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The metabolites of clentiazem in the urine or bile of rats and dogs were investgated. Fifteen basic, 6 acidic, 2
neutral and 4 conjugated metabolites were isolated. In the present paper, fourteen reference compounds as shown
in Charts 1, 2 and 3 were synthesized to identify the structures of the metabolites in procedures fundamentally
similar to those empolyed in the synthesis of the corresponding metabolites of diltiazem.
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Clentiazem, an 8-chlorinated isomer of diltiazem, is a
potent calcium channel blocker and useful as a cerebral
vasodilating and antihypertensive agent.!) The metabolites
of clentiazem in urine and/or bile of rats and dogs were
investigated.

In the metabolic study of diltiazem, the perincipal
metabolic pathways were deacetylation, N-demethyl-
ation, deamination, and conjugation in animals and
human.?~® The metabolites of clentiazem were sub-
stantially similar: 15 basic, 6 acidic, 2 neutral and 4
conjugated metabolites were reported previously.”

In the present paper we describe the syntheses of four-
teen reference compounds for the purpose of identifying
8 basic, 4 acidic and 2 neutral metabolites.

Basic Metabolites The synthetic pathways of basic
metabolites are shown in Chart 1.

MBI (2), deacetylated metabolite of clentiazem (1), is
an intermediate for the synthesis of 1. N-Demethylated
metabolite MB2 (4) was synthesized in 77% overall yield
from 1 by treatment with trichloromethyl chloroformate
in the presence of NEt; at room temperature followed by
heating the resultant N-chloroformyl compound in aq.
MeCN under reflux. Hydrolysis of 4 with dil. HCI gave
MB3 (5).

O-Demethylation of 2 and 5§ with BBry at 0—5°C
afforded MB4 (6) and MB6 (7) in 62.2 and 77.3% yields,
respectively. O-Demethylation of 1 and 4 produce 3-
acetoxy metabolites, MB7 (13) and MBS (11), under the
same reaction conditions, however, contamination with
the corresponding 3-deacetylated by-products 6 and 7
was inevitable and removal of these contaminants from
11 and 13 was very hard.

O-Demethylation of (+)-lactam (3) with trimethylsilyl
chloride (TMSCI) and Nal in MeCN followed by O-
benzylation with benzyl bromide (Bz!Br) in MeOH in
the presence of K,CO; at 70 °C afforded 8 in 54% yield.
This O-benzylation in another solvent, such as aq. MeOH
or dimethylformamide (DMF), gave a complex mixture
consisting of N- and/or O-benzylated and C,-epimerized
products (2,3-trans-isomer).

Conversion of 8 into 12 was performed in 71.7% overall
yield by the same procedure as employed for the synthesis
of clentiazem (1).1 On the other hand, N-alkylation of
8 with 2-(N-benzyl-N-methylamino)ethyl chloride in
acetone in the presence of K,CO; under reflux gave 9

in quantitative yield which was converted into 10 by
heating with benzyloxycarbonyl chloride (ZCl) in toluene
after acetylation of 3-hydroxyl group, or, inversely, by
acetylation after the reaction with ZCl. Finally, 10 was
successfully debenzylated by HBr— AcOH to afford MBS
(11)in 79.9% yield. However, debenzylation of 12 to afford
MB7 (13) was accompanied by the formation of diacetyl
compound 14 (10.9%) by phenol acetylation as by-
product, which was easily separated by column chroma-
tography.

MBS (15) was synthesized from 3 by N-alkylation with
2-aminoethyl chloride-HCI in the presence of 2 eq of
KOH in dimethylsulfoxide (DMSO) and subsequent
selective acetylation of 3-hydroxyl group with acetyl
chloride, according to the method used for the synthesis
of the corresponding metabolite of diltiazem.?

Acidic Metabolites Acidic metabolites were also syn-
thesized in the manner employed for the synthesis of
acidic metabolites of diltiazem as shown in Chart 2.2

N-Alkylation of 3 with ethyl chloroacetate in the
presence of K,CO; in acetone afforded 17, followed by
alkaline hydrolysis to give MA2 (18) in 92.0% overall
yield which was converted to MA1 (19) by acetylation
with Ac,O-pyridine at room temperature.

Removal of benzyl groups of 22 by treating with
TMSCI-Nal in MeCN gave MA4 (20) in 98% yield, while
acetylation of 22 followed by debenzylation yielded MA3
(23) in 54.4% overall yield.

The intermediate 22 was prepared by alkaline hydrolysis
of 21.

Neutral Metabolites As shown in Chart 3, MN2 (24)
was synthesized by N-cyanomethylation of 3 and sub-
jected to acetylation to afford MNT1 (26).

Experimental

The analytical and spectral data are summarized in Tables I and II.

Synthesis of Basic Metabolites. (+)-(2.5,35)-8-Chloro-5-[2-(dimethyl-
amino)ethyl]-2,3-dihydro-3-hydroxy-2-(4-methoxyphenyl)-1,5-benzo-
thiazepin-4(SH)-one (2, MB1) Method A: Clentiazem-maleate (1)
(2.0g, 3.54mmol) was hydrolyzed by stirring in a mixture of 5% aq.
NaOH (30ml) and MeOH (30 ml) at room temperature for 20h and
worked up in the usual manner to give MBI -oxalate (1.69g, 96.0%)
after recrystallization from MeOH-CHCI;-Et,0, which was identical
with an authentic sample.”

Method B: A mixture of (+)-(25,35)-8-chloro-2,3-dihydro-3-hydroxy-
2-(4-methoxyphenyl)-1,5-benzothiazepin-4(5H)-one (3) (10g, 29.78
mmol), 2-(dimethylamino)ethyl chloride-HCI (4.4 g, 60.63 mmol),
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Chart 1

K,CO; (12.36 g) and acetone (320 ml) were stirred under reflux for 20 h.
Inorganic compounds were filtered off and washed with AcOEt. The
filtrate and washings were combined and concentrated. The residual oil
was dissolved in AcOEt. The solution was washed with H,O, dried over
MgSO,, concentrated, and then converted into oxalate and recrystallized
from MeOH-CHCl;-Et,0 to give MBI - oxalate.
(+)-(25,35)-3-Acetoxy-8-chloro-2,3-dihydro-2-(4-methoxyphenyl)-
5-[2-(methylamino)ethyl]-1,5-benzothiazepin-4(SH)-one (4, MB2) To
a solution of 1 (free base, 11.03 g, 24.57 mmol) in toluene (72 ml) were
added NEt; (2ml) and trichloromethyl chloroformate (4.83g, 24.51
mmol) successively under ice-cooling. The reaction mixture was stirred
at room temperature for 20h and concentrated. The residual oil was
dissolved in CHCl;-Et,O (1:1). The solution was washed with 10%
HCI and H,O0, dried, and concentrated. The residual oil was heated in
a mixture of MeCN (25ml) and H,O (30 ml) under reflux for 40 min and
concentrated to remove MeCN. The residue was dissolved in H,0, made
basic with NH,OH, and extracted with CHCI;. The extract was washed
with H,O, dried, and concentrated. The residual oil was converted into

oxalate and recrystallized from MeOH to give MB2-oxalate, 9.93¢g
(77.0%) after recrystallization from MeOH.

(+)-(25,35)-8-Chloro-2,3-dihydro-3-hydroxy-2-(4-methoxyphenyl)-
5-[2-(methylamino)ethyl}-1,5-benzothiazepin-4(SH)-one (5, MB3) A
mixture of MB2-oxalate (16.3 g, 31.05mmol), 10% HCI (200 ml), and
MeOH (50ml) was heated under reflux for 2h, made basic with conc.
NH,OH after cooling, and extracted with CHCIl;. The extracts were
washed with H,O, dried, and converted into fumarate to give MB3-
fumarate, 13.16 g (83.8%).

(+)-(25,35)-8-Chloro-5-[ 2-(dimethylamino)ethyl]-2,3-dihydro-3-
hydroxy-2-(4-hydroxyphenyl)-1,5-benzothiazepin-4(SH)-one (6, MB4)
A solution of BBr; (32 g, 127.3mmol) in CH,Cl, (50ml) was added to
a solution of MBI (free base, 10g, 24.57 mmol) in CH,Cl, (350ml) at
0—5°C during a period of 20 min. After stirring the mixture at 4—5°C
for 3h, MeOH (50ml) and cracked ice were added to the reaction
mixture. The mixture was neutralized with K,CO; (pH 7) and extracted
with CHCI,. The extracts were washed with H,O, dried, and concent-
rated. The residual oil was purified by column chromatography (SiO,,
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eluted with MeOH-CHCl, (1:50—1:10)). The obtained foam was
recrystallized from aq. EtOH to give MB4 EtOH adduct, 6.72 g (62.2%).

(+)-(25,35)-2-(4-Benzyloxyphenyl)-8-chloro-2,3-dihydro-3-hydroxy-
1,5-benzothiazepin-4(SH)-one (8) (i): TMSC] (28.5ml, 225.61 mmol)
was added to a solution of the (+)-lactam (3) (30 g, 89.34 mmol) and
Nal (34.1g) in MeCN (700ml) at room temperature. After stirring for
2h, additional Nal (34.1g) and TMSCI (28.5ml) were added to the
reaction mixture at 57—60°C, and the mixture was stirred for 2h.
Subsequently, Nal (34.1 g) and TMSCI (28.5ml) were added again and
stirring at 60°C was continued for 15h. The reaction mixture was
concentrated and the residue was poured into a solution of Na,S,0;
(150 g) in H,O (1.2 1). The precipitated crystals were collected on a filter,
washed with H,O, and recrystallized from AcOEt to give (+)-(25,35)-
8-chloro-2,3-dihydro-3-hydroxy-2-(4-hydroxyphenyl)-1,5-benzo-
thiazepin-4(5H)-one, mp 233—234°C (dec.), 28.24g (98.2%), [«]3°
+100.8° (¢=1.00, DMF).

(ii): A solution of K,CO; (6.57g) in H,0 (67ml) was added to a
solution of the 2-(4-hydroxyphenyl) compound (13.3g, 35.77 mmol)
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Chart 2
S
Cl
a

e
0"
CH,CN

24 (MN2)

a) CICH,CN/K,CO4

169

obtained above and BzIBr (8.13 g, 47.53 mmol) in MeOH-H,0 (2:1)
(400 ml) at 70°C during a period of 15min, and then the mixture was
stirred at 70 °C for 1 h and cooled. The precipitated crystals were filtered
and recrystallized from AcOEt-acetone to give 8, 9.2g (54%).

(+)-(28,35)-5-[2-(N-Benzyl- N-methylamino)ethyl]-2-(4-benzyl-
oxyphenyl)-8-chloro-2,3-dihydro-3-hydroxy-1,5-benzothiazepin-4(5 H)-
one (9) A mixture of 8 (13.03 g, 30.34 mmol), 2-(N-benzyl-N-methyl-
amino)ethyl chloride-HCI (7.34 g, 33.34 mmol), K,CO; (10.94 g), and
acetone (790 ml) was heated under reflux and vigorous stirring for 20h
and worked up in the same manner as described in the preparation of
1 to give 9, 17.7 g (quantitative yield) as an oil.

The oil was converted into oxalate and recrystallized from MeOH to
give 9-oxalate.

(+)-(25,35)-3-Acetoxy-5-[2-(N-benzyloxycarbonyl-N-methyl-
amino)ethyl]-2-(4-benzyloxyphenyl)-8-chloro-2,3-dihydro-1,5-benzo-
thiazepin-4(SH)-one (10) Method A: Acetyl chloride (360mg, 4.59
mmol) was added to a mixture of 9 (2.13g, 3.81 mmol) and pyridine
(25ml) at —5—0°C and the mixture was stirred at room temperature
for 5h and then concentrated. The residual oil was dissolved in AcOEt.
The AcOEt solution was washed with H,0, 5% NaHCO;, and H,O
successively, dried, and concentrated. The obtained oil was converted
into oxalate to give (+)-(28,35)-3-acetoxy-5-[2-(N-benzyl-N-methyl-
amino)ethyl]-8-chloro-2,3-dihydro-1,5-benzothiazepin-4(5H)-one -
oxalate, mp 173—175°C (from EtOH), 2.05g, (84.7%), [a]2° +78.4°
(¢=1.00, MeOH).

A mixture of the 3-acetoxy compound (free base, 1.76 g, 2.93 mmol)
and ZCl (1.50 g, 8.79 mmol) in toluene (80 ml) was heated under reflux
for 7h. After removal of the solvent, benzyl chloride, and excess of ZCl
by evaporation in vacuo, the residual oil was purified by column
chromatography (SiO,, eluted with CHCl;-AcOEt (9:1)) to give 10,
1.79 g (94.7%) as an oil.

Method B: A solution of ZCl (300mg, 1.76 mmol) in toluene (6 ml)
was added to a solution of 9 (350 mg, 0.63 mmol) in toluene (10 ml) at
80 °C during a period of 9 min; the mixture was heated at 82°C for 5h
and concentrated. The residual oil was purified by column chroma-
tography (SiO,, eluted with CHCl;~-AcOEt (95:5)) and recrystallized
from AcOEt-hexane to give (+)-(2S,3S5)-5-[2-(N-benzyloxycarbonyl-
N-methylamino)ethyl]-2-(4-benzyloxyphenyl)-8-chloro-2,3-dihydro-
3-hydroxy-1,5-benzothiazepin-4(5H)-one (16), 290 mg (82.8%).

The benzyloxycarbonyl compound (16) (110mg, 1.82mmol) was
acetylated by heating at 100 °C for 7h with Ac,O (15ml) and pyridine
(5 drops) and worked up in the usual manner to give 10, 110 mg (91.7%)
as an oil.

(+)-(28,35)-3-Acetoxy-8-chloro-2,3-dihydro-2-(4-hydroxyphenyl)-
5-[2-(methylamino)ethyl]-1,5-benzothiazepin-4(SH)-one (11, MBS)
Twenty-five percent HBr-AcOH (30 ml) was added to a solution of 10
(16.9 g, 26.19 mmol) in AcOH (18 ml) under ice-cooling and the mixture
was stirred at room temperature for 5h and concentrated (at below
30 °C). After the solubilization of residual oil into H,O, the solution was
washed with Et,O to remove BzIBr, made basic with conc. NH,OH,
and extracted with CHCIl,. The extracts were combined, washed with
H,O0, dried, and concentrated. The obtained oil (12.86 g) was purified
by column chromatography (SiO,, eluted with CHCl;-MeOH (9: 1—
85:5)). The obtained oil was converted into oxalate and recrystallized
from MeOH to give MB5-oxalate - hemihydrate, 10.69 g (79.9%).

(+)-(25,35)-8-Chloro-2,3-dihydro-3-hydroxy-2-(4-hydroxyphenyl)-
5-[2-(methylamino)ethyl]-1,5-benzothiazepin-4(SH)-one (7, MB6) A
solution of BBr; (30.4g, 121.35mmol) in CH,Cl, (120 ml) was added
to a solution of MB3 (free base, 9.52 g, 24.23 mmol) in CH,Cl, (800 ml)
at 0—>5°C and the reaction mixture was stirred at 0—5°C for 2.5h and
concentrated. CHCI; (1 1), MeOH (200 ml) and cracked ice were added

OCH,

25 (MN1)

b) AcyO/pyridine

Chart 3
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TABLE 1. Analytical and Spectral Data for Synthetic Reference Compounds

Vol. 42, No. 1

Analysis (%)
Caled (Found)

to the residual oil. The mixture was neutralized with K,CO; (pH 7) and
extracted with CHCl;. The extracts were combined, dried, and concen-
trated. The residual oil was purified by flash column chromatography
(Si0,, eluted with MeOH-CHCI; (1:4)) to give MB6 as a foam, 7.10g
(77.3%), which was converted into fumarate to give white powder.
MB6 was also prepared by removal of the protective groups of 16 in
29% yield according to the method described in reference 8.
(+)-(2S5,35)-3-Acetoxy-2-(4-benzyloxyphenyl)-8-chloro-5-[ 2-(di-
methylamino)ethyl]-2,3-dihydro-1,5-benzothiazepin-4(SH)-one (12) A
mixture of 8 (33 g, 76.83 mmol), 2-(dimethylamino)ethyl chloride- HCI
(12.72 g, 118.29 mmol), K,CO; (27.7g), and acetone (1 1) was heated
under reflux and vigorous stirring overnight and the reaction mixture
was worked up in the same manner as described in the preparation of 1.
The obtained oil of 5-[2-(dimethylamino)ethyl] compound (28.08 g)
was acetylated by stirring with Ac,O (280 ml) and pyridine (280 ml) at
room temperature for 2h. After evaporation of Ac,O, pyridine and
AcOH, 12 (30 g, 71.7%) was obtained as an oil. The oil was converted
into oxalate and recrystallized from MeOH-Et,O to give 12+ 1/20xalate.
(+)-(25,35)-3-Acetoxy-8-chloro-5-[ 2-(dimethylamino)ethyl]-2,3-
dihydro-2-(4-hydroxyphenyl)-1,5-benzothiazepin-4(SH)-one (13, MB7)
Twenty-five percent HBr-AcOH (154 ml) was added to a solution of 12
(30.0 g, 57.14mmol) in AcOH (180 m!) under ice-cooling. After stirring

Compound mp (°C) []3? Formula IR yRujol cm ™1
C H Cl N S Na
2 (MB1)-oxalate 206—208 +82.5°9 C,oH,;3CIN,O,S 53.17 5.07 7.13 5.64 645 N.D.
(¢=0.314, DMF) -C,H,0, (53.10 5.02 7.25 561 6.56)
4 (MB2)-oxalate 172—173 +63.3° C,,H,;CIN,O,S 52.63 484 6.75 5.15 6.11 1740, 1680, 1640
(¢=0.422, MeOH) -C,H,0, (52.38 4.84 6.72 5.15 6.22)
S (MB3)-fumarate 168—170 +75.5° C,,H,,CIN,0,S 5424 495 694 550 6.30 3400—2300, 1670,
(¢=0.339, MeOH) -C,H,O, (54.19 497 7.00 547 6.42) 1600, 1510
6 (MB4)-EtOH 149.5—151 +129.1° C,4H,,CIN,0,S 57.46 620 8.08 6.38 7.30 3410, 3090, 1670,
(¢=0.50, CHCl;) -C,H,OH (57.18 6.17 826 6.35 7.30) 1610
7 (MB6)-fumarate 157—160 +87.2° C,sH,,CIN,O,S 53.38 4.68 7.16 566 6.48 3350, 3070, 2490,
(dec.) (¢=0.59, MeOH) -C,H,0, (53.13 497 739 5.67 6.63) 1665, 1610
8:1/5AcOEt 236—238 +75.4° C,,H,;CINO,S 63.76 4.60 8.25 326 7.46 3320, 3170, 3090,
(c=1.00, DMF) -1/5 AcOEt (63.68 4.35 797 326 1731) 1680, 1630, 1600
9-oxalate 108—115 +85.8° N.D. N.D. 3505, 3100—2200,
(dec.) (c=1.00, MeOH) 1670, 1610, 1585
10 (Oil) N.D. +79.0° N.D. N.D. N.D.
(¢=1.00, CHCl,)
11 (MBS5)-oxalate 194—195 +77.0° C,0H,,CIN,O,S 50.82 4.65 6.82 539 6.17 3280, 3050, 1740,
-hemihydrate (dec.) (¢=1.00, MeOH) -C,H,0,-1/2H,0 (50.97 4.46 6.83 540 6.37) 1655, 1610, 1590
12-1/2-oxalate 168—172 +78.4° C,sH,,CIN,O,S 61.10 530 6.22 491 5.62 3100—2500, 1760,
(dec.) (¢=1.00, MeOH) -1/2C,H,0, (60.80 5.50 591 4.61 5.44) 1695, 1605
13 (MB7) 212—213 +112.0° C,H,;CIN,0,S 56.04 S.11 7.19 5.68 6.50 1740, 1670
-1/2fumarate (dec.) (¢=0.50, DMF) -1/2C,H, 0, (55.82 5.07 7.35 5.65 6.55)
14-oxalate- 1 /2 EtOH 120—124 +76.0° C,;3H,sCIN,0,S 5293 S5.13 601 4.74 5.43 1750, (broad),
(dec.) (c=0.50, H,0) ‘C,H,0,-12C,H;,OH (5293 5.06 6.11 4.67 5.51) 1690
15 (MB8)-fumarate 158—161 +68.3° C,0H,,CIN,0,S 5236 485 5.09 582 6.44 N.D.
-3/4H,0 (dec.) (c=0.25, MeOH) -C,H,0,'3/4H,0 (52.26 4.65 5.13 593 6.76)
16 94—96 +126.0° C;3H;,CIN,O,S 65.61 5.18 588 4.64 532 3420, 1685, 1670,
(¢=1.00, CHCl;) (65.86 5.21 5.61 4.66 5.32) 1605, 1585
17 117—119 +109.6° C,oH,,CINO,S 56.93 4.78 840 332 7.60 3470, 1735, 1650,
(c=1.00, MeOH) (57.04 475 836 3.25 7.51) 1600
18 (MA2) Na salt 200 +129.4° C,3H;sCINO,SNa 47.85 424 785 3.10 7.10 509 3400, 1670
2 hydrate (dec.) (e=1.181, MeOH) -2H,0 (47.96 4.06 8.18 3.05 725 5.59)
19 (MA1) Na salt N.D. +119.5° C,oH,,CINO¢SNa 5145 389 7.59 3.00 6.87 4.92 3450, 1740, 1670,
(c=1.316, MeOH) -1/2H,0 (51.67 4.10 7.53 3.06 6.83 491) 1605
20 (MA4) Na salt N.D. +140.0° C,,H,;CINOsSNa 46.64 391 8.10 320 7.32 525 3380, 1670, 1580
(e=1.060, MeOH) -2H,0O (4644 3.99 8.00 3.16 7.51 5.19)
21 (Oil) N.D. N.D. N.D. N.D. 3500, 1750, 1670
22-EtOH-1/3H,0 90—92 N.D. C,4H,,CINOS-EtOH 59.82 5.15 6.14 2.68 6.14 3300, 1730, 1660
-1/3H,0 (59.77 487 690 2.67 6.34) .
23 (MA3) Na salt N.D. +122.8° C,oH,CINO4SNa 4348 4.61 6.75 2.67 6.11 438 3450, 1740, 1670,
4.5H,0 (c=1.026, MeOH) -4.5H,0 (43.69 451 7.01 271 631 4.39) 1610
Melting points were determined on a Yamato melting point apparatus Model MP-12 and are uncorrected. a) [«¢]3*. N.D.: not determined.

at room temperature for 3.5h, the reaction mixture was poured into
Et,O and the precipitated solid was collected on a filter, washed with
Et,0 to remove BzIBr, and dissolved in ice-water. The aqueous solution
was neutralized with NaHCO; (pH 8—9) and extracted with CHCl,.
The extracts were combined, washed with H,O, dried, and concentrated.
The residual oil was purified by column chromatography (SiO,, eluted
with CHCl;-MeOH (10: 1)). The oil obtained from the first eluate was
converted into oxalate to give 14-oxalate, 3.66g (10.9%). From the
second eluate, MB7 (13) was obtained as an oil which was converted
into fumarate and recrystallized from EtOH to give MB7-1/2fumarate,
13.72 g (48.8%).

(+)-(28,35)-3-Acetoxy-5-(2-aminoethyl)-8-chloro-2,3-dihydro-2-(4-
methoxyphenyl)-1,5-benzothiazepin-4(5H)-one (15, MB8) MBS-
fumarate was prepared from (+)-lactam (3) by the same procedure as
described in reference 2 in 52.3% overall yield.

Synthesis of Acidic Metabolite Acidic metabolitess MA1 (19), MA2
(18), MA3 (23), MA4 (20), 17, 21 and 22 were synthesized by the same
procedure as described in reference 2.

Ethyl (+)-(25,35)-8-Chloro-2,3,4,5-tetrahydro-3-hydroxy-2-(4-me-
thoxyphenyl)-4-0xo0-1,5-benzothiazepin-5-acetate (17) 17 was obtained
by alkylation of 3 with ethyl bromoacetate, K,CO,, acetone in 93.5%
yield.
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TasLe II. 'H-NMR Spectral Data for Synthetic Reference Compounds
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Compound

TH-NMR

2 (MBI)-oxalate

(MDSO-d) 2.70 (s, 6H), 2.8—3.5 (m, 2H), 3.75 (s, 3H), 3.8—4.6 (m, 2H), 4.29 (d, J=7.0, 1H), 4.94 (d,

J=7.0, 1H), 6.89 (d, J=8.8, 2H), 7.33 (d, J=8.8, 2H), 7.5—7.8 (m, 3H)

4 MB2)-oxalate

(DMSO-d,) 1.84 (s, 3H), 2.59 (s, 3H), 3.78 (s, 3H), 5.04 (d, J=7.0, 1H), 2.6—3.3 (m, 2H), 3.6—4.3 (m, 2H),

5.19 (d, J=7.0, 1H), 6.92 (d, J=8.7, 2H), 7.37 (d, J=8.7, 2H), 7.2—7.8 (m, 3H)

5 (MB3)-fumarate

(DMSO-dg) 2.49 (s, 3H), 2.6—3.3 (m, 2H), 3.76 (s, 3H), 3.6—4.2 (m, 2H), 4.28 (d, J=7.0, 1H), 4.95 (d,

J=7.0, 1H), 6.49 (s, 2H, fumaric acid), 6.89 (d, J=8.5, 2H), 7.33 (d, J=8.5, 2H), 7.5—7.8 (m, 3H)

6 (MB4)-EtOH

(CDCIy) 2.30 (s, 6H), 2.5—3.0 (m, 2H), 3.5—4.6 (m, 2H), 4.30 (d, J="7.1, 1H), 4.89 (d, J=7.1, 1H), 6.75 (d,

J=8.5, 2H), 7.31 (d, J=8.5, 2H), 7.36—7.73 (m, 3H), signals for EtOH were also observed

7 (MB6)-fumarate

(DMSO-dj) 2.50 (s, 3H), 2.6—3.2 (m, 2H), 3.6—4.6 (m, 2H), 4.24 (d, J="7.2, IH), 4.89 (d, J="7.2, IH), 6.46

(s, 2H, fumaric acid), 6.71 (d, J=8.5, 2H), 7.21 (d, J=8.5, 2H), 7.5—7.8 (m, 3H)

8-1/5AcOEt
9-oxalate

10 (Oil)
11 (MBS5)-oxalate- hemihydrate

(DMSO-dy) 3.30 (s, 2H), 4.34 (brd, J="7.0, 1H), 5.08 (d, J="7.0, 1H), 5.09 (s, 2H), 6.9—7.7 (m, 12H)
(DMSO-d,) 2.50 (s, 3H), 2.7—3.3 (m, 2H), 3.95 (s, 2H), 4.29 (d, J=7, 1H), 4.96 (d, /=7, 1H), 5.13 (s, 2H),
6.95 (d, J=9, 2H), 7.1—7.8 (m, 15H)

(CDCl,) 1.88 (s, 3H), 3.00 (s, 3H), 3.1—4.6 (m, 4H), 5.04 (s, 6H), 6.92 (d, /=9, 2H), 6.8—7.9 (m, 15H)
(DMSO-d,) 1.84 (s, 3H), 2.59 (s, 3H), 2.7—3.5 (m, 2H), 3.7—4.5 (m, 2H), 5.02 (d, J=8.0, 1H), 5.09 (d,

J=8.0, 1H), 6.73 (d, J=8.4, 2H), 7.24 (d, J=8.4, 2H), 7.6—7.8 (m, 3H)

12-1/2-oxalate

(DMSO-d,) 1.84 (s, 3H), 2.66 (s, 6H), 2.8—3.4 (m, 2H), 3.8—4.6 (m, 2H), 5.02 (d, /=8, 1H), 5.19 (d, /=8,

1H), 5.11 (s, 2H), 6.99 (d, J=9, 2H), 7.2—7.8 (m, 10H)

13 (MB7)-1/2fumarate

(DMSO-d,) 1.83 (s, 3H), 2.21 (s, 6H), 2.0—2.9 (m, 2H), 3.4—4.5 (m, 2H), 4.99 (d, J=7.5, IH), 5.12 (d,

J=1.5, H), 6.78 (d, J=8.5, 2H), 7.28 (d, J=8.5, 2H), 7.4—7.9 (m, 3H), 6.77 (s, I H, 1/2fumaric acid)

14-oxalate- 1/2EtOH

(DMSO-d,) 1.85 (s, 3H), 2.28 (s, 3H), 2.75 (s, 6H), 2.8—3.4 (m, 2H), 3.7—4.6 (m, 2H), 5.06 (d, J="7.7, 1H),

528 (d, J=7.7, 1H), 7.14 (d, J=8.5, 2H), 7.51 (d, J=8.5, 2H), 7.6—8.0 (m, 3H)

15 (MBS)-fumarate-3/4H,0

(DMSO-d,) 1.84 (s, 3H), 2.6—3.3 (m, 2H), 3.77 (s, 3H), 3.6—4.0 (m, 1H), 4.0—4.5 (m, 1H), 5.03 (d, J="7.5,

1H), 5.19 (d, J=7.5H, 1H), 6.47 (s, 2H), 6.92 (d, J=8.8, 2H), 7.37 (d, J=8.8, 2H), 7.5—7.8 (m, 3H)

16 (CDCl,) 2.80 (d, J=10, 1H), 3.00 (s, 3H), 3.3—3.4 (m, 4H), 4.27 (dd, J=7 and 10, 1H), 4.89 (d, J=7, 1 H),
' 5.06 (s, 4H), 6.96 (d, J=9, 2H), 6.9—7.8 (m, 15H)
17 (CDCLy) 1.31 (t, J=7.6, 3H), 2.77 (d, J=9.9, H), 3.81 (s, 3H), 4.27 (q, J="7.6, 2H), 4.28 (dd, J=9.9 and

7.3, 1H), 4.33 (d, J=17.6, 1H), 4.82 (d, J=17.6, 1H), 4.96 (d, J=7.3, [H), 6.83—7.73 (m, 7H)

18 (MA2) Na salt 2 hydrate

(D,0) 3.73 (d, J=17.7, LH), 3.76 (s, 3H), 4.44 (d, J=7.3, 1H), 4.71 (d, J=17.7, 1H), 4.83 (d, J=7.3, 1H),

6.85 (d, J=8.8, 2H), 7.30 (d, J=8.8, 3H), 7.40 (dd, J=8.8 and 2.5, 1H), 7.49 (d, J=2.5, 1H)

19 (MA1) Na salt

(D,0) 1.86 (s, 3H), 3.73 (s, 3H), 3.75 (d, J=17.7, 1H), 4.68 (d, J=17.7, 1H), 4.93 (d, J=6.8H, 1H), 5.23 (d,

J=6.8, IH), 6.82 (d, /=8.8, 2H), 7.2—7.5 (m, 5H)

20 (MA4) Na salt

(D,0) 3.75 (d, J=17, 1H), 441 (d, J=7.0, 1H), 4.70 (d, J=17, 1H), 4.82 (d, /="7.0, 1H), 6.80 (d, J=8.8,

2H), 7.23 (d, J=8.8, 2H), 7.2—7.6 (m, 3H)

21 (Oil)

(CDCly) 2.76 (d, J=9.7, OH), 3.82 (s, 3H), 4.33 (d, J=17.1, 1H), 4.44 (dd, J=9.7 and 6.8, 1H), 4.83 (d,

J=17.1, 1H), 4.96 (d, J=6.8, 1H), 5.07 (s, 2H), 6.96 (d, J=8.8, 2H), 7.1—7.4 (m, 4H), 7.72 (d, J=2.4, 1H)

22-EtOH - 1/3H,0
6.9—7.8 (m, 12H)
23 (MA3) Na salt 4.5H,0

(CDCly) 4.26 (d, J=17.1, 1H), 4.44 (d, J=6.8, 1H), 4.86 (d, J=17.1, 1H), 4.95 (d, J=6.8, 1H), 5.05 (s, 2H),

(D,0) 1.86 (s, 3H), 3.75 (d, J=16.9, 1H), 4.70 (d, J=16.9, 1H), 4.87 (d, J=7.0, 1H), 5.21 (d, J=7.0, 1H),

6.97 (d, J=8.8, 2H), 7.15 (d, J=8.8, 2H), 7.2—7.8 (m, 3H)

'H-NMR spectra were obtained on JEOL PMX-60, Hitachi RH-90, or JEOL FX-200 spectrometer. Coupling constants (/) are reported in hertz (Hz), and s, d,
t, q, m, brd and dd refer to singlet, doublet, triplet, quartet, multiplet, broad doublet and double doublet. Chemical shifts are reported in parts per million (ppm)

relative to tetramethylsitane (Me,Si; 0.0) as an internal standard.

(+)-(25,35)-8-Chloro-2,3,4,5-tetrahydro-3-hydroxy-2-(4-methoxy-
phenyl)-4-oxo-1,5-benzothiazepin-5-acetic Acid (18, MA2) MA2-
hydrate was prepared by hydrolysis of 17 in a mixture of NaOH, H,O,
MeOH and tetrahydrofuran (THF) in 98.4% yield.

The MA2-hydrate was converted into Na salt by treatment with | eq
of NaHCOj; in H,O to give MA2 Na salt 2 hydrate.

(+)-(25,35)-3-Acetoxy-8-chloro-2,3,4,5-tetrahydro-2-(4-methoxy-
phenyl)-4-0x0-1,5-benzothiazepin-5-acetic Acid (19, MA1) MAI1 was
obtained by acetylation of 18-hydrate with Ac,0 and pyridine in 77%
yield as an oil. MA1 dissolved in MeOH and a solution of 0.9 eq of
NaHCO, in H,0 was added at 0°C and concentrated under reduced
pressure. The residual gum was dissolved in a small amount of MeOH
and diluted with iso-Pr,O to give MAI-Na salt as colorless powder.

Methyl (+)-(25,3.5)-2-(4-Benzyloxyphenyl)-8-chloro-2,3,4,5-tetra-
hydro-3-hydroxy-4-oxo-1,5-benzothiazepin-S-acetate (21) 21 was pre-
pared by O-demethylation of 17 with BBr; in CH,Cl,, followed by
benzylation with BzIBr, and K,CO; in MeOH in 64.4% overall yield, as
an oil.

(+)-(25,35)-2-(4-Benzyloxyphenyl)-8-chloro-2,3,4,5-tetrahydro-3-
hydroxy-4-oxo0-1,5-benzothiazepin-5-acetic Acid (22) 22 was prepared
by hydrolysis of 21 in 84.9% yield.

(+)-(25,35)-3-Acetoxy-8-chloro-2,3,4,5-tetrahydro-2-(4-hydroxy-
phenyl)-4-oxo0-1,5-benzothiazepin-5-acetic Acid (23, MA3) MA3 was
synthesized by acetylation of 22, followed by debenzylation with TMSCI,
Nal in MeCN in 54.4% yield, as colorless foam. MA3-Na salt was

prepared in the same manner as described in the preparation of MA1-Na
salt.

(+)-(2S,35)-8-Chloro-2,3,4,5-tetrahydro-3-hydroxy-2-(4-hydroxy-
phenyl)-4-0xo0-1,5-benzothiazepin-5-acetic Acid (20, MA4) MA4 was
prepared by debenzylation of 22 with TMSCI, Nal and MeCN in 98%
yield, as colorless foam. MA4-Na salt, colorless powder (AcOEt-iso-
Pr,0).

Synthesis of Neutral Metabolite. (+)-(2S5,35)-8-Chloro-2,3,4,5-tetra-
hydro-3-hydroxy-2-(4-methoxyphenyl)-4-oxo0-1,5-benzothiazepin-5-
acetonitrile (24, MN2) A mixture of 3 (15g, 44.67 mmol), chloro-
acetonitrile (498 mg), and K,CO, (2.76 g) in acetone (60 ml) was stirred
at room temperature for 4 h. The reaction mixture was evaporated. The
residue was purified by column chromatography (SiO,, eluted with
CHC1;-MeOH (20: 1, v/v)) and recrystallized from AcOEt-hexane to
give MN2 (24) (1.35g, 60%), mp 158—160°C, [«]2° +91.3° (c=0.392,
MeOH).

(+)-(28,35)-3-Acetoxy-8-chloro-2,3,4,5-tetrahydro-2-(4-methoxy-
phenyl)-4-oxo0-1,5-benzothiazepin-5-acetonitrile (25, MN1) A mixture
of MN2 (24) (413 mg, 1.10 mmol), Ac,O (1 ml), and pyridine (2 ml) was
stirred at 100°C for 4h. The reaction mixture was evaporated. The
residual solid was recrystallized from AcOEt to give MN1 (25) (439 mg,
95.6%), mp 196—197°C, [«]3° +89.1° (¢=0.384, MeOH).
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