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Abstract ——— Titled compounds, 2a,b,c,d and e, were
efficiently synthesized from 3-acetoxy-2-(4-methoxyphenyl)-
1,5-benzothiazepin-4{8H)-one (4) through alkylation at the C,-
position followed by sterecselective reduction of the Ca-
carbonyl group.

Diltiazem hydrochleoride, {+)-{2%,33)-3-acetoxy-5-[2-{dimethylamino)ethyl ]-2,3-
dihydro-2-{4-methoxyphenyl)-1,5-benzothiazepin-4(SH)-one hydrochloride (1),l is a
representative calcium antagonist and has been widely wused as an effective
antianginal and antihypertensive agent all over the world. A number of the
congeners have already bheen synthesized in our laboratory.2 In this paper, we
wish to describe the synthesis of a new class of derivatives (2) with additional
substituents at the 02 position.
cis-2,3-Dihydro-3-hydroxy-2-(4-methoxyphenyl)-1,5-benzothiazepin-4(5H)-one

2a, 3

(3, a key intermediate for 1, was oxidized with dimethyl sulfoxide-acetic

anhydride to give the crystalline enol acetate (4) in 64% yield.4 Reaction of 4

OCH,

T/”\O ;
a CHyOAc
N(CHy), * HCI b CH:
diltiazem hydrochloride ¢ CyHs
d  CH.CH=CH,
1 2 & CHaGgHs

+Dedicated to the memcory of Professor Tetsuji Kametani,
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with 2-(dimethylamino)ethyl chloride in acetone using potassium carbonate5
afforded the corresponding N-dimethylaminoethyl compound (5} in 52% yield.

when 5 was treated with n-butyllithium in tetrahydrofuran {THF)} and then with
paraformaldehyde, hydroxymethylation and crossed Cannizzare reduction occurred
simultaneously to give the 2-hydroxymethyl-3-hydroxy compcund (6) in 78% yield.
The stereochemical relation between the C_ -aryl group and the C

2 3
6 was confirmed tc be ¢is by X-ray c¢rystallographic analysis (Figure 1).

~hydroxyl group of

Hydroxymethylation and creossed Cannizzare reduction of 5 thus took place from the
same directicn. Formaldehyde, generated from the paraformaldehyde molecule which
reacted at the Ce—position of 5, possibly reduced the Ca—carbonyl group,
consequently giving the cis isomer. Such a stereocontrolled 1,23-diol synthesis has
scarcely been reported6 and scope and limitation of this reaction are now in

progress. Acetylation of 6 with acetic anhydride afforded the diacetate (2a) in

66% yvield (Scheme 1).
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Scheme 1

Attempts to synthesize the 2-methyl compound (7} from 5 with iodomethane were
unsuccessful, because of the rapid gquaternarization of the dimethylamino group.
Methylation of 4 with iodomethane to the keto lactam (14b) was slsc unsuccessful.

The products obtained were the N-methylated compounds (8 and 9).7 In order to
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Figure 1 Stereoview of the structure of 6

protect the amide hydrogen, 4 was treated with Meerwein reagent in dichloromethane
to give +the imino ether (10) in quantitative yield. Alkylation of 10 was

investigated in wvarious conditions to afford the desired product (11} together

OCH, QCH, OCH,
(CHg)0"BFy 5
CHzCly \ basa
= QAc ———3 QR
==

OC,H; Noc oHs OCaHs

H
10
teluene 12 b CH,
f raflux l c GCoHs
R:  CHy=CHCH, d  CH,CH=CH;
Scheme 2 €  CHCgHs

Table I. Alkylation of 10 with varicus alkylating agents (R-X) to 11 and 12

R-X base solvent yield(%) ratio* isolated yield(%)
{11+12) (11:12) 11 12

CH3I n—C4H9Li THF-hexane-HMPA 80 1 52
KCH CZHSOH 77 2.4 1 50 14

CQHSI n—CngLi THF-hexane-HMPA 58 1 3.5 12 42
KOH CEHSOH B6 1 1.4 25
KOH DMF 73 1 2.8 22 42
LiOH DMF 86 1 1.4

(C2H5)ESO4 n—C4H9Li THF-hexane 1 >10%*

CHE:CH—CH2BP n-C4H9Li THF-hexane-HMPA 49 1 2.1 14 24
KOH C2H50H 88 2.8

06H5CH2Br n—C4H9L1 THF-hexane-HMPA 33 27
KOH CEHSOH a3 12.5 : 1

L4 The ratic was determined by lH-unmrn
** Judged from the tlc of the reaction mixture.
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with the Q-alkylated preduct {(12) as shown in Scheme 2 and Table I.

Methylation of 10 with ilodomethane and n-butyllithium in THF-hexamethylphosphor-
amide (HMPA} vyielded 11b and 12b in a ratio of 3.8 : 1, whereas ethylation and
allylation in the same reaction conditions gave 12¢ and 12d preferentially. When
10 was alkylated in ethanol using potassium hydroxide, 11b, 11d and 1lle were
obtained as a major product. It was unexpected that unhder several conditions
examined, 1llc couldn’t be obtained predominantly. In the case of 124 with an
allyl substituent, Claisen rearrangement readily occurred in hot toluene to give
the desired compound (11d) in excellent yield.

Hydrolysis of 11b in agueous acetic acid gave the undesirable benzothiazine
derivative (13b)7 in quantitative yield, while Lewis acid treatment of 11 in THF

or acetonitrile followed by an addition of water afforded the expected keto-lactam

o OCH,
Oy 1} Lewis acid
Ha B0% ACOH THF or CHaCN
. WO @(
11
CO,CH;

13b 14
NaBH,
THF-C3HsOH ?:EHS o
-CaHs
OCH.
N 1) Lewis acid OCH,
CHaeN
2] H0

10% HCl aq.
THF

OCH, QCH,

NH, GOzCH;

18¢
CICH,CH,N(CHy)s
KzCO;y
acetone
15 —_— -

L~ ?
N(CH), B CHy
c Csz
22 2 d  CH,CH-CH,
Scheme 3 e CHyGCgHs
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(14) in moderate yield. Reduction of 14 with scdium borohydride in THF-ethanol
gave the gigs lactam (15) stereoselectively as shown in Tabie II.

As an alternative route toc the cis lactam (15), 11 was reduced with sodium
borchydride first to give the cis isomer (17) also sterecselectively {Table TITI).
All the cis (17) and Eﬁgggs isomers (18) were easily separated by column chromato-
graphy. The subsequent hydrolysis of 17 and 18 with Lewis acid9 afforded the

corresponding cis (15} and trans (16) lactams in good yield (Scheme 3).

Table II. Reduction of 14 with NaBH, to 15 and 16

4
R conditions ratio* isolated yield(%)
{15 : 16) 15 16
cH, THF-C ,H OH{1:1) a3+ 1 a3
-57°wrt, 2 h
C,HHg THF-C,HZ0H(1:1) 11 : i 75
-57°%wrt, 2 h
CH,=CH-CH,, THF~C,HCH{1:1) 10 : 1 82
-54°%rt, 1 h
C,H_OH
CH,=CH-CH,, &5 6.2 1 1 68 11

rt, 15 min

® The ratic was determined by 1H—nmr.

Table III. Reduction of 11 with NaBH, in THF-C_H_OH to 17 and 18

4 25

R isclated yield(%)
17 18

CH3 80 4.7

02H5 82 15

CH2=CH-CH2 84 11

CeHCH, 79 5.5

The cis configuration of the Cz—aryl group and the Ca-hydroxyl group cof 15b was
determined also by X-ray c¢rystallographic analysis (Figure 2). The stereo-
chemistry of 15¢,d,e and 16c,d,e was presumed on the basis of the follewing.
First, the major products of the sodium borchydride reduction of 11 and 14 should

be ¢is 1isomers because hydride would attack the C_-carbonyl group from the

3
oppesite side of the bulky Cg—aryl group. Secondly, in the lH—nmr spectra, the

signal of the C,-methyl protons (&: 1,938) of the 3-acetoxy compcund (21b) derived

— 475 —




from the trans lactam {(16b) was observed in lower field (0.18 ppm) than that (§:

1.81) of 16b. The Cg-methyl signal (&§: 1.88) of the corresponding cis 3-acetoxy

isomer {20b), on the centrary, was observed in slightly higher field (0.07 ppm)
than that {§: 1.95) of 15b. This tendency was invariably observed in the chemical

shifts of the methylene protons of the C_-substituents of 16c¢,d,e and 2lc¢,d,e, and

2
15¢,d,e and 20c,d,e {(Table IV).

Figure 2 Stereoview of the structure of 15b

Taple IV, The chemical shifts (CDCIS, §) of the methyl or methylene protons of
Ce—substituents of 15, 16, 20 and 21

cis trans
R
15 20 16 21
CH3 1.95 1.88 1.81 1.99
CHSCH2 2.02 , 2.56 2.07 , 2.30 2.11 , 2.54 2,34 , 2,75
CH2=CH—CH2 2.%0 , 3.24 2,91 , 3.06 2.78 , 3.30 3.01 , 3.54
C6H50H2 3.232 , 3.9& 3.33 , 3,786 3.33 , 2.73 3.62 , 3.99

Finally, the cis lactam (15) was alkylated with 2-(dimethylamino}ethyl chloride
and potassium carbonate in acetone,5 to give the N-{dimethylaminoc)ethyl compound
(22). Heating of 22 with acetic anhydride in acetic acid afforded 2-substituted
diltiazem derivatives (2) in excellent yield (Scheme 3j.

The compounds prepared in the present study were tested for cerebral vasodijiating
activity by measuring the increase in blood flow in the vertebral artery of

2f,10

anesthetized dogs after intrasrterial administration. The activity of the

hydrochlorides of 2b, 2c, 22b and 22c was comparable to that of racemic diltiazem
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hydrochloride. The C,-substituents favorable to activity were thus found to be

2
methyl and ethyl groups. Further pharmacclogical evaluation in detail are now in
progress.
EXPERTIMENTAL

All the melting points were uncerreclted. Infrared spectra were taken with a
Hitachi IR-215 or an Analect FX-6200 FT-IR spectrophotometer., Nmr spectra were
recorded with & Hitachi R-9CH, =a JECL JNM-FX-200 or a JECL JNM-GSX-400
spectrometer, Chemical shifts are given as § values from tetramethylsilane as an
internal standard. The following abbreviations are used; s=singlet, d=doublet,
dd=double doublet, t=triplet, g=quartet, dg=double guartet, m=multiplet. Mass
spectra (EI) were recorded with a Hitachi RMU-6 or a JEOL JMS-HX 100 mass
spectrometer. Microanalyses were performed on a Perkin-Elmer 240B C, H, N analyzer
and a Yokokawa IC-100 ion chromatographic analyzer. Preparative tlc was carried

out on Kieselgel 6C F (Merck). Kieselgel 60 (230-400 mesh) (Merck) or Silica

254
Gel 60 K-230 (230-400 mesh) {(Katayama) was used for flash column chromatography.

3-Acetoxy-2-(4-methoxyphenyl)-1,5-benzothiazepin-4(5H)-one (4)4 : Acetic anhydride

(200 ml) was added to a solution of the alcohcl (3) (60.2 g, 0.2 mol) in DMSO (400
ml) and toluene (1000 ml). The reaction mixture was stirred for 42 h at room
temperature {(rt), poured into ice-water and extracted with ethyl acetate. The
ethyl acetate layer was thoroughly washed with water, dried over MgSO4 and

evaporated to give a yellow solid, which was triturated with ether to give 4 (43.7

g, 64%) as pale yellow crystals. mp 206-207°C. Ir (nujol, cm_l) : 3170, 3080,

3040, 1765, 1650. Nmr (DMSO-d., §) : 2.03 (3H, s}, 3.79 (3H, s). 6.9-7.8 (8H, m)},

.
10.78 (1H, s). Ms (m/z) : 341 (MT), 299, 238 {(base)}. Anal. Calcd for €y gHygNO 8

C, 63.33; H, 4,43; N, 4.10; 5, 9.38. Found : C, 63.38; H, 4.38; N, 4.10; &, 9.21.

3-Acetoxy-5-[2-(dimethylamino)ethyl |-2-(4-methoxyphenyl}-1,5-benzothiazepin-

4(5H)-one (5)5 : A mixture of 4 (5.12 g, 15.0 mmol), 2-(dimethylamino)ethyl

chloride (2,42 g, 22.5 mmol)} and choa

refluxed for 20 h and filtered. The filtrate and washings were concentrated,

{(2.50 g, 18.1 mmol} in acetone (80 ml) was

diluted with ethyl acetate and washed with water. The ethyl acetate layer was then

extracted with 10% HCl, which was basified with saturated NaHCO3 solution (satd
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NaHCOs) and extracted with ethyl acetate. The organic layer was washed with brine,

dried over MgSO4, concentrated and purified on a silica gel coilumn (CHClB—CEHSOH
(20:1)) to give 5 (3.22 g, 52%) as an amorphous powder. Ir (CHClB, cm_l)

1640. Nmr (CDClS, 8 + 2.03 (3H, s), 2.25 (6H, s), 2.3-2.9 (2H, m), 3.83 (3H, s),

1760,

3,5-4.0 (1H, m), 4.2-4.8 (1H, m), 6.8-7.8 (8H, m). Ms (m/z) : 412 (M), 72 {base}.

{2RS,38R)-5-{2-(Dimethylamino)ethyl ]-2, 3-dihydro-3-hydroxy-2-hydroxymethyl-2-(4-

methoxyphenyl)-1,5-benzothiazepin-4{(5H)-one {6) : A solution of n-C,HyLi in hexane

(4 ml, 6.4 mmol) was added dropwise to a solution of 5 (1,0 g, 2.42 mmel) in THF

(30 ml} at -60°C under an argon atmosphere., After stirring for 30 min at the same
temperature, paraformaldehyde (0.74 g) was added and the whole was stirred for 3.5
nr at -80°C~rt. The reaction was quenched by addition of brine and the mixture was
extracted with CHClS. The organic layer was washed with brine, dried, concentrated
and then purified on a silica gel column (CHCIB—02H5
78%) as colorless crystals. Analytical sample was obtained by recrystallization

OH (40:1)) to give 6 (0.76 g,

from CQHSOH—ether. mp 132-133°C. Ir (nujol, cm'l) : 3500, 1660. Nmr (CDCIS, §)

2.27 (6H, s), 2.3-3.0 (4H, m, OHx2), 3.4-3.9 (1H, m), 3.82 (34, s), 3.91 (1H, 4,
J=12 Hz), 3.97 (1H, broad s}, 4.24 (1H, d, J=12 Hz), 4.3-4,6 (1H, m), 6.8-7.8 (8H,
mi. Ms (m/z) : 402 (M'), 72 (base). Anal. Calcd for CoyHagN,0,8 ¢ €, 62.67; H,
6.51; N, 6.96; S, 7.97. Found : C, 62.63; H, 6.53; N, 7.01; S, 8.25.

(2RS,35R)-3-Acetoxy-2-acetoxymethyl-5-[2-{dimethylaminc)ethyl ]-2,3-dihydro-2-(4-

methoxyphenyl}-1,5-benzothiazepin-4{%H)-one (2a) : A solution of & (0.35 g, 0.87

mmel) in Ac,0 {10 ml) was heated at 100°C for 2 h and concentrated. Ethyl acestate

2
and satd NaHCO3 were added to the residue, The ethyl acetate layer was separated,
washed with brine, dried over MgSOd, concentrated and purified on a silica gel
column (CHC13-02H50H {40:1)) to give 2a (0.28 g, 66%) as colorless crystals, which
was triturated with ether and dried. mp 138-139°C. Ir (nujol, cm_l) : 1740, 1670.
Nmr (CDC1,, &) : 1.86 (3H, s), 1.99 (3H, s), 2.30 (6H, s), 2.3-2.9 (2H, m),
3.6-4.0 (1H, m), 3.84 (3H, s), 4.2-4.5 (1H, m), 4.50 (1H, d, J=12 Hz}, 4.73 (1H,
d, J=12 Hz), 5.02 (1H, s), 6.8-7.8 (8H, m). Ms (m/z) : 4.86 (M'), 71 (base). Anal.
Calcd for CESHSONEOGS . C, B1.,71; H, 6.21; N, 5.76; S, 6.59, Feund : C, 61.67; H,
6.18; N, 5.76; 5, 6.85.

3-Acetoxy-4-ethoxy=-2-(4-methoxyphenyl)-1,5-benzothiazepine {(10) : The encl acetate

(4) (1.71 g, 5 mmol) was added fec a solution of (02H5}30+-BF T (2.3¢ g, 12.1 mmol)

4

in CH,C1, (13 ml) and the suspension was stirred at rt overnight. 50% K,CO4
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golution (2 ml) was added to the reaction mixture under ice-cooling and the

crganic layer was separated by decantation, dried over MgSO, and then evaporated

4
to give 10 (1.90 g, quant.) as a crystalline powder. This was used for the next
reaction without further purification. Ir (nujol, cm_l) t 1755, 1625. Nmr (CDCl3,
&y : 1.38 (3H, t, J=7 Hz), 2.03 {(3H, s), 3.80 (3H, =), 4.41 (2H, q, J=7 Hz),

6.8-7.6 (84, m). Ms {m/z) : 369 (M+), 327, 151 (base).

(RS)-4-Ethoxy-2-{4-methoxyphenyl)-2-methyl-1,5-benzothiazepin-3(2H}-one (11b) and

4-Ethoxy-3-methoxy-2—{4-methoxypnhenyl)-1,5-benzothiazepine (12b) : A solution of
KOH {0.92 g, 16.4 mmol) in C,HgOH {14 ml1) was added to a sclution of 10 (2.24 g,
6.06 mmol) in C2H50H (10 ml) at 4°C. Icdomethane (6.52 g, 45.9 mmol) was then

added and the yellow reaction mixture was stirred for 5 h at rt and concentrated.
The residue was partitioned between e¢thyl acetate and water, and the organic layer

separated was washed with aquecus Na23203 solution and brine, dried over Mg504,

concentrated and purified on a silica gel column (hexane-ethyl acetate (15:1)) to
give a mixture (1.58 g, 77%) of 11lb and 12b (11b:12b = 2.4:1).11 The mixture was

recrystaliized from hexane to afford 11b {1.04 g, 50%) as pale yellow prisms. mp

1

97-98.5°C. Ir (nujol, cm ~) : 171¢, 1640, Nmr (CDBCl,, &) : 1.37 (3H, t, J=7 Hz),

3 ’
1.75 (34, s), 3.78 (3H, s}, 4.42 (2H, q, J=7 Hz), 6.7-7.6 {8H, m). Ms (m/z) : 34l

(M*), 313. Anal, Calcd for ClnggNOSS . C, 66.84; H, 5.61; N, 4.10; S, 9.39.

Found : C, &7.10; H, 5.12; N, 4.37; 8, 9.48.

The residue obtained from the mother liquor was purified on preparative tlec

(hexane—CH013 {1:1)) to give 12b (0.28 g, 14%) as a yellow oil. Ir (liquid, cm_l):

1625. Nmr (CDCl,, §) : 1.48 (3H, t, J=7 Hz), 3.45 (3H, s), 3.80 (3H, s), 4.50 (2H,

3!
q, J=7 Hz), &6.7-7.8 (8H, m), Ms (m/z} : 341 (M+), 326, 312, 151 (base).

{RS)-2-Ethyl-4-ethoxy-2-(4-methoxyphenyl)}-1,5-benzothiazepin-3{2H)-one (llc) and

3,4-Diethoxy-2-{4-methoxyphenyl)-1,5-benzothiazepine{12ec) : A solution of n-C,HgLi

in hexane {1.06 ml, 1.66 mmol) was added dropwise to a solution of 10 {278 mg,

0.75 mmol) in THF (1.5 ml} - HMPA (0.16 ml) at -50°C under an argon atmosphere and

the reddish brown sclution was stirred for 30 min at the same temperature. CEHSI

{0.42 mi, 5.27 mmol) was added to the solution and the whole was stirred for 6

days at rt. Saturated NH,Cl solution was added and the mixture was extracted with

4

ethyl acetate. The ethyl acetate extract was washed with agueocus Na solution

25203
and brine, dried over Mgsod, concentrated and then chromatographed to give a

yellow oil (155 mg, 58%. lic:12c = 1:3.5).ll The oil was purified on preparative
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tle {hexane-CHC1 (2:1)) to afford 1l1lc (32 mg, 12%) as colorless crystals and 12c

3

(112 mg, 42%) as a pale yellow oil. 1llc; mp 118.5-119°C (hexane). Anal. Calcd for
CZOHElNOES . C, 67.58; H, 5.95; N, 3.94; S5, 9.02. Found : €, 67.65; H, 5.94; N,
1

3.86; 8, 8.99. 12¢; Ir (liquid, cm ~) : 1630. Ms (m/z) : 35% (M), 151 (base).

Compounds 114 and 12d, and 1lle and 12e were prepared similarly, and the yields and
ratios are summarized in Table I. 11d; mp 79-80°C (hexane). Anal. Calcd for
ChyHy NOSS @ C, 68.64; H, 5.76; N, 3.81; S, 8.73. Found : C, 68.70, H, 5.74; N,
3.81: 8, 8.72. 12d; a yellow oil, Ir {liquid, cm“l) . 1625, Ms (m/z) : 367 (M%),

11e; mp 91.5-93.5°C (ether-hexane). Anal. Calcd fer C,_H NOSS . ¢, 71,92; H,

2523
5.55; N, 3.3%; 8, 7.68, Found : C, 71.4%; H, 5.60; N, 3.32; 5, 7.88. 12e; a pale
yellow oil. Ir (ligquid, cm_l) 1635, Ms (m/z) : 417 (M+), 326 (base).
Preparation of 11d through Claigen rearrangement of 12d :; A solution of KOH (3.86

g, 68.8 mmol) in CQHSOH {60 ml) was added dropwise To a cocled solution of 10

(10.2 g, 27.5 mmol) in CEHS

min under ice-cgoling. Allyl bromide (4.76 ml, 55.1 mmol) was then added and the

OH (50 ml) and the yellow solution was stirred for 30

reaction mixture was stirred for 4 h at rt, worked up as usual and chromatographed
on a2 silica gel column (hexane-ethyl acetate (20:1+10:1)) to give a yellow oil
(8.92 g, 88%. 1l1d:124d = 2.9:1).1l The o©il was dissolved in toluene (90 ml),
refluxed for 3 h and evaporated to give yellow crystals. Recrystallization from
hexane afforded 11d (8.02 g, 90%) as pale yellow prisms. mp 79-8C°C. All spectral

data of 11d thus cbtained were identical with those of an authentic sample,

(R8)-2-{4-Methoxyphenyl}-2-methyl-1,5-benzothiazepine-3,4{2H,5H)-dione (14b) : A

pale yellow solution of 11b (1.71 g, 5 mmol) in CH2012 (5 ml) and {(CH 3 (5 ml)

3)2

was added dropwise to a solution of AlCl3 (2.0 g, 15 mmcl) in CHECI (5 ml) and

2
(CHB)ES (5 ml) under ice-cooling. The reaction mixture was stirred for 2 h at
0-2°C, poured into Iice-water and extracted with CH2012. The organic layer was
washed with satd NaHCO3 and brine, dried over MgSO4 and evaporated to give a
solid, Recrystallization from ethyl acetate-hexane afforded 14b (1.30 g, 83%) as
colorless crystals. mp 191.5-~192°C, Ir (nujol, cm_l) 3180, 1710, 1650. Nmr
(CDCla, &) : 1.81 (3H, s), 3.79 (3H, s), 6.8-7.7 (BH, m), 8.64 {1H, broad s). Ms
{m/z) : 313 (M+), 285, 134 (base). Anal. Calcd for 017H15NOSS : £, 65.16; H, 4.82;
N, 4.47; 8, 10.23. Found : C, 65.07; H, 4.86; N, 4.43; 5, 10.33.

Ceompound 14e was prepared similarly, y. 22%. mp 192-193°C (ethyl acetate-hexane).

Anal, Calcd for C23H19N038 . C, 70.93; H, 4.92; N, 3.60; 5, 8.23. Found : C,
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70.72; H, 4.71; N, 3.52; §, 8.23.

{RS)-2-Allyl~2-(4-methoxyphenyl)-1,5-benzothiazepine-3,4(2H,5H)-dione (14d) : Tri-

methylsilyl chloride (0.55 ml, 4.3 mmol) was added dropwise to a mixture of 11d
{(0.79 g, 2.15 mmol) and Nal (0.64 g, 4.3 mmol) in CH,CN {15 ml) and the yellow
suspension was stirred for 20 min at rt, poured into ice-water and extracted with
ethyl acetate. The ethyl acetate layer was washed with satd NaHCO3 and brine,

dried over MgS3C0 concentrated and purified on a silica gel column (hexane-ethyl

47
acetate (4:1)) to give 14d (0.58 g, B80%) as colorless needles. mp 175-176°C
{(ethyl acetate-hexane). Anal. Calcd for ClQHl'?NOSS . C, 67.24; H, 5.05; N, 4.13;
S, 9.45., Found : C, 67.12; H, 4.97; N, 4.07; S, ©.63.

Compound 14c was prepared similarly, y. 71%. mp 213.5-214.5°C {ethyl acetate).
Anal. Calcd for C18H17NOBS : C, 66.03; H, 5.23; N, 4.28;, 5, 9.79. Found : C,
66,20; H, 5.18; N, 4.60; S, 9.97.

(EEQ,35§)—2,3—Dihydro—3—hydroxyﬂ2~(4—methoxypheny1)—2—methyl—1,5—benzothiazepin—

4(5H)-one (15b} : A solution of 14b (213 mg, 0.68 mmol) in THF (2,5 ml) and C2H50H

(2.5 ml) was cooled to -57°%. NaBH, (5% mg, 1.36 mmol) was added portionwise and
4

the mixture was stirred for 2 h at -57°nart. Brine (10 ml) and ethyl acetate (20
ml) were added to the reaction mixture and separated. The agqueous layer was
extracted with ethyl acetate and the ethyl acetate layers were combined, washed
with water and brine, dried over Mg504 and evaporated to give cclorless crystals

(quantitative, 15b:16b = 32:1).11 Recrystallization from CEHSOH afforded 15b (189

mg, 93%) as colorless prisms, mp 190-191°C. Ir (nujol, cm_l) 3330, 1680, 1640

{sh). Nmr {CDC1 §) : 1.95 (3H, s), 2.78 (1H, d, J=9.7 Hz, OH), 3.78 (3H, s),

3 1}
3.98 (1H, d, J=9.7 Hz), 6.6-7.7 (&H, m), 8.70 (1H, broad s). Ms (m/z} : 315 (M*},

297. Anal. Calcd for C17H17N03S . C, 64.74; H, 5.43; N, 4.44; §, 10.17. Found : C,

64.71; H, 5.58; N, 4.61; 8, 10.33.
Compounds 15c, 154 and 16d were prepared similarly and the isclated yields of
these compounds are summarized in Table II. 15¢; mp 197.5-198.5°C (toluene). Anal.

Calcd for clBHlQNOSS . ¢, 65.63; H, 5.81; N, 4.25; S, 9.73. Found : C, 65,37; H,

5.79; N, 4.29; S, 9.93. 15d; mp 172-174.5°C (CEHSOH)' Anal. Calcd for 019H19N035

c, 66.84; H, 5.61; N, 4.10; 8, ©.39. Found : C, 66.71; H, 5.585; N, 4,17; 5, 9.55.
16d; mp 133-134°C (toluene-hexane). Anal, Caled for ClQH19N035'1/306H50H3 : C,

68.8%; H, 5.87; N, 3.76; S, 8.62. Found : C, 69.02; H, 5.82; N, 3.62; 8, 8.85.
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Reduction of 11b with NaBH4 to 17b and 18b : A solution of 11b (0.75 g, 2.2 mmol)

in THF (16 mi} and CzHSOH (4 ml) was cooled to -58°C. NaBH (83 mg, 2.2 mmol) was

added and the pale yellow solution was stirred for 18 h at -58°+-27°C. The
reaction solution was worked up in a similar manner described above and purified
on a silica gel column (hexane-ethyl acetate (10:1}) to give 17b (0.61 g, 80%) as

coloriess needles and 18b (36 mg, 4.7%) as a colorless viscous oil. 17b; mp

95-96 °C (isopropyl ether-hexane). Ir {(nujol, cm_l) 1 3600-3100, 1635, 1615, Nmr

(cDpel §) : 1.30 (3H, t, J=7 Hz), 1.91 (3H, s), 1.92 (1H, d4, J=11.6 Hz, COH), 3.82

3’
{3H, s), 4.07 (l1H, d, J=11.6 Hz}, 4.37,4.3% (2H, dg, J=7 Hz), 6.8-7.8 (BH, m). Ms

{m/z) : 343 (m¥y, 314, 299, 164 (base). Anal. Calcd for 019H21N035 : C, 66.45; H,

6.16; N, 4.08; S, 9.34. Found : C, 65.99; H, 6.19; N, 4.21; S, 9.37. 18b; Ir
l) 3600-3100, 1635. Nmr {(CDCL

{liquid, cm” &) : 1.48 {(3H, t, J=7 Hz}, t.82 (3H,

3!
s), 1.95 (3H, s), 2.70 (1H, broad s, OH), 3.75 (3H, =), 4.3-4.7 {3H, m), 6.6-7.8
(8H, m). Ms {m/z) : 343 (M"), 180, 164 {(base}.

Compounds 17c¢ and 18c, 17d and 18d, and 17e¢ and 18e were prepared similarly and
the isolated yields of these compounds are summarized in Table III. 17c; mp

106-107°C (hexane). Anal. Calcd for C20H23NOSS : C, B7.20; H, 6.48; N, 3.92; 5,
1

8.97, Found : C, §7.43; H, 6.35; N, 3.21; S, 9.01. 18¢; an o0il, Ir (liquid, em ~):
3600-3100, 1640. Ms (m/z) : 358 (M +1), 178 (base). 17d; mp 96.5-97.5°C {hexana).

Anal. Calcd for 021H23N035: c, 68.27; H, 6.27; N, 3.79; 3, 8.68. Found : T, 68.17;
1
}

H, 6.25; N, 3.67; S, B.66. 18d; an oil. Ir {liguid, cm 3600-3100, 1640.

Ms (m/z) : 368 (M+J, 180 {base). 17e; mp 140.5-141°C (hexane)., Anal. Calcd for

C25H25N035 : C, 71.57; H, 6.01; N, 3.34; 5, 7.64. Found : C, 71.66; H, 5.89; N,

3.25; 8, 7.64. 1l8e; mp 158-158.5°C {(toluene-hexane). Anal. Calcd for CESH25NOSS

¢, 71.57; H, 6.01; N, 3.34; 5, 7.64. Found : C, 71.5%2; H, 5.86; N, 3.21; &, 7.83.

(2R$,3R38)-2-Ethyl-2,3~dihydro-3-hydroxy-2-{4-methoxyphenyl)-1,5-benzothiazepin-

4(5H}-one (15c) : Trimethylsilyl chloride (2.17 ml, 17.1 mmol) was added dropwise

to a mixture of 17¢ (3.05 g, 8.53 mmol) and NaI (2.56 g, 17.1 mmol) in CHBCN (70

ml) under ice-cooling and the suspension was stirred fer 16 h at rt. The reaction
mixture was diluted with ethyl acetate (300 ml), washed successively with water,
satd NaHCOa, diluted NaESEO3 soluticon and brine, dried over MgSO4
evaporated to give colorless crystals, which were triturated with toluene-hexane

and then

to give pure 15¢ (2.76 g, 98%), mp 197.5-198.5°. Compounds 15b (87%), 15d (92%),

15e (95%), 16b (75%), 16¢c (94%), and 16e (9%5%) were prepared similarly. 15e; mp
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5.31; N, 3.00; S, 7.20.

(2E§,3§§)—5—[2—(Dimethylamino)ethy1]—2,3—dihydro—3—hydroxy-2—(d—methoxyphenyl)—2#

methyl-1,5-benzothiazepin-4(5H)-one hydrochloride (22b-HC1}5 : A suspension of 15b

(2.60 g, 8.24 mmol), CLlCH,CH N(CH «HC1 (1.42 g, 9.89 mmol) and K2003 (3.42 g,

2 3)2
24,7 mmol) in acetone (70 ml) was refluxed for 22 h under vigorous stirring. The
reaction mixture was concentrated, dissclved in ethyl acetate and water and then
separated. The organic layer was washed with brine, dried over MgSO4 and
evaporated to give an oily residue, which was dissolved in ethyl acetate (30 ml).
& solution of 2.3 N dry HCl in ethyl acetate (7 ml) was added dropwise to the
solution under ice-cooling and colorless crystals separated were collected by
filtration. Recrystallization from CZH5OH afforded pure 22b.HCl (3.10 g, 86%), mp
251-252.5°C (decomp). Ir {(nujol, em™l) 3200-2400, 1645. Nmr (DMSO-dg, &) 1 1.70
{34, s5), 2.79 (6H, s), 2.%-4.7 (6H, m), 3.77 (34, s}, 6.89 (2H, d, J=9 H=z),
7.2-7.8 (6H, m), 10.95 (1H, broad s}. Ms (m/z): 3886 (M+— HCl), 316, 164, 71, 58
(base). Anal. Calcd for C21H27CIN2038 : ¢, 59.63; H, 6.43; Cl, 8.38; N, 6.62; 5,
7.%8. Found : C, 59.5%1; H, &.37; Cl, 8.48; N, 6.60; 5, 7.53.

Compounds 22c-HC1 (93%), 22d.HC1 (83%) and 22e.HCl (91%) were prepared similarly,
and recrystallized from C2H OH. 22¢c-.HCl; mp 242.5-243°C (decomp). Anal. Calcd for

5

CopHpgCINL0.S = €, 60.47; H, 6.69; Cl, 8.11; N, 6.41; 5, 7.34. Found : C, 60.37;

H, 6.71; €1, 8.28; N, 6.30; 3, 7.53. 22d.HCl; mp 171.5-172,5°C {melt), 212-215°C

(decomp). Anal. Caled for C,.H,oCIN,0,8+1/4H,0 @ C, 60.91; H, 6.56; Cl, 7.82; N,

6.18; 5, 7.07. Found : C, 60.70; H, 6.77; C1, 7.89; N, &.21; 8, 7.10., 22e.HCl; mp
217.5-218.5°C. Anal. Caled for C, H, CIN,0,8 : C, 64.98; H, 6.26; Cl, 7.10; N,

5.61; 8, 6.43. Found : C, €4.73; H, &.27; Cl, 7.06; N, 5.61; S, 6.42,

(2RS, 3RS ) -3-Acetoxy-5-[2-(dimethylaminojethyl]-2,3-dihydro-2-(4-methoxyphenyl)-2-

methyl-1,5-benzothiazepin-4{5H)-one hydrochloride (2b.HC1) : A mixture of 22b-HCl

(2.00 g, 4.73 mmol) in AcOH (20 mi) and Ac,.0 (20 ml) was refluxed for 2 h and

2
evaporated to dryness to give a c¢rystalline residue. Recrystallization from
C,H.0CH - isopropyl ether afforded colorless crystals (2,00 g, 91%), mp

275
218.5-219.5°C. Ir (nujol, cm Y} : 2560, 2500, 2440, 1735, 1670, Nmr (DMSO-~d,, &)

1.78 (3H, s), 1.94 (3H, s), 2.87 (6H, s), 3.1-3.7 (2H, m), 3.83 (3H, s), 4.4-4.5
(2H, m), 4.63 (1H, s}, 6.8-7.0 (2H, d-1ike, J=10 Hz), 7.2-7.8 (8H, m}, 12.88 {(1H,
broad s). Ms (m/z) : 428 (MY-HC1l), 175, 164, 135, 71, 58 (base). Anal. Calcd for

023H2901N204S: Cc, 59.41; H, 6.29; C1, 7.62; N, 6.02; 5, 6.89, Found : C, 59.30; H,
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6.38; £1, 7.80; N, 5.94; 5, 7.03.
Compounds 2cHClL {91%), 24-HC1 (82%) and 2e.HCl (92%) were prepared similarly and

recrystallized from CQHSOH—isopropyl ethaer. 2c¢c«HCl; mp 211-212°C. Anal. Calcd fer

024H3101N2045 : C, 60.18; H, 6.52; Cl, 7.40; N, 5.85; 8, 6.69, Found : C, 59.89;

H, 6.82; €1, 7.41; N, 5.85; S, 6.86., 2d-HCl; mp 212-212.5°C. Anal. Caled for

CogHgy CIN,0,8 ¢ C, 61.15; H, 6.36; Cl, 7.22; N, 5.70; $, 6.53. Found : G, 60.80;

H, 6.59; Cl, 7.15; N, 5.63; S5, 6.47. 2&-HCl; mp 231-234°C {(decomp). Anal. Calcd

for 629H3301N2045 : £, 64,37; H, &.15; Cl1, 6.55; N, 5.18; 5, 5.83. Found '@ C,

64.49; H, 6.31; Cl, 6.45; N, 5.10; 5, 5.86.

¥-Ray Crystallographic Analysis of Compound 6 ; Crystal data C21H26N204S,
M=402.513, monoclinic, &=8.598 (1), b=15.543 (2), c=8.452 {1) A, B=115.77 (5)°,
v=1017.0 (2} 33, Z=2, Space group P2,, Dcalc.=1.314 kg/ms, p=16.25 cm‘l, CuKuo

radiation A=1.5418 A. Diffraction experiments were performed on a diffractometer
{AFC5/RIGAKU). Cell parameters were refined using setting angles of 20 reflections
in the range of 30°<28<60° Intensity data were collected in the range of
28 <130° using w/2s scan technique. The structure was solved by the direct method
using MULTAN, and refined by the block-diageonal matrix least square's method using
anisotropic temperature factors for all non-hydrogen atoms and isotropic ones for
all hydrogen atoms, which were located on a difference Fourier map. The final R

and W, values are 0.057 and 0.063 ( ¥W = 1/g{Fobs)).

X~Ray Crystallographic Analysis of Compound 15b : Crystal data C17H17N035,

M=315.391, moncclinic, &=10.857 (i}, b=8.176 (1), c¢=17.798 (1) A, 8=102.17 (1)°,

o -—
v=15%44.37 (2) Aa, Z=2, Space group P2./c, Dcalc.=1.386 kg/mg, y=19.18 cm 1, CuKa
radiation A=1.5418 R. Diffraction experiments and structure analysis were carried
out by the same procedure described above. The final R and WR values are 0.063 and

0.061 ( YW = 1/ (Fobs)}.
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B: mp 151-152°C., Ms (m/z) : 327 (M), 134 {base). 9; mp 115-116°C, Ms (m/=z)

1

327 (M7), 151 (base). 13b: an oil, Ir (liguid, cm ~) : 1720. Ms (m/z) : 341

(M7, 268 (base).
in this paper, the term "cis or trans" represents the sterecchemical relatlion

hetween the Cg—aryl group and the C_,-hydroxyl group. The importance of the

3
2,3-cis stereochemistry of diltiazem for pharmacological activity has already
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Pharm, Bull., 1973, 21, 92.
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