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gi\'e d
esi .
red products, when oxazepine-
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for formal [4+2] cycloaddilion 46
. CHO

1
CCHO L prollne (20 mol%) s R
> N
LHO X, DMSO
a1 Yleld (). er
{25?0 aq. solution) ///
CHO -
y (7 F (T
O 46¢
o 78% (er >99:1) 83% (er >99 1)

Table 5.2: Substrate scope

4
889, (Srag ent—4sa
2:8) (SstZo éer 9: I91 )) 80% (er 95:5)
wi proline
CHO
CHO ~ cHO \

N 1

CHO CHO
Br l g -.,,
N Br
O °
46e 46h . 46i
46f 469 80% (er 97:3) 78% (er 95:9)

92% (er >gg_1) -
' 83% (er 99:1) g5% (er 9% )
cHO
o}
'I\ HO CH < CHO - ~
; O &P o
N i N ' -
N
cn-@ /@IO
461 % >99:1 68% (er 99-
a39% (er 982) 74% (er 79

780
8% (er 97:3) 78% (er >99 1 o
o)
\ CHO \ CHO ﬁCH g | =
"r,; :E N '”S ‘: S S
i |
; E >»o (( 7’
o
467 Hs 46s
Ha 464 c) HaC ey (er 97:3) 81% (er 95:5)
CHO

460
3

8509,
nengeg) 87% (er Pos:5)
\ CHO ~ FQC l
-‘(( (‘ (( z’ [ :]’0 1
46W
46v
o 46t ; n.r.

cl 46u
T72% (er >99:1) Hs 70% (ET y 1)
- 1 (75% aqueous sol., mmol),
%) Unless otherwi ; S sarried J out at (i) * (0.3 mmo ), 4 = e e "
ise indicated, the reacti o (120 ol% 40 °C. 3h. OL [solate yi
y, 3 b (i) IB Z

Catal
st 4da (20 mol%), DMSO (-0 ™t

(C) D
elermi 5
mined using stationary chiral columns-
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OH
C#
. | D- prollne L-proline
45d
IBX (1169, 85/0 y|e|d)

W N
AH e "

” ent-46d
) (1.15 g, 84% yield)
(er = 2:98)
(CCDC No. 1573096 )
d single crystal X-ray of ent-46d

l

h enantiomers an
% probability level.
ss both enantiomers of fused 1,2-
ivity by altering

Sche
mes.17: G
17: Gram-scale synthetic of bot
Thermal qllipsoids are drawn at the 40
onstrated to acce

The
Practi .
cal use of this method was also dem
yield and selecti

5.17). The smgle-crystal X-
(Scheme 5.17),

much yariation in

d conditions (Scheme€
C2 with p-proline
e catalyst was tentatively assigned
4 Mannich reaction on cyclic-
iff and C-NMR and

DHp
S (46d/e
ent-46d) on a gram-scale without

the ¢
atal
ysts 44a/ent-44a under the standardize

ray ap
alys
is of ent-46d confirm the stereochem!
:th L-prolin¢ 8 th

yze

ical outcome at

proline-catal

ell characterized by

lmines.|75-77| Simi
imilarly, all the new compounds

MaSs-

yzedMarmich reaction, @ stepwise

analysis.
tructures and their

les on pro]ine-catal
redicting the intermediate s

5.18, the enamine-

g with seven-membered imine 45 via

. This mtermedrate 48

Ba
Sed
ur study and literature examp

roposed by P
nin Schemé

yst 44, react

detaj

led

mechanism has been P
MS. As show mtermediate 47 in

COnﬁ
Mat:

ation through in sifu HR
41 and catd!

Sity

8enerated from glutaraldehyde
1 47 t0 give anti

the removal of H20 t0 intermedi
ubsequent release of catalyst 44 from
itu confirmed by HRMS (m/z =
X- mediated site-selective
igh yield and selec
drawing

ted in @

ate 49, which was in

a dj
irect
Mannich reaction mode

und
Crwe
n
t intramolecular cyclization wit

S]tu c
on
tetrae ftlrmed by HRMS (m/z= 376.3426
yelic enamine-intermediat

278
11
77, M + H"). In the same

tivity-

1benzoxazep e-fu
Sub presen a —-CHO group,
St
ituent, at 1,2-DHPs skeleton provi additional S st
|78-79l precursor.

Suitab|
e Ramachary’s push-pull dienamin®

OX]da
tion to afford desired 1,4-d
that the

DHPs and resul
materlals

It
s
noteworthy to mentions
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kes this approach

ed l,2—DHPs 46 ma

and m
etal-fre
CC ACCESS . - . ~
access to both enantiomers of tetracyclic fus

Quite appealing.
id synthesis of oxazepine-fused

hrough the rap!
4-reduction

5.19),as
tural

as cstablished t
d 46a via NaBH

H-/Pd-C (Scheme

blologlcally active synthetlc and na

Ne
Xt, [he .
synthetic application W
from compoun

Piperidin
¢ .
followeq 52 (71% yields) in @ lwo-slep process
‘e
by diastercoselective hydroge

Simila
r Sat > . .
urated piperidines scatfolds are

Products. 80-82)

OHC
QCO gH HN u,@
L-proline 44 _ O,
48
+ Hzo O“ H
e { tramolecular
— ycllzatlon
@_\\CHO )
N 17 L 49 -
caled M2~ 376.1
O Found M/Z = 376.3426
. |
cHO

Calcd miz = 278.
Found miz = 7

Scheme 5.18: Detai
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46a _Na_B_'i‘i_, H-H \’ N ‘*uy, jﬁ-f__d_l,c,, N vy
mrooc | x o EtOH, t
o
52
- 51 - 71% yield

ons of 46 10 polycyclic product 52

S
cheme 5.19: Synlhclic transfon‘nati

S.6
Conclusion

Mma
ry, w : .
y, we have developed @ simple and stralg

nz . .
oxazepine fused | 5.dihydropyridines (D

IBx
“Mmedi
ated dehydrogenalive-oxidation sequen

us

diben, glutaraldehyde 41. This metal-free process
0

(51 4]oxazepines and smoothly converted © th

Excel|
ent e . .
nantioselectivity. A detailed mechanism was propo

by
the H
R
MS data of in sifu intermediate structures:

pr0v’
1de .
a suitable alternation to stoichiometl‘lc

Drot
OCOI
was shown through (1) gram-scale access 0

idine—f S

angd (
ii) rapi

) rapid conversion to PiPer
systems 7€

Strat,
€gy to
Y to other relevant heterocyClic

r
p €sented later

Sy
nlg;:neral Experimentm Methods ' : were used as received without
fu otherwise stated, all commercially avallable compoun o i
Tther purification. All solv ents employed in the reactions were distilled from approprlate ying
Agents. All I‘eactio.ns under stan dard condition® € onitored by thin-layer chrornatOgraphy
(TLC) on Merck silica gel 69 p254 pre-c° jates (0-2 m) (.:olumn Chfomatjifz’zlc
Purification was performed ©7 silica 8¢l 100-200 mesh) using 2 e of hexa(llne (t:Dc1
“hemical yields refer to pure isolate substances: 1y PC-NMR spectra W re recorde m. 3
Solution and spectral data were reported in ppm relative ©© te methyISilarle (TMS) 88 an mterrl:h
Mtandard. 13C-NMR spectra Wer recorded on @ gR-AV400 (100MH2) 5P ctrometer W1
High-resolutio ass SP® ecorded using the 9 adrupol®

com
plete proton decoupling
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re determined by EZ-Melt, Automated

Melting points W€
LPH Polarimeter.

elecu-o

S -

pray ionization (ESI) technique.

jc rotation Was measured through RUDO
h CHIRALPAK-IA

Melij
I\
int Apparatus, and Specil
2998-instrument wit

Enant;
antig ;
MEric ratj
ratio (er) was dclcrmincd on Water-

olumng using hexane/2
xang/2-propanol.
hesis of l,2-Dihydropyridine-fused

5.8 T
Ypical
procedure for the cnantiosclective synt

dibe,
20
[5/111,4]0xazepines 46:

To
d S[irr . .
ed solution of dibenzo[A/14

alde
hyde 41 (25% in watcr, 0.274 mL, 0.9 mm
jrred

onitored by TLC.

SO (3.0 mL) was added

(6.8 mg 0.06 mmol) at
til the

]oxazepines 45 (0.3 mmol) in DM

ol) and L-
at the sam

10 o
C. The
¢ reaction mixture Was further st
[BX (1.2 equivs %

dibe
nzo[b
J1[1.,4]oxazepines 45 was consumed asm

Wag
added 1
o the same flask and furthe
d with EtOAC

Satura
t
ed NaHCO; (20% sol., 6.0 mL)-
ashed with brin€ once nd dri d over anhydrous NazSO4 and
column and eluted

fication was per

r gtirred at 40

The comp:
mbin .
ed organic layers were W

centr
ate
d under reduced pressure: puri

With g
tOA
c/hexane to yield tetracyclic oxa fused 1

zepine-

of the
r
Products were determined by stationary chiral phas®

9

7 An .

(S)~l4: lytical data of (46a-46v)
H-dibenzow,npyrido[1,2—d1|1,4loxazepi“e‘1'°“b

%
m HO mg, 88% yield, M.P = 8 D .
’ (400 MHz, CDCI3) § 5.30 t,J= 5Hz, ! ), 6.

6.98 _7.05 (m, 2H), 7-08

! Q 92:8); 'H NMR
(dd,J = .6 Hz, 8.0 Hz, 1H), 6
5(m 7.28 (d,J=396 Hz, 2H)»

@_—) 6.67 (s, 1H): 694 e
46a _ HZ ]H), 7, - 7.2 ) ’
95 (td, J =13 Hz, 73 B
125 (5, 1H); BC NMR (101 MHZ C c13)553-1,98-5’ 118.9, 1209, 121.7, 1222, 123.1, 124.0,
Hf"(’, 126.6, 129.2, 132.0, 133.8: ! 30.9, 1443 150.1, 1564 188.3. HRMS (ESI-TOF) m{z: M+
i 1 Caled for € gH1sNO , 276.102 4 pound 76.1005- Enantiomeric xcess wWas determmed by
13NO2 . , ) )

t PLC with a Chiralpak 1A olumn (n-[—Iexane: ;.prOH = 85:15) 1.0 mL/mif minor enantiomer
R =

1 . .

0.03 min, major enantiomer R _ 11.93 mit-
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(ent-462): yellowish

(R)-14 H
b ~dib
enzo{h ri
o{hyf1pyrido|1.2-d]| l,4loxazepine-l-carbaldehyde
5=+104.2(c0.3, CH:Cl,

N\ CH ol
| o ) solid. (70 mg. 85% yicld, M.P = 180-182 °C), [a]p
ined by HPLC with a Chiralpak

N N . . )
er = 9:91); Enantiomeric excess was determi
H = 85:15). 1.0 mL/min; m

@0 [A column (n-Hexane: i-PrO
ent°46 () . . .
\a) .35 min. minor enantiomer R = 11.79 min.

(8)-1
- 3‘"“
oro-
ro-14bH-dibenzo|b,f]pyrido(1:2

r\
@CHO - solid. (70 mg. 80% yield. M-P
N Q er = 95:5): 'H NMR (400 MHz, CDCl3) 5.33(t,J=6.39Hz IH), 6.62 (5,
@o IH). 6.67 (d,J =69 HZ [H), 6.73 (dd. /= 8.4 Hz, 3.1 Hz, 1H), 6.93 (ddd,
a6b | J= 8.4 Hz 5.9Hz 32Hz 2H), 7.00 - 7.05 (™ 1H), 7.14 - 7.20 (m. 2D,
d,J =59 Hz [H), 9.54 (s, 1H); 13C

N 724 (dd, J = 1.5, 82 Hz LH), 7.28
o7, 1217, 1222, 1224 1233, 1267,

MR
(10]

133 7 140 MHz, CDCly) & 52.7, 98.7: (13.1, 1155, 11
0,144.2, 149.9, 152.1, 157.9, 160.3, 188.2- HRMS (ESI-TOF) m/z: [M +H'] Caled for
ned by HPLC with a

CISH
|zFNO7 .
2 294.0930, Found 294.0922- Enantiome determi
=9.02 min,

hira|
pak
IA column (n-Hexane: j-prOH = 85:15
-1-carbaldehy

majOr
(S)‘lzenantiomer tg = 7.95 min
“fly . .
oro'l4bH-dibenzo|b,/|pyridoll,2—d][l,4|oxazepme
, —
% yield, M.P= 200-202 °C), [ot]p“5 —_120(c0.24, CH.Cl, er
CcDCl3) 6 530(t,J= 6.5 Hz, 1H), 6.56 (s,
1H), 691 - 6.95

(\ICHO (69 mg, 78
"~ —00.1); 'H NMR (400 MHz,

6,78 (td /=25 8.3 Hz,

713 - 7.19 (m, 1H),

0 Q 99:1);
Fl iy, 6.65 @7 =620 [H)
.96 - 6.99 (s 1) 7,00 - 7.05 (m; 1H);
1H), 9.53 (s, 1H); 1°C NMR (101
581, 1335,

523 (dd, J= 1582 pz, 1H), 7
8 121.6, 122.3, 123.4, 126.7, 127.1, 1
dforC 1sH12FNO2

ym/z: [MF H*] Cale
C with a Chiralpak IA

= 10.02 min, minor

ajor enantiomer tr =

_carbaldehyde (46b): Red

-d|| l,4|oxazepine-l
= 175-178 °C), [a]p® = _120.3 (c 0.2, CH:CL,

ric excess was
) 1.0 mL/min; minor enantiomer tr

de (46c):Red solid,

My

'39.27,,?4[;(313) 5 52.6, 98.5, 108.9, 110-> -
294.093¢ 2,149.7, 157.2, 162.6, 1881 HRMS (ESIT
olump » Found 294.0928. Enantiomeric excess \ivas
(n-Hexane: i-PrOH = g5:15), 1.0 mL/min;

Chant;
Ntiom
er tr = 11.59 min.
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46d): Red

($)-11- .
r ﬂuoro-l4bH-d|bcnzo|b,ﬂpyridol1,2-d||1,4|oxazepine—l-carbaldehyde (
solid. (73 mg. 83% yield, M.P= 174-176 °C)» [a]o®=
1H), 6.66 (d, J

mcn-lo A

N7 _ >99:1 ) 'H NMR (400 MHz, CDCly) 8531 t,J =635 Hz,

Q _ 6.9 Hz, 1H),6.70 (s 1H): 6.80 (d,J = 74 Hz 1H). 6.94 (dd,J = 1.6,8.0HZ,
4de {H), 7.24 =727

0
@ LH). 7.00 — 7.04 (m. | H). 7.04-7.08 (. 2H), 7.15-7.21 (M,
L (. 1H), 7.34 (dd: J

124 (c 0.2, CH:Cl, er

- 1.4, 8.2 Hz, 1H), 9-54 (5, {H); "C NMR (101 MHz,

123.7, 124.3, 126.8, 13
+] Caled for CigH12FNO2

itha Chiralpak 1A

3.8, 134.97,

CD
Cl) 6 53.0, 98.8, 116.3, 1163: 119.0, 120.9, 1219 1222,

|
39.9, 144.1, 149.6, 154.6. 188.2. HRMS (ESI-TOF) m/z M+ H
ic excess Was determined by HPLC W

294.0930, Found 294.0933. Enantiomer
Ccolumn (n-Hexane: i-PrOH = 85:15), 1.0 mL/min; major enantiomer R = .00 min, minor
enantiomer tg = 9.14 min.
l4bH—dibenzo[b,/]pyrido[l,2-d|[1,4]oxazepine-l-
1d, M.P= 174-176 °C),

7

| ~.-CHO ) .
carbaldehyde (ent—46d): Red solid,
N [a]l,lf' _4+123(c0.2 CH2Cla, €7 = 2:98); Enantiomeric excess Was determined
O F i i k IA column (n-Hexane: i-PrOH = g85:15), 1.0
i e-l-carbal

ent-46d
- 1,4]oxazepm dehyde (46e): Red oily

(5)-13-ch .
-chloro-14bH-dibenz0 b pyrldoll,Z d)
= l /] i 25 --97.6(C 0.3, CH2Cl.er= 99:1);‘1—1 NMR
CH liquid (85 M& 92% yield), [o]p
o ° = 6.5 HZ, 1H), 6.59 (s> 1H), 6.66 (d,J = 6.9
7.13-7.15(m

)
‘ cl| (400 MHZ, C 55
N o5 Hz, 2. 7007

@ Q iy, 1), 693 (@7 e
© dd,J=l.6,7.le,lH),7. J=20,648
L o o . 13C R (101 MHz, CDCl) 5 52.7, 98.7,

46e
_J _ 1729 (m 1H), 93 (s» i
129.1, 1293 133.5, 1337

3.3, 126.2 126.7,
+ H d for C|sH12ClNOz

1
183, 121.6, 122.3, 1224 12

154.8, 188.1. HRMS (ESI-TO

cess Was determined by

31
0.0637. Enantiomeric €X
antiomer tr

i-PrOH = 85:15), 1.0 mL/min; minor €n
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o2 d][1,4|0.\'zlzepine-l-carbaldehyde (46f):Orange

(8)-13-br
(Lwl—dihcnm[b.ﬂp\'ridull 2-
CHO solid. (96 mg. 83% yield, M.P = 180-182°C). [a]p?=-113(c0.1 CH-Cl
. | l » : ] 2 3!
99:1): '"H NMR (400 MHz, CDCl5) 8 5. 33 (t,J = 6.6 Hz, 1H), 6.59 (s
(dd, J = 1.6, 8.0 Hz, 1H), 7.00 = 7.05

er=
@ Q IH). 6.66 (d. J = 6.9 Hz, 1H), 6.93

(m. 11}, 7.06 - 7.08 (m, 1H). 710 (5 LH), 7.13 - 7.19 (m, 1H). 7.23 (dd. J

228 (d, J = 6.3 Hz, 1H), 7.36 (dd, J=2.5,8.5 Hz, 1H),

122.38, 122.88, 123.4,

~ 1.5.8.2 Hz, 1H),
57.8.98.8,117.0, 1183, 121.6,
9.7. 155.5, 188.2. HRMS (ESI-TOF) m/z: [M+

30. Enantiomenc excess was determined by

9.54(.
5‘]“.|“ g
); O NMR (101 MHz, CDCl3) 8

1‘768
] 2¢
9.1, 132.2. 133.5. 134.1, 139.8, 144.3, 14

H: ](
nll
ed for CysH,»BrNO2 354.0129, Found 354.01

ane: i- _prOH = 85: 15), inor enantiomer

[.0 mL/min; i

HPLC wi
— W z Lt
vith a Chiralpak A column (n-Hex
1= )()J‘ min.
{-carbaldehyde (46g): Orange

($)-12
-
lOm("1‘"i)H-dibenmn|:'J,,v‘]py1ldnll ,2-d][1 A4|oxazepine-t-
yield, M.P = 184-186 °C). [a]p® = —126.6 (¢ 0.2,
& J*= 6.67 Hz

e
G/CHO solid., (99 mg, 85%

W= CHaCla, er = 94 6); 'H NMR (400 MHz, CcDClz) 8 5.31
@OQE“ 1H). 6.56 (s, 1H): 6.66 (d, J = 6:9 HZ 1H), 6.87 (d: /= 3| Hz, 1H), 6.94
& (dd, J= 1. 5, 8., Hz, 1H), 7.00 — 7.06 (m, 1H), 7.18 (ddd, J=17,58, 0.8
1H), 0,53 (< ‘ Hz, 2H). 792 (d, J*l?Hz,lH) (m, 1H), 7.40 (d, J=19Hz,
244 1 (s. 1H): C NMR (101 MHz CDCB )5 52.8,98.6, 1186 121 6. 122,10, 122.43,123.5,

.126.8,127.0, 127.4, 1311, 133.6, 139-9: 144.2, 149. 3 156.9, 188.2- HRMS (ESI-TOF) m/z:
354.0129; Found 354.0133. Enantiomeric €Xcess was
Y 1O mL/min; major

M .
H'] Caled for CIHHI’BFNOJ
Hexane: j-PrOH = 85:15),

k=7

= 1.64 mj
| o ;
min, major enantiomer (R =

A column (-
12.58 min.
1- carbaldehyde

2-d][1, 4]0xazepme-
~ 160-162 °C); [a]p 25=-140.3

deter
m
ined by HPLC with a Chiralpak I
tiomer (R =

e
(;inlt:_):&ir tg = 11.67 min, minor enan
Myl)-l4bﬂ-dibenzolbﬂpy- idol1,
(46h): Red soli
R (400 MHz, CcDCl3) d 5.34 (t,J=6. 5
=1.6 Hz, 8.0

(¢ 0.1, CH:Clz, er = 97.3),
1H). 6.68 (d,J:6.9 Hz, 1H), 6.96 (dd J=
(H), 7.12 (&= 7.9 Hz, 1H), 7.17 -

N ’
@ 5: cFs| Hz, 1H). 6-64(
i 7. d, J =15 7.6 Hz.
| Hz, 2H): 235 (d,J =79 HZ 1H), 7.49

= e

523 (m, 1H), 729 @

(s,

1H), 9.56 (s, 1H): 120.7, 1208, 1217, 1224
156.5, 1881 HRMS (ESI-

123
. 6, 126.8, 127.0, 131.47. 131.80, 1
0
F) m/z: [M +H'"] Calcd for C]r)H]?F%NO’

cess was

49 139. ’
6. Enantlomerlc ex
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determi
ned - . "
by HPLC withaC hiralpak 1A column (n-Hexane: i-PrOH = 85: 15),1.0 mL/min; major

=7.61 min.

enanti
omer tg = . ) )
l = 6.87 min. minor cnantiomer (R
Orange

(S)'7-ch|

oro-14bH-dibenzolb.f] pyridol 1,2-dl| l,4|oxazepine—l

\ pasty liquid. (72 mg, 78% yield), [a]o® 25 — _102 (c 0.1, CH2Cl, €7 =
DCls) 8 5.33 (t,J =6 39 Hz, 1H), 6.59 (d,

mCHO
“ 95:5); 'H NMR (400 MHz, C
), 6.92 (d,J—2.4 Hz, 1H), 7.02 (dd,J= 7.6

_carbaldehyde (46i):

———

N
J=17.0Hz [H). 6.62 (s, 1H
J=2.1 Hz, 6.7 Hz, 2H), 7.18(d,J=8.7 Hz,

O
lh 461 Hz. 1.6 Hz 1H). 7- 10 (dd,
— | 2 Hz, 1H), 725 (s, 1H), 955 {H); *C NMR (101
0, 1262, 128.04, 129.4, 132.0,

+] Caled for CisH
C with a Chiralpak IA

MHz,
CDCly) & 52.7.99.3. 119.9, 120.9,
12CINO2

L139.1. 144.0, 148.6, 156.2. 188:3- HRMS (

310.0

ol 635, Found 310.0639. Enantlomenc excess Was
0

umn (n-Hexane: i-PrOH = g5:15), 1.0 mL/min; minor
l-carbaldehyde (46)):

=180-183 °C), [a]D =-92.3
CDCl3) 8 5- 35(J

e
Nantiomer tr = 6.64 min.
—~— 14bH- dlbenzolbﬂp
W ,7
~~CHO Orang¢ solid, (75 M8
| (c 0.2, CH2Cl2, €1 = _97:3): H

(S)'7'chlor0_l z-ﬂuoro-

N
QF = 6.39 HZ, {H), 6
cl © 5 5,83 Hz 1H) 593 (& J=24H% 2H), 6-
46j (ad,J = g.8 Hz 2.4 Hz, 1H), 7.17 d,J= 8.7 Hz, 1H), 7.25 (s, 1H),
, ' , 7.16,
127.26, 128.0, 128.4, 1344, 1390 143.9, 1483, 157.0, 1627, 188 5. HRMS (ESFTOP) 7% [ ;
* H"] Caled for CisH CIFNO2 328.0540 Found 0546 Enantiomeric excess Was determin€
. 7 , i ntiomer
by HPLC with a Chiralpak |A column (n n-Hexane j-PrOH= 5:15), 1 0 mL/min; minor enantt
k=6 .
.034 min, maj tr = 6 min
, major enantiomer IR~ ' e sk
(S)q’l2-dichloro-l4bH—dlbenzole|P yrido[1,2 l1,filom-zepme-l-cazzbj"‘:;2 6Y o c; 2C1)2
uid, (79 g, 78% Y1 oo™ =707 1 ,
- CHO Reddish oily liqui@ S
NMR ( MHZ, CIS) 5 5.35 (t, = ) ’
_6.93 (m H), 7 06-7.10

| N 'WQ erz>9 9:1 ), ' -
° -17.0Hz, 1B/ .
6.54 (s 1H), 6 60 (d; !
2.4 HZ 1H) 7.15 (s 1H), 7.23 (d,J 2.0 Hz,
19.7 121.6 122.0, 122.8,

>
25 (s, 1H), 9.54 (s, 1H)
124.40, 126.5, 127.1, 128:> 130.5,
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344.0245, Found 344.0238. Enantiomeric excess

TOF)
m/z: .

[M + H'] Caled tor C1sHCL:NO:
Hexane: i-PrOH = 85:15), 1.0 mL/min;

mine ..
ined by HPL.C with a Chiralpak IA column (n-

12.96 min.

Major
thantiome _
mer tg = 11.86 min. minor enantiomer tr =
-carbaldehyde (461):

(8)-13
‘bl‘Om -
0-7-chloro-14bH-dibenzo|b,flpyridol l,2-d]ll,4]oxazepine—l
Reddish solid. (95 mg, 83% yield: M.P = 175-177 °C), [a]p? =-76.4 (¢
CDCls) § 5.38 (t, J = 6.31

X~ CHO
l Br
,Q 0.2. CH-Cla, er = 98:2); 'H NMR (400 MHz,
0 Hz, 1H), 6.92(d,J=2.4 Hz, 1H),

Hz. 1H). 6.56 (s, IH). 6.60(d,J=T7.
Hz, 3.0 Hz, 2H), 7.16 (d, J=8.7

-
461 205 — 7.07 (m, 1H), 7.11 (dd. /= 9.3
), 7.38 (dd, J= 8.5 HZ, 2.4 Hz, 1H), 9.55

Hz. 1H), 7.28 (d.J= 5.9 Hz, IH
3) 8 52.4, 99.6, 117.3, 119.4, 122.03, 122.85, 122.8, 126.4,
188.2. HRMS (ESI-TOF) m/z: [M

8.3, 155.3,
736. Enantiomeric excess was determined
mL/min; minor enantiomer

s, 1H).
lzsf:)l’zl;cl‘ NMR (101 MHz. CDCI
*H') Calog ;"32‘-4, 134.03. 134.44, 139.0, 1440 14
by HPLC w; o C‘“"HIIBrCIN03 387.9740, Found 387.9

ith a Chiralpak 1A column (n-Hexane: j-PrOH = 85:15), 1.0

98 mi .
min, major enantiomer tp = 8.66 min.
-d](1 ,4|oxazepine-1—carbaldehyde

l4bH-dibenzo|b,ﬂ pyridol 1,2
~79 (c 0.2, CHCl, er=~>

(8)-12
brome-7-chloro-
180-182 °C), [o]p” =
Hz, 1H), 6.53 (s,

(46m).
r&sh SO“d, (85 mg, 74% yleld, M.P =
~-cHo | 9! J:'H NMR (400 MHZ cDCls) 8535 (6/=631
1H), 6.59 (.= 7.0 Hz, 1H), 6.8 «,J=81H% 1H), 6.93 (d,J=2.3
8 Hz, 2.4 Hz, 1H), 7.14-1.17 (m,1H), 7.22

dd, J =8
(101 MHz, €D
1,143.9, 1483, 1566, 188.2.

46m
J 9.53 (s, 1H):; 13 NMR
128.5, 131.0,
und 387.9744.

122
Hmjg’ 122.8,124.4, 126.5, 12735 127.42,
S (ESI-TOF) m/z: [M ¥ H d for C|8HHBI'C1N02
itha Chiralpak IA column (

Ena .
n )
tiomeric excess was determined b e
ertr = 14 . .
i l-carbaldehyde (46n): Orange

~173-175°C) [a]o?=—128 (c0.1, CH:CL,

(8)-7.
bromo-14bH-dibenzol5/1P
solid, (79 m&; 68% yield M.P=

(TCHO
"HO er=99:1);

N~
st Hz, 1H), 7-11 (dd, J =8
! ° 2.0 Hz, 1.8 Hz: 1HD: 05 (s, 1H), 739 @ /=17 Hz, 1H),
— Clyy 5 52.4, 994, 119:6,122.06,

134.4, 139.

387.9740, Fo
n-Hexane€: i-PrOH =

85‘1
5), 1.0 mL/min; major enantiom

N

5 O_O 1H), 6.60 «d, .
r IH)’ . .
46n 20 (dd, /=80 Hz, 1.2 HZ%
1H), 7.20 ( 1199, 1209 123.2, 124.34, 124.84, 126.0,
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6.1, 188.3. HRMS (ESI-TOF) miz: M+ H']

ess was determined by

129.2
2, 129..

4.131.9, 135.0, 139.1, 1440, 1492, 15
35. Enanuomenc exc

L/min; major enantiomer

for C
 CoutsBeNO; 3540129, Found 33401
.PrOH = 85:15) 1.0m

HPL(‘ .
with
a Chiralpak 1A column (n-Hexane: i-P

k=]
($)- 8.(:“20(:::;“' :]m”r cnantiomer tR = 12.91 min.
bH-dibenzolb/1PY rido[1,2-41l1 4]oxazepme—l—carbaldehyde (460): Reddish
CHO solid. (74 Mg 5% yield, M.p = 183- .185 °C), [a]DS_. _93.3 (c 0.15,
Q CH-Cla. er = 98:2): ' NMR (400 MHz, CDC13) 82 32 (s, 3H), 5:24 6=
6.5 Hz. 1H). 6.59 (5 |H). 6.61 (-7 J=69Hz, 1H): 6.80 (s, 2H), 701 (dd,J
_ 1.8 7.6 Hz, 1H) 7.04 _7.09 (m, 2H), 718 (dd, J =8 g0 Hz, 1.2 Hz, 1H);
21 —7.25 (m.2H). 9.52 (s, 1H): 13c NMR (100 MHz, CDCls) $20.6,53-2:
136.9, 140 | 980 118.3. 120.9, 1219 1220, 1237, 123.9, 126.0, 129.1, 131 132.0,
144.3. 149.7, 156.3. 188 2. HRMS (ESI-TOF) miz: [ y*] Calcd for C1sH1sNO2
determined by HPLC with 2 a Chiralpak 1A
= 7.95 min, major

290
Colum » Found 290.1187. Enantiomeri
enar .n (n-Hexane: i-PrOH = 85:15),
(S) tiomer tr = 8.65 min
-.]2_ .
"\cmoro-s-methyl'l“bﬂ.
N (46p): Dark red solid,
,Cla, €r = 95

| Xy~ CHO
96 (¢ 0- 25, CH: :
6 Hz, 1H), 6.53 (s 1H) 6.6
dd,J = 6.7Hz, 32 Hz, 2H), 7.22

\ WQCI 3H), 5.27 &7 =6.
{H), 704 (
o HH), 6.92 (& _ 8.2 Hz,

(s 9 Hz, 1 H) 724 (.77 6.3 Hz, 1H) 051 (55 1H) 5 NMR
” @ D 21.5,1218 122.1,123.9,

(101 MHZ DCls) 5206 529,981 1 . ,
5, 1494, 156.7, 1881 HRMS (ESI-TOF) mz:
ntiomeric exce

1,
127.1, 130.6, 1311, 1342, 1372 140.0, 1442
24,0791 Found 42,0795 0@
j I'OH = 8515), 10 mL/min; minor

M +
H*] Calcd for CmeCINO
columﬂ(”‘Hex

1.0 mL/min; M
-1-carbaldehyde

- 180-182 oC), [a]p

dibenzol b,/]pyl‘ld0
d,(84m g,87%yie , M.
o |H NMR (400 MHz, cDCls) 8 2.33 (ss

25—

ss was

HyC

dete
rm
ined by HPLC witha Chiral

Cnant;j o
tio a
iomer tg = 5.83 min, M jor
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(8)-13-
brOm
0-8-methyl-14bH- dlhcnzole]P‘

C
Q HO B] (46q): Dark red solid. (93 mg. 85/o
Q 1"(’-(1 (0,12, CHxCler = 95:5); 'H NMR (400 MHZ, cDCls) 6233 (s,
o . 5.31 (1. =00 Hz, 1H). 635 {H), 6.65 d,J =69 HZ {H), 6.82
e 46q (d.J = 1.0 Hz 2H),704—706(m.2H), 08 s,lH),728(d,J=60Hz,
CDCly) 3307 52 111, 7.36 (dd.J =8 5 Hz, 2.4 Hz 1H), 9.53 (s 1H): 13c NMR (100 MHZ,
132 140.0. 14 ) 98,4, 116.9. 1178 1219, 122.1.1 5.8, 124.0, 129.1, 1311, 132.1, 134.0,
1444, 149.4, 155.4.188.2-H \is (ESI-TOF) 7~ ¥ *]CalcdfoerHuBrNO_
termined y pLC wnthaChiralpaklA

368
olump (‘ Found 368.0275. L|1ant|omt.rlc
n-Hexane: i
exane: i-PrOH = g5:15). | 1.0 mbL/mins minor enantiomer tr

enan .
(S)- tiomer tg = 11.98 min
~12-p '
ro
mo-8-methyl- l4bH-dibenzo

FE_—W (46r): :Dark solid, 94 )

N Q 2. CH:Cl2, or = 97:3); 'H NMR(4OOMHZ,C
Q (l,J=6.6Hz,1H),6.2 _1H), 66 J=6.8Hz,1H),6.82(s,2H),6,g6
. | Hz, 1H 7.04 (s, 11> 720 (44,7 g.1 Hz, I 2.25
z 1.8 HZ 9.51 (5 H); 13c NMR (101
24.4,1269:127-

MH
z,C
DCly) 5 20.6, 52.9; 98.2, 1180

A1
373, 140.1, 144.3. 1 149.4, 156.8, 1881
Enantiomeric exces w.
i1- major enantiomer tr

CioH
14B
rNO, 368.0286, Found 368 0277
H= g5:15), 1.0

Chj
ral
pak IA column (n-Hexan® i-

Mmin,
or e .
nantiomer tr = 12.79 min.

(S)-8
=~
ethyl-13-(trlfluoromet hyD-1
. Dark ¢ s

G/CHO CF carbalde”
3
" oc), [al0” = 1278 (¢ 02%
3H), 532 /=68 Hz, 1H) 6 6.
H 09 (s> 1H), 7.19 dJ= 2.0 Hz,
J=84

N7
S cDCl) 8 2.35 (5 )
_ 2H), 7-
7.0H,1H, 1,0H2, )
z, 1H) - 6.3 Hz 1H), 733

H
46s

G

98 .4 Hz, 2.1 Hz, 1H): 9.56 (- 1H); 26.6 131

4, 117.6, 121.6 126 165 et . .

6, 121.6, 1219 242,17 ’

144 , 1217 + Caled O CaothfsNO? 358105
4, 149.3, 159.1, 188.2. H w1
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Found 358
1051, : :
Enantiomeric excess was determined by HPLC with a Chiralpak 1A column (-

Hexan ;
e: i-PrOH = 85: . .
5:15), 1.0 mL/min; minor enantiomer tg = 5.78 min, major enantiomer tr =

6.16 min.
(5)-7,9-di
»2-dichloro-12-
—— oro-12 ﬂuoro-8-methyl-l4bH—dibenzo|b,f]pyridoll,2-d]ll,4|oxazepine-1-
@/CHO carbaldehyde (46t): Orange solid, (82 mg, 72% yield, M.P=176-178
N =67 (c 0.3, CH-Clo, er = >99:1); 'H NMR (400 MHz,
1H), 6.54 (s, 1H), 6.56 (d, J

b
cw@'o F| cDCly) 6248 (s, 3H), 535 (6= 6.6 Hz,
6.90 (s, 1H), 6.95 (dd, /=83 Hz
H3C Ci ’
(C a6t

_ 52 Hz, 1H), 6.78 - 6.85 (. 1H)
6.5 Hz. [H), 7.06 (dd. J =99 Hz. 2.3 Hz, 1H), 7.24 (s, 1H), 954 (5
3 111s 1 IH): *C NMR (100 MHz. cDCls) 8 17.8, 52.1, 996, 109.6, 109.9,
HRM (E-S; - 0.06 120.2, 126.9, 127.0, 1286, 133.0, 133.06, 139.0, 1438, 144.5, 156.7, 188.2.

-TOF) m/z: (M + H'] Calcd for CoH12CLFNO2 376.0307, Found 376.0295.

Enang;
10 :

meric excess was determined by HPLC with 2 Chiralpak 1A column (7
= 5.82 min, minor = 6.40 min.

Hexane: i-PrOH =

enantiomer tr

85:15
:15), :
1.0 mL/min; major enantiomer R
_d||1,4|oxazepi“e'l'

(8)-7,9
39,12-tri .
carp ’ trlchloro's'methyl-l4bH-dibenzo|b,/]pyr|do[1,2
aldehyde (46u):
\ '
Orange Viscous liquid, (82 mg 70% yield), [a]p® = —99 (c 0.2,
MHz, CDCls) 8 248 (s, 38, 5.35

tJ= 6.33 Hz,
Hz, 2.0 Hz, 1H), 7.24 (s, 1H), 7.34 (d,

§f (Do

¢ 0 0.2 Hz, [H), 71004/~ 8.2

H 9.54 (s, 1H); 3¢ NMR (100 MHZ, CDCls) 8 17.8,
C = 2. . . ,

— 46: . 8, 126.9, 1286, 130.7,

.~ CHO )
| ) CH2Cl, er= 97:3);
N 1H), 6.52 — 6.58 (m, 2H), 6.89 (s, 1H), 6.92 d,J=
Cl

. (M+H'] Calcd

52.2,99.7,

d by HPLC with

as determin®
r=9.18 min,

133 0
.03
.133.07. 134.6, 139.1, 143.8, 156.3, 160.0, 1
nt

) 1.0 mL/min;

jomeric excess W

15H,,C1;NO; 392.0012, Found 392.0019. End
major enantiomer t

alpak IA column (n-Hexane: j-PrOH = 85:15

Ming
T «
enantiomer tg = 10.03 min-
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e synthesis of ((lS,l4bR)-l,3,4,l4b-tetrahydro-2H-
-yl)methanol (52): Toa stirred solution of 45a (55 mg
aBHa (1.0equiv) at 5 °C. The

.0 G
ibe eneral procedure for th
nz ;
ﬂdol 1,2-d]|1,4)oxazepin-1
0.2 mmol) dried THF (4.0 mL) was added N

(IDH
| e ey
Q o o . crude mass was taken in dry EtOH (5 mL) and
o (10 wt %) (10 mol%0) was added, purged with Ha. The combined solution
xszd was additionally stirred under Hz atmosphere (1 atm) at room temperature for
4.0 hrs. Mixture was filtered through celite andwashed with ethanol. Solvent
omatography to

fiedby column chr

was puri
2 =-95.8(c0.2,

aporate
porated under vacuo and resulting residue
ht blueoily liquid. [a]

afforded .
S .
CHy | ::{gle diastereomer 52 (40 mg, 71% yield) as lig
Clh): 'H N
MR (400 MHz, CDCl3) d 1.78-1.72 (m, 1H), 1.90 (dd, J = 10.4 Hz, 4.5 Hz, 2H),

220

(dd, J =

369 (aq. 146 Hy. 6.9 Ha 2H), 3.10 (d,J= 117123 iz, 1H), 3.51 (dJ= 102 Ha, THD.

76 Hy ’I 6“ 113 Hz, 2.9 Hz, 1H), 3.87 (@d. /= || 3Hz, 6.2 Hz, 1H), 422 1H), 6.87 (td, J =
.6 Hz, 1H), 7.04-7.00 (m, 2H), 7.09-7.03(m, 2H), 7.1 (dd, J =179 Hz, 1.4 Hz, 1H),

119
~7.14
(m, 1H), 7.24 (d,J = 7.7 Hz, 1H); BCNMR (101 MHz, CDCI3) & 22.6, 28.7,30.2, 52.3,
129.6, 131.4, 143.7, 157.3;

-1, 63.4
HRMms (E’ 119.4, 120.2, 120.6, 122.2, 124.4,124.7, 125.5, 1283,
SI-TOF) my/z: [M + H'] Caled for CigH19NO2 182.1494, Found 282.1487.
olb,ﬂpyrido[l,Z-

14bH-dibenz
0.~ 1573096)
l'4bH-dibenzo[bJ] pyrido[1,2-
»FN (03 crystallizes in the
= 4.9570(8),

5_1 1
C
an 4':;ystal structure of ent-46d (R)-1 1-fluoro-
9 x .
azepme'l'Carbaldehyde(ent—46d) (CCDCN
(R)-1 1-fluoro-

(————— The title compound
de (ent—46d),C 18 Hi

| X~CHO
d][1,4]oxazepine- | carbaldehy
Orthorhombic spac® group with unit
=4, The crystal structur

@‘0
—_entdeq o 143567(19),c= 1945670
diffraction data and refined to R

ent-46d ,
by direct methods using smgle~cf>’5ta] X-ray

= 0 12
1259 ¢,
or 1031 observed reflections:

N

finement
sque) were collected at 293(2) K

172 uniq
grap

f dimensions 0.

hite monochromated

Xt
Y intensi
tensity data of 2249 reflections (o .
UK. eauippd with
3x0.2X

make, Y-
i as 0

ode for0 ranges ™
absorption, Extincti

Mok
aradiat;
diation (=0.71073 A). The crysta
by(oscan
on and

N |
Mmm )
The intensities Werc measured

l‘eﬂ
ecﬁo
n
S were treated as observed (1> 206(1)
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irect methods using SHELXS97.

Lore
ntz and c .

polarisation factors. The structure was solved by d
map. Full-matrix least-squares

Alln
On'hydro ye -
gen atoms of the molecule were located in the best E-

refinemen

t .

was carried out using SHELXL97. All the hydrogen ato
0.93-0.97 A.The final refinement

data. Residual electron

ms were geometrically fixed

2) = 0.2524 for the observed
ctors were taken from

densitj
es ranged from - 0.347 to 0.274 eA.
(1992, Vol. C, Tables 4.2.6.8 and 6.1.1.4). The

ati
onal Tables for X-ray C rystallography
3. The crystallographic d

Cr yst
a“Ogra H
pth da i in T
ta are summanzed mn able 4. ata are Summarized in

Tab]
Tame 4.3.CCDC - 1573096.
es3 ¢
Crystal and experimental data for ent-46d

\
CCoc No.
¢ 1573096
Tysta] description
Cryst block
al colour
Crystal size transparent
Empir; 0.30 x 0.20x 0.10m™™
lrICa] fOrm '
Form ula Cis Hi FNO2
Ula weight
Radiayj 293.29
on
Unit cey) » Wavelength Mo Ka, 0.71073 A
Cry dimensions 2=4.9570(8), p=14.3567(19) =10.457(3)A
Stal system ‘
Spa Orthorhombic
nit p2,2121
0. of € 1384.7(4)
mol
Tem ecules per unit cell, Z 4
perature
Absorps: 293(2)
; Ption coeffi i . mm'l
(0ag) lent 0.10
San mog 608
fang ) w scan
efo . .
Raﬂge F entire data collection 4.15<8< 26.97 % 14
of indiCes h= 5t0 5, k= _14 to 17' = 223 to
3625 / 2249

Refi
ecti()n
s
collected / unique ED
can Crys Alis R

Multi-S

Abg
orns:
fPtion correction
Page 166
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ecti
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Rint

Rsigma

Structure determination
Refinement

No. of parameters refined

No. of Restraints

Final R
WR(F?)
Weight

Goodness-of-fit

(A/g Jmax

Fina|
resi
" esidual electron density
Soft
wa
re for structure solution:

Soft
Ware for refinement:

Soft:
Wa
re for molecular plotting:

0.1170
0.1885
Direct methods
Full-matrix least-squares on F
199
0
0.1259
0.2524
1/[c2(FoI)+ 0.0376 p)1+o.oooop1
where p=([Fo’ +2F2 /3
1.049
0.00
.0.347 < Ap< 0.274 eA®
X’calibur system ~ oxford diffraction make, UK.
SHELXS97 (Sheldrick, 2008)
SHELXL97 (Sheldrick, 2008)
2012) PLATON (Spek, 2009)

ORTEP-3 (Farrugie:
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A} MPILIIRRS = 2
oy aRsinzRn 288823558 855203 a8z
~N
Aormaxxz §§§3asss::::;‘ 33 C;H :}
~ o~ © o o “"
vy
46a
L/

2 8 ] 8 °.
s § 8 s e
720 . b Tem Cen
710 700 6. 680 670
11 (ppq)

,
2
-5
—
95 ’
9
0 85 8.0 7.5 7.0 6.5
2
B yoarzBng8s2niic 7 1 |
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I R it Sl eag
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140 130
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0.05-
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0.00 2.00 4.00 Time — pfocessing Method: RACEMC 008

o PDA 380.0 nm; Resultid: 2555
——— Channel: 2998, Processed Channe: CHO
. 0.0
Processed Channel Descr.: PDA 38
nm
Processed
Channel Descr. RT
w#/

-

PDA 380.0nm | 9.259 |
2|PDA 380.0nm [11.565

o‘so_‘k
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0.40_.
§ 0,30_:
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E 008 L
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| FDA 380.0 nm Result K&
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J—__—

0.20-
0.15+
& 0.10+
0,05:
] S
a— 10.00 12.00 14.00
At 6.00 8.00 .
- . - | e 2991, Processing Method: RACEMC 008
~—— Chamnel: 2098 Processed Channel: PDA 380.0 Result : 2991;
nel: 2998, :
o)
: 80.0 — oo |
Processed Channel Descr.: PDA3 I ~
nm )
Frocessed RT Area |% Area Height
. 193017 o
1] POA 3800 nm | 9250 | 3743465 | 4444 ok  aso
\_—_'__________’-—-——-J
PDA 380.0 nm | 11.565 | 4680815 55.56

0.30:

0.20-]

0.104

0.00~]
000 2.00 4.00 : e 03

processing Meth

~ Channel: 2998; Processed Channe:

PROLINE

. pDA 380.0

Processed Channel pDescr-
nm

Frocessed
Channel Descr.
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Foftware _ Overlay Report
i ‘
0 55
-
] ey s ]
0 45 - CHO ,\ CHO
040.2 ! .
0 354
Yo O-Om Qﬁfﬁfﬁ
1 _______—J
B : .
{ Racemic |
020-: H |
015_f | [
o N I \/L__
] |3 |\
000: %)\ 8} \
] b . = e e —
] o * ’ 2800 30.00

(T
18.00

T ot
14’00 1600
Minutes

f Processed Channel Descr.: PDA 380.01

DPrar
roline was used as catalyst

-b..\__; -

L-Ppa: .
roline was used as catalyst

\ o

Racemic

chessed
chanﬂe' D:,-scn

\ o

3

Fi
BUre 5.7 HPLC chromatogram of46a a
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