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Diltiazem (2S,3S)-3-acetoxy-5-(2-dimethylaminoethyl)-2,3-di- 
hydro-2-(4-methoxyphenyl)-SH-l,5-benzothiazepin-4-one (1) 
has been developed by Tanabe Seiyaku as a cardia drug of 
calcium antagonist action [l]. Numerous research groups have 

OCH, 

N’ 
/ \  

(2S,3S)-1 

been working on its synthesis for years. As there are four 
possible stereoisomers, the needed isomer can be synthesized 
either by stereoselective synthesis or can be separated by chi- 
ral resolution. The aim of the present work is to explore the 
most economical ways of the manufacturing of 1 starting from 
the key intermediate (2RS,3SR)-2 taking into consideration 
the elaborate resolution methods for racemic intermediates. 
Five synthetic routes starting from the (2RS,3SR)-2 interme- 
diate have been compared using the seven resolving agents 3, 
6. 9-11 and 14-15 (Scheme 2). Among them there are widely 
used chiral bases and acids or novel resolving agents (e.g., 9 
and 10). 
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The chiral resolution of the free acid (2RS,3SR)-4 pre- 
pared from (2RS,3SR)-2 is carried out with the base S-a- 
methylbenzylamine S-3 then after re-esterification it was cy- 
clised with 2-aminothiophenol to compound (2S,3S)-12 [2, 3, 
5 ,  71. The compound (2RS,3RS)-5 obtained in the reaction of 
(2RS,3SR)-2 with 2-nitrothiophenol and subsequent ester hy- 
drolysis was resolved with cinchonidine (6), then cyclisation 
was accomplished after the reduction of the nitro group to the 
compound (2RS,3RS)-12 [1]. If the compound (2RS,3SR)-2 is 
reacted with 2-aminothiophenol, the obtained (2RS,3RS)-13 
was resolved with R,R-tartaric acid (14), then cyclised also to 
(2S,3S)-12 [6]. If the ester obtained in the former reaction is 
hydrolysed to (2RS,3RS)-7 the resolvation can be performed 
by L-lysine (15) [13] or with R-a-methylbenzylamine (R-3) 
in a 1:l molar ratio [8] or in 1 : O S  molar ratio when the 
sodium salt of (2R,3R)-7 remains in the solution. Instead of 
the above resolving agents, (-)-a-phenylglycinamide (10) can 
be also employed. The compound (2R,3R)-7 obtained in this 
reaction is very appropriate for the resolution of racemic 10 
[lo, 111. In the former resolution procedures the enantiomeric 
mixture remained in the mother liquor can be separated into 
excess enantiomeric and racemic mixtures by selective purifi- 
cation methods as, e.g., recrystallization [9] or partial precip- 
itation [12]. 

In the case when the ring closure is performed with 
the compound (2RS,3RS)-7 the resolution of the compound 
(2RS,3RS)-8 obtained by alkylation of the lactam nitrogen 
can be resolved with R-camphorsulfonic acid (11) [l], but 
in very poor yield. If in the course of the synthetic route 
(2RS,3RS)-l is prepared then 11 or S-naproxene (9) can be 
advantageously employed for resolution. As naproxene can 
be readily rcused its usage is more advantageous 1141. The 
side product (2R,3R)-l is suitable for the resolution of R,S-9 
(Scheme 3). 

It is a generally employed principle that if in a synthe- 
sis racemic intermediates are formed possibly the earliest 
racemic product is to be resolved. This principle, of course, 
can be a function of the ease of resolution of the interme- 
diates, and the success of the resolution procedures. In  our 
case none of the intermediates can be resolved in one simple 
step, it requires several steps [1S, 16, 171. 

Among the procedures the yield of (2S,3S)-1 related to the 
glycidic ester (2RS,3SR)-2 may be the true indicator of the 
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hydrolysis of glycidic ester [2, 3, 5 ,  71 
esterification of glycidic acid [2, 3, 5, 71 
reaction of glycidic ester with 2-nitrothiophenol [4] 
reaction of glycidic ester with 2-aminothiophenol [ 191 
ester hydrolysis [1] 
reduction of nitro group [l] 
ring closure [6, 171 
alkylation [18] 
acylation [18] 

differences. The overall yields of the various synthetic paths 
are compiled in Table 1. If more procedures are known for 
the resolution of a certain compound, the best result is always 
taken into account. 

The comparison clearly shows that the best route is when 
(2S,3S)-l is prepared by resolution of (2RS,3RS)-1 with S- 
naproxene (9). In the data the racemisation is not taken into 
account. As the resolving agent in this case can be regener- 
ated in the simplest way, we demonstrate such a case when 
the optiinum resolution can be performed at the final stage 
of the synthetic route. 

In the experimental part we describe our own results. The 
results of others are given in the references. 

Table 1 The yields and overall yields of the various synthetic paths 

Experimental 
(2S,3S) -3- (2-Aminophenylthio)-2-hydroxy-3- (4-rnethoxy- 
phenyl) -propionic acid (2S,3S) -7 

Resolution with R-a-methyl-benzylamine (R-3) 

31.9 g (0.1 mol) (2RS,3RS)-7 was dissolved in a mixture of 
100 ml of 1N sodium hydroxide solution and 190 ml of water. 
A solution of 7.25 g (0.06 mol) R-3 in 60 ml of 1N HCI 
was added to this mixture during a period of 3 hours. Then 
the reaction mixture was stirred for 4 hours at 10°C. The 
crystalline product was filtered off and recrystallized from 
boiling water. The recrystallized product was suspended in 
260 ml of water and 40 ml of 1N HCI was added during 
1 hour and stirred for 1 hour. The crystalline product was 
filtered off and dried. Yield: 11.95 g (75 Y )  (2S,3S)-7 n1.p.: 
137-138"C, [ m ] g  = +346" (c = 0.3, ethanol). 

The filtrate of the diastereomer salt and the mother liquor 
of the recrystallisation were combined and acidified with 1:l 
HC1 to pH 3. The crystalline product was filtered off. After 
then it was stirred in 50 ml boiling ethanol for 5 minutes. The 
unsolved material was filtered off from the boiling suspension 
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and was dried. This product 10.8 g [yield of (2RS,3RS)-7 7.9 
g [a]'," = -60" (c = 0.2, DMF)] was resolved according to a 
previous experiment. 

Resolution with S-a-phenylglycinamide (S-10) 

3.19 g (0.01 mol) of (2RS,3RS)-7 was dissolved in a mixture of 
5 ml of 2N sodium hydroxide and 30 ml of water by heating. 
To the solution were added 40 ml of methanol and a mixture 
of 1.0 g (5.4 mmol) of S-10 HCI in 10 ml of water. The solution 
was stirred at 10°C for one hour. The crystalline product 
was filtered off and recrystallized from 85 ml of water. The 
(S)-10-(2R,3R)-7 salt was suspended in 50 ml of water and 
acidified with 1N HCI to a pH 3. Then the crystalline product 
was stirred at 10°C for 2 hours and filtered off. Yield: 1.1 g 
(68.8 YO) of (2R,3R)-7, n1.p.: 137-139"C, [a]$ = -330" (c = 
0.3, ethanol). 

The filtrate of the diastereomer salt was acidified with 1N 
HC1 to a pH 3. The suspension was stirred at 10°C for one 
hour. After then the product was filtered off. Yield: 1.5 g 
(93.8 Yo) of (2S,3S)-7, [a]: = +261" (c = 0.3, ethanol). 

Resolution with R-a-phenylglycinamide (R-10) 

3.7 g (0.0198 mol) of R,S-a-phenylglycinamide HC1 was dis- 
solved in 40 ml water and a solution of 3.6 g (0.0113 mol) of 
(2R,3R)-7 in 22 ml of 0.5 N sodium hydroxide and 22 ml of 
water was added at 80-90°C. After cooling the product was 
filtered off. 

Yield: 5 g (94.3 YO) of (S)-10-(2R,3R)-7 salt, [a ]g  = - 215" 
(c = 0.3, water). 

6.4 g (0.02 mol) of (2RS,3RS)-7 was dissolved in a mix- 
ture of 43 ml of 0.5 N sodium hydroxide and 17 ml of water 
at 90°C. Then the filtrate of the (S)-10-(2R,3R)-7 salt was 
added. After cooling the precipitated crystalline product was 
filtered off. The (R)-10-(2S,3S)-7 salt was dissolved in 70 ml 
of boiling water and was acidified with 1N HCI to pH 3. The 
mixture was cooled under 10°C. The white crystalline prod- 
uct was filtered off. Yield: 2.1 g (65.6%) of (2S,3S)-7, m.p.: 
138-139"C, [ a ] g  = +346O (c = 0.3, ethanol). 

Purification of (2S,3S)-7 ([a]$ > 300") 

7.8 g (0.024 mol) of (2S,3S)-7 {[a]g +314" (c = 0.3, ethanol)} 
was dissolved in a mixture of 70 ml of water and 24 ml of 
1N sodium hydroxide at 80°C. To a this mixture 5.6 ml of 
1N HC1 was added at the same temperature. After stirred 
for 1 hour it was cooled under 10°C. The crystalline product 
was filtered off. Yield: 2.7 g (34.6 %), [a]? = +259" (c = 0.3, 
ethanol). 

The filtrate was warmed to 80°C and IN HCl was added to 
pH 3. After cooling under 10°C it was stirred for 1 hour. The 
product was filtered off. Yield: 4.8 g (61.5 YO) of (2S,3S)-7, 
m.p.: 138-139"C, [a]'," = +347" (c = 0.3, ethanol). 

(2S,3S) -3-Acetony-5-(2-dimethylaminoethyl) -2,3-dihydro-2- 
(4-methoxyphenyl)-5H-I,5-henzothiazepin-Cone [(2S,3S)-1] 

9 g (0.02 mol) of (2RS,3RS)-1 was dissolved in 100 ml of wa- 
ter and a solution of 2.4 g (0.01 mot) of (S)-9 in 10 ml of 1N 
sodium hydroxide and 80 nil of methanol were added. Then 
the mixture was stirred for 8 hours and cooled under 10°C. 
The product was filtered off and washed with 5 ml of water. 

Yield: 6.8 g (98.6 "/.) of (S-9)-(2R,3R)-l salt, m.p.: 121-122"C, 
[a]? = 67.8" (c = 0.3, methanol). 

6.8 g previous salt was dissolved in 30 ml of chloroform and 
20 ml of 3N sodium hydroxide was added. The organic layer 
was separated and extracted with 2x30 ml of chloroform. 
The combined organic layer was dried and acidified with 8 
ml of ethanolic HCl. Then the solution was evaporated un- 
der reduced pressure. The residue was (2R,3R)-1. Yield: 4.0 
g (88.9 "/.), m.p.: 207-209"C, [a]'," = -94.7" (c = 3, methanol). 
The filtrate of (S)-9-(2R,3R)-l salt was evaporated and 20 ml 
of IN NaOH and 30 ml of chloroform were added to the 
residue. Then the organic layer separated and the inorganic 
layer was extracted with 2x30 ml of chloroform. The com- 
bined organic layers were dried and acidified with 8 ml of 
ethanolic HCI. The solution was evaporated under reduced 
pressure. The residue product was recrystallized from ethanol 
(15 ml). Yield: 3.4 g (75.6%) o (2S,3S)-1, m.p.: 207-209"C, 
[ a ] g  = +100.9" (c = 3, methanol). 

The filtrate was evaporated and 1.4 g (2RS,3RS)-l was ob- 
tained as residue. To the combined inorganic layers 10 ml of 
concentrated HCI was added. The precipitated product was 
filtered off and washed with 2x5 ml of water. Yield: 2.2 g 
(91.7 %) of (S)-9, m.p. 133-135"C, [a]? = +66.8" (c = 1, chlo- 
roform). 
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