
P
MP cil 8.6.2.2 Hz 1H). 7.01 (d. J = 8.6 Hz, 2H).
5.43,57.93.109.57, 114.14
179.82. 130.19, 132.88, 132,96,

\ssp
J= 1.7 Hz. 1H); "C-NMR (75 MHz CDCl3) & 5
C1-N02348.0558; Found

2.7 Hz, 1H). 6.83 (d. J = 8.7 Hz

(2C), 12
21.98. 123,10, 123.59. 126.80 (2C). 128.76. 129:43.

. S I ). . .
348.0556_58.20‘ HRMS (ESI-TOF) mrz M+ H'|Caled for Cukls
(2-(3_b

Mmphcn."l%|-(4-mcthoxyphcnyl)-lH-pyrrol-B-yI)methanol (55q). (77 mg,

/3 oH 69% yicld): "H-NMR (400 MHz, cDCl3) 8 3.79 (5. 3H), 4.41 (s, 1H), 4.56
Br ~

(s. TH). 6.47 (m. 1H).6.82(d.J= 8.4 Hz, 2H). 6-87 (t,J=2.8 Hz. 1H). 7.01

13
WP e (d gz 8.3 Hz 2H), 707 (dd S = 14.7-77 g [H), 7.30-7.39 (m, 2H): °C-

\ssq
NMR (75 MHz, CDCl) 8 3544 57.98, 109.58, 110.90. 114.20 (20).
129.27. 129.35. 129.84, 132.88, 133.30. 158.18;

(14 m(ESl'TOF) m/= [M + H'|Calcd for CisHis BrFNO:2 376.0348: Found 376.0344. .

_Cthoxy ] (55r). (54 mg, 65%
Phenyl)-2-(pyridin-2-yl -1H- rrol-3-y|)methano (

\ Py A ) PY ‘ ZH), 6.35 (d’ J= 2.6 Hz,

u-=Z

. 4’ ]
21.94, 123.60, 126.84 (2C). 128.79.
yield);

'H-NMR (400 MHz, CDCl:) 8 3.83 (s, 4H). 450 ¢ J=8.9 Hz, 2H)
IH), 6.62 (d. J = 8.1 Hz, 1H), 681 (&7~ 26t 157 (d:i J_‘ 3 1’6 Hz’
7.05 (dd, J = 7.3, 5.0 Hz, TH). 711 (d,J=88Hz 2H), 7.39 (t ,8 ) 48 ;8 05’
110,54 IH), 8.56 (d, J = 4.9 Hz. [H): C-NMR (72 iz, O 5;94 ,148.41,
159 1144220y, 120,44, 123.20, 124.96,126.94 (20). l28'66’130'35’]33.5(2);311312.90’- Foum;

Y 158.62- , o ' C 7H16N202 ’

1,129 62 HRMs (ESI-TOF) mz [M * Fi jCaled (07
(L( - ield);
. 67% yield);
o (55 mg

3-yhme 2.4 Hz,

ethox

Yphenyl)-2- s 2 oN)-1H- rrol- _
\OH | yl)-2-(pyridin-3-yD-1H-PY JH), 4.5 (5 2H), 6.46 d,J=
I H-NMR (400 MHz, CDC12) 8 3.78 (5, ;H 10, 7.00(d.7=87 Hz, 2H).
N N l 3 690 (d,./: 2. Z, y I .

ﬁ H)a 6.80 (d., J—' 8-7 HZa 2H)’ 9 HZ’ IH), 8'41 (S’ 2H), I3C’NMR

vp _1.
PN\ | 7.18(dd, J=7.5,5.1 HZ 1H), 747 O ! 2C), 122.97, 123.84, 124.10,
g% | (75 MHz, cDCIY 8 5541577 10987 142 2L i es-TOP %
Rl bl ’ ' o g4 H
e )s 0419 15 :
Koy, " 12789, 128.20, 132.78, (3735, 14753, 125
202.

alcd
for Ci7H14N,0- 281.1290; Found 281.1
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(I-d-methoxy B
I-(-methoxyphenyl)-2-(pyridin-4-yi)-| H-pyrrol-&-yhmethanol (S50. (36 me. 6% yield):
OH H-NMR (400 Mbz, CDCI3) & 3.66 (s, 1H). 3.80 (s. 3H). 4.57 (s, 2H), 6.45 (d,

[ J=25

N ~ 35 Hy. 1H). 6.83 (d.J = 8.7 Hz, 2H), 6.91 (d.J = 2.6 Hz. IH), 7.01 (d, J =

|

be WN| 8.7 Hz 2H). 711 (d.J = 4.5 Hz, 2H). 8.44 (bs. 5H): “C-NMR (75 MHz, CDCl3)
124.25. 125.06, 125.30, 126.06, 126.83

55t
MS (ESI-TOF) m/z [M + H']Calcd for

\ ~
oc & 55.44. 57.67. 109.54, 114.41 (20).
) 128.53, 132.67. 138.48. 140.11. 148.29. 158.58; HR

C
17H10N202 281.1290; Found 281.1294.
-3-yl)methanol (55u). (50 mg, 60% yield);

(1-(4-
wphenyl)-%(thiophen-Z-yl)—IH-pyrrol
2H), 6.41 (d, J = 2.5 Hz,

1) 5 3.80 (s, 3H), 4.61 (s,
1 Hz. 1H), 7.10 (d. J = 87 Hz, 2H), 723

CDCl3) 8 55.40, 58.11, 109.38, 113.97

126.76, 127.40 (2C), 128.05, 132.45,
286.0901; Found

B OH | '"H-NMR (400 MHz. CDCI
S 1H). 6.83 (d..J = 9.0 Hz, 4H). 6.4 (1,

N
' \
s 55/ (d.J = 5.1 Hz 1H); "C-NMR (75 MHz.
u
126.22.
Vi + H']Calced for CiaHisSNO2

—— 7" | (20). 123.63. 123.98, 125.17,

132.9¢
: . 158,62 ; HRMS (ESI-TOF) m/= [
81.0905.

=G lH-pyrroI-S-yl)methanol (55v). (63 mg, 67%

1) 6 3.87 (5. 3H). 4.84 (5, 2H), 5.63 (d, J
(d, J=2.7Hz, 1H), 6.97(d.J

d. /=39 Hz, [H), 7.22(d. J = 8.9 Hz, 2H), "C-NMR
3.85, 114.52 (20), 120.14, 127.26, 127.93
Ms (ESI-TOF) m/z M % H*]Calcd for

methox)’phenyl)-Z-(S-nitrofuran—Z-yl)—
OH

yield); 'H-NMR (500 MHz, CcDC
d,J=27Hz IH), 6.87

NO,| = 3.9 Hz, 1H), 6.44 (
5 Vi ssv | = 8.9 Hz, 2H), 7.19(
2, CDCly) § 55.59, 58.32, 108.43, 11117, !

(ZC)
C, » 12859, 132,12, 139.28, 150.23. 159.74; HR
6

H I
14N205 315.0981: Found 315.0985- 0
3-yl)methanol (55w)- (54 mg, 55%

(14

~Metho I-

———__"'0Xyphenyl)-2-(na hthalen-1-yD)-1H-PY™0

"] D DCl3) 8 3:65 (- 3H), 4.31 (d, /= 12.0Hz, H),
' d, J=9.0 Hz, 2H),

yield); '"H-NMR (500 MHz, C o
[ ‘ 4.42 (d, J=12.0 Hz, IH), 6.55 (d- = 2.9 Hz, 1H), ©-
\ ’ _ 9 Hz, 1H) 733 (dd, J =70, 1.1 Hz,
: 6.93 (d, J = 9.0 HzZ. 2H), 7.01 d,J 2.
| , ' J=84Hz 1H), 7.81 (L J = 8.0 Hz, 3H);

Pmp
Q 1H), 7.36—7.40 (m, 2H), 7.64 (d, 12 58 52, 108 80 113.75 20), 114.07,
|3 Cl. 6 55. N - L] . £y

C.NMR (75 MHz, €DCI) o), 12629, 128,13, 12844, 12952, 129.99,

127
.65 12
> 124.0 90 (2
336 5, 125.07, 125.80, 125.85: 12° ( 1 + HF]Caled for CoH19NO2 330.1494;
113341, 133,44, 157.71; HRMS (ESFTO) m/z |

0
nd 330,495

N
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2.8 Experi
Xperiment:
ntal procedure for the synthesis of l-(4—methoxyphenyl)-l,4-dihydrochmmen0

4, 3-5]
? pyrrole .
(60). In a two-necked round bottom flask fitted with condenser, substrate 55j

and Pd(OAc): (1.0 mg, 2 mol %), PPh3 (7.3 mg,

(0.05¢. 0
g, 0.14 mmol), KO'Bu (31 mg. 0.28 mmol).
minutes with N2 and reaction

20 mol ©

Z e taken

0). was taken in dry DMF (3 mL) and degassed for 10
was allowed to cool tort and quenched

ith EtOAc (3 * 5 mL). The combined

a-S0s. The organic solvent was

Mixture
was heated N
with heated at 110°C tor 3 h. The reaction mixture
Saturate . . .
d NaHCO:s solution (5 mL) and extracted W

Organic |
ayer was was . .

yer was washed with brine and dried over anhydrous N
chromatography by eluting with

evapol’a[ed
under vacuo and purified through silica gel column
s oil (24 mg, 63% isolated yield)

¢/EtO o T
Ac (90:10). The product 60 was obtained as colorles

38 shown in (S
'HNM " 1n (Seheme 2.16).
R (4 e
(400 MHz, CDCl3) 8 'H-NMR (400 MHz. CDCl3) 8

0
(dd. J=8.0. 1.1 Hz, 1H).7.37 (td.J =74 0.9

7.17 (m. 1H). 6.89-6.94 (m, 3H), 6.84-6.86 (m, 1H), 6-18 [H), 3.82 (s, 3H);
09.94, 114.38 (20), 121.44, 123 81,

MP 37
S, | "C-NMR (75MHz. CDCl3) 8 55.41,57.82.
124.26. 124.59.126.99 (2C), 128.87. 129,35, 132.63, 133.32, 135.79, 147.96,

158 52
92; HR
MS (ESI-TOF) m/z [M + H']Calcd for CsH1sNO2

7.75 (dd,J=T7.8, 1.7 Hz, 1H), 7.53
Hz, 1H), 7.23-7.26 (m, 2H), 7.12—

278.1181; Found 278.1184.
4-methoxyphenyl)-4,5-dihydro- 1H-

nd 55a (97 mg, 0.3 mmol)in CH:Cl2
oC and TsCl (68 mg,

additional 4 h.

29 E
Xperi
pyr"010|3 imental procedure for the synthesis of 1-(
»2-c|quinoline (61). To astirred solution of comp0
on was taken to 0

3 mL

)w
as added EN (3.0 equiv, 0.9 mmol) at rt. Reacti
d then stirred at rt for

was stirred with NH.Cl (20% sol. 5.0
r was washed with

0.36
mm o
o) in CH2Cl, (2.0 mL) was added drop wise an

rogreSs
of the reaction was monitored by TLC. Reaction
(5.0 mL). The ¢
Withg rude SO
ut :
Purification at this stage. To this crude mass Was added ethanol and @
mol), and FeCl3 (9-5 Mg 0.2 equiv, 0.06

2.2m
for 6 hours and monitored by TLC. After

r reduced pressure. The reaction mixture

unde
(10 mL). The organic layer was stirred

combined organic layer

mbined organic laye
]id mass. This was used further

cetic acid (3mL, 2:1

ML),
nd
extracted with additional CH2Cl2

l'ine
Solut;
io .
n and concentrated under vacuo to give ©

l'ati
O respectiye l ‘
y), Fe powder (125 mg, 7.5 €Ut

m
uxed

mol)
While gtirp:
stirring. The reaction mixture was refl

C()m
Pletiq
n
of the reaction, ethanol was evaporated
ith the CH:ClL2

er reduced pressure. The

Page 62
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Crude res;
sidue was i
s purified by silica-gel € .
y silica-gel column chromatography (EtOAc/hexanes) (o afford 61 as

brownish :
pasty liquid (48 mg. 58% yicld) as shown in (Scheme 2.16).
\. 1H). 7.05 (d. J = 9.0 Hz. 2H),

It
W H- NMR (400 MHz CDCl) 8 7.09-7.14(n
6.9: "
94 (d. J - 3.1 Hz, 1H). 6.87 (dd.J = 19, 1.6 Hz, 1H), 6.76 (d, J = 9-0 Hz,
IH),3.82(d.J=19.7

»H). 6.62 (d.J =31 Hz,
12.6 Hz, 1H) 13C.NMR (75 MHz, CDCls3)

120.42, 124.43, 125.40, 125.80 (2C),

2H). 6.67 (s. 1H1). 6.62-6.66 (M.

S 961 Hz. 1H). 3.75 (s. 3H). 3.69 (d.J =
93.109.37. 113.76. 114,03 (20, 115.35. 11814,

129.97
: ) 132.45 l
. 138.30, 145.84, 158.28: HRMS (ESI-TOF) m/z [M + H"']Calcd for ClSHleZO

. 4| . FOu
» Found 277.1345
(4-methoxyphenyl)—4,5—dihydro-lH-

(90 mg, 0.28 mmol) in
nto0°C and TsCl

LI0E
Xperim
pyrr0l0|3 ) ental procedure for the synthesis of 1,5-bis
ompound 55a

-(' . .
CHzCI»(3 quuln()hne (62). To a stirred solution of ¢
2(3mL) was ; .
) was added EGN (3.0 equiv, 0-83 mmol) att. Reaction was take
d at rt for additional

ise and then stirre
with NH.4Cl (20% sol,

anic layer was washed

(63

33m o
mol) in CH2Cl2 (2.0 mL) was added drop W
eaction was stirred

mbined org

4h
. Pro
gress of :
3 ML) ang the reaction was monitored by TLC. R
ext N .
racted with additional CH2C12 (> .
i gs. This was used further

wilh bri
rlne S .
olution
and concentrated under vacuo tog
was added p-anisidine (34

Withoyg 1.

g, 0.27p:: ification at this stage. To this crude mas> in DMF (3 ML)
mol, 1.0 equiv) and heated at 80 oC for 2 h. , i K-CO:s (76

proline as ligand (13 mg, 40 mol %) were

N2 atmosphere: Progress of this

quenched with water (8.0 mL)
i er anhydrous

) .55 m
m .
ol, 2.0 equiv.), Cul (10 mg. 20 mol %),
3 h under an

added
and fy
rther heated at 110 °C for additional
dtort and

oole

reac .
tio
" Was monitored .
by TLC. The reaction was €
ined organic la

Nd ey
tracted i
d with EtQAc (3 x 8.0 mL)- The comb

_ g, 1.7Hz 1H) 756 (dd, /=79

1
s H-NMR 57.67(dd /=7
AR i (400 MHz, CDC1) L = 9.0 Hz, 2 5 08-7.14 (. 1H);
N 2 Hz, 1H), 7.28-7.33 (m. 1H): 723 (&
| 6 o Hz, 2H) 6.74(d, /= 1.8 Hz, 1), 672
Pup 93(d,J=2.4 Hz,IH),é-‘)O(d’J’g' e ad J=28, 181 {H), 5.80
.25 » = 4.0y 7 ? >
S | (=90 Ha, 2H), 647 & J=89H 2H), 6 (100 \iHz, CDC 8 157 62
_13c-NMR ’ ) o
(s, 1H), 3.81 (s, 3H): 3.70 (s, 3H) 13C-NM 126,79, 123 57, 121.93 (2C);

Is
l‘97
Y ]42
23, 14130, 134.14, 132.93. 128.44,
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;2)9'; ())i"/'",[iil?. | '.4-‘77 (2C). 114,55 (2C). 114.25 (2C). 109.20. 56.26, 55.70, 55.52; HRMS (ESI-
3~(azid0.l;1;th* H'JCaled for C24H2N:0: 383.1759: Found 383.1762.

¥D-2-(2-fluorophenyl)-1-(4-methoxyphenyl)-1H-pyrrole (64).’H NMR (400

N‘_g MHz CDCly) & 3.74 (s. 3H). 4.63 (5. 2H). 6.46 (d. J=2.5 Hz, 1H),6.75 (d, J =

() 8.7 Hz, 2H). 6.92 (d. ] = 2.4 Hz. 1H), 6.96 (d.J = 9.3 Hz, 1H), 6.99 (d, /= 8.6

N
PMp Hz 2H). 7.04 (L ~ 7.5 Hz. 1H). 7.16 (t.J = 7.2 Hz, 1H), 7.20 - 7.24 (m, 1H);
1% 62 | 'C NMR (75 Mi1z. CDClo) 8 55.32. 56,04, 109.20,113.94 (2€). 115.49, 113.72,
44, 12384, 124.13. 125.16. 126.23 (2C). 129.58. 132,98, 133.31, 158.11, 161.42; IR

(KBr/om-
/e 2965, 2052, 1612, 1512, 1466, 1319, 1134, 1034, 964: HRMS (ESITOF) m/z [M

H')cy)
¢ for CuH1<FN,0322.1308: Found 322.1312.

Page 64
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