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benzazepines Revisited: Synthesis of the
Conformationally Biased Derivatives and Revision of
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ABSTRACT: The syn (aR*5R*) and anti (aS*,5R*) diastereomers oN-benzoyl-C5-
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substituted-1-benzazepines originating in the dkiga at C5 and the Ar—-N(C=0) axis were

o g1 U1 o1l
QOVWoO~NO®

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

The Journal of Organic Chemistry Page 2 of 50

first stereoselectively synthesizedagsing the conformation with a substituent at 66 @9,

respectively. Detailed examination of the stereaak#y (i.e., conformation and configuration)

of theseN-benzoyl-1-benzazepines by X-ray crystallograpmalgsis, VT NMR, and DFT

calculations revealed new physicochemical aspddtsese heterocycles including revision of

the stereochemistry previously reported.

1 X
m MNP0 RI=H X Cs R'=ch otts
X—= R2= CH,, Cl R2=H .
éfq? ar* N=V ax.
p X
R2 R2 /L /&
anti syn
(chair = boat) X = CHs, OH, N(CH3), (chair)

INTRODUCTION

The 1-benzazepine nucleus has been used as thetagtire of various biologically active
moleculest In recent years, the vasopressin (VP) recept@ntlg with the 1-benzazepine
nucleus (e.g., mozavaptartplvaptad) (Figure 1) have been developed as agents for the

treatment of hyponatremia, congestive heart fajlete

Many of the vaptan class of drugs contain a preskestructure, i.e., a benzo-fused seven-

membered-ring nitrogen heterocycle (e.g., 1-benzaee 1,4-benzodiazepine) linked
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Figure 1. Non-peptide VP receptor antagonists.

throughN-1 to a substituted benzoyl group. In our previpapers, new VP receptor ligands
with 1,5-benzodiazepind)*?and 1,5-benzothiazepine nuclj 8)*° (Figure 1) were described
to reveal the importance of the stereochemistryraidhe seven-membered ring for exerting
their biological activity. In particular, the axiehirality (&§aR) based on the Ar—-N(C=0) %p
sp) axis was clarified to be crucial by freezing the confation in molecules with aortho
substituent (e.g., R = GHCI); the (&) form was the eutomer (active enantiomer). Thosdiss
also implied that, although often overlooked, scicinality may exist in the latent form in many
biologically active molecules, and the active foofmthe N-benzoyl-1-benzazepine-type VP
ligands (mozavaptan and tolvaptan) should als@Be Ifr this regard, an understanding of the

stereochemistry of thid-acyl-1-benzazepines is important.
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R R anti

la-d: X = CHj
Ila-c: X=0H
llla-c: X = N(CH3)2

aR'=R?=H

b,d: R'=H, R>=Clor CHs
- c:R'=CH3 R?=H

(R =H or CHj3)

Figure 2. Anti/syn diastereomers originating in theR®) central chirality and (@&*)/(aS) axial chirality
in E-N-benzoyl-1-benzazepinetafd, lla—c, andllla —). For theE/Z-amideisomer, the Z isomer
shown in brackets was negligible in th& NMR spectrum.

Thus far, the pioneering conformational studyNsacyl-1-benzazepines by A. Hassner ef al.,
followed by the excellent analysis Nfbenzoyl-5-methyl-1-benzazepina) by M. Qadir et
al.” have been reported. Compouadpossesses a stereogenic center at C5 in additithret
chirality due to the axis at Ar—-N(C=0®)thus forming theanti and syn diastereomers; the
description anti/syn” is used for the relative arrangement of the Cbssituentand theN-
benzoyl group, i.eanti andsyn denote the arrangement on the oppdsie5R*) and the same
side (&*,5R*), respectively (Figure 2). The reported structoféa, howeverjs interesting in

thatla takes predominantly thegn form in solution with a ratio adyn/anti = 1:0.25 (by NMR

ACS Paragon Plus Environment



Page 5 of 50

©CoO~NOUTA,WNPE

The Journal of Organic Chemistry

analysis), whereas in the solid state (by X-raytalyanalysis) it takes thati form,”° which
stimulated us to revisit the stereochemistrjachnd related compoundld,, Illa ). This paper
deals with the detailed stereochemistry (conforamatand configuration) oN-benzoyl-5-
substituted-1-benzazepinds-(l ), including a revision of the stereochemistrylafin the

solution state previoushgeported.

RESULTS AND DISCUSSION

Synthesis ofN-Benzoyl-5-substituted-1-benzazepines (I-I11).

N-Benzoyl-5-substituted-1-benzazepinés—l, lla—c, and llla—c) were prepared from 5-
substituted\-benzoyl-1-benzazepine6d, 6¢ 8, and13a—) using procedures similar to those
previously reported®’ as shown in Scheme 1 and 2, i.e., compolmdandic were prepared
by reduction of the corresponding 5-methylene denres(6a and6c), respectively, antb and

Id wereprepared byN-acylation of methyl-1-benzazepin®),(which was prepared froihby
reaction with MeMgBr followed by reduction with4dSiH (Scheme 1). Compounta —c and
Illa —c were prepared by reduction of 5-oxo-1-benzazeparevatives {3a-c) with NaBH:
and by reductive amination with NaBEN (or NaBH) and CHNH: followed by N-

methylation, respectively (Scheme??).
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Scheme 1. Synthesis of N-Benzoyl-5-methyl-1-benzazepines (Ia-d)?

R'" CH,
6

R1
Br
Ny R b)
—_—>
R? R2
o) o)
3
6a, 6¢ R la—d

4a,4c.R=H
5a, 5¢: R = -(CH,)sCH=CH, 12 g)fgr'l":,

CH; la—d, 4-6 (a, ¢)

aw

R' R2 RS

d), e)

_ =

H H H
H Cl H
CHsH H
H Cl CH,

Cl

o 0 T o

“Reagents and conditions: (a) NaH, pent-4-enyl tosylate, rt; (b) Pd(OAc),, DMF, PPhs, LiCl, 120 °C; (c) Pd/C, H,,
CH;0H, rt; (d) MeMgBr, THF, tt; (e) Et;SiH, THF, rt; (f) BzCl, NaH, THF, rt; (g) p-Toluoyl chloride, NaH, THF, rt.

Scheme 2. Synthesis of V-Benzoyl-5-substituted-1-benzazepines (Ila—c and I1la—c)?

R! R O R! QH
COOCH, 6 >

R
e
R2 ’T‘ 9a-c:R=H 7, ’ 2 N
p-Ts 10a—-c: R = o
~(CH;)3C02CoHs
HaC lla—c
b), ©) 13a—c

h
N‘ R N(CHy),

R" O

6
@f\} I, 1, 9-13 (a-c)
Y N

R2 R

a H H
11a—c: R=p-Ts d b H CH,
12a—c: R=H j ) ¢ CH; H llla—

@Reagents and conditions: (a) Ethyl 4-bromobutylate, K,CO3, DMF, 120 °C; (b) -BuOK, toluene, 120 °C; (¢) AcOH,
conc. HCI, H,O, reflux; (d) PPA, 100 °C; (e) p-Toluoyl chloride, Et;N, THF, 0 °C; (f) NaBH,, CH30H, tt; (g)
NaBH;CN or NaBH,, CH3NH,, MS4A, CH;0H, 90 °C — 1t; (h) 37% HCHO, AcOH, NaBH;CN, CH;0H, rt.
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Computational Studies. To study the conformational preferences of thdenzoyl-5-

substituted-1-benzazepines, the following compoati studies were carried ouwHirst, the

©CoO~NOUTA,WNPE

12 conformation ensembles ¢d, Ib, Ic, lla, lic, andllla were generated from 2D chemical
15 structures as the initial structures for the denisibctional theory (DFT) calculations. These
18 conformations were optimized within RDKitusing the universal force field (UFF) and
21 clustered using a tolerance of 0.2 A root-mean+sgakeviation. For each conformer, the
24 Hartree-Fock(HF)/DFT calculations were carried ¢mtobtain optimized geometries and
27 energies at the RHF/6-31G(d,p), and RB3LYP/6-31§(dnd RB3LYP/6-311+G(d,p) levels.
30 For a set of stable conformers, the geometry opéitians and frequency analyses were carried
33 out at the RB3LYP/6-311+G(d,p) level. As a repréatve of the results obtained by these

computational studies, the selected conformeta afe illustrated below (in Figure 9).

40 Stereochemistry ofN-Benzoyl-5-methyl-1-benzazepines (fa: X = CH3). In general, thé\-
benzoyl-5-substituted-1-benzazepinesli( ) theoretically haveE/Z-amide isomerd around
46 the N-C(=0) bond and $i(aR)-axial isomer¥ based on the Ar-N(C=0) (gp) axis
50 (Figure 2), and thus four stereoisomers (conforjn@asy exist in the molecules. For tB&-
53 amide isomers, however, compourddll all exist predominantly in th& form, and theZ

56 isomer was negligible in thiéd NMR spectrum3 Thus, compoundis-il exist only as a
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eq

I: X = CHg II: X = OH, Ill: X = N(CH3),

Figure 3. Conformation of anti/syn diastereomers of I-III (a, b). Azepine ring takes an
equilibrium state between the chair and boat (in brackets); both forms are observed
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ring inversion

ArT o 7
eq. X -
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boat R
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- R2 ar* N

R*

ax.

aaR?>= H b:R?=ClorCHg
R=H R =H or CHs;

separately at lower temperatures (~183 K) in a ratio of 1:0.3 (Ia) in CD,Cl,.

H;C

X

I-llic

Figure 4. Syn formation in 6-methyl derivatives (I-IIlc): because of the steric hindrance
(A'3-strain), the 5-substituent adopts a sterically less hindered axial (ax.) orientation to form

the syn isomer.

mixture of diastereomersu(ti/syn isomers) originating in the two stereogenic eletsien C5

5

Il

syn

lc:X=CHz R=H
lic: X = OH, R= CH,

llic: X = N(CHz),, R= CHs

CHgj
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aR* N

N /K\ ax.
0 Ar

(0]

A'3-strain

~f— H3C X

——

el

anti
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and the axis (Figure 3)Theanti form andsyn form possess the C5 substituent disposed in a

equatorial (eq.) and axial (ax.) orientation, respely.
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Figures 3 and 4 show schematic drawings of thestlemistry of-Il (a—c). First, the

conformation was examined in detail using 5-metlgyivativeda—d (X = CHg). In compound

©CoO~NOUTA,WNPE

12 la, the ring inversion via rotation around the Ar—-N(@) axis readily occurs to form
15 inseparablenti/syn diastereomers, whereaslm the rotation around the axis is restricted by
18 the ortho substituent (B to form separablanti/syn diastereomers (Figure 3). On the other
21 hand, in compountt (Figure 4), because of the steric hindrance calogélde C6 methyl group
24 (allylic 1,3-strain)®® the C5 methygroup is confined so as to adopt a sterically kesdered

27 ax. orientation forming ayn isomer stereoselectively (Figure 4). The DFT dalfton study of

30 Ic confirmed that theyn-chairstructure exists as the lowest-energy conformer, more stable

33 by 15.5kJ/mol than thenti-chair structure ofc.

37 ThelH NMR spectra (in CDGJ 296 K) ofla, Ib, andlc are shown in Figure 5. The spectrum
40 of la is the same as that reported by M. Qadir etialwhich the diastereomers were observed

43 in a ratio of 1:0.25 [Figure 5 (a)].
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eq. PO R! Q,H3 = C:H3 1
H.C_H% 6 5 6 Z5 R Ha
R1 3 46 H3 R = 4 Hse e
R:N\fykme: as* /3 A R RN H®
2 9 N 9 N= 2 2 R*
as H<® ) > 2 R2 R aR*'N ("_;HS 2eH39
R2 H2a anti 0 o syn i
Ph
o
la—c
. . 296 K
(@) la (R'=R?=H) 5-CHy| 5-CHs
(x: H0)
e antilsyn = 1:0.25 H52  H2a ta
Hse HZE M

()b (R'=H, RZ=Cl)

antilsyn = 1:0.06

5-CH3

3 5.0
X : parts per Million : Proton

H2e
HZe
i,
(¢) Ib (syn) (R'=H, R?=Cl)
H2e separated syn isomer
(d) le (R'=CHs, R2=H) s 5-CH, 296 K
H2e H5e
’JL syn isomer
T T T T T T T 4\5 T T 4\0 T T 3\5 T T 3\0 T T 2\5 T T 2\0 T T 1\5 T 1\0 T

Figure 5. '"H NMR spectra (600 MHz in CDCl,): (a) Ia, (b) Ib (before separation of the anti/syn isomers),
(c) Ib (syn isomer after separation by preparative HPLC), and (d) Ic. The descriptors a and e are used for

the stereochemical arrangement of the proton, axial and equatorial orientation, respectively. The

assignment of the signals from the anti and syn isomers are shown in blue and red, respectively.
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The3C NMR spectrum ofa also exhibitedhe presence of the two isomeTFhe spectrum of

Ib before the separation procedure was that of aunexof the diastereomers (ca. 1:0.06)

[Figure 5 (b)], from which the minor isomer was sessfully separated by preparative HPLC.
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boat /é

Ib Ib
Molecule | aS“m Molecule Il
(chair) N (boat)

Cl anti
Ib
(0]

a
lic N lla N

H3C 0 ch o

ax. = axial, eq. = equatorial

Figure 6. X-ray crystal structures of Ia (ref. 6), Ib, Ic, Ilc, and IIla. The structures with
the SR stereochemistry were extracted from the CIF data of the racemates. Compound Ib
possesses chair and boat forms (Molecules I and II) in a unit cell.

45 The spectrum of the separated minor isometbofFigure 5 (c)] was measured at low
48 temperature (253 K), since its relative instabiptpmpts isomerization into the major isomer
51 at rt. Very importantly, compounrd exhibited'H NMR signals [Figure 5 (d)] similar to those
o4 of the minor forms ofa andlb. From theséH NMR analyses, it is clear that the structural

57 features of the major isomer Iaf is similar to those of the major isomerlbf and the minor
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isomer ofla has the structural features similar to those efrtimor isomer ofb [Figure 5 (c)]
and compountt [Figure 5 (d)]. Through detailed inspection of #i&-NMR spectra (NOESY,
COSY, and HMQC) the stereochemistryllof(major isomer) andt in solution was deduced
to beE-anti andE-syn, respectively. Th&-anti form of Ib (major isomer) was supported by
the 'H NMR spectrum, in which the vicinal coupling®)(observed for 5-H protord (3.36—
3.43 ppm) are consistent with the axial orientatbthe proton: théJ values (Hz), 3.4 (P
H%*% and 10.3 (P H*®), correspond well with the values estimated fréwa torsion angles
obtained from the X-ray crystal structuie,, the torsion angleszH*®C5-C4-H®4= 50 ° and

Z/H%¥%.C5-C4-H&= 180 °*

Furthermore, the diagnostic data for supportinggtaati structure olb (major) in solution
were obtained by the nuclear Overhauser enhandiededitial spectroscopy (NOEDS) of the
major isomer ofN-p-toluoyl analogue ofb (Id) (Figure 7)}° i.e., NOE enhancement and
correlation were observed between the S @ktons and 6-H proton, and between 5-H proton
and 2’-H (in Ar), 4-H9% and 3-H*protons as shown in Figure 7, indicating #méi structure

with the 5-CH group in an equatorial orientation and 5-H protoam axial one.
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H3C H? Hie  2.27%
@ o 5-CH; — {52 518%
— oq H° 3 HO  7.61%
pe HaC 75 (e
5 H H? 7.01%
0 N~ 5H . HT 189%
» i
HsC H cl H  3.85%
_ (anti) 5-CH:° 4.06%
Id (major)

Figure 7. NOEDS experiment on Id (major isomer) after irradiation at the 5-CH; and
5-H protons (600 MHz, CD,Cl,): % enhancement after irradiation is shown in Table.

Table 1. Anti/syn equilibrium ratio of la —c measured by*H NMR, energy difference calculated
from the equilibrium ratio and by DFT calculation, and energy barrier

R CH, R CHs

6 2 R < 5R*
. - la:R'=R*=H
E—
N — N Ib: R'=H, R?=ClI

R2 anti syn R2 = Ic; R'=CH3 R2=H
T

(E) la—c (E)
anti : syn ratio Energy differencek/mol)? Energy barrier
RI R (*H NMR in experimental calculated (DFT) experimental
CDCl; at 296 |§ AGtc AGoge (AG:C kJ/mol)
la H 1:0.2% 34 4.0 69.5 (Tc =383 K
(1:0.25 at 298 K) (3.8f (5.0 (63.4y
Ib H Cl 1:0.06 7.2 5.9 NAd
Ic CHs H -1 — 15.5 NAY

aComparison between tl@ati andsyn isomers with the chair-like forlAlmost the same ratio was
observed in CBOD and DMSOds. “Estimated from the coalescence YA NMR spectra measured in
DMSO-ds: Tc =coalescence temperatutBata in Ref 7By molecular mechanics calculatidiihe
ratio in CD:Cl, was 1:0.08%NA: not analyzed"Theanti isomer was not confirmed in thie NMR
spectrum'Not determined.
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Thededuced structures 4§ (major) andc were also obtained by the X-ray crystal
analysis, as shown in Figure 6. It is noteworthat the lowest-energy conformerslbf(E-
anti-chair)andlc (E-syn-chair)obtained by the DFT calculations coincide with Xeay
crystal structures. Thus, the stereochemistry @itlajor and minor isomers kaf in both
solid and solution state was unambiguously assitméeanti andsyn, respectively, and
these results clearly indicate that the previousported structure of the major diastereomer

of la in solution statesyn) was misassignet.

The activation free energy barrier to rotati?&f) between thenti/syn isomers ofla was
estimated using variable-temperatdérfeNMR (VT *H NMR) in DMSO<ds (see Figure S3 in
the Supporting Information); the coalescence spegaided aAG* value® of ca. 69.5 kJ/mol
(Table 1).Theenergy differenceAG) between thanti/syn isomers was calculated by DFT to
be4.0 kd/molwhich is in good agreement with the experimentaleaf 3.4 kJ/mojcalculated

from the equilibrium ratio (1:0.25)] (Table.1

Furthermore, very unexpectedly, the V¥ NMR study ofla at lower temperatures (243 K
to 183 K in CDCl,) unveiled another interesting conformational aspél-benzoyl-5-methyl-
1-benzazeping$igure 8, Table 2): by lowering the temperatueehediastereotopic methylene

proton signal in the majanti isomer ofla split into paired signals
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H3Q
s
5R* H —--
%3 antilsyn = 1:0.25 5.CHs
N H3a H4e

oz g H2a da
Hz2e :l% la ;1( H5e \h‘l‘m H2a e N"\:Ae }:;ZWS; M 296 K
L }r f / \V\_,‘J“L“___‘U\u\ /\’\«_,_J “«LJML) '\‘L‘// \h J \J Mg_m__ilwk
| b RN | Y
o~ A A . f VAN | KT
L N \L/KJ K=
S TN |V
/ \ N r"“ \\ i 213K

N\
| l
/ \%“_/_ﬂ'u%_/ﬂv d_// NI S WW/ o (60 OQ

‘A

| I
A il . s/ 1 I b
* ,"/ \ M“‘ fv “ Lf \\/\&K

.|

i
HZe ) \ chair boat

T T T T T T T T T T T T
5.0 45 4.0 35 3.0 525 20 15 1.0

IX : parts per Million : Proton

Figure 8. VT '"H NMR spectra of Ia in CD,Cl, at lower temperatures (296183 K): the signals of the

anti isomer split into a pair of signals with a ratio of 1:0.3, whereas those of the syn isomer apparently
did not.”™"17 As for the descriptors a and e, see the caption of Figure 5. The diagnostic signals, H>®
in the anti isomer and H% in the syn isomer, are indicated by arrows.

Table 2.Chair/boat equilibrium in la —c measured by*H NMR and energy difference

Ph_o Ph_o
R'HsC R*\F , flipping at C3 R'H;C Rf
fNy I — NX

aS*aR* aSYaR* 3

R2 chair R?  poat

la:R'=R?=H, Ib:R'=H, R?=Cl, Ic: R" = CH;, R?=H

Energy difference (kJ/mol)  Energy barrier
experimental  calculated (DFT) (AG* kd/mol)

chair:boatratio
at 183 K©

AGrc AGgos (Tc = 223 Ky
la (for aR¥, )¢ 1:03 1.7 3.6 40.4
Ib (for aR*, S¥)¢ 1:02 2.4 4.0 40.6
Ic (&S, S)° 1. - 9.1 NAD

aMeasured byH NMR in CD.Cl.. "Tc = coalescence temperatiuffghe majoranti isomer ofla.

9The majoranti isomer ofib. €Syn form. The boat form was not confirmetiNot determined.
ANA: not analyzed.
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showing the appearance of two new conformers (withtio of 1:0.3), although that in the
minor syn isomer ofla apparently did not show any change (Figuré’8)he energy barrier
(AG") between the split conformers estimated by VT Ni&s 40.4 kJ/mol (Tc = 223 K in
CD2Clp). The energy difference\) between the conformers was 1.7 kJ/mol (calculatad
the equilibrium ratio at 183 K). Compourd (major anti isomer) also exhibited two
conformers in NMR at lower temperatures (see Figbsein the Supporting Information),
whereas compounid (syn form) apparently did not show any change in thecspm?’ The
appearance of the two conformers fromdht isomers (major isomers la andlb) at lower
temperatures was unanticipated, since thus fartliésomer is believed to take a chair fotrh.
The conformers observed at lower temperatures mest probably chair and boat forms, and
thus the signals appearing in the NMR spectrunh @@y be the population-weighted average
ones between the chair and boat forms (in bragkeffggure 3). In addition, it is noteworthy
that, in the X-ray crystallographic analysis lbf (Figure 6), two independent molecules
[Molecule | (chair) and Molecule Il (boat)] are pemt in a unit cell, which may support the

assumption.

The relatively small energy differencaQ) between the chair and boat forms in t#m

isomers calculated by DFT is also consistent with phenomenomGazgs value, 3.6 kJ/mol
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E-anti-chair E-anti-boat E-syn-chair E-syn-boat
0 kd/mol +3.6 kd/mol +4.0 kJ/mol +13.2 kd/mol

Figure 9. Four selected conformers kaf (E-amide isomer) and the free energy different8zfs) as
calculated by the DFT method.

for la; and 4.0 kJ/mol folb (Table 2, Figure 9). In contrast, in tha isomers ofa-Ic, large
energy differences between the chair and boat fomere calculated, i.e., th&Gy9s values
(kJ/mol) calculated by DFT were 9.2, 7.3, and @114, Ib, andlic, respectively. The reason
why thesyn isomers apparently did not show any change atritsveperatures in théd NMR

spectrum may be the large energy differences bettveeconformers’

Stereochemistry of 5-Hydroxy- and 5-4,N-Dimethylamino)-N-(p-toluoyl)-1-benzazepines
[lla—c: X = OH and llla—c: X = N(CHs)2]. Next, the stereochemistry of tihebenzoyl-1-
benzazepines with 5-hydroxild—c) and 5N,N-dimethylamino (lla —) groups (see Figures
3, 4 and Table 3) was examined. Compouhds< and llla—c are the basic structure of
tolvaptarf and mozavaptar(see Figure 1), respectively. Theti/syn stereochemistry of these

drugs has previously received little attention had not been analyzed, althoughE&amide
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isomer has been discussed (i.e., Bieomer is predominanf)in essenceja—c andllla —
showedstructural features similar to thoselafc. Theanti/syn stereochemistry dfa—c and
[lla — in the solution state was determined by the 2D-N#fRectra (NOESY, COSY, and
HMQC). Similarly tola—c, theanti form is predominant ifia b andllla ,b, and only thesyn
form is observed itic andllic . The'H NMR spectra of—c-series of compounds are compared
as shown in Figures SAnd S2 (in the Supporting Information). The X-raystallographic
structures oflc andllla are shown in Figure 6, in whidlc revealed ayn-chair (ax. OH)
form as expected, whereas thatlitd unexpectedly showed boat form with the N(Cgk
group inanti (eq.) form. Theanti/syn ratio, energy barrier, and energy differencelfiarc and

[lla —c are summarized in Table 3 (cf., Table 1lfo¥c).

For theanti/syn ratio oflla—c andllla — in the solution state, it is interesting to notatfhn
thea-series (R= R? = H) of compoundslia andllla ), thesyn proportion increased compared
with that ofla (anti/synratio: 1:0.25). i.e., thanti/syn ratio of lla is 1:0.30, andhat ofllla is
1.0.43-1:0.82 (Tables 3). The increase ingfreisomer inlla andllla may be explained by
the steric bulk of the substituent, which conferklile nature due to the steric repulsion

between C6-H and C5-substituent to increaseythésomer with the substituent in
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Table 3. Anti/syn equilibrium ratio of lla —¢ and llla —¢c measured by'H NMR, energy difference
calculated from the equilibrium ratio and by DFT caculation, and energy barrier

Rt %
6 :5

R %
R* = 5R*
lla-c: X = OH
10 as* . 2R llla—c: X = N(CH3),
11 o N N
R2 anti R2 - SYn  aR'=R2=H

12 0 S0
13

H,C H,C (E)

b: R'=H, R?=CHj,4
(E)

©CoO~NOUTA,WNPE

¢;R"=CH; R2=H

16 anti : syn ratio Energy difference K3/mol) Energy barrier
17 X Rl R? (*H NMR experimental calculated (DFT) experimental
18 at 296 K)‘ AGtc AGog¢ (AGi kJ/mol)

19 lla OH H H 1:0.30 3.0 4.2 68.8 (Tc = 333 K)

21 lib OH H CH 1:0.15 4.7 NAY NA¢

22 lic OH Ch H —:1 —f 10.8 NAd

24 1:0.82 0.5

1:0.50 in CBRCl2 1.8
26 la N(CHgz H H 3.4 71.0 (Tc = 353 K9
27 1:0.43 in CBOD 2.1

29 1:0.43 in THFes 2.1

30 b N(CHs)2 H CHs 1:0.16 45 NA NAd

32 llic  N(CHg2 CHs H -1 — NAd NAd

33 3n DMSO-ds unless otherwise statélmost the same ratio was observed in CHCD,Cl,, and
CDsOD. ‘Estimated from the coalescence VA NMR spectra measured in DMSf9-Tc =
36 coalescence temperatutBlA: not analyzedTheanti form was not confirmedNot determined.

39 the axial position. The high proportion of th isomer anti/syn = 1:0.82) ofllla in DMSO-

42 ds was unexpected, because the ratiosd@andlla were unchanged regardless of the solvent
45 used, and the energy differenees) between thanti andsyn formsin llla obtainedoy DFT

48 calculation was 3.4«J/mol. This unexpected ratio observed lita may be caused by
51 stabilization of thesyn form in DMSO, although the mechanism of the saoldfect is not clear

at present. On the other hand, simildbt@ndic, theb-series (R= H, R = CHs) of compounds

(Ilb andllib ) predominantly formed thanti isomer, and the-series (R = CHs, R? = H) of
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compoundsl{c andllic) existed only as thgyn isomer. The DFT calculation studyléd also

supported the hypothesis that #ye-chair structure exists as the most stable conformer, i.e.

more stable by 10.8J/mol than thenti-chair structure.

CONCLUSION

The syn and anti diastereomers di-benzoyl-5-substituted-1-benzazepinésli{ ) was first

prepared stereoselectively by biasing the confaomawith a substituent at C6 (féc—llic)

and C9 (folb-llIb ), respectively, and the stereochemistry-6fl was examined in detail to

reveal new physicochemical aspects of these hsteescincluding revision of the previously

reported stereochemistry k& in the solution state. The results may not onlyddight on the

active form of the vaptan class of VP ligands (engpzavaptan and tolvaptan), but also may

provide useful information for future drug desigmem these heterocycles are used as the

scaffold.

EXPERIMENTAL SECTION

General experimental procedure.
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All reagents were purchased from commercial suppled used as received. Reaction
mixtures were stirred magnetically, and the reastiovere monitored by thin-layer
chromatography (TLC) with precoated silica gel @kt Column chromatography was
performed using silica gel (460 um). Extracted solutions were dried over anhydrogSi,
or Na&SQs. Solvents were evaporated under reduced predsiMB. spectra were recorded on
a spectrometer at 400 MHz or 600 MHz ferNMR, and 100 MHz or 150 MHz fd?C NMR
at 296 K unless otherwise stated. Chemical shiégeen in parts per million (ppm) downfield
from tetramethylsilane as an internal standard,cangbling constantsl) are reported in Hertz
(Hz). Splitting patterns are abbreviated as follosusglet (s), doublet (d), triplet (t), quarte},(q
multiplet (m), and broad (br). The high-resolutimass spectra (HRMS) were recorded using
an ESI/TOF mass spectrometer. IR spectra werededarn a FT-IR spectrometer equipped
with ATR (Diamond). Melting points were recorded anmmelting point apparatus and are

uncorrected.

1-Benzoyl-5-methyl-2,3,4,5-tetrahydrotH-1-benzazepine (la)Compounda was prepared
according to the procedure previously repoft€mlorless crystals: mp 88—89 °C (litap 87.8—
88.6 °C). The spectroscopic datd@fvas identical to those of the compound repoffée.H

NMR spectrum in CDGIlis shown in Figure 5, which indicates that #mé/syn ratio is 1:0.25:
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H NMR (CDCk, 600 MHz) anti (equatorial)-isomer (= reportedly axial-isomer): § 1.30—
1.37 (m, 1H, ¥9, 1.46 (d,J = 7.6 Hz, 3H, CH), 1.64-1.72 (m, 1H, ¥), 1.92-2.06 (m, 2H,
H32and H9), 3.00-3.08 (m, 1H, ¥), 3.24-3.32 (m, 1H, ), 4.67 (ddd,) = 3.4, 6.9, 13.1 Hz,
1H, H%9), 6.62 (dJ = 7.6 Hz, 1H, Ar-H), 6.90 () = 7.6 Hz, 1H, Ar-H), 7.09-7.31 (m, 7H, Ar-
H). syn (axial)-isomer (= reportedly equatorial-isomer): § 1.51 (d,J = 6.9 Hz, 3H, 5-Ch),
1.76-1.84 (m, 2H, Bfand H¥, 1.92-2.06 (m, 1H, #9), 2.23-2.35 (m, 1H, #), 2.66-2.75 (m,
1H, H2¥), 3.17-3.26 (m, 1H, M), 5.14 (m, 1H, 1), 6.54 (d,J = 7.6 Hz, 1H, Ar-H), 6.85 (d1]

= 1.3, 7.6 Hz, 1H, Ar-H),7.07 (8 = 7.6 Hz, 1H, Ar-H), other aromatic protons ovpdad by
resonances of thanti-isomer;**C NMR (CDCE, 150 MHz)anti-isomer: § 20.0 (CH), 27.0
(C-3), 34.4 C-4), 34.8 C-5), 47.0 C-2), 125.3 (Ar-C), 126.6 (Ar-C), 127.3 (Ar-C), 1Z7Ar-
C), 128.1 (Ar-C), 128.5 (Ar-C), 129.5 (Ar-C), 13§&r-C), 141.9 (Ar-C), 142.6 (Ar-C), 169.5
(CO). syn-isomer, § 18.7 (CH), 24.1 C-3), 32.3 C-4), 40.9 C-5), 48.4 C-2), 126.7 (Ar-C),
127.1 (Ar-C), 127.5 (Ar-C), 128.9 (Ar-C), 129.4 (&), 129.5 (Ar-C), 130.6 (Ar-C), 136.2 (Ar-

C), 142.1 (Ar-C), 143.0 (Ar-C), carbonyl peak nbterved.

9-chloro-5-methyl-2,3,4,5-tetrahydroiH-1-benzazepine (8).To a stirred solution of 9-
chloro-5-0x0-2,3,4,5-tetrahydri--1-benzazepine7f® (150 mg, 0.77 mmolin THF (11 mL)

at 25 °C under an atmosphere of argon was addddyhmeagnesium iodide (1 M in THF, 3

ACS Paragon Plus Environment



Page 23 of 50 The Journal of Organic Chemistry

23

mL, 3.08mmol). The mixture was stirred at 25 °C for 6 hg avaporatedlo the residue was

©CoO~NOUTA,WNPE

added saturated NBI (aq), and the mixture was extracted with dietttyler. The extract was
12 washed with brine, dried, and concentrated to @wehloro-5-hydroxy-5-methyl-2,3,4,5-
15 tetrahydrolH-1-benzazepine, which was used in the next reautitihrout further purification.
18 To the crude product (109 mg) were addéd\ (0.4 mL, 5.0 mmol) and E$iH (0.8 mL, 5.0
21 mmol). After being stirred at 25 °C for 4 h, the mixturasmreated with saturated NaH&EO
24 (aq), and then extracted with ethyl acetate. Theaek was washed with brine, dried, and
27 concentrated. The concentrate was purified by coluchromatography on silica gel
30 (hexane/ethyl acetate = 20:1) to gias a colorless oil (102 mg, 0.52 mne8%):*H NMR
33 (CDCls, 600 MHz)8 1.31 (d,J = 7.6 Hz, 3H), 1.53-1.60 (m, 1H), 1.72-1.80 (m),2H87—
36 1.95 (m, 1H), 3.05-3.13 (m, 3H), 4.51 (br, 1H),%(% J = 7.6 Hz, 1H), 7.04 (ddl = 1.4, 7.6
Hz, 1H), 7.16 (dd,J = 1.4, 8.3 Hz, 1H);3C NMR (CDCk 150 MHz)
43 8 19.6,27.5,33.5,38.7,48.1, 120.7, 124.1, 126.7, 127.0, 138.9, 145.8; IR(ATR) 778, 1138,

46 1273, 3473 cm; HRMS (ESI) m/z calcd for GH12NCI 196.0888 (M+H}, found 196.0888.

50 1-Benzoyl-9-chloro-5-mthyl-2,3,4,5-tetrahydroiH-1-benzazepine (Ib).To a stirred
53 solution of8 (50 mg, 0.26 mmol) in THF (3 mL) at 0 °C underamosphere of argon was

56 added sodium hydride (60% in oil) (15 mg, 0.38 myxibhe mixture was stirred at 25 °C for
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30 min, cooled to 0 °C, and treated with benzoybitie (0.09 mL, 0.77 mmolAfter being
stirred at 25 °C for 3 h, the mixture was treateith W>O, extracted with ethyl acetafEhe
extract was washed with brine, dried, and conctedra he concentrate was purified by
column chromatography on silica gel (hexane/ethgtate = 10:1) to affortb as a white
powder (74 mg, 0.25 mmd5%). Signals of a mixture ahti/syn (= 1:0.06) diastereomers
were observed in théd NMR and*C NMR spectraanti isomer (major isomer)*H NMR
(600 MHz, CDC$) 5 1.28-1.35 (mJ) = 4.1, 9.6, 10.3, 13.6 Hz, 1H® 1.46 (d,J=6.9 Hz,
3H, 5-CHb), 1.59-1.66 (mJ = 3.4, 4.1, 6.9, 6.9, 14.1 Hz, 1H3% 1.92-1.99 (mJ = 3.4, 4.1,
6.9, 13.6 Hz, 1H, £f), 2.00-2.09 (mJ = 4.1, 4.1, 9.6, 9.6, 14.1 Hz, 1H33% 2.91-2.99 (m)
= 3.4, 9.6, 13,2 Hz, 1H,%), 3.36-3.43 (mJ = 3.4, 6.9, 10.3 Hz, 1H,9), 4.64—4.70 (MJ =
4.1,6.9,13.2 Hz, 1H,%9, 7.04 (ddJ = 1.4, 8.3 Hz, 1H, Ar-H), 7.10-7.16 (m, 2H, Ar-H),
7.19-7.25 (m, 3H, Ar-H), 7.48 @,= 8.3 Hz, 1H, Ar-H), 8.11 (dd| = 1.4, 7.6 Hz, 1H, Ar-H)
(see, Tables S1-3 the Supporting Information for the detailed anaysi the methylene
protons by*H NMR) ; 13C NMR (150 MHz, CDGJ) § 20.1, 26.9, 34.3, 35.3, 45.9, 123.6,
127.3,127.5,127.9, 128.7, 129.8, 132.2, 136.9,7.345.2, 169.3yn isomer (minor
isomer)'H NMR (600 MHz, CDG4) & 1.53 (d,J = 7.6 Hz, 3H), 1.69-1.84 (m, 2H), 1.94—
2.00 (m, 1H), 2.27-2.36 (m, 1H), 2.66,J& 12.4 Hz, 1H), 3.20-3.28 (rtiH), 5.07 (d,] =

12.4 Hz, 1H), 7.03 (d] = 7.6 Hz, 1H), 7.08-7.16 (m, 3H), 7.20 Jcs 6.9 Hz, 1H), 7.26—7.29
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(m, 1H), 7.64 (tJ = 7.6 Hz, 2H) [théH NMR spectral data of thgn (minor) isomer
described above are those assigned using the sspsymisomer (isolated as a colorless oil)
at 253K.];*3C NMR (150 MHz, CDGJ) § 20.3, 29.4, 33.8, 34.9, 49.3, 123.7, 126.5, 126.8,
127.1, 127.7, 128.5, 128.8, 129.6, 136.4, 145.8,5T1R(ATR) 1643 cnt; HRMS (ESI) m/z
calcd for GeH1sNOCI 300.1150 (M+H), found 300.1150Theanti/syn isomers ofb were
separable by HPLC. The separation condition i®bevws: CHIRALPAK IA (1.0 cmp x 25
cm); Eluent, hexane/ethanol (19 /1); Flow rate,8lOmin; Temperature, 23 °C; Detection,
254 nm. Minor peak: retention time = 16.0 min, 1&in; Major peak: retention time = 20.5
min, 21.9 min.The two minor peaks (= the same diastereomer) aahected by HPLC using
the chiral column and combined to subject to'#é&IMR analysis [Figure 5 (c)rystals
suitable for X-ray crysatallography were obtaingddxrystallization of thanti/syn (=

1:0.06) mixture from hexane/ethyl acetate.

N-(2-Bromo-6-methylphenyl)N-(pent-4-en-1-yl)benzamide (5c)To a solution ofN-(2-

bromo-3-methylphenyl)benzamiddd*® (538 mg, 1.85 mmol) in THF (15 mL) was added
sodium hydride (60% in oil) (84 mg, 2.11 mmol) &t@®@ under an atmosphere of argon. After
the mixture was stirred at 25 °C for 1 h, and peenyl tosylate (371 mg, 1.54 mmol) was

added. After being stirred at 25 °C for 8 h, thextomie was treated with 4, and extracted
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with ethyl acetate. The extract was washed withéhrilried, and concentrated. The concentrate
was purified by column chromatography on silica(pelxane/ethyl acetate = 20/1) to afféd
(515 mg, 93%) as a colorless 3 NMR (600 MHz, CDCJ) § 1.61-1.69 (m, 1H), 1.81-1.88
(m, 1H), 2.06—2.17 (m, 2H), 2.37 (s, 3H), 3.38—3@B 1H), 4.23-4.28 (m, 1H), 4.95 @=

9.6 Hz, 1H), 5.01 (dJ = 17.1 Hz, 1H), 5.77-5.84 (m, 1H), 6.89 Jc& 7.5 Hz, 1H), 7.02—7.04
(m, 2H), 7.12 (t) = 7.5 Hz, 2H), 7.18-7.20 (m, 1H), 7.31 {&& 7.5 Hz, 2H)3C NMR (150
MHz, CDCk) 6 23.9, 26.5, 31.3, 48.9, 115.0, 126.0, 127.2, 12128.9, 129.2, 129.5, 129.8,
136.3, 137.9, 140.3, 142.2, 170.6; IR (ATR) 1652~%cnHRMS (ESI) m/z calcd for

C1oH20NOBr 380.0620 (M+N4) found 380.0622.

1-Benzoyl-6-methyl-5-methylene-2,3,4,5-tetrahydrdH-1-benzazepine  (6¢). To a
suspension of Pd (OAc)12.7 mg, 5 mol%) in DMF (5 mL) were added BRP3$0.5 mg, 20
mol%), LiCl (52.9 mg, 1.25 mmol), and 4t (0.32 mL, 2.27 mmol) under an atmosphere of
argon. After the mixture was stirred at 25 °C fd thin, a solution ofN-(2-bromo-6-
methylphenyl)N-(pent-4-en-1-yl)benzamidé&g) (409 mg, 1.14 mmol) in DMF (3 mL) was
added to the mixture. After being stirred at 130f6€20 h, the mixture was cooled to rt and
filtered through Celite. The filtrate was washedhwi,O, brine and dried, and concentrated.

The concentrate was purified by column chromatdgyam silica gel (hexane/ethyl acetate =
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8:1) to give6c as colorless crystals (247 mg, 79%): mp 90-92RANMR (600 MHz, CDCY)

§ 1.85-1.91 (m, 1H), 2.01-2.06 (m, 1H), 2.22 (dile, 3.4, 11.0, 13.0 Hz, 1H), 2.33 (s, 3H),
2.68-2.70 (m, 1H), 2.94 (ddd,= 2.7, 11.0, 11.6 Hz, 1H), 4.85 (ddt= 3.4, 13.0, 13.6 Hz,
1H), 5.04 (dJ = 1.3 Hz, 1H), 5.48 (br, 1H), 6.48 @@= 7.5 Hz, 1H), 6.81 () = 7.5 Hz, 1H),
7.03 (d,J = 7.5 Hz, 1H), 7.12 (dl = 7.5 Hz, 1H), 7.13 (d] = 7.5 Hz, 1H), 7.19 () = 7.5 Hz,
1H), 7.24 (d,J = 7.5 Hz, 2H);**C NMR (150MHz, CDCk) & 20.4, 29.0, 34.7, 47.2, 116.5,
125.8, 126.9, 127.5, 127.9, 129.2, 129.2, 135.8,513139.9, 147.0, 169.5; IR (ATR) 2918,

1639 cm; HRMS (ESI)m/z calcd for GeH1oNO 278.1539 (M+H), found 278.1540.

1-Benzoyl-5,6-dimethyl-2,3,4,5-tetrahydratH-1-benzazepine (Ic)To a solution obc (193
mg, 0.697 mmol) in ethanol (6 mL) was added 10%R#B9 mg). The susupension was stirred
at 25 °C under a hydrogen atmosphere for 20 h.nfikture was then filtered through a thin
pad of Celite, which was washed with ethyl acetahe collected filtrate was evaporated, and
the residue was purified by column chromatographgiica gel (hexane/ethyl acetate = 8:1)
to affordlc as colorless crystals (128 mg, 65%): mp 76—78rf@e*H NMR spectrum, signals
due to thesyn diastereomer were observed and those ofitiieisomer were negligible!H
NMR (600 MHz, CDC4) & 1.45 (d,J = 7.5 Hz, 3H), 1.74-1.77 (m, 2H), 1.95-1.99 (m),1H

2.23-2.31 (m, 1H), 2.41 (s, 3H), 2.69-2.73 (m, 1358-3.63 (m, 1H), 5.07-5.11 (m, 1H),
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6.42 (d,J = 8.2 Hz, 1H), 6.73 (dd}, = 7.5, 8.2 Hz, 1H), 6.98 (d,= 7.5 Hz, 1H), 7.11-7.14 (m,
2H), 7.20-7.24 (m, 3H}3C NMR (150 MHz, CDGJ) § 17.3, 21.1, 23.9, 31.8, 33.1, 48.4, 125.9,
127.4(x2), 127.6, 128.9(x2), 129.3, 129.4, 1353%.1, 140.5, 143.4, 168.5. IR (ATR) 2938,

1633 cm’; HRMS (ESI)nvz caled for GeH21NO 302.1515 (M+N&) found 302.1520.

1-Benzoyl-6-chloro-5-methyl-2,3,4,5-tetrahydratH-1-benzazepine (Id).Sodium hydride
(60% in oil) (8.3 mg, 0.21 mmol) was added to aeti solution o8 (20.3 mg, 0.104 mmol)
in THF (1 mL) at 0 °C under an atmosphere of argdme mixture was stirred at 25 °C for 30
min, cooled to 0 °C, and treated wiitoluoyl chloride (41uL, 0.31 mmol). After being stirred
at 25 °C for 9 h, the mixture was treated witfOHand then extracted with ethyl acetate. The
extract was washed with brine, dried, and conctedrd he concentrate was purified by column
chromatography on silica gel (hexane/ethyl acetdal8:1) to affordd as pale yellow crystals
(28.9 mg, 89%): mp 121-123 °C; Signals of a mixafranti/syn (= 1:0.07) diastereomers were
observed in théH NMR and®*C NMR spectraanti isomer (major isomer)H NMR (600
MHz, CDCh) & 1.26—1.35 (m,1H), 1.45 (d,= 6.8 Hz, 3H), 1.56-1.65 (m, 1H), 1.91-2.08 (m,
2H), 2.24 (s, 3H), 2.93 (ddd, J = 2.7, 9.1, 12.8 H4), 3.38 (ddg)) = 3.2, 6.8, 13.7 Hz, 1H),
4.66 (ddd,J = 3.6, 6.8, 12.8 Hz, 1H), 6.91 (@= 7.8 Hz, 2H), 7.05 (dd] = 1.3, 7.8 Hz, 1H),

7.12 (d,J = 7.8 Hz, 2H), 7.15 (] = 7.8 Hz, 1H), 7.24 (dd} = 1.3, 7.8 Hz, 1H}3C NMR (150
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MHz, CDCk) & 20.0, 21.3, 26.8, 34.2, 35.2, 45.8, 126.8, 12¥24,9, 127.9, 128.5, 129.1,
130.1, 132.2, 133.0, 139.8, 139.9, 145.1, 169y isomer (minor isomer)(only the
distinguishable peaks are describéd)NMR (600 MHz, CDCJ) 8 1.05 (dJ= 7.7 Hz, 0.21H),
2.25 (s, 0.21H), 2.58-2.66 (m, 0.07H), 3.21-3.25q1®7H), 5.05-5.09 (m, 0.07H), 7.36—7.38
(m, 0.07H), 7.52 (dJ = 8.2 Hz, 0.14H):C NMR (150 MHz, CDGJ) § 20.2, 21.7, 23.7, 32.2,
41.0,47.5,49.2,126.8, 127.7, 128.3, 128.8, 1220.1, 132.4, 143.3, 144.3, 170.8; IR (ATR)

2933, 1644 crmt; HRMS (ESI)m/z caled for GoH2:NO 336.1126 (M+Na)found 336.1131.

5-0x0-2,3,4,5-tetrahydro-1p-toluenesulfonyl-lH-1-benzazepine (11a) and 5-oxo-2,3,4,5-
tetrahydro- 1H-1-benzazepine (12a)Compoundllawas prepared according to the reported
method®shown in Scheme 2 starting framethyl 2-(N-p-toluenesulfonyl)aminobenzotéd).

Removal of the-toluenesulfonyl group with polyphosphric acid (PRfforded12a®

Methyl 3-Methyl-2-(N-p-toluenesulfonyl)aminobenzoate (9b)To a solution of methyl 2-
amino-3-methylbenzote (3.14 g, 19 mmol) in pyridiaé mL) was addeg-TsClI (4.3 g, 22.8
mmol). After being stirred at 25 °C for 18 h, thectare was poured into ice-water. The
resultant precipitates were collected by filtratidhe solid obtained was dissolved in i,
and the solution was washed with dil. HCh(H dried, and evaporated. The residue was

purified by recrystallization (C¥Cl./hexane) to giveb as white solids (5.81 g, 95%): mp
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137-139 °C*H NMR (600 MHz, CDGJ) § 2.39 (s, 3H), 2.61 (s, 3H), 3.46 (s, 3H), 7.17)(d,
= 8.2 Hz, 2H), 7.19 () = 7.5 Hz, 1H), 7.39 (d] = 8.2 Hz, 2H), 7.48 (d] = 7.5 Hz, 1H), 7.52
(d,J = 7.5 Hz, 1H), 8.50 (br, 1H}3C NMR (150 MHz, CDGJ) § 19.5, 21.4, 51.9, 125.8,
126.5, 127.8, 127.9, 129.1, 135.3, 135.9, 136.9,61343.4, 167.4; IR (ATR) 3223, 1695,

1294, 1150 crit; HRMS (ESI)miz caled for GeHi7NO4S 320.0951 (M+H), found 320.0960.

Methyl 6-Methyl-2-(N-p-toluenesulfonyl)aminobenzoate (9c)Compounddc was prepared
from methyl 2-amino-6-methylbenzote (1.42 g, 8.63af) according to a similar procedure
described for the preparation @b from methyl 2-amino-3-methylbenzote. White solids7

g, 98%): mp 67-69 °CH NMR (600 MHz, CDCJ) § 2.35 (s, 3H), 2.37 (s, 3H), 3.74 (s, 3H),
6.96 (d,J = 8.2 Hz, 1H), 7.20 (d] = 8.2 Hz, 2H), 7.28 (] = 8.2 Hz, 1H), 7.49 (d] = 8.2 Hz,
1H), 7.60 (dJ = 8.2 Hz, 2H), 9.02 (br, 1H}3C NMR (150 MHz, CDGJ) & 21.4, 22.3, 52.0,
120.2, 121.4, 127.1, 127.7, 129.5, 131.9, 136.6,71.3139.5, 143.6, 168.8; IR (ATR) 3088,
1667, 1295, 1156 cth HRMS (ESI)mvz calcd for GeH17NO4S 320.0951 (M+H), found

320.0952.

Methyl 3-Methyl-2-[N-(3-ethoxycarbonyl)propyl-N-p-toluenesulfonyllaminobenzoate
(10b). To a solution of9b (3.49 g, 10.9 mmol) in DMF (27 mL) were added éthy

bromobutylate (1.75 mL, 12 mmol) and®0s (4.2 g, 30 mmol). After being stirred at 120 °C
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for 8 h, the mixture was poured into ice-water, tirah extracted with ethyl acetate. The organic
layer was washed withJ@, brine, dried, and concentrated. The residuepnagied by column
chromatography on silica gel (hexane/ethyl acetalel) to afford10b (4.7 g, 99%) as white
solids: mp 97-99 °GH NMR (600 MHz, CDCJ) & 1.22 (t,J = 6.8 Hz, 3H), 1.92-2.05 (m, 2H),
2.13 (s, 3H), 2.26-2.36 (m, 2H), 2.41 (s, 3H), ISBH), 3.72 (tJ = 8.2 Hz, 2H), 4.09 (q

= 6.8 Hz, 2H), 7.24 (d] = 8.2 Hz, 2H), 7.29 (t] = 7.5 Hz, 1H), 7.38 (d] = 7.5 Hz, 1H), 7.54

(d, J = 8.2 Hz, 2H), 7.65 (d] = 7.5 Hz, 1H)3C NMR (150 MHz, CDGJ) 6 14.1, 19.1, 21.4,
24.3,31.7,51.8,51.9,60.3,127.3,128.1, 1229,4, 132.7, 135.0, 136.6, 138.0, 140.9, 142.9,
166.8, 172.8; IR (ATR) 2947, 1733, 1342, 1156 ,HRMS (ESI)mvz calcd for GoH27NOsS

456.1451 (M+Na), found 456.1463.

Methyl 6-Methyl-2-[N-(3-ethoxycarbonyl)propyl-N-p-toluenesulfonyllaminobenzoate
(10c). CompoundlOc was prepared fromdc (1.76 g, 5.5 mmol) according to a similar
procedure described for the preparatiori@b from 9b. White solids (2.39 g, 99%): mp 79—
80 °C;*H NMR (600 MHz, CDC4) & 1.23 (t,J = 6.8 Hz, 3H), 1.80 (br, 2H), 2.32—-2.38 (m, 2H),
2.37 (s, 3H), 2.43 (s, 3H), 3.36 (br, 1H), 3.71, (), 3.89 (s, 3H), 4.09 (d,= 6.8 Hz, 2H),
6.60—6.62 (m, 1H), 7.18-7.21 (m, 2H), 7.26J&; 8.2 Hz, 2H), 7.56 (d] = 8.2 Hz, 2H)3C

NMR (150 MHz, CD(J) ¢ 14.1, 20.1, 21.5, 23.3, 31.2, 51.3, 52.1, 60.5,8,2128.0, 129.4,
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129.6,130.4, 135.5, 135.9, 136.8, 137.4, 143.3,914.73.0; IR (ATR) 2946, 1740, 1351. 1163

cml; HRMS (ESI)m/z caled for GoH27NO6S 456.1451 (M+N4d) found 456.1459.

9-Methyl-5-0x0-2,3,4,5-tetrahydro-1p-toluenesulfonyl-lH-1-benzazepine (11b)To a
stirred solution of-BuOK (1.4 g, 12.5 mmol) in toluene (60 mL) at T wWas added portion-
wise10b (2.7 g, 6.23 mmol). After the addition was comgtetthe mixture was heated under
reflux for 2 h. The mixture was cooled to room temgture, and then poured into ice-water.
The mixture was extracted with GEl2, and the organic layer was dried, and concentitated
afford a crude mixture of methyl and ethyl estdr8-methyl5-ox0-2,3,4,5-tetrahydro-f-
toluenesulfonyllH-1-benzazepine-4-carboxylic acitio the crude mixture thus obtained
were added AcOH (10 mL), conc. HCI (3.4 mL) angDH1 mL). The mixture was heated
under reflux for 5 h and poured into ice-water. pliewas adjusted to about 7—8 by adding
dil. NaOH (aq). The mixture was extracted with£4. The organic layer was separated,
dried, and concentrated. The residue was purifjecbbumn chromatography on silica gel
(hexane/ethyl acetate = 7/1) to gilEb as white solids (1.48 g, 72%): mp 137-139 1¢g;
NMR (600 MHz, CDCY) & 1.50-1.62 (m, 1H), 1.78-1.84 (m, 1H), 2.25-2.341ht), 2.43

(s, 3H), 2.46 (s, 3H), 3.60 (dddl= 1.4, 5.0, 5.5 Hz, 1H), 3.88-3.96 (m, 1H), 7.86)(= 7.8

Hz, 2H), 7.34-7.40 (m, 2H), 7.49-7.53 (m, 1H), 7(82) = 7.8 Hz, 2H)3C NMR (150
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MHz, CDCk) 6 18.4, 21.6, 21.8, 38.3, 47.5, 126.8, 127.3, 1229,8, 134.2, 135.3, 137.0,

©CoO~NOUTA,WNPE

138.8, 141.1, 143.9, 204.2; IR (ATR) 2940, 16845,31158 cm!; HRMS (ESI)mvVz calcd

"~ for C1sH1oNOsS 330.1158 (M+H), found 330.1161.

16 6-Methyl-5-0x0-2,3,4,5-tetrahydro-1p-toluenesulfonyl-1H-1-benzazepine (11c).

19 Compoundllcwas prepared frorhOc (1.15 g, 2.64 mmol) according to a similar progedu
22 described for the preparation b from 10b. White solids (432 mg, 50%): mp 146-148 °C;
25 IH NMR (600 MHz, CDC4) 6 1.80 (tt,J = 5.9, 6.0 Hz, 2H), 2.28 (s, 3H), 2.30-2.33 (m),2H
28 2.42 (s, 3H), 3.71 (] = 5.9 Hz, 2H), 7.20 (d] = 7.9 Hz, 1H), 7.22 (d] = 7.8 Hz, 1H), 7.25

31 (d,J=8.2, 2H), 7.33 (dd] = 7.8, 7.9 Hz, 1H), 7.58 (d,= 8.2 Hz, 2H)3C NMR (150 MHz,
34 CDCl) 6 19.6, 21.5, 22.4, 39.9, 48.5, 127.3, 127.3, 12886,9, 131.4, 135.7, 137.0, 137.7,
37 137.7, 143.7, 205.7; IR (ATR) 2926, 1688, 1341,81t61; HRMS (ESI)m/z calcd for

40 C18H19NOsS 330.1158 (M+H)), found 330.1168.

44 9-Methyl-5-0x0-2,3,4,5-tetrahydroiH-1-benzazepine (12b)To PPA (2.4 g) (preheated at
100 °C) was added 9-methyl-5-ox0-2,3,4,5-tetrahyidpsetoluenesulfonyliH-1-benzazepine
(11b) (330 mg, 1.0 mmol). The mixture was stirred fdr & the same temperature, then poured
into ice-water. After the pH was adjusted to al&+f with ag NaOH, the mixture was extracted

57 with CH.Cl,. The extract was washed with brine, dried, andcentrated. The residue was
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purified by column chromatography on silica gelx@ee/ethyl acetate = 8:1) to git@b as
pale brown crystals (134 mg, 76%): mp 120-122CNMR (600 MHz, CDCY) & 2.20 (tt,J
= 6.8, 7.3 Hz, 2H), 2.25 (s, 3H), 2.84Jt 7.3 Hz, 2H), 3.31 (] = 6.8 Hz, 2H), 4.68 (br, 1H),
6.75 (dd,J = 6.8, 7.8 Hz, 1H), 7.16 (d,= 6.8 Hz, 1H), 7.61 (d] = 7.8 Hz, 1H)3C NMR (150
MHz, CDCk) 6 17.4, 32.2,41.0,47.9,117.9,123.3,125.1, 1288.2, 151.8, 203.3; IR (ATR)

3389, 1652 crit; HRMS (ESI)mvz caled for GiH13NO 176.1070 (M+H), found 176.1074.

6-Methyl-5-0x0-2,3,4,5-tetrahydroiH-1-benzazepine (12c)Compoundl2c was prepared
from 6-methyl-5-0x0-2,3,4,5-tetrahydrogttoluenesulfonyltH-1-benzazepingl1lc) (350 mg,
1.1 mmol) according to a similar procedure desdriioe the preparation df2bfrom 11b. Pale
brown crystalg156 mg, 84%): mp 95-96 °¢H NMR (600 MHz, CDCJ) & 2.14 (tt,J = 6.4,
6.8 Hz, 2H), 2.42 (s, 3H), 2.79 (&= 6.8 Hz, 2H), 3.23 (] = 6.4 Hz, 2H), 4.63 (br, 1H), 6.60
(d, J = 7.8 Hz, 1H), 6.63 (d] = 7.3 Hz, 1H), 7.05 (dd] = 7.3, 7.8 Hz, 1H)*3C NMR (150
MHz, CDCk) 6 21.7, 32.3,42.0, 46.7, 115.2, 121.8, 124.9, 13(BS.3, 152.4, 205.6; IR (ATR)

3357, 1652 crt; HRMS (ESI)nmvz caled for GiH1sNO 176.1070 (M+H), found 176.1072.

5-0Ox0-1-(p-toluoyl)-2,3,4,5-tetrahydro-1H-1-benzazepine (13a)Sodium hydride (60% in
oil) (84 mg, 2.11 mmol) was added to a stirred sofuof 12a(170 mg, 1.06 mmol) in THF (6

mL) at 0 °C under an atmosphere of argon. The mextwas stirred at 25 °C for 30 min, cooled
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to 0 °C, and treated withrtoluoyl chloride (0.42 mL, 3.17 mmol). After beisgrred at 25 °C
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for 8 h, the mixture was treated with®and then extracted with ethyl acetate. The exivas

12 washed with brine, dried, and concentrated. Theceoinate was purified by column
15 chromatography on silica gel (hexane/ethyl acetdiel) to affordl3aas pale yellow crystals
18 (261 mg, 88%): mp 136-138 °@4 NMR (600 MHz, CDCY) § 1.96—2.28 (br, 2H), 2.26 (s,
21 3H), 2.91 (tJ = 6.1 Hz, 2H), 3.07-4.01 (br, 1H), 4.09-5.26 (), 6.73 (dJ = 1.3, 7.5 Hz,

24 1H), 6.97 (dJ = 7.5 Hz, 2H), 7.13 (d] = 7.5 Hz, 2H), 7.21 (dt] = 2.0, 7.5 Hz, 1H), 7.25 (dt,
27 J=1.3, 7.5 Hz, 1H), 7.86 (dd,= 2.0, 7.5 Hz, 1H)!}*C NMR (150 MHz, CDGJ) § 21.3, 22.7,

30 40.1, 47.5, 127.0, 128.6, 128.7, 129.0, 129.4,313832.9, 134.3, 140.6, 143.3, 170.6, 202.0;
33 IR (ATR) 1677, 1636 crmt: HRMS (ESI)m/z calcd for GgHi7NO2 280.1332 (M+Hj), found

36 280.1341.

40 9-Methyl-5-ox0-1-(p-toluoyl)-2,3,4,5-tetrahydro-1H-1-benzazepine (13b)Compound13b
was prepared frorh2b (222 mg, 1.27 mmol) according to a similar procgediescribed for the
preparation ol.3afrom 12a Colorless crystals (367 mg, 89%): mp 112—114HONMR (400
i MHz, CDCk) & 1.79-1.90 (m, 1H), 1.97 (s, 3H), 2.18-2.26 (m,, 132 (s, 3H), 2.70-2.85
c3 (m, 2H), 3.23 (dddJ = 2.7, 6.4, 12.8 Hz, 1H), 4.82 (ddbiz= 6.8, 10.9, 12.8 Hz, 1H), 6.90 (d,

e J=7.9 Hz, 2H), 7.07 (d] = 7.9 Hz, 2H), 7.17 (dd] = 1.3, 7.7 Hz, 1H), 7.24 (§,= 7.7 Hz,
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1H), 7.56 (dd,) = 1.3, 7.7 Hz, 1H?*3C NMR (150 MHz, CDGJ) § 17.3, 21.3, 21.3, 39.6, 44.8,
126.7, 128.3, 128.3, 128.3, 132.3, 135.3, 135.8,5,3139.0, 140.5, 171.0, 204.8; IR (ATR)
2970, 1741, 1641 cth HRMS (ESI)m/z calcd for GoHi1aNO, 294.1489 (M+Hj), found

294.1491.

6-Methyl-5-0x0-1-(p-toluoyl)-2,3,4,5-tetrahydro-1H-1-benzazepine (13c)Compoundl13c
was prepared frorh2c (693 mg, 4.0 mmol) according to a similar proceddescribed for the
preparation ofl3afrom 12a Colorless crystals (1.05 g, 90%): mp 91-92 3€;NMR (600
MHz, CDChk) 6 1.96-2.12 (br, 2H), 2.23 (S, 3H), 2.35 (s, 3Hj1At,J = 6.1 Hz, 2H), 3.33 (br,
1H), 4.56 (br, 1H), 6.52 (d, = 7.5 Hz, 1H), 6.95 (d] = 7.5 Hz, 2H), 7.03 (] = 7.5 Hz, 1H),
7.08 (d,J = 7.5 Hz, 1H), 7.10 (d] = 7.5 Hz, 2H):13C NMR (150 MHz, CDGJ) § 19.4, 21.3,
22.3, 41.0, 46.6, 126.4, 128.4, 128.5, 130.2, 138&.5, 137.0, 137.0, 139.5, 140.2, 171.5,
207.8 ; IR (ATR) 2951, 1687, 1640 chhHRMS (ESI)m/z calcd for GoH1eNO, 316.1308

(M+Na)", found 316.1318.

5-Hydroxy-1-(p-toluoyl)-2,3,4,5-tetrahydro-1H-1-benzazepine (lla).To a solution ofl3a
(57 mg, 0.24 mmol) in methanol (2.4 mL) was addeBN; (14 mg, 0.36 mmol) at room
temperature. The mixture was stirred for 1h, antceatrated. To the concentrate was added

CHCl,, and the mixture was washed witb@ brine, dried, and concentrated. The concentrate
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was purified by column chromatography on silica(@elxane/ethyl acetate = 5:1) to affolal

as colorless crystals (67 mg, 99%): mp 130-13Xf@als of a mixture adnti/syn (= 1:0.30)
diastereomers were observed intHANMR and**C NMR spectraanti isomer (major isomer),

IH NMR (600 MHz, DMSOsds) & 1.48, (br, 1H), 1.71 (br, 1H), 1.89 (br, 1H), 2.0, 1H),
2.18 (s, 3H), 2.62 (br, 1H), 4.65 @@= 13.0 Hz, 1H), 4.90 (dl = 9.9 Hz, 1H), 5.56 (br, 1H),
6.61 (d,J = 7.5 Hz, 1H), 6.90—-6.94 (m, 1H), 6.96 Jc= 7.6 Hz, 2H), 7.00 (d] = 7.6 Hz, 2H),
7.18 (t,J = 7.6 Hz, 1H), 7.57 (dl = 7.6 Hz, 1H)*3C NMR (150MHz, DMSO-ds) & 20.9, 26.1,
35.7, 46.3, 69.8, 125.1, 127.0, 127.8, 128.0, 12828.7, 133.5, 139.3, 140.5, 142.6, 168.1,
syn isomer (minor isomer) (only the distinguishable peaksdescribed)!H NMR & 4.83-4.86
(br, 0.6H), 5.39 (br, 0.3H), 6.53 (d,= 7.6 Hz, 0.3H), 7.06 (1 = 7.2 Hz, 0.3H), 7.27 (dl =

7.2 Hz, 0.3H), 7.29 (d}= 7.7 Hz, 0.6H):*C NMR 5 22.9, 32.9, 47.6, 73.1, 126.6, 128.0, 129.2,
130.2, 134.1, 138.5, 139.9, 143.1; IR (ATR) 322@23 cm:; HRMS (ESI)m/z calcd for

C1aH10NO, 282.1489 (M+H), found 282.1496.

5-Hydroxy-9-methyl-1-(p-toluoyl)-2,3,4,5-tetrahydro-1H-1-benzazepine (llb). Compound
Ilb was prepared frorh3b (40 mg, 0.14 mmol) according to a similar proceddescribed for
the preparation dfa from 13a Colorless crystals (31 mg, 77%): mp 157-159 {ghals of a

mixture of anti/syn (= 1:0.15) diastereomers were observed inHheNMR and**C NMR
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spectra;anti isomer (major isomer)!H NMR (600 MHz, DMSOeg) & 1.42-1.49 (m, 1H),
1.64-1.69 (m, 1H), 1.76 (s, 3H), 1.91-1.97 (m, ZH)7—-2.09 (m, 1H), 2.19 (s, 3H), 2.53-2.57
(m, 1H), 4.59-4.63 (m, 1H), 4.96-4.98 (m, 1H), 584J = 4.5 Hz, 1H), 6.89 (d] = 7.5 Hz,
1H), 6.94 (dJ = 8.0 Hz, 2H), 7.04 (d] = 8.0 Hz, 2H), 7.16 (dd = 7.5, 7.6 Hz, 1H), 7.45 (d,
J = 7.6 Hz, 1H):°C NMR (150 MHz, DMSOds) 5 17.4, 20.9, 26.0, 36.0, 45.8, 69.9, 122.8,
127.6,127.7,128.1, 129.1, 133.3, 133.3, 138.9,81343.7, 167.3yn isomer(minor isomer)
(only the distinguishable peaks are describ#ti\\MR & 1.53-1.59 (m, 0.15H), 1.69 (s, 0.45
H), 2.07-2.09 (m, 0.15H), 2.18 (s, 0.45H), 4.84641, 0.15H), 5.38 (d] = 3.7 Hz, 0.15H),
6.87 (d,J = 7.9 Hz, 0.3H), 7.03-7.06 (m, 0.15H), 7.12—7.46 Q.15H), 7.33 (dJ = 7.9 Hz,
0.3H), 7.41-7.43 (m, 0.15H¥C NMR§ 17.6, 21.1, 22.7, 33.2, 47.4, 73.1, 126.5, 121239,
128.9, 129.2, 130.2, 138.8, 167.6; IR (ATR) 337@12 cnm}; HRMS (ESI)m/z calcd for

C1oH21NO2 296.1645 (M+H), found 296.1653.

5-Hydroxy-6-methyl-1-(p-toluoyl)-2,3,4,5-tetrahydro-1H-1-benzazepine (lic).Compound
llc was prepared frorh3c (70 mg, 0.24 mmol) according to a similar proceddescribed for
the preparation dia from 13a Colorless crystals (67.1 mg, 95%): mp 184-186ifGheH

NMR spectrum, signals due to tha diastereomer were observed and those cdittiesomer

were negligible!H NMR (600 MHz, DMSO¢) & 1.55-1.60 (m, 2H), 2.06-2.09 (m, 1H), 2.18
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(s, 3H), 2.24-2.30 (m, 1H), 2.36 (s, 3H), 2.61-21851H), 4.76—4.80 (m, 1H), 5.26 (br, 1H),
5.27 (br, 1H), 6.37 (d] = 7.6 Hz, 1H), 6.78 (t) = 7.6 Hz, 1H), 6.91 (d] = 8.0 Hz, 2H), 6.93
(d, J = 7.6 Hz, 1H), 7.31 (d] = 8.0 Hz, 2H)3C NMR (150 MHz, DMSOde) & 20.1, 20.9,
22.7,39.5,47.6, 66.1, 127.1, 127.4, 127.9, 12829,0, 134.3, 136.1, 138.4, 143.5, 168.0; IR
(ATR) 3398, 1607 cnt; HRMS (ESI)mvz calcd for GeH21NO, 296.1645 (M+H), found

296.1651.

5-(N,N-Dimethylamino)-1-(p-toluoyl)-2,3,4,5-tetrahydro-1H-1-benzazepine  (llla). A
mixture of13a (157 mg, 0.56 mmol), 40% methylamine in metha2ah(), MS4A (360 mg),
and methanol (2 mL) was refluxed for 6 h. Afterrgecooled to room temperature, the mixture
was treated with NaBH30 mg, 0.79 mmol), and stirred overnight at rae@mperature. The
insoluble material was removed by filtration, arftk tfiltrate was concentrated. To the
concentrate was added &k, and the mixture was washed with® brine, dried, and
concentrated to give INfmethylamino)-14-toluoyl)-2,3,4,5-tetrahydrdH-1-benzazepine
(168 mg), which was used for in the next reactigthout further purification. To a mixture of
the crude product, 37% HCHO (0.18 mL), Naf i (46 mg, 0.73 mmol), and methanol (2
mL) was added acetic acid (0.12 mL, 1.97 mmol) &C0After being stirred for 6 h at room

temperature, the mixture was poured into 1096 ®: (aq), extracted with ethyl acetate, dried,
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and concentrated. The residue was purified by colurhromatography on silica gel
(hexane/ethyl acetate = 3:1) to affélid as colorless crystals (157 mg, 90%): mp 109-110 °C
signals of a mixture ofinti/syn diastereomers were observed in tHeNMR and'*C NMR
spectra, and the ratio differed depending to tieesbd used (see Table 3 in the main text); the
data in DMSOds (anti/syn = 1:0.82) are as follow{@ the NMR, only the distinguishable peaks
are described)anti isomer, *H NMR (600 MHz, DMSO#g) & 1.07-1.13 (m, 1H), 1.24-1.30
(m, 1H), 1.77-1.82 (m, 1H), 2.05-2.11 (m, 1H), A483H), 2.34 (s, 6H), 3.02 (br, 1H), 3.25—
3.32 (m, 1H), 3.94-3.98 (m, 1H), 6.60 {d= 7.6 Hz, 1H), 6.90-7.07 (m, 4H), 7.18-7.21 (m,
1H), 7.48 (dJ = 7.4 Hz, 1H)3C NMR (150 MHz, DMSOdg) & 20.9, 23.2, 28.2, 43.5, 44.8,
46.0, 64.8, 126.0, 127.3, 127.9, 128.4, 128.7,2,.383.6, 138.5, 139.4, 168§n isomer, *H
NMR & 1.53-1.59 (m, 0.8H), 1.64—1.67 (m, 0.8H), 2.05:2m, 0.8H), 2.09 (s, 4.8H), 2.18 (s,
2.4H), 2.20-2.25 (m, 0.8H), 2.34 (s, 2.4H), 2.5822m, 0.8H), 3.56 (br, 0.8H), 4.84—4.89 (m,
0.8H), 6.76 (dJ = 6.7 Hz, 0.8H), 6.90-7.07 (m, 3.2H), 7.18-7.21 (8H), 7.28 (d,J = 6.3
Hz, 1.6H);°C NMR$ 23.9, 29.3, 40.2, 43.5, 47.4, 71.7, 126.3, 12728.0, 128.2, 130.3,
134.5, 138.6, 143.1, 18.9; IR (ATR) 2951, 1641 GHIRMS (ESI)m/z calcd for GoH24N20

309.1961 (M+HJ, found 309.1968.

5-(N,N-Dimethylamino)-9-methyl-1-(p-toluoyl)-2,3,4,5-tetrahydro-1H-1-benzazepine

ACS Paragon Plus Environment



Page 41 of 50 The Journal of Organic Chemistry

©CoO~NOUTA,WNPE

41

(lllb). Compoundlllb was prepared frori3b (387 mg, 1.32 mmol) according to a similar
procedure described for the preparationlia from 13a Colorless crystals (320 mg, 75%):
mp 84-85 °C; signals of a mixtureafti/syn (= 1:0.16) diastereomers were observed irtkhe
NMR and'3C NMR spectraanti isomer (major isomer)tH NMR (600 MHz, DMSO¢k) &
0.96-1.03 (m, 1H), 1.94-1.26 (m, 1H), 1.74—-1.78 Th), 1.76 (s, 3H), 2.03-2.13 (m, 1H),
2.18 (s, 3H), 2.34 (s, 6H), 3.14-3.17 (m, 1H), 3558 (m, 1H), 4.00-4.04 (m, 1H), 6.91 (d,
J=7.6 Hz, 1H), 6.76 (dl = 8.0 Hz, 2H), 7.07 (d] = 8.0 Hz, 2H), 7.18 (1] = 7.6 Hz, 1H), 7.36
(d,J = 7.6 Hz, 1H)!*C NMR (150 MHz, DMSOde) & 17.6, 20.9, 23.4, 28.7, 44.7, 45.2, 65.1,
123.8,125.8,127.1,127.9,128.1, 129.0, 133.8,4,3.39.9, 168.Gyn isomer (minor isomer),
IH NMR § 2.08 (s, 0.96H), 2.21 (s, 0.48H), 2.34 (s, 0.48H$3-4.86 (br, 0.6H), 5.39 (br,
0.3H), 6.53 (dJ = 7.6 Hz, 0.3H), 7.06 (| = 7.2 Hz, 0.3H), 7.27 (d,= 7.2 Hz, 0.3H), 7.29 (d,
J=7.7 Hz, 0.6H)*C NMR & 21.0, 23.4, 27.3, 44.0, 50.0, 63.3, 126.6, 1282B.2, 128.8,
129.4, 135.3, 136.8, 138.7, 142.2, 170.0; IR (APB36, 1636, 1381 cth HRMS (ESI)m/z

calcd for GiH26N20 345.1937 (M+Nd) found 345.1941.

5-(N,N-Dimethylamino)-6-methyl-1-(p-toluoyl)-2,3,4,5-tetrahydro-1H-1-benzazepine
(llic). Compoundllic was prepared from3c (81 mg, 0.26 mmol) according to a similar

procedure described for the preparatiofilaf from 13a A white powder (59 mg, 70%); in the
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H NMR spectrum, signals due to tegn diastereomer were observed and those ofititie
isomer were negligibleéH NMR (600 MHz, DMSO#g) § 1.47 (t,J = 13.6 Hz, 1H), 1.61 (d]
=12.5 Hz, 1H), 2.07 (s, 6H), 2.43-2.23 (m, 2H)1&Xs, 3H), 2.30 (s, 3H), 2.54 Jt= 12.6 Hz,
1H), 3.47 (br, 1H), 4.79 (d,= 13.0 Hz, 1H), 6.70 (d}= 7.6 Hz, 1H), 6.87 (dd,= 7.5, 7.6 Hz,
1H), 6.95 (d,J = 7.5 Hz, 1H), 6.96 (dl = 8.0 Hz, 2H), 7.30 (d] = 8.0 Hz, 2H)3C NMR (150
MHz, DMSO-dg) 6 20.9, 21.2, 23.7, 28.8, 44.4, 47.8, 63.5, 12720,8, 128.4, 128.9, 129.1,
134.6, 137.5, 137.9, 138.3, 143.8, 168.7; IR (APB38, 1636, 1453 cr) HRMS (ESI)m/z

calcd for GiH26N20 345.1937 (M+Nd) found 345.1941.

X-ray Crystallographic Data. Crystal data ofa is reported in the ref.6. (CCDC 251227).

Crystal data of Ib (CCDC 144348§: Ci1gH1gONCIl: mp 137-138 °CMr = 299.80, Cukk
(L =1.54187 A), triclinic,P-1, colorless prism 0.20 x 0.20 x 0.10 mm, crydialensions a =
9.43615 (17) A, b = 9.54443 (17) A, ¢ = 17.4522 A4 = 84.4167 (8)°p = 89.6078 (9)°y
=78.8942 (9)°, T=173 K, Z = 4, V = 1534.92 (5}, Dcac = 1.297 gerif, pCuKa = 18.980

cm?, Fooo = 632.00, GOF = 1.146,iir= 0.0566 R, = 0.0518WR, = 0.0772.

Crystal data of Ic (CCDC 144348%. CigH21ON: mp 76-78 °CMr = 279.38, Cul&
(A = 1.54187 A), monoclinicP2;, colorless prism 0.45 x 0.45 x 0.05 mm, crystaiefisions

a=7.7089 (3) A, b =11.7832 (4) A, ¢ = 17.474PpA60 = 90°,p = 10.653 (2)°y = 90°, T =
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173 K, Z = 4, V = 1559.90 (8) & Dearc = 1.190 geri, pCuKa = 5.644 crit, Fooo = 600.00,

©CoO~NOUTA,WNPE

GOF =1.049, R = 0.0371R: = 0.0325wWR. = 0.1006, Flack parameter-8.0 (3).

13 Crystal data of lic (CCDC 144348§:. C19H2102N2: mp 184-186 °CMr = 309.39, Culk

16 (. =1.54187 A), monoclinidP2:/n, colorless prism 0.40 x 0.35 x 0.05 mm, crystaiensions
19 a=11.2708 (3) A, b =10.4765 (3) A, c = 13.408PA, o. = 90°,p = 99.427 (2)°y = 90°, T =
22 173 K, Z = 4, V = 1561.92 (6) A Deaic = 1.316 gerit, pCuKa = 6.863 crit, Fooo = 660.00,

25 GOF =1.632, Rt = 0.0343R: = 0.0491wR, = 0.1637.

29 Crystal data of Illa (CCDC 1443489: CooH240N2: mp 109-110 °CMr = 308.42, Cul&
32 (A = 1.54187 A), triclinic,P-1, colorless prism 0.25 x 0.25 x 0.20 mm, crydialensions a =
35 9.2514 (2) A, b = 9.3547 (2) A, ¢ = 10.3366 (2)dds= 78.33 (1)°f = 82.189 (1)°y = 75.906
38 (1)°, T=173 K, Z =2,V = 846.17 (3)%ADcac = 1.210 gcri¥, pCuKa = 5.829 crit, Fogo =

41 332.00, GOF = 1.634,iir= 0.0286R: = 0.0501wR2 = 0.1600.

45 Computational Methodology. Conformer generations were performedlforib, Ic, lla, lic,

48 andllla using the RDkitwith UFF. All HF/DFT calculations were performedtwGaussian

51 092° In HF/DFT calculations, geometry optimizationgtfie gas phase were carried out at the
o4 RHF/6-31G(d,p)RB3LYP/6-31G(d,p), and RB3LYP/6-31+G(d,p) leveltie SCF (self-

consistent fieldenergies at the RB3LYP/6-31+G(d,p) level were camgavith the stability
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of conformers. Théowest-energyonformers showed good agreement with the X-ray
structureg! For more accurate comparison of the stabilitypatr temperature (298.15 K),

Gibbs free energies were computed using vibratianalyses with B3LYP/6-311+G(d,p).
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