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The synthesis of cis-2,3-dihydro-3-hydroxy-2+(3-thienyl)1,5]benzothiazepin-4(5H)-one derivatives is de-
scribed starting from 2-aminothiophenol and methyl cis{3-thienyl)glycidate. The structures were confirmed

by 'H-nmr spectroscopy.

J. Heterocyclic Chem., 29, 1605 (1992).

In previous papers, results from the reaction of 3-(4-
methoxyphenyl)glycidate 1d with 2-nitrothiophenol [1], 2-
nitrophenol [2] and 2-nitroaniline [3] were described with
details. It must be pointed out that according to the condi-
tions, these stereospecific reactions led either to threo or

Chart 1
. OCH3
(o)
- T
NOs ld CH—CH-COz CHy
la X=SH
b X = OH o0CH
Ic X =NH,

X
o
NO, CC2CHs

Threo = cis-opening , Erythro = trans-opening
le X=§
If X=0
1g X = NH

OCH;
x 1h X=5§
OCOCH; 1i X=0
N 1j X=NH
I 0 cH
(CHz)2*N,
Ha
s
s
S
( Z — L /Z o
\ / %OO;CH; /\
e \L_\/ OH—=CH—COCoH
B wo2a vy )
s s

erythro isomeric forms of intermediate opened esters
le-1g. The threo isomer was an intermediary used for the
synthesis of Diltiazem 1h, a calcium antagonist with anti-
angorous activity [4]. The oxa and aza analogous threo
derivatives 1i, 1j were obtained from the threo esters in-
termediary [5,6]. These interesting stereospecific reactions
realized from arylglycidic esters led us to synthesize a new
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ester, the methyl cis-(3-thienyl)glycidate 2a on the basis of
the work of Campaigne [7]. The lack of information about
the 'H-nmr spectrum of the known ethyl ester 2b and its
confirmation led us to carry out the study of the methyl
ester 2a synthesized from 3-thiophenecarbaldehyde and
methyl chloroacetate in the presence of sodium methox-
ide. After distillation in wvacuo, the assignment of the
"H-nmr spectrum showed that the preferential form for
this ester was the cis-threo stereoisomer 2a. The
3-thienylglycidic ester 2a was heated at 170° for 6 hours
with 2-aminothiophenol 3 to afford the cis-2,3-dihydro-3-
hydroxy-2-(3-thienyl){1,5]benzothiazepin-45H)-one 3a. Ac-
cording to the substitution reaction conditions, the benzo-
thiazepine 3a led either to mono of di-substituted deriva-
tives. Thus, at ambient temperature, acetyl chloride and
cyclobutyl chloride gave the o-substituted derivatives 4-3.
After refluxing in acetic, butyric or caproic anhydrides,
the benzothiazepines 3 produced the bis-substituted deriv-
atives 7-9. Identically the reaction of isocyanates with 3a
in refluxing toluene afforded the carbamylurea derivatives
6 and 6a. Alkylation of benzothiazepine 3a in acetone with
24N, N-dimethylamino)ethyl chloride or with 2-(2-chloro-
ethyl)-1-methylpyrrolidine hydrochlorides in presence of
sodium carbonate led to cis-2,3-dihydro[l,5]benzothiaze-
pines 10-14, the acylation of which with acetic acid pro-
vided the corresponding 3-acetoxy derivatives 12-16. Ben-
zothiazepine derivatives 10, 12, 14 and 16 were salified by
oxalic acid to the expected salis 11, 13, 15 and 17. The
structures of all compounds were consistent with 'H-nmr
spectra which were analysed at first order and allowed the
assignment of all signals.

EXPERIMENTAL

Melting points were determined with a Kofler Heiz bank appa-
ratus and are uncorrected. The ir spectra were recorded as potas-
sium bromide pellets on a Perkin-Elmer 257G spectrometer and
'H-nmr spectra were obtained on a Varian EM 90 spectrometer
using DMSO-d; as the solvent. Chemical shifts are expressed in 6
(ppm) down field from tetramethylsilane as an internal reference.

Methyl cis{3-Thienyl)glycidate 2a.

A 250 ml flask fitted with thermometer, 125 ml pressure equal-
izing dropping funnel, and stirrer was charged with 11.2 g (0.10
mole) of 3-thiophenecarbaldehyde 2 and 0.11 mole of methyl
chloroacetate. A solution of 0.11 mole of sodium methoxide in
125 ml of dry methanol was put in the dropping funnel, and the
entire system was swept with a stream of nitrogen for 15 minutes.
The flask was then lowered into an ice-water bath, and the addi-
tion of the methoxide solution was begun dropwise in order to
maintain the temperature of the reaction below 10°. After com-
pletion of addition, which required two hours, the slurry was
stirred for an additional 1.5 hours at 10°. Most of the methanol
was removed on the steam bath at reduced pressure and the resi-
due was taken up in ether, washed with water, then with saturated
sodium chloride solution, and dried over anhydrous magnesium
sulfate. Ether was evaporated and the glycidic ester was distilled
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at reduced pressure yielding a colorless liquid, bp 191-195° (5

mm Hg), 15 g (81%) of 2a; ir (potassium bromide): » cm™* 1710
(CO); 'H-nmr (DMSO-d¢): 6 7.30 (2H, m, H,-H; thienyl), 6.90 (1H,
q, H, thienyl), 3.80 (3H, s, OCH,), 4.13 (1H, d, J = 3.30 Hz, CH-
CH), 3.60 (1H, d, J] = 3.30 Hz, CH-CH).

Anal. Caled. for C,H,0,S: C, 52.18; H, 4.38; S, 17.37. Found: C,
52.20; H, 4.40; S, 17.50.

cis-2,3-Dihydro-3-hydroxy-2-(3-thienyl){1,5]benzothiazepin-4(5 H)-
one 3a.

A mixture of 2a 18.40 g (0.10 mole) and 2-aminothiophenol 3
12.5 g (0.10 mole) was heated at about 180° for 3.5 hours. The
solid obtained was recrystallized from ethanol to give 3a, mp
212°, 20 g (72%); ir {(potassium bromide): » cm~* 3420 (OH), 3180
(NH) and 1680 (CO); *H nmr (DMSO-d¢): 8 4.30 (1H, t, OH), 5.65
(1H, d, J = 6.60 Hz, C,-H), 4.80 (1H, d, J = 6.60 Hz, C;-H),
10.30 (1H, s, NHCO, deuterium oxide exchangeable), 7.50-7.10
(7H, m, ArH).

Anal. Caled. for C,H,,NO,S,: C, 56.30; H, 4.00; N, 5.05; S,
23.12. Found: C, 56.40; H, 4.02; N, 5.06; S, 23.03.
cis-Acetoxy-2,3-dihydro-3-hydroxy-2-(3-thienyl)[1,5]benzothiaze-
pin-4(5H)-one 4.

A mixture of the cislactam 3a 2.77 g (0.01 mole), acetyl chlo-
ride 0.78 g (0.01 mole) and pyridine (1 ml) was stirred at room
temperature for 3 hours, then neutralized with dilute hydrochlo-
ric acid and extracted with ethyl acetate. The extracts were
washed with water, dried and evaporated. The residue was recrys-
tallized from diethyl ether to give 4, mp 78°, 2.70 g (84%); ir (po-
tassium bromide): » cm~! 3200 (NH), 1740 and 1680 (CO); 'H nmr
(DMSO-dq): 6 9.00 (1H, s, NH), 5.40 (1H, d, C,-H), 5.20 (1H, d,
C;-H), 1.96 (3H, s, COCH,), 7.63-7.20 (7TH, m, ArH).

Anal. Caled. for C H,)NO,SS,: C, 56.41; H, 4.10; N, 4.39.
Found: C, 56.50; H, 4.11; N, 4.29.

cis-3-Cyclobutyloxy-2,3-dihydro-2-(3-thienyl)[1,5]benzothiazepin-
4(5H)one 5.

This cis-lactam 3a 2.77 g (0.01 mole), cyclobutyl chloride 1.18 g
(0.01 mole) and pyridine (1 ml) was reacted as in the reaction
described for 4 (diethyl ether), mp 134°, 2.70 g (75%); ir (potas-
sium bromide): » cm* 3420 (OH), 3300 (NH), 1725 and 1685 (CO);
'H nmr (DMSO-de): 6 10.33 (1H, s, NH), 5.43 (1H, d,J = 6.60 Hz,
C,~H), 5.13 (1H, d, J = 6.60 Hz, C;-H), 2.83-1.76 (TH, m,
C0-C,H,), 7.46-7.13 (TH, m, ArH).

Anal. Caled. for C,H,,NO,S; C, 60.16; H, 4.77; N, 3.90.
Found: C, 60.30; H, 4.79; N, 3.96.

cis-3-Acetoxy-5-acetyl-2,3-dihydro-2«(3-thienyl){1,5]benzothiaze-
pin-4(5H)-one 7.

A solution of the cis-lactam 3a 2.77 g (0.01 mole) was heated in
acetic anhydride 15 ml at 100° for 2 hours, then poured into a
mixture of ice and sodium bicarbonate. After extraction with
chloroform, the extracts were washed with water, dried and
evaporated to give crude 7 (hexane), mp 36°, 3 g (83%); ir
(potassium bromide): » em™* 1750, 1720 and 1690 (CO); 'H nmr
(DMSO0-d,): 6 5.40 (1H, d, C,-H), 5.10 (1H, d, C;-H), 2.76 (3H, s,
N-COCH,), 1.96 (3H, s, 0-COCH,), 7.73-7.33 (7H, m, ArH).

Anal. Caled. for CH,,NO,S, C, 56.49; H, 4.18; N, 3.88.
Found: C, 56.41; H, 4.20; N, 3.88.

cis-3-Butyryloxy-5-butyryl-2,3-dihydro-2-(3-thienyl)[1,5]benzothi-
azepin-45H)one 8.
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The cis-lactam 3a 2.77 g (0.01 mole) and 4 ml of butyric
anhydride were reacted as in the reaction described for 7, oil, bp
120° (0.5 mm Hg), 2.90 g (70%); ir (potassium bromide): » cm™
1750, 1725 and 1680 (CO); ‘H nmr (DMSO0-d¢): 6 5.40 (1H, d,]J =
6.60 Hz, C,-H), 5.20 (1H, d, J = 6.60 Hz, C,~-H), 3.43, 2.50, 1.86
(8H, m, [(CH,),].), 1.23 (6H, m, 2CH,), 7.96-7.56 (TH, m, ArH).

Anal. Caled. for C,H,,NO,S,: C, 60.41; H, 5.55; N, 3.35; S,
15.36. Found: C, 60.37; H, 5.57; N, 3.14; S, 15.46.
cis-3-Caproyloxy-5-caproyl-2,3-dihydro-2-(3-thienyl)[1,5]-
benzothiazepin-4(5H)-one 9.

This cis-lactam 3a 2.77 g (0.01 mole) and 4 ml of caproic
anhydride were reacted as in the reaction described for 7,
oil, bp 135° (0.5 mm Hg), 3.10 g (65%); ir (potassium bro-
mide): » em~! 1755, 1720 and 1685 (CO); 'H nmr (DMSO-
de): 6 5.23 (1H, d, C,-H), 4.73 (1H, d, C,;-H), 2.20, 1.43
(16H, m, [(CH,),);), 0.76 (6H, m, 2CH,), 7.40-7.06 (7H, m,
ArH).

Anal. Caled. for C,;H,NO,S;: C, 63.40; H, 6.60; N, 2.96.
Found: C, 63.45; H, 6.69; N, 2.94,

cis-3-Amino-m-tolylcarbonyloxy-5-amino-m-tolylcarbonyl-

2,3-dihydro-2-(3-thienyl)[1,5]benzothiazepin-4(5H)-one 6.

A mixture of 2.77 g (0.01 mole) of compound 3a and m-
tolylisocyanate 2.66 g (0.02 mole) in toluene was heated at
reflux for 3 hours. The reaction mixture was concentrated
in vacuo and the solid product was collected by filtration
and recrystallized from acetonitrile, mp 118°, 4.30 g
(79%]); ir (potassium bromide): » cm™' 3320, 3200 (NH),
1730, 1710 and 1685 (CO); 'H nmr (DMSO-de): 6 9.70 (1H,
s, NH), 10.90 (1H, s, NH), 5.42 (1H, d, J = 6.60 Hz, C,-H),
5.18 (1H, d, J] = 6.60 Hz, C5~-H), 7.60-7.15 (15H, m, ArH),
2.33 (6H, s, 2CH,).

Anal. Caled. for C,,H,N,0,S,: C, 63.95; H, 4.81; N, 7.71; S,
11.77. Found: C, 64.00; H, 4.74; N, 7.73; S, 11.82.

cis-3-Amino-p-fluorophenylcarbonyloxy-5-amino-p-fluorophenyl-
carbonyl-2,3-dihydro-2-(3-thienyl)[1,5]benzothiazepin-4(5H)-one
6a.

The cis-lactam 3a 2.77 g (0.01 mole) and p-fluorophenyl iso-
cyanate 2.74 g (0.02 mole) were reacted as in the reaction de-
scribed for 6, mp 113°, 4.30 g (78%); ir (potassium bromide): »
cm™*' 3280, 3220 (NH), 1720, 1700 and 1680 (CO); 'H nmr (DMSO-
de): 69.73 (1H, s, NH), 10.99 (1H, s, NH), 5.40 (1H, d, ] = 6.60 Hz,
C,-H), 5.20 (1H, d, ] = 6.60 Hz, C;-H), 7.56-7.10 (15H, m, ArH).

Anal. Caled. for C,,H, F,N,0,S,: C, 58.80; H, 3.44; N, 7.62; F,
6.89. Found: C, §9.00; H, 3.50; N, 7.70; F, 6.85.

cis-2,3-Dihydro-5{2{dimethylamino)ethyl]-3-hydroxy-2-3-thienyl)-
[1,5]benzothiazepin-45H)-one 11 (Oxalate).

A mixture of the cis-lactam 3a 2.77 g (0.01 mole), 2-(dimethyl-
amino)ethyl chloride hydrochloride 2.88 g (0.02 mole), powdered
sodium carbonate 6.36 g (0.06 mole), acetone (150 ml) and water
(1.5 ml) was heated under reflux for 20 hours. After cooling, inor-
ganic compounds were filtered off and the solvent was evaporat-
ed. The residue was dissolved in diethyl ether and the solution
was washed with water, dried and concentrated. The residual oil
10 was dissolved in acetone and converted to the oxalate salt 11
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which was recrystallized from acetonitrile, mp 254°, 2.60 g
(59%); ir (potassium bromide): » cm-* 3380 (OH), 2700 (COOH),,
1670 and 1630 (CO); ‘H nmr (DMSO-d,): 6 4.40 (1H, t, OH), 5.66
(2H, s, (CO,H),), 4.93 (1H, d, C,-H), 4.16 (1H, d, C,-H), 7.41-7.00
(TH, m, ArH), 3.73-2.66 [4H, m, CH,),], 2.43 (6H, s, 2CH,).

Anal. Caled. for C,;H,,N,0,S;: C, 52.04; H, 5.06; N, 6.39; S,
14.62. Found: C, 52.10; H, 5.06; N, 6.42; S, 14.66.

cis-2,3-Dihydro-5-[2-(ethyl-1-methyl)pyrrolidinyl]-3-hydroxy-2-(3-
thienyl)1,5]benzothiazepin-45H)}one 15 (Oxalate).

The cislactam 3a 2.77 g (0.01 mole) and 2+(2-chloroethyl)-1-
methyl)pyrrolidine hydrochloride 3.68 g (0.02 mole) in powdered
sodium carbonate were reacted as in the reaction described for
11, mp 127°, 2.20 g (47%); ir (potassium bromide): » cm™* 3400
(OH), 2700 (COOH),, 1720 and 1645 (CO); 'H nmr (DMSO-d¢): 6
3.90 (1H, t, OH), 7.76 (2H, s, (CO.H),), 4.83 (1H, d, J = 7.20 He,
C,-H), 4.06 (1H, d, ] = 7.20 Hz, C;-H), 7.23-6.83 (7TH, m, ArH),
3.46, 3.00, 1.66 [11H, m, (CH,), and CH(CH,),], 2.33 (3H, d, CH,).

Anal. Caled. for C,H,N,0.S,: C, 55.23; H, 5.48; N, 5.86.
Found: C, 55.31; H, 5.46; N, 5.90.

cis-3-Acetoxy-2,3-dihydro-5{2{(dimethylamino)ethyl}-2-(3-thienyl)-
[1,5]benzothiazepin-4(5 H}-one 13 (Oxalate).

A mixture of 10, 3.48 g (0.01 mole), acetic anhydride (5 ml) and
pyridine (0.1 ml) was heated at 80° for 2 hours. After removal of
the acetic acid and pyridine. The residue was converted into the
oxalate, which was recrystallized from ethanol to give oxalate 13,
mp 176°, 2.90 g (60%); ir (potassium bromide): » cm"*' 3420 (OH),
2700 (COOH),, 1725 and 1660 (CO); *H nmr (DMSO-d¢): 6 6.93
[(2H, s, (CO.H),)], 5.33 (1H, d, J] = 7.20 He, C,-H), 5.00 (1H, d,J
= 7.20 He, C;-H), 7.56-7.16 (7TH, m, ArH), 4.20-3.16 [4H, m,
(CH,).], 2.75 [6H, s, N(CH,),], 1.93 (3H, d, COCH.).

Anal. Caled. for C, H,N,0.S,: C, 52.49; H, 5.03; N, 5.83; S,
13.34. Found: C, 52.31; H, 4.99; N, 5.79; S, 13.24.

cis-3-Acetoxy-2,3-dihydro-5-[2-(ethyl-1-methyl)pyrrolidino]-243-
thienyl)1,5]benzothiazepin-4(5H)one 17 (Oxalate).

A mixture of 14, 3.88 g (0.01 mole), acetic anhydride (5 ml) and
pyridine (0.1 ml) was reacted as in the reaction described for 13,
mp 100°, 2 g (38%); ir (potassium bromide): » cm™* 3400 (OH),
2700 (COOH),, 1720 and 1670 (CO); 'H nmr (DMSO-ds): 6 8.46
[2H, s, (CO,H),)}, 5.40 (1H, d, J = 7.20 Hz, C,-H), 5.06 (1H, d,J
= 7.20 Hz, C;-H), 7.60-7.20 (7H, m, ArH), 4.63, 3.83, 2.03 [11H,
m, (CH,), and CH(CH,);], 2.70 (3H, s, N-CH,), 1.93 (3H, s,
COCH,).

Anal. Caled. for C,,H,,N,0,S,: C, 55.38; H, 5.44; N, 5.37; S,
12.29. Found: C, 55.42; H, 5.45; N, 5.40; S, 12.31.
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