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Abstract—We have prepared a series of potent antihypertensive 1-benzazepin-2-one calcium channel blockers (CCBs) 1 that
are structurally related to diltiazem 2. Structural studies and the preparation of conformationally constrained analogs of 1-
benzazepin-2-ones have led us to postulate a receptor-bound conformation for both 1 and 2. We believe that these compounds
bind to the calcium channel protein in an Ml ("inboard”) binding conformation in which the amine of the side chain is placed over
the heptagonal benzazepinone ring and in close proximity to the phenyl methyl ether pharmacophore. This receptor-bound
conformation places the side chain amine and methyl ether pharmacophores in the same spatial relationship as 3-methoxy
phenylethylamine. Combined with our SAR, this binding model rationalizes literature findings that desmethoxyverapamil can
demonstrate pharmacology typical of both phenylalkylamine (PA) and benzothiazepinone (DTZ) calcium channel blockers.
Simple experiments are proposed to test the hypothesis that desmethoxyverapamil can bind at the benzothiazepinone site on the

calcium channel.

Introduction

We have described the synthesis of 1-benzazepin-2-one
calcium channel blockers (CCBs) 1 that are structurally
related to diltiazem 2 (Figure 1).1-2 The structure-activity
relationships (SAR) of this new class of CCBs have been
elaborated?-4 and shown to parallel the SAR of
benzothiazepinone CCBs such as diltiazem. We have
demonstrated that these compounds compete for the
diltiazem binding site on the voltage-dependent calcium
channel and, as with diltiazem, the appropriate absolute and
relative stereochemistry in the benzaze-
pinone/benzothiazepinone ring is important to activity in
vitro.2 Benzazepinones 1 have the same absolute and
relative stereochemical preferences at the receptor as
diltiazem. Two pharmacophores are critical to the activity
of benzazepinones in vitro and in vivo,%5 a basic amino
group appended to the amide of the benzazepinone ring, and
a pendant 4-methoxyphenyl group at the C-4 position.
These general conclusions are summarized in Figure 2.
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M’ Me
Benzazepinones 1 Dittiazer 2
b: R =0Ac
Figure 1.
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The incorporation of drug metabolism data into the
structure-activity relationships of the benzazepinones was
critical to the discovery of CCBs of this class that are
efficacious in vivo. The studies which allowed us to
develop potent and long-acting benzazepinone
antihypertensive agents have also been summarized
previously.2:

Consideration of the spatial relationship of the two
pharmacophores in the solid state structures of many active
and inactive derivatives suggested a fundamental
conformational constraint: the heptagonal ring in receptor
bound structures adopts an "M" twist-boat conformation in
which the exocyclic N1-C1' (side chain) and C4-Ar bonds
to the pharmacophores are directed toward the same side of
the mean plane of the benzazepinone ring.! This
conformational model requires further elaboration,
however, since the spatial separation of the
pbarmacophores is further coupled to rotations about the
two bonds of the side chain N1-C1'-C2', rotations which
bring the basic nitrogen, N2, to either side of the plane of
the lactam. We designate ®; and @ as the torsional angles
C2-N-C1'-C2' and N-C1'-C2'N, respectively.

In this paper we describe the use of conformationally
constrained side chains to explore the preferred spatial
relationship between the two key pharmacophores of the
benzazepinone and benzothiazepinone CCBs.%7 The
resulting model describes the likely conformation of the
compounds when bound to the calcium channel: the side
chain is rotated "inboard” (®; ~ 100°) with N2 lying over
the heptagonal ring and proximate to the methyl ether (®;
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~ -60°). Interestingly, in this conformation the
pharmacophores maintain approximately the same spatial
relationship as those of fully extended 3-methoxy
phenylethylamine. The SAR of the benzazepinones and
their possible relationship to desmethoxyverapamil are

electron withdrawal

>
ex

lipophilicity affects

potency (transport) NMe,

rationalized in light of this model. This working
hypothesis has also been used predictively, in the de novo
design and synthesis of structurally distinct diltiazem-like
CCBs (see following paper in this series).

critical absolute
stereochemistry

"

Aryl ether pharmacophore:
H-bond acceptor

cis stereochemistry leads to
active M twist-boat conformation

Basic pharmacophore:
positive charge required
pKa=8

Figure 2. Key structural features and SAR of benzazepinone CCBs

Diltazem 2
MO ("Outboard"): »; =-80 °, @, = 170°

Benzazepinone la
MI ("Inboard"): w, = 101 °, @, = -60°

Figure 3. Solid state conformation and Newman projections of benzazepinone 1a and diltiazem 2
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Models of the Receptor-Bound Conformation

Examination of the conformational space of the amine
pharmacophore shows that two distinct relationships
between the benzazepinone pharmacophores are possible on
binding to the calcium channel (Figure 3). Although the
heptagonal ring has the same "M" twist boat conformation
in both, the two conformations differ in having the
pharmacophores on opposite sides (MO, "outboard") or the
same side (M1, "inboard") of the plane of the lactam. This
generally requires that the torsional angle @, < 0° for MO
conformations and ®; > 0° for MI conformations. The MO
conformation is illustrated by the solid state structure of
diltiazem 28 (®, = -80°, @, = 170°). The MI conformation
is illustrated by the solid state structure of benzazepinone
1a (o = 101°, @, = -60°).
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Both MO and MI conformations of the benzazepinone side
chain have been observed in crystal structures of several
benzazepinone calcium channel blockers (Table 1). The
NMR solution structare (CD,Cl,) of diltiazem? as well as
benzazepinone 1b (data not shown) is most consistent
with an MO conformation in which the side chain is
rotated "outboard" and extended (w, ~ 180°). However,
calculations using molecular mechanics (MM2) show little
difference between the energy of the MO or MI
conformations for benzazepinones such as 1 (data not
shown).

A priori, either binding mode MO or MI could be the
conformation of the receptor-bound structure. We therefore
decided to test these binding models by synthesizing
conformationally constrained benzazepinone analogs.

Table 1. OMe  ,_ CH,CH;N(Me);
B= CH;CH;NHMe
Re C=CH;CHN(Me)CO,CH,CCly
X
R7\@ ‘ :10" "‘xN‘
Rqtrans . NMey
:!: o b= Cﬂz"o E= @
2 N
H
Compound R; Ry Rj R¢ R7 X OR® de (O 7
cis frans
1a A Et H CF3 H CH; -42 54 101  -61
2 A OAc H H H S 42 S0 -8 170
3 A Mc H CF; H CH, -46 53 82 170
4 D OAc H CF3; H CH; -3 175 83 &7
8 E Mc H CF3; H CHy -47 56  -46 -49,
-48 .49
9 H OH H CFy H CH; -43 65
$Q32,4888 H H OH H H CH, +47 87
SQ32,4322 H H COMe H H CH, +48 55
$Q32,433@ H Me COMe H H CH, -40 52
L203-1613 H OH H H H CH, -46 64
S$Q31,098® H Me H H C CH, 41 63
SQ32,324® B OAc H CF; H CH, -51 41 109 -57
1895-069® C OAc H CF; H CH, -41 59 81 -176
$Q32,651® A OH H CF3 H CHy -50 48 133 -56
$Q31,833b H H Oy CF3; H CH; -36 76
$SQ32,064¢ H COoH Et CF3 H CHy -35 80
SQ32,065¢ H Me H CF3 H CH, -46 53
$Q31,828¢ A CHCH=CH; H CFy H CHy -44 47 104 -63
SQ32,256¢ A Bn H CFy H CH, -46 56 97 -63
$Q31,992¢ A H Et CF; H CH; +44 69 -74 -S4
SQ34,172¢ D OAc n i OMe CH,; -48 96 106 170
$Q34,172B4 D OAc H H OMe CH; -48 38 113 170
$Q34,088¢ D OAc H H OMe S -46 48 108 171
*Referencel.
YReference 2.

‘Reference 3.
9Reference 5.
“Minus and plus values for this torsional angle

= X-C4-C3-C2, characterize the "M" and "P" twist boat conformations of the heptagonal ring. @, is

o
torsional angle X—C2-Car-Car, o, is the C2—N—(§ 1'-C2' torsional angle of the side chain, and 0, is the N-C1'-C2'-N torsional angle of the side chain.

fTwo independent molecules in the asymmetric unit.
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Scheme II. Synthesis of nonracemic 3-hydroxy benzazepinones.
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Chemistry

The synthesis of compounds 3-5 has been described
previously.2-4 Compounds 23-25 were also prepared
using the methodology detailed in previous papers.2~4
Compound 8 was prepared by alkylation of 3-methyl
benzazepinone 6 by trans-p-iodo-dimethylamino-
cyclohexane!? 7, as shown in Scheme I. This reaction is
believed to proceed via the aziridinium ion intermediate, to
afford the trans isomer. The trans stereochemistry about the
cyclohexyl ring was initially assigned by variable
temperature !H NMR. At -30 °C, the methine hydrogens
resolve into a ddd pattern with coupling constants of 4, 11,
and 11 Hz, indicative of two anti periplanar couplings. We
have also established the stereochemistry of compound 8
by X-ray crystallography (vide infra).

The synthesis of compounds 11-22 is depicted in Scheme
II. Alkylation of the hydroxy benzazepinone 9 by tosylate
10!! or its enantiomer provided compounds 11 and 12,
respectively. These alkylation reactions proceeded
smoothly using Cs,CO3 as the base, in MEK.
Compounds 14 and 15 were prepared via alkylation of 9
by the free base of N,N-dimethyl-B-chloro-phenethylamine

Table 2. Physical data for new compounds

13.12 Separation of the two diastereomeric products led to
the a-phenyl analogs.

Compounds 18,19, 21, and 22 were prepared by
alkylating the TBDMS ether 16 with the 3-phenyl-3-
chloro-2-dimethylamino propanes 17 and 20, as shown in
Scheme II. The use of the TBDMS protecting group on 16
significantly increased the yield of these reactions with the
hindered alkylating agents 17 and 20, by reducing the
amount of imidate formed. Compounds 17 and 20 were
prepared from (1S, 2R) norephedrine and (1R, 2S5)
norephedrine, respectively. The assignment of
stereochemistry for the derived chlorides was based on
proton NMR. For compounds 17, the 1R, 2R
(predominant isomer, inversion of stereochemistry) had J =
7.6 Hz, while the 15, 2R isomer had J = 0 Hz. For
compounds 20, the 1R, 2§ isomer had J = 0 Hz, while the
185, 28 isomer had J = 8.2 Hz. The alkylation of 16 by 17
and 20 is presumed to proceed via an aziridinium ion
intermediate;!3 the absolute stereochemistry of the
alkylating agent is thereby transferred to the product.

Physical data for new compounds 8, 11, 12, 14, 15, 18,
19, 21, and 22 are listed in Table 2.

OMe
CF,
Ry
e
Ry
compd Ry R2 Scheme %yiclda mp recryst formula analysisP optical
solvent rotation
@“\Mz
8 (+) Me 1 23% >250° iPA/ER0O Cy7H33F3N202-HCI CHNCIF -
11 OH d}{ 1 54% 214-215° iPA  CxH23F3N203-C4H404 CHNCIF  +58.9°(c=0.50,McOH))
12 OH (:'n 1 51%  228-231° MeOH/ERO CpoH3FsNgO3«C4HaOs  CHN  +57.8° (c=1.0, AcOH)
Ph
14 OH )\,M, 1l 27% 136-142° iPAAPE CagHa9F3N203-HCH CHNCIF  +146.2° (c=1.0, MeOH)
Ph
15 OH /K,m.z i 6% 165-171° CagH29F3N203-HCI CHNCIF  +221.8° (c=1.0, MeOH)
Ph
= ke,
18 (1R,2R) OH Mo I 22% >2AF° Er0 Ca9H31F3N203-HCI CHNCIF  +180.0° (c=1.0, MeOH)
Ph
A Nty
19 (1S,2R) OH Me 1 10% 191-192° iPE/MeOH CygH31F3N203-HCl CHNCIF +242.6° (c=1.05, MecOH)
Ph
/\‘ Nide,
21 (1R,28) OH [r™ 1 25% 148-151° Et20 C29H31F3N203-HCI CHNCIF +167.6° (c=0.75, MeOH)
Ph
/k‘ Nide,
22 (1S,28) OH Me H 39% 233-235° EnO C29H31F3N203-HCl CHNCIF  +174.7° (¢=0.66, EtOH)

2Yield from intermediates 6, 9, or 16.
PAll compounds gave acceptable elemental analyses.
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Tests of Hypothesis: Constrained Compounds

The compounds that test our binding hypotheses constrain
the conformational space available to the basic amino
group by substitution on the dimethylaminoethyl sidechain
of compounds 1. Substitution on the basic sidechain and,
in particular, incorporating it into a ring limits the spatial
orientation of the amino pharmacophore relative to the aryl
methyl ether. Table 3 lists the set of constrained
compounds prepared in this study, along with their activity
in vitro.

Figures 4-6 illustrate the conformational space available to
the basic amine pharmacophore for compound 3. Figure 4
presents the solid state conformation of benzazepinone 3,
as determined in our laboratories (®; = 82°, > = 170°).
The blue surface of Figure S represents the locus of all
possible positions of the amine resulting from rotations
about the N-C1' (@) and C1'-C2’ (w;) carbon-carbon
single bonds in the dimethylaminoethyl sidechain of 3.

Table 3. Activity of N1-substituted benzazepinones in vitro and in vivo

compd Ry Rz
3(+) Me A~ NMe,
q OAc {w
J
5 OAc C NH
b‘.\NM‘z
8 (+) Me
11 OH (_:u
12 OH Qn
Ph
14 (isomer A) OH NMe,
Ph
15 (isomer B) OH NMe,
Ph
A NMo,
18 (1R,2R) OH Me
Ph
A NMe,
19 (1S,2R) OH Mo
Ph
< NMe,
21 (1R,2S) OH /\n‘n
Ph
/k‘N”‘z
22 (15,2S) OH Me

Log P cstimated by rcverse phase HPLC.#
bICso 1n rabbit aorta strips contracted with KC1 (95% confidence interval).

o

A crude conformational grid search of this locus for
sterically accessible positions of the amine (within 10
Kcal/mol of the minimum estimate of non-bonded energy)
was carried out; the blue spheres of Figure 6 represent the
positions of the nitrogen atom for these “low" energy
conformations. We have also carried out the same
computation, but with MM2 minimization at each grid
point; qualitatively, the results are the same.
Conformations corresponding to both outboard (MO) and
inboard (M) binding modes are energetically accessible to
3, as this compound has no structural constraints on the
possible loci of the amine. In a previous publication, we
identificd compound 4 as a potent CCB in vitro and a
long-acting antihypertensive agent.? Like the simple,
unconstraincd analog 3, compounds 4 and 5 have minimal
conformational constraints (data not shown). For both of
thesc compounds, as for benzazepinone 3, either the MO
or MI families of conformations could be the receptor
bound form.

R,
"17 (o]

log P (est'd)? ICso(uM)? kd (UM)¢
3.6 0.076 (0.041-0.14)  0.075 + 0.043
2.1 0.091 (0.068-0.12)  0.13 + 0.052
2.1 0.63 (0.38-1.0) 0.12 + 0.011
4.5 0.38 (0.22-0.67) 0.394
0.93 0.32 (0.19-0.55) 024 +0.14
0.93 3.8 (2.2-6.4) 1.8 +0.38
6.2 0.48 (0.34-0.68) 1.14
4.3 0.34 (0.24-0.50) 0.244
3.0 0.34 (0.23-0.52) 0.174
3.8 0.18 (0.12-0.26) 0.0374

0.43 (0.27-0.67) 0.50 £ 0.23

4.0 0.51 (0.24-1.1) 0.25 + 0.018

kg Determined by displacement of radiolabeled diluazem in guinea pig striated muscle (+ SEM).

9Bascd on concentration—cffect curve using one animal.
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Figuare 4. Solid state conformation of benzazepinone 3

Figore 5. The surface of accessible positions of the amine in benzazepinone 3, relative to a fixed heptagonal "M" twist-boat conformation
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Figure 6. Energetically accessible conformations of the amine-benzazepinone 3

Figure 7. Solid state conformation of benzazepinone 8
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Figore 8. The accessible conformations of the amine in benzazepinone 8, relative to a fixed heptagonal "M" twist-boat conformation

Figure 9. Energetically accessible conformations of the amine-benzazepinone 8
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Figure 10. MI (left) and MP (right) conformations of pyrrolidinyl analogs 11 (top) and 12 (bottom). (A) MI conformation of 11 (@, = 0°, 0, = 71°),
(B) MP conformation of 11 (®, = -55°, w, = 102°); (C) MI conformation of 12 is high energy due to steric crowding between CH, and C=0 (®, = 96°,

®, = -88°); (D) MP conformation of 12 is lowest energy (0, = 50°, @, = -102°).

Figure 11. Model of bound conformation MI: benzazepinone 1a
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Figare 12. Model of bound conformation MI with benzazepinone 11

Figure 14. Model of bound conformation Ml with desmethoxyverapamil 27b
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Cyclohexyl analog (8)

In contrast to compounds 3-5, the introduction of a 1,2-
trans disubstituted cyclohexane ring as a conformational
constraint locks the dimethylamino ethyl substructure in
an s¢ (w2) conformation with respect to the amide
nitrogen. Figures 7, 8 and 9, illustrate the accessible low
energy conformations for 8. Figure 7 presents the observed
solid state conformation of 8 (MO, w; = -47°, w= -49°),
which clearly demonstrates the trans diequatorial
substitution on the cyclohexane ring. Since there is only
one rotatable bond between the benzazepinone ring and the
basic sidechain, complete rotation of the basic nitrogen
through ®; (Figure 8) maps out a circle, in contrast to the
surface mapped out by benzazepinone 3. Limiting the
points on the circle to energetically accessible
conformations for the basic nitrogen (within 10 kcal/mol
of the minimum) provides Figure 9, in which there arc far
fewer possible conformations than with the unconstrained
benzazepinone 3.

The constrained benzazepinone 8 is a potent CCB, a fact
which implicates a conformation close to one of those
illustrated in Figure 9 as the receptor-bound structure.
Furthermore, the fact that 8 is a potent calcium antagonist
in vitro and in vivo virtually eliminates the possibility
that an extended ap binding mode (@, ~180°) is the unique
bound conformation of these calcium antagonists.

However, it is important to take note of the fact that the
activity of racemic 8 is five-fold less than racemic 3. This
data implies that the conformations attainable by the basic
amine of 8, while adequate for activity, may not be
optimal.

Pyrrolidinyl analogs

The conformational analysis of cyclohexyl analog 8
strongly suggests that the bound conformation of
benzazepinones is related to MI. In order to further refine
this understanding we prepared 3-pyrrolidinyl substituted
benzazepinones 11 and 12, which differ only in the
stereochemistry at the center of attachment to the
pyrrolidine ring. These two analogs are very useful in our
analysis of the receptor bound conformation, as 11 is
active (ICsg = 0.32 uM) while 12 is relatively inactive
(ICs50 = 3.8 uM).

Our analysis of the conformational space accessible to
these benzazepinone analogs (details not shown) indicated
that, in addition to MI ("inboard") and MO ("outboard"),
conformations MP (nitrogen near the plane of the lactam)
may also be important. Figure 10 illustrates the MI and
MP conformations for pyrrolidines 11 and 12.

The MI and MP conformations for the active R pyrrolidine
11 are shown in Figures 10A and B, respectively. Our
calculations show that both MI and MP conformations are
energetically accessible for 11. Figures 10C and D
illustrate the MI and MP binding conformations of the
inactive S pyrrolidine 12. While thec MP conformation
represents the global minimum for 12 (Figure 10D), the

MI orientation of the pharmacophores shown in Figure
10C is much higher in energy, due to steric repulsion
between the methylene hydrogen and the amide carbonyl
Oxygen.

We reasoned that the difference in activity between these
two pyrrolidines must be due to the conformational space
that the analogs can occupy. In particular, 11 must have a
low energy conformation that is close to the receptor-
bound structure, while the analogous receptor-bound
conformation for 12 must be less favorable. The
comparison of compounds 11 and 12 illustrated in Figurc
10 supports the hypothesis that MI is the conformation
most relevant to receptor binding.

Computations and substituted analogs

In order to evaluate possible conformations of compounds
14, 15, 18, 19, 21, and 22 (Tables 3 and 4), we carried
out a Monte Carlo search using a constraint of 6.4-8.5 A
on the distance between the two pharmacophores. The
results of these computations are shown in Table 4. For all
of thesc compounds, an MI conformation is close to the
global energy minimum. However, the MP conformation
is not accessible to compounds 19, 21, and 22. We
believe that the good activity of 19,21, and 22 as
calcium channel blockers can only be ascribed to the
ability of these compounds to bind in the MI
conformation. The conformation-activity rclationships
obtained for this set of compounds are therefore consistent
only with a receptor-bound conformation that approximates
ML

MI Model for Receptor Binding

The solid state conformation of 1a serves as a model for
the putative active conformation MI (Figure 11). The
conclusion that MI represents the active conformation of
diltiazem-like molecules is consistent with all of our
previous SAR.4 The positions of substitution that
influence benzazepinone activity indirectly (e.g., through
log P effects, Figure 2) are spatially remote from the
region where the pharmacophores directly interact with the
receptor. Figure 12 shows the active 3-pyrrolidiny] analog
11 in the calculated MI conformation overlaid with the MI
receptor binding model.

In the conformation represented by MI, the two critical
pharmacophores are positioned on the same face of the
molecule, as if they were being presented together to the
receptor. Interestingly, the relationship between the two
critical pharmacophores in the MI binding model
approximates 3-methoxy phenylethylamine. To the extent
that MI represents the active conformation of
benzazepinones and benzothiazepinones at the calcium
channel binding site, these compounds may be seen as
mimics of much smaller molecules. It is tempting to
speculate that benzazepinones and benzothiazepinones may
be serendipitously binding to a site normally occupied by
an endogcnous ligand (regulator) of the calcium channel. In
our view, the benzazepinone ring of our compounds, and
the benzothiazepinone ring of diltiazem, are serving as
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Table 4. Preferred conformations of N1-substituted benzazepinones
OMe

o §
(Y

NN
R
compd R1 R conformer®  O-N distance (AY>  relative E€
4 OAc (:NH MI 7.4 1.2
MP 8.1 2.7
J
5 OAc C\N" Ml 7.3 0.0
MP 8.4 1.8
@.\\Nu‘z
8 Me MP 9.1 0.0
Ml 7.1 59
11 OH (R) ezﬂ MP 8.7 0.0
M 7.6 4.2
12 OH (S) QH MP 8.3 0.0
Ph
14 (isomer A) OH AN, MP 8.2 0.0
(calculated as R isomer) Ml 7.2 0.6
Ml 7.3 4.4
MP 8.4 5.1
Ph
15 (isomer B) OH /k,N“'z M 7.6 0.1
(calculated as S isomer M 8.1 1.6
Ml 7.6 1.9
MP 7.6 3.2
Ph
A NMe,
18 (1R,2R) OH Me MP 8.3 0.4
Ml 7.1 1.8
Ml 7.6 5.6
Ph
A Nide,
19 (1S,2R) OH Me Mi 8.0 0.0
MI 8.4 1.5
Ml 7.5 4.4
Ph
2 NMe,
21 (1R,2S5) OH /\I‘h Ml 8.4 0.0
Ml 7.6 3.0
Ph
N,
22 (18,2S) OH Me Ml 7.9 0.0
Ml 8.1 4.7

Conformer pattern MI ("inboard") or MP ("in plane”); see text.
YDistance between pharmacophores; see Figure 2.
“Energy relative to global minimum in kcal/mol.
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scaffolding, and function primarily to position the basic
amine pharmacophore with respect to the aryl methyl
ether.

Supportive evidence for MI: SAR of amino substitution

Further evidence in support of binding model MI is
provided by benzazepinone analogs in which the basic
amino group is substituted by groups larger than methyl
(Table 5). Increasing bulk around the basic amino group is
deleterious to activity, in spite of the beneficial effect that
increasing log P has on activity in vitro.* The activity in
the series 3, 23, 24 decreases in proportion to the bulk
introduced around the basic nitrogen. Benzazepinones in
which the basic amine is part of a ring (25) are also much
less active. These findings are also consistent with binding
mode MI. Substitution at the basic nitrogen will provide a
steric impediment that should interfere with the binding of
the basic amino group in the MI conformation. In the MI
conformation, these bulky alkyl groups will be on the f3
face of the molecule, hindering the interaction of the basic
amino pharmacophore with the calcium channel protein.
Altematively, increasing the bulk around the basic nitrogen
might favor an extended MO conformation, which should
also decrease activity.

Table 5. Activity of racemic N1 substituted benzazepinones in vitro

Possible Relationship to Desmethoxyverapamil

At least three distinct classes of calcium channel blockers
have been described in the literature: the dihydropyridines
(DHP) 26, phenylalkylamines (PA) 27, and diltiazem-like
compounds such as benzazepinone 3 (DTZ).14 Figure 13
shows a generally accepted model for interactions between
their binding sites on the calcium channel.!5 The nature of
the allosteric interactions between different CCBs is
complex and highly dependent upon tissue and
experimental conditions. However, the dihydropyridines
(DHP) are casily differentiated from the other classes of
CCBs, both structurally as well as by their binding site.!®
The dihydropyridine binding site is distinct from the
phenylalkylamine and diltiazem binding sites;!” DHP
binding is decreased by PAs, while DTZ typically increases
binding of DHPs. In contrast, DTZ is a negative allosteric
regulator of PA binding, and vice versa.

The relationship between the DTZ and PA binding sites
remains ambiguous, but the weight of current evidence
points towards different binding sites for these two classes
of compounds.!7.18

compd R log P (est'd)®
/\/N'“
3 : 3.6
Mo
/\/N Me
Y
23 Me 3.8
M.Ym
/\/N Me
Y
24 Me 4.0
N
25 g 3.9

2] og P estimated by reverse phase HPLC.*

"ICSO in rabbit aorta strips contracted with KCl (95% confidence interval).

ICso(uM)? kd (UM)*
0.076 (0.041-0.14) 0.075 + 0.043
0.81 (0.38-1.7) 0.13 (+0.014)
4.2 (2.5-6.8) -

1.1 (0.52-2.4) 66% (1 uM)

k4 Determined by displacement of radiolabeled diltiazem in guinea pig striated muscle (£ SEM).
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R = OMe, 27a
R=H, 27b

©

Figure 13. Allosteric interactions of calcium channel blockers

Desmethoxyverapamil (27b) has found wide experimental
application as a prototype phenylalkylamine. This
compound contains the 3-methoxy phenylethylamine
substructure of the MI binding model for diltiazem-like
compounds, It differs from verapamil 27a by the deletion
of a single methoxy substituent on the aryl ring of the 3,4-
dimethoxy phenylethylamine substructure (see Figure 13).

Depending upon the experimental conditions,
desmethoxyverapamil has demonstrated molecular
pharmacology typical of either PAs or DTZ. Numerous
experiments have indicated that desmethoxyverapamil
behaves as a classical ghenylalkylamine CCB in its
interaction with DHPs.!> However, 27b has also been
shown to potentiate the binding of antagonist
dihydropyridines, and decrease the binding of agonist
dihydropyridines,20 allosteric interactions suggestive of
DTZ-like binding. Other workers have concluded that 27b
labels both PA and DTZ sites in brain and skeletal
muscle.2!

We believe that the SAR of benzazepinone CCBs, and the

evidence for the MI binding mode, further supports the
possibility that 27b can bind at either the PA binding site
or the DTZ binding site on the &1 subunit of the calcium
channel. In Table 6 we compare the activity of the
benzazepinone 3 with its 3',4'-dimethoxy congener 28. In
the MI binding mode, the pharmacophores of these
compounds would fit in the same manner as 3-methoxy
phenylethylamine and 3,4-dimethoxy phenylethylamine,
respectively. From its poor activity, the dimethoxy-
substituted 28 must not fit at the DTZ receptor. Since it is
an extremely weak CCB, it apparently also lacks the
structural prerequisites for the PA receptor. Compounds 3
and 28 contain the substructures of desmethoxyverapamil
(27b) and verapamil (27a), respectively. Whereas we
might expect 27b to bind to the DTZ receptor in the MI
mode via its 3-methoxy phenylethylamine substructure,
27a (in analogy with 28) should bind poorly. Thus, the
small structural alteration between 27a and 27b might be
highly significant in terms of their relative ability to
interact with the DTZ receptor on the calcium channel. The
fit of desmethoxyverapamil to the benzazepinone binding
model MI is shown in Figure 14,
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Table 6. Comparison of racemic 4-aryl substituted benzazepinones in vitro

compd R log P (est'd)a
3 H 3.6
28 OCHj3 2.9

2Log P estimated by reverse phase HPLC.*

bCs, in rabbit aorta strips contracted with KCI (95% confidence interval).

ICso(uM)? kd (uM)e
0.076 (0.041-0.14) 0.075 + 0.043
3.8 (1.9-7.5) 2.0+ 0.83

kq Determined by displacement of radiolabeled diltiazem in guinea pig striated muscle (+ SEM).

|DTZ binding site

outside

OMe

F3

inside

PA binding site

Me
MeO

Figure 15. Postulated locus of binding sites on al subumt

It has been established through electrophysiological
experiments that the PA binding site is on the cytoplasmic
face of the cell membrane.22 Analogous studies with a
quaternary benzazepinone have demonstrated experimentally
that the DTZ binding site must be accessible from the
extracellular face of the calcium channel protein. 8 Figure
15 is a cartoon of the putative binding sites for the PA and
DTZ classes of calcium channel blockers. If our hypothesis
is valid that 27b binds to both the DTZ and the PA
binding sites, then a quaternary analog of
desmethoxyverapamil should be able to block channels

selectively at either site if delivered intracellularly (PA site)
or extracellularly (DTZ site). Experiments to test this
prediction are in progress.

Conclusions

We have studied the structure—activity relationships of
several conformationally constrained benzazepinones
calcium channel blockers. From this work, the binding
conformation of benzazepinone and benzothiazepinone (e.g.



1-Benzazepin-2-one calcium channel blockers—VI 301

diltiazem) CCBs is best described by the MI binding
model. This binding model places both the amine and
phenyl methyl ether pharmacophores on the B face of the
molecule in close apposition. This model of the receptor-
bound conformation of DTZ-like calcium channel blockers
implies that both diltiazem and the benzazepinone CCBs
are relatively complicated structures that deliver a simple 3-
methoxy phenylethylamine substructure to a binding site
on the calcium channel protein. Our working hypothesis
that MI represents the active, bound conformation of
benzazepinones is consistent with all previous SAR of
these compounds.2-5 Further, this binding hypothesis
suggests that desmethoxyverapamil 27b may be able to
bind at both the DTZ site and the PA site on the calcium
channel.

Based upon these findings we hypothesize that
benzazepinone and benzothiazepinone CCBs consist
mostly of "scaffolding” that serves to orient the two
pharmacophores in space. We have no reason to believe
that this structural arrangement is optimal. Indeed, it is
also conceivable that this structural scaffolding sterically
hinders receptor access and limits the activity of DTZ-like
compounds. From this vantage point, altering the
scaffolding that constrains the two key pharmacophores
could provide compounds of equal or greater intrinsic
potency than the benzazepinone or benzothiazepinone
CCBs. Thus, we believe that the greatest benefit from
formulating receptor binding hypothesis MI will be in its
ability to guide the de novo design of structurally unique
CCBs. Our initial attempts to use this working hypothesis
in the design of novel organic ligands for the DTZ site is
described in the following paper in this series.

Experimental Section
Pharmacological testings

The pharmacological test procedures have been described in
detail in a previous paper in this series.2 The ICsq value
reported represents the concentration of compound
necessary to cause 50% relaxation of a maximal
contraction (circumferential rabbit aorta strips) in response
to 100 mM KCIl. The k4 values reported were calculated
from concentration response curves for the inhibition of
specific 3H-diltiazem binding in guinea pig skeletal
muscle. We have published previously correlations
between the SAR of benzothiazepinones and
benzazepinones,? and have found that the slope factors are
> 0.77 for all compounds in this paper. These results are
consistent with a competitive displacement of 3H -
diltiazem by the test compounds.

Computational chemistry

Torsional grid search. Torsional grid scans were examined
graphically, using the interactive crystallo-
graphic/molecular modeling software, ALEX, developed in-
house by JZG. Tandem rotations of 360° in 10° increments
for ®; and o, (1296 conformers) were scanned, for a fixed
"M" twist-boat conformation.

All bond distances and angles were held fixed throughout
the torsional scans. The nonbonded interactions of each
conformer were estimated using a 6,12 potential.
Coulombic interactions were ignored. More refined
calculations were performed using molecular mechanics
software.

Macromodel/Monte Carlo. The grid searches and Monte
Carlo searches for the compounds in Table 4 were carried
out using Macromodel and the MM2 force field within
Macromodel. Sybyl was employed for the graphical
analysis and molecular constructions. In addition, Csearch
(Sybyl) was employed to carry out a conformational search
of the sterically accessible torsional space for verapamil
(27a).

Although the compounds of Table 4 differ in their R,
substituent, for computational purposes they were all
modeled with a methyl group at R,. The 4'-OMe group
was also converted to a methyl group to simplify
computations. The starting structures for all the molecules
of Table 4 were constructed from the crystal structures of 3
and 8 by modifying and appending different functionalities.
The "M" conformation of the benzazepinone ring was
assumed for all compounds.!

Searches were carried out for both pseudoaxial and
pseudoequatorial orientations of compounds 11 and 12. A
gtid search about the free torsional angles of interest was
carried out using an increment of 5 degrees. All conformers
within 6 Kcal of the minima were compared (0 determine
the low energy families of conformations common to 8
and 11 but inaccessible to 12. The conformation that was
found corresponded to binding mode MI. This
conformation had a distance between the basic nitrogen and
the methoxy oxygen (represented computationally by
carbon) of 7.1 A and 7.6 X for 8 and 11, respectively. A
distance range constraint of 6.4-8.5 A was then used in
Monte Carlo searches for conformers of the remaining
molecules 4, 5, 14, 15, 18-22, Only conformers
within 6 Kcal of the global minimum for this constrained
search were kept.

Three-dimensional pharmacophore search. A search of all
crystal structures in the Cambridge Structural Database??
for molecules containing functional groups in spatial
relationships consistent with a set of postulated
pharmacophores was conducted using a series of localZ4
FORTRAN software programs. The database was initially
screened using the distributed?> CONNSER software for all
entries containing: (a) a benzene ring with at least two
substituents—a heteroatom para to a carbon substituent,
and (b) an N—-CH3 bond within the same molecule. All
structures satisfying this substructure query were further
screened with the geometric constraints: (a) a distance of
7.5+1.0 A from the nitrogen atom to the carbon atom, C4,
bearing the heteroatom X, and (b) a value of 110 % 40° for
the X-C4...N angle. Since it was impractical to evaluate
the geometric constraints through manual inspection of
each of the many hits of the initial substructure query,
subroutines were written to automatically perform the
structure retrieval-geometric evaluation process. It was
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first necessary, however, to canonically reorder the entire
database in order to obtain the correspondence between the
atoms of the substructure search and the atoms in the
arrays of observed atomic coordinates. ("Matching integers”
which define this correspondence have become available in
more recent releases of the database.)

Structures satisfying the geometric constraints were
examined using local graphics software (ALEX) which
executes a three-dimensional least squares superposition of
the query atoms prior to display. The spatial similarity of
the postulated pharmacophores in the benzazepinone and
verapamil (CSD refcode = CURHOM?3) structures was
first recognized in this manner.

Crystallographic studies

Crystal data and some details of the structure refinements
are given in Table 7. Unit cell parameters were obtained
through least-squares analysis of the experimental
diffractometer settings of 15 high-angle reflections. Crystal
densities were measured by flotation methods. Intensities
were measured diffractometrically using Cu Ko radiation
(A = 1.5418 A) at 23°C with the 6-20 variable scan
technique and were corrected only for Lorentz-polarization
factors. Background counts were collected at the extremes
of the scan for half of the time of the scan. The structures
were solved by direct methods26 and refined on the basis of
observed reflections [/ 2 36 (/)], using the SDP?7 software
package. Least-squares weights w= 6-2(F,,) were calculated
with the assumption that 6 2 = £ 2 + (pI)? where ¢ is the
statistical counting error and p = 0.02-0.04. The function
minimized in the least-squares refinements is Z,(IF,l -
IF )2, R is defined as I IIF| - IFN/Z IF | while R,, is
defined as [Zy, (IF,l - IF)2/Z,, IFo2]1/2, Most hydrogen
positions were evident during the latter stages of
refinement. All hydrogens on carbon were introduced in
idealized positions; those on heteroatoms were introduced
only if they were observed on difference maps. Although
the scattering of hydrogens was included in the terminal
stages of refinement, no hydrogen parameters were varied.
Final difference maps contained no significant features.

General chemical procedures.

Melting points were recorded on a Thomas-Hoover
capillary apparatus and are uncorrected. Proton NMR (!H
NMR) spectra were obtained on JOEL FX-270 or GX-400
spectrometers and are reported relative to tetramethylsilane
(TMS) reference. Carbon NMR (13C NMR) data were
obtained on the JOEL FX-270 or FX-60Q spectrometers
and are also reported relative to TMS. Optical rotations
were recorded with a Perkin-Elmer 241 spectrophotometer.
All reactions were conducted under an atmosphere of dry
nitrogen or argon using anhydrous solvents unless noted
otherwise.

[1(trans), 3o, 40x]-1-[2-(Dimethylamino)cyclohexyl |-
1,3,4,5-tetrahydro-4-(4-methoxyphenyl)-3-methyl-6-
trifluoromethyl-2H-1-benzazepin-2-one (8)

To a suspension of 0.3 g of NaH (6.3 mmol of a 50% oil
dispersion) in dry DMF (20 mL) was added 6 (2.0 g, 5.73

mmol) in one portion as a solid. The solution was stirred
for 45 min and a solution of trans-B-iodo-dimethyl-
aminocyclohexane 710 (1.6 g, 6.3 mmol) in dry DMF (12
mlL) was added dropwise over 15 min. The solution was
stirred at r.t. for 20 min and then heated to 75 °C for 70
min. Additional NaH (0.15 g) and 7 (0.8 g, 3.2 mmol)
were added and heating was continued for an additional 30
min. The solution was allowed to cool and the DMF was
removed in vacuo. Water was added to the residue, the
aqueous solution was extracted twice with ethyl acetate and
the combined organic phases were washed with brine and
dried (MgSOy4) to afford 3.15 g of semi-solid.
Chromatography (8i03; 1% EtsN:2% MeOH:CH,Cl,)
afforded the free base as a foamy colorless solid (0.74 g,
27%). The free base was dissolved in ether and ethereal
HC1 was added to afford a colorless precipitate, which was
washed twice with ether to remove excess HCl. The
remaining solid was recrystallized from :PA—iPE to afford
8 (0.68 g, 23%). m.p. > 250 °C. (M + H)* = 475. IR
(CHCl3): 1650 cm-!. Anal. (C,7H33F3N20,-HC)) C, H,
N, CI, F. 1H NMR (CD30D): 6 0.71 (d, 3H, J = 6.3) 1.30
(m, 1H), 1.53 (m, 2H), 1.82 (d, 1H, J = 13.7), 1.94 (m,
2H), 2.29, (m, 2H), 2.66 (m, 1H), 2.99 (s, 3H), 3.05 (s,
3H), 3.21 (m, 2H), 3.79 (s, 3H), 3.86 (m, 1H), 4.93 (m,
1H), 6.91 (d, 2H, J = 8.4), 7.15 (d, 2H, J = 8.4), 7.52 (d,
1H,J=79),764 ( 1H,J=79),7.75(, 1H, J = 74).
13C NMR (CD;0D): § 14.1, 25.4, 25.7, 304, 35.8, 35.9,
38.1, 41.2, 44.3, 53.4, 55.7, 67.1, 68.5, 114.9, 126.2,
1304, 131.2, 134.2, 136.3, 145.5, 160.4, 179.0 ppm.

[3R-[1(R*),3c,4a]-1,3,4,5-Tetrahydro-3-hydroxy-4-(4-
methoxyphenyl)-1-(3-pyrrolidinyl)-6-trifluoromethyl-2H-1-
benzazepin-2-one (11)

A mixture of N-benzyl-3(S)-tosyl-pyrrolidine 10 (2.2 g,
6.64 mmol), compound 9 (1.86 g, 5.31 mmol) and
CsyCO3 (8.65 g, 26.5 mmol) was heated to reflux in MEK
(75 mL) for 18 h. The reaction was cooled, diluted with
ether (150 mL), and filtered through celite. The filtrate was
concentrated and the residue was chromatographed (SiO5;
EtOAc:hexane 3:1, then MeOH:CH,Cl, 1:40) to provide
the N-benzyl derivative (1.64 g, 61 %).

The N-benzyl derivative (1.58 g, 3.1 mmol) was dissolved
in glacial acetic acid (30 mL) and hydrogenated (500 mg of
20% Pd(OH),/C) for 3 h at r.t. The reaction was filtered
through celite and the filter cake washed with glacial acetic
acid (15 mL). The filtrate was diluted with water (150 mL)
and the solution was made basic with solid NayCO3,
extracted with EtOAc (150 mL), washed with brine and
dried (MgSOy). The filtrate was concentrated and
chromatographed (SiO,, packed with 1% Et3N; 5% MeOH:
CH,Cl; to 10% MeOH: CH,Cl,) to provide the free base
as a colorless foam (1.17 g). The free base (1.08 g, 2.57
mmol) was dissolved in MeOH and fumaric acid (298 mg,
2.57 mmol) was added as a solution in hot MeOH. The
resulting solution was concentrated ta o colorless foam,
crystallized from iPA, filtered, and dried in vacuo to
provide 11 as a crystalline solid (925 mg, 68%). m.p.
214-216 °C. [a]p® = +58.9° (c = 0.50, McOH). M +
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H)* = 421. IR (KBr): 3430, 1513. Anal. (C5;H23F3N,03-
C4H404) C, H, N, F. 'H NMR (DMSO-dg): § 2.33 (m,
2H), 3.00 (d, 2H, J = 10), 3.11 (m, 1H), 3.46 (m, 3H),
3.73 (s, 3H), 3.68-3.76 (m, 1H), 4.00 (d, 1H, J = 8), 4.59
(m, 1H), 6.44 (s, 2H), 6.87 (d, 2H, J = 9), 7.15 (d, 211, J
=9), 7.60 (m, 1H), 7.69 (m, 2H). 13C NMR (DMSO-de):
§ 29.0, 32.4, 44.3, 46.8, 51.1, 55.0, 60.2, 68.8, 113.4,
1242, 128.1, 128.6, 129.6, 131.4, 132.7, 135.0, 1432,
158.2, 168.0, 171.8.

[3R-[1(S*),3a,4a]-1,3,4,5-Tetrahydro-3-hydroxy-4-(4-
methoxyphenyl)-1-(3-pyrrolidinyl)-6-trifluoromethyl-2H-1-
benzazepin-2-one (12).

m.p. 228-231 °C. [a]p25 = +57.8° (¢ = 1.0, HOAc). (M +
H)* = 421. IR (KBr): 3513, 1660, 1513. Anal.
(Cr2H73F3N203-C4H404) C, H, N, F. IH NMR (DMSO-
dg): 8 2.21 (m, 1H), 2.45 (m, 1H), 2.99 (m, 2H), 3.17 (m,
1H), 3.49 (m, 2H), 3.56 (d, 211, J = 7.5), 3.75 (s, 3H),
4.03 (d, 1H, J = 7.5), 4.65 (m, 1H), 6.48 (s, 2H), 6.88 (d,
2H, J =18), 7.17 (d, 2H, J = 9), 7.60 (¢, 1H, J = 8), 7.71
(t, 2H, J = 7.5). 13C NMR (DMSO-dg): & 28.5, 32.3,
4477, 47.4, 51.2, 55.0, 60.0, 68.9, 113.4, 1242, 128.1,
129.6, 131.4, 132.7, 135.0, 143.1, 158.2, 167.9, 171.9.

(3R-cis)-1-[2-(Dimethylamino)-1-phenylethyl]-1,3,4,5-
tetrahydro-3-hydroxy-4-(4-methoxyphenyl)-1-(3-
pyrrolidinyl)-6-trifluoromethyl-211-1-benzazepin-2-one
isomer A (14)

To a stirred suspension of NaH (0.75 g, 15.6 mmol of
50% oil dispersion) in dry DMF (30 ml.) was added 9 (5.0
g, 14.2 mmol) in one portion as a solid. The solution was
stirred for 1 h at r.t.,, heated to 70 °C, and a toluenc
solution of N,N-dimcthyl-p-chloro-phenethylamine 13 was
added dropwise over 2 h.1213 An additional aliquot of 13
(4.5 mmol) was added after 2 h, and the resulting solution
was stirred at 70 °C for 2 h, and then quenched with
aqueous NallCOs. The solvents were removed in vacuo,
the residue partitioned between EtOAc and aqueous
NaHCOj, the organic phase washed with brinc, dricd
{MgSOQy), filtercd, and evaporated to afford a light ycllow
gum. The crude product was chromatographed (SiO»; 2%
McOH:0.5% Et3N:CH,Cl;) to provide the pure FMI
(faster moving isomer) as a light yellow foamy solid (1.90
g, 27%). A solution of the clcan FMI (0.41 g) in cther was
treated with ethereal HCI, the resulting solid filtered, rinscd
with ether and dried. This material was dissolved in (PA (2
mL) and (PE (6 ml.) with warming and thc solution
filtered to remove a small amount of insoluble matcrial.
The filtrate was treated with hexane and the resulting
colorless solid collected by filtration and dried to afford 14
(0.39 g). m.p. 136-142 °C. [a]p?’ = +146.2° (¢ = 1.0,
MeOH). (M + H)* = 499. IR (KBr): 1669 cm’. Anai.
(C8H,9F3N,03-HCI) C, H, N, Cl, FF. TH NMR (CDCl3):
6 1.94 (dd, 1H, J = 13.5, 14.1), 2.50 (d, 3H, J = 3.5), 2.80
(dd, 1H, J = 5.9, 14.1), 2.96 (d. 3H, J = 2.9), 3.50 (m,
1H), 3.79 (s, 3H), 4.06 (d, 1H, J = 8.2),4.32 (d, 1H, J =
14.1), 4.58 (m, 1H), 5.63 (d, 1H, J = 7.0), 6.70 (d, 21, J
= 8.8), 6.76 (d, 2H, J = 8.8), 7.38-7.50 (m, 6H), 8.67 (m,
1H). 13C NMR (CDCl3): & 30.5, 42.8, 45.4, 52.0, 55.2,

60.0, 65.0, 69.1, 113.5, 125.4, 128.0, 129.0, 1294,
129.9, 130.1, 133.2, 142.1, 159.0, 173.3.

(3R-cis)-1-[2-(Dimethylamino)- 1 -phenylethyl]-1,3,4,5-
tetrahydro-3-hydroxy-4-(4-methoxyphenyl)-1-(3-
pyrrolidinyl)-6-trifluoromethyl-2H- 1-benzazepin-2-one,
tsomer B (15).

Fractions from the chromatography of 14 containing SMI
(slow-moving isomer) were pooled to provide 3.40 g of
crude SMI. This material was chromatographed twice
(8i03; 2% MeOH: 0.5% E3N:CH,Cl,, then preparative
TI.C 5% MeOH:CH,Cl5) to provide the purc frec base
(0.41 g), which was dissolved in ether and treated with
ethercal HCI. The rcsulting colorless solid was filtered,
rinsed twice with ether and dried to afford 15 (0.42 g).

m.p. 165-171 °C. {a]p35 = +221.8° (¢ = 1.0, MeOH).
M + H)* = 499. IR (KBr): 1671 cm'!. Anal.
(CagH29FaN203-HCD C, I, N, Cl, F. 'TH NMR (CDCl3):
8245 (dd, 1H, J = 13.5, 14.1), 2.9-3.1 (m, 2H), 2.95 (s,
3H), 3.02 (d, 3H), 3.51 (m, 1i), 3.80 (s, 3H), 4.03 (m, 1
H), 4.2 (m, 1H), 4.23 (d. 1H, J = 8.2), 6.57 (m, 1H), 6.90
(d, 2H, J = 8.2), 7.16 (d, 2H, J = 8.8), 7.16-7.27 (m, SH),
743 (, 1H, J = 7.6), 7.55 (d, 111, J = 7.6), 7.79 (d, 1H, J
= 7.6), 12.05 (brs, 1H). 13C NMR (CDClz): § 31.8, 43.2,
45.2, 51.4, 55.3, 55.6, 60.0, 69.5, 113.9, 127.7, 128.5,
129.0, 129.6, 129.8, 130.2. 134.2, 139.0, 159.1, 174.5.

(3R)-1,3,4,5-Tetrahydro-3-tertbutyldimethylsiloxy-4-(4-
methoxyphenyl)-6-trifluoromethy!l-2H-1-benzazepin-2-one
(16)

To a stirred solution of 9 (10 g, 28.5 mmol) and imidazole
(4.85 g, 71.2 mmol) in dry DMF (10 ml.) at 35 °C was
added (-butyldimethylsilyl chloride (5.10 g, 33.8 mmol).
The solution was stirred at 35 °C overnight, cooled to r.t.,
and partitioned between ether and water. The organic phase
was washed with water and brine, dried (MgSOy4) and
cvaporated to afford 16 (14.20 g, 100%) as an amorphous
solid. m.p. 114-116 °C. 'H NMR (CDCl3): 8 0.05 (s.
6H), 0.75 (s, 911).

(IR,2R)-2-(Dimethylamino)-1-chloro-1-phenylpropane,
hydrochloride (17)

To a suspension of 15.2R-(+)-norephedrine hydrochloride
(20 g, 106 mmol) in ether (50 mL) was added sodium
methoxide in MeOH (100 mmol). Additional methanol (50
ml.) was added, the solution stirred for several minutes and
filtered. The colorless precipitate was rinsed several times
with cther and the combined filtrates werc evaporated to
afford the free base as a colorless oil (16.6 g, 100%). The
frece base was dissolved in CHsz CN (125 mL) and aqueous
formaldehyde (42 ml. of 37%) was added. Sodium
cyanoborohydride (10.5 g, 167 mmol) was added
portionwis¢c with intermittent cooling in an ice bath.
Glacial HOAc was added to the cooled reaction until the pH
of the solution dropped to 8, the solution was stirred at r.t.
for 30 min and cvaporated. The residuc was partitioned
between 2N NaOH and cther (3) and the combined cther
layers washed with 0.5N NaOl, and extracted with 10%
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HCl (3). The combined acid washes were neutralized with
solid NaOH and extracted with ether (3), washed with
brine, dried (K,CO3) and evaporated to afford the N,N-
dimethylamino derivative of norephedrine (15.6 g, 82%).

To a solution of N,N-dimethylamino norephedrine (15.2 g,
70.5 mmol) in CH,Cl, (100 mL) was added thionyl
chloride (20.6 mL, 282 mmol) in CH;Cl, dropwise over 1
h. Addition of CCl4 (200 mL) and cooling to 0 °C did not
afford a solid, so the CH,Cl; was distilled off and the
remaining solution was chilled overnight to afford a pink
solid, which was collected by filtration, rinsed with hexane
(3) and dried. Recrystallization from acetone:MeOH (150
mL:5 mL) provided the (1R,2R) isomer of 17 (0.98 g) as
light tan prisms. 'H NMR (CDCl3): § 5.39 (1H, J = 7.6;
CHQ). [a]p?3 = -110.9° (¢ = 1.0, MeOH).

[3R-[I(IR*,2R"), 30, 4ax]]-1-[2-(Dimethylamino)-1-phenyl-
propyl]-1,3,4,5-tetrahydro-3-hydroxy-4-(4-methoxyphenyl)-
6-trifluoromethyl-2H- 1-benzazepin-2-one (18).

To a suspension of NaH (93 mg, 1.93 mmol of a 50% oil
dispersion) in dry DMF (4 ml) was added 16 (0.75 g, 1.61
mmol). The solution was stirred for 10 min, heated to 70
°C and a solution of 17 (0.87 g, 3.22 mmol) and KOsBu
(0.36 g, 3.22 mmol) in dry DMF (2 mL) was added. The
reaction was stirred at 70 °C for 70 min, additional NaH
(45 mg) and 17 (0.22 g) were added, and stirring continued
for 90 min. The reaction was quenched with aqueous
K,CO3, DMF was removed under vacuum with gentle
warming, the residue partitioned between ether and aqueous
K,CO3, washed with brine, dried (MgSOy), and evaporated
to afford a light yellow oil (1.51 g). Chromatography
(8i03; EtOAc:hexane 2:3) provided the TBDMS ether of
18 as a colorless foamy solid (0.58 g).

The TBDMS ether of 18 (0.58 g) was dissolved in dry
THF (25 mL) and tetrabutylammonium fluoride trihydrate
(0.68 g, 1.56 mmol) was added in one portion. The
solution was stirred for 20 min at r.t. and partitioned
between ether and water. The aqueous layer was washed
with ether and the combined organic layers were washed
with brine, dried (MgSQy4), and evaporated to afford a gum
(0.51 g). Chromatography on preparative TL.C (SiO;; 5%
MeOH:CH,Cl;) and extraction (10% MeOH:0.5%
EtsN:CH,Cl,) provided the free base as a colorless foamy
solid. The free base was dissolved in ether and treated with
ethereal HC1. The resulting colorless precipitate was
collected by filtration, rinsed with ether, and dried to afford
18 (205 mg) as a powdery solid. m.p. >220 °C. [a]p?5 =
+180.0° (¢ = 1.0, MeOH). (M + H)* = 513. IR (KB1):
1669 cm™!. Anal. (C9H3;F3N303-HCI) C, H, N, CL, F.
TH NMR (CDCl3): § 1.17 (d, 3H, J = 6.4), 1.83 (, 1H, J
=13.5), 2.68 (dd, 1H, J = 5.3, 14.1), 3.06 (br d, 6H), 3.44
(m, 1H), 3.77 (s, 3H), 4.35 (d, 1H, J = 8.2), 447 (dd,
1H), 5.73 (br m, 1H), 6.81 (d, 2H, J =8.8), 7.04 (d, 2H, J
= 8.2), 7.35-7.68 (m, 8H), 10.83 (br s, 1H). 13C NMR
(CDCl5): 6 12.3, 31.2, 37.5, 44.8, 50.9, 55.3, 62.7, 70.5,
71.8, 113.6, 1279, 1284, 129.0, 129.5, 129.7, 1299,
130.9, 135.3, 135.6, 142.5, 158.7, 177.3.

[3R-[1(18",2R*), 30, 4ax] ]-1-[2-(Dimethylamino)-1-phenyl-
propyl]-1,3,4,5-tetrahydro-3-hydroxy-4-(4-methoxyphenyl)-
o6-trifluoromethyl-2H- 1 -benzazepin-2-one, isomer B (19)

To a suspension of NaH (1.08 g, 22.6 mmol of a 50% oil
dispersion) in dry DMF (10 mL) was added 16 (3.5 g, 7.52
mmotl). The solution was stirred for 30 min, and a mixture
of (15,2R) and (1R,2R) 17 (mother liquors from the
recrystallization of the 1R,2R compound; 3.05 g, 13
mmol)28 was added as a solid, and the solution heated to 65
°C for 1 h. The solution was quenched with aqueous
NaHCO3;, DMF was removed under vacuum with gentle
warming, the residue partitioned between ether and aqueous
K>COs, washed with brine, dried (MgSQO4) and evaporated
to provide a thick brown oil (6.18 g). Chromatography
(Si03; ether:hexane 3:1, followed by EtOAc:hexane 3:1)
afforded the crude TBDMS ether (1.18 g), which was
purified further by chromatography (SiO;; EtOAc:hexane
1:1) to provide the TBDMS ether as a yellow foamy solid
(0.84 g, 18%).

The TBDMS cther was treated with tetrabutylammonium
fluoride as described in the preparation of 18 to provide the
hydrochloride salt. The hydrochloride salt was recrystallized
from MeOH:{PE to afford 19 as a colorless powder (0.42
g, 0.76 mmol, 54%). m.p. 191-192 °C. [a]p?5 = +242.6°
(c = 1.0, MeOH). M + H)* = 513. IR (KBr): 1668 cm'!.
Anal. (Cp9H3;F3N,03-HC)) C, H, N, Cl, F. 'H NMR
(CDC13): 6 1.96 (d, 3H, J = 6.4), 2.19 (dd, 1H, J = 13.5,
14.1), 2.42 (s, 3H), 2.60 (d, 1H, J = 10.0), 2.75 (dd, 1H, J
= 5.3, 14.7), 2.97 (s, 3H), 3.52 (m, 1H), 3.83 (s, 3H),
4.21 (dd, 1H, J = 8.2, 10.0), 5.02 (m, 1H), 6.56 (d, 1H, J
=10.0), 6.93 (d, 2H, J = 8.8), 7.11 (d, 2H, J = 8.8), 7.63
(br s, SH), 7.57-7.70 (m, 3H), 12.21 (br s, 1H). 13C
NMR (CDCl3): § 14.8, 31.1, 36.6, 44.2, 51.7, 55.3,
58.4, 619, 69.2, 114.0, 126.0, 128.1, 129.2, 1294,
129.8, 130.0, 134.1, 135.2, 138.3, 159.3, 174.0.

Supplementary Material Available

Tables of unit cell data, atomic coordinates, and thermal
parameters for compounds of Table 7 (28 pages).

This information may be obtained from the asterisked
author.
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