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The s tereospeci f ic  synthesis  of the four possible i somers  of 4 -benzamido-3 -hydroxy-2 -  
(5-carbomethoxybutyl)thiophan (III-VI) was accomplished from 4 -benzamido-3 -oxo-2 -  
(6-carbomethoxybutylidene)thiophan (I) using the s tereospeci f ic i ty  of the reduction of the 
oxo group of I, the s tereospeci f ic i ty  of the reduction of the exocyclic double bond of 4-  
benzamido-3-hydroxy-2-(5-carbomethoxybutyl idene) thiophan (II), and inversion of the 
hydroxyl group of III and IV. The configurations of the s t e r eo i somers  obtained were e s -  
tablished by PMR spec t roscopy.  

We have previously  [1,2] shown that the reduction of the oxo group by sodium borohydride proceeds 
s tereospeci f ica l ly  for 4-monosubst i tuted and 2,4-disubstituted 3-oxothiophans. The hydroxyl group thus 
formed in the 3 position of the thiophan r ing has the t rans  configuration with respec t  to the substituent a t -  
tached to C 4. In the present  r e sea r ch ,  we have accomplished the reduction of 4 -benzamido-3 -oxo-2 - (5 -  
carbomethoxybutylidene)thiophan (I) [3] with sodium borohydride in methanol at 0~ An amino alcohol - 
4 -benzamido-3 -hydroxy-2 -  (5-carbomethoxybutylidene)thiophan (II) - was isolated from the react ion mix-  
ture .  A tr iplet  with 5 5.935 ppm (J = 6.9 Hz), formed by the vinyl proton, is present  in the PMR spec t rum 
of a solution of II in pyridine.  The spec t rum of this compound also retains the charac te r i s t i c  features  of 
the spec t ra  of the previously  [2] studied t rans  i somers  of 4-amino-3-hydroxythiophan:  A65_Htrans = 
55_ H, - 55_H,, = 0.41 ppm; J4-H.5-H' + J4-H,5H" = 12.0 Hz (gable 1), which is evidence in favor of the t rans 
configuration of the 4-benzamido group and the 3-hydroxy group in IL On the basis  of previous investigations 
[1,2] and the PMR spect rum,  the t rans-4-benzamido-3-hydroxy-2-(5-carbomethoxybutyl idene) th iophan s t ruc -  
ture can be assigned to II. 
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TABLE 1. 
of II-VI* 

P a r a m e t e r s  of the PMR Spectra of Pyr id ine  Solutions 

], Hz 

4-H. 
5-H" 

7,0 
3,2 
9,2 

8,1 

8, ppm I 
2-H 3-H , 4-H 5-HU(O 4-H 5-H r 

I ' 

H I ! I 4 70--5 204 70--5 20 3,63 322 5,0 
III 3,40--3,90 4,8G 5,17 3,69 3,00 4,0 4,0 5,7 
IV 3,20--3,70 4,34 5,09 i 3,4~ 3,{~ 9,0 8,1 7,2 
V 3,20--3,C~0 4,47 I 524 [ 3,28 3,28 2,2 3,9 T 

V! 3,2'5- ~,75 4,6 5,05 3,38 3,22 3,2 312 1(~,4 

NH H, 5-H',  
5-H" 

10,9 
6,8 11,0 
7,2 10,3 
7.4 
7,5 9,9 

*The concentration of solutions of II-V was 0.5 M, compared  with 
0.4 M for VI. 

T J4-H,5-H' + J4-H,5-H" = 16.4 Hz. 

It is known that the s te r ic  accessibi l i ty  of the bond undergoing reduction se rves  as one of the most  
important  factors  that affect the hydrogenation of a double bond [4]. Although cis addition of hydrogen p ro -  
ceeds f rom the less hindered side of the molecule,  the s tereospecif ic i ty  of this react ion depends on the con-  
ditions used to c a r r y  out the hydrogenation [4,5]. We accomplished the hydrogenation of the exocyclic 
double bond of II over Pd /BaSO 4. We demonstra ted that the s tereospeci f ic i ty  of the reduction of II depends 
on the tempera ture  and p r e s su re :  only one i s o m e r -  4-benzamido-3-hydroxy-2- (5-carbomethoxybuty l ) -  
thiophan (III) {rap 110-111 ~ - is formed at 50 atm and 30-40~ at 100 arm and 90-100 ~ in addition to III, 
another possible i somer  with respec t  to the 2 position (IV) (rap 140-141 ~ is formed in a rat io of 1 : 3. Since 
no melting-point depression was observed for mixtures  of e s t e r s  Ill and IV, they were hydrolyzed to the c o r -  
responding acids (VII and VIII) (mp 160-161 and 167-168 ~ respectively),  for mixtures  of which a mel t ing-  
point depress ion was observed.  Compounds III and IV were charac te r i zed  by the PMR spect ra  as individual 
substances (Table 1) (no other signals than those presented in the table were present  in the spectra) .  

As we have a l ready established [2], the spect ra  of cis and t rans  i somers  of 3 ,4-hydroxyaminothio-  
phans in pyridine have charac te r i s t i c  features .  The difference in the chemical  shifts of the protons attached 
to C 5 is substantially l a rger  for the t rans  i somers  than for the cis i somers  r 0.36-0.47 ppm; 
A55_Hcis 0-0.08 ppm); at the same time, the t rans i somers  have a lower sum of the vicinal s p i n - s p i n  
coupling constants along the 4-5 bond than the cis i somers  (J~-H,5-H,trans + J4-H,5-H ,,trans = 8.6-11.6 Hz; 
J4-H,5-H,cis + J4-H,5-H.cis  = 14.0-17.4 Hz) [2]. It was also demonstrated that the features associated 
with the configuration of substituents in the 3 and 4 positions of the thiophan ring are  retained in the spec t ra  
of 2,3,4-tr isubst i tuted thiophans, if the substituent attached to C 2 has the t rans  configuration relative to the 
substituent attached to C 4 (for example, r -4 -benzamido- t -3 -hydroxy- t -2 -ca rboxymethy l th iophan  has z~5~_ H 
0.63 ppm and J 4 - H j - H '  + J4-H,5-H" = 12 Hz, while r -4 -benzamido-c -3 -hydroxy- t -2 -ca rbomethoxy th iophan  
has A55_ H 0 ppm and Jt-H,5-H' + J4.H,5-H" = 16.4 Hz) [2]. The spec t rum of III re tains  the features  cha r ac -  
te r i s t ic  for t rans-3 ,4-hydroxyaminothiophans  - A 5  5-Htrans 0.69 ppm and J4-H,5-H' + J4-H,5-H" = 8.9 Hz 
(Table 1). Consequently the r -4 -benzamido- t -3 -hydroxy- t -2 - (5 -ca rbomethoxybuty l ) th iophan  s t ruc ture  
should be assigned to this compound, and the r -4 -benzamido- t -3 -hydroxy-c -2 - (5 -ca rbomethoxybu ty l ) th io -  
phan s t ruc ture  should be ascr ibed to its i somer  (IV). 

In accordance  with the previously proposed method [2,6], we accomplished the inversion of the 
hydroxyl group in the 3 position of III by heating it in acetic acid saturated with hydrogen bromide,  while 
the hydroxyl group in IV was inverted by the action of thionyl chloride in chloroform in the presence  of 
pyridine.  The two possible i somer ic  e s te r s  (V and VI) (rap 1101-102 and 131-132 ~ respectively) were i so-  
lated. The features  charac te r i s t i c  for the spect ra  of c i s -4-amino-3-hydroxyth iophan -A55_Hcis  0 ppm and 
J4-H,5-H' + J4-H,5-H" = 16.4 Hz - are  retained in the PMR spect rum of V (Table 1 and Fig. 1). Thus, i n  
the present  study we have once more  confirmed the previously established principle [2] that a substituent 
in the 2 position in the t rans  configuration relative to the 4-benzamido group has pract ical ly  no effect on the 
PMR spect ra  of 2,3,4-tr isubst i tuted thiophans. Consequently, the s t ruc ture  of V cor responds  to r - 4 - b e n z -  
a m i d o - c - 3 - h y d r o x y - t - 2 -  (5-carbomethoxybutyl)thiophan, whileVI corresponds  to r - 4 - b e n z a m i d o - c - 3 -  
h y d r o x y - c - 2 -  (6-carbomethoxybutyl)thiophan. 

We have also shown that the inversion of III and IV to V and VI proceeds through the intermediate  
formation of 2-phenyl-6-(5-carbomethoxybutyl) tetrahydrothie~o[3,4-d]oxazoline (X). This compound was 
obtained by the react ion of III with thionyl chloride in ch loroform in the presence  of pyridine or on heating 
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6,0 5,0 ~,0 3,0 2,0 LO p p r r l  

Fig.  1. PMR s p e c t r u m  of a 0.4 M so lu -  
tion of r - b e n z a m i d o - c - 3 - h y d r o x y - c - 2 -  
(6-carbomethoxybutyl) thiophan (VI) in 
pyr id ine .  

in acet ic  acid sa tu ra ted  with hydrogen b romide .  The t h r e e -  
d imensional  s t r u c t u r e s  of X and its hydrochlor ide  and hydro -  
b romide  (Xa and Xb) were  es tab l i shed  by means  of PMR 
spec t roscopy .  As expected,  the PMR s p e c t r a  of pyridine 
solutions of X, Xa, and Xb were  s i m i l a r .  The s ignals  were  
ass igned by means  of p ro ton-magne t i c  double resonance  
(PMDR) and by a compar i son  of these spec t r a  with the s p e c -  
t r a  of s i m i l a r  compounds [2,6]. As was p rev ious ly  e s t a b -  
l ished in [2,6], invers ion of subst i tuted thiophans with a t r ans  
configurat ion of the subst i tuents  in the 3 and 4 posi t ions p r o -  
ceeds  through the fo rmat ion  of 2-phenyl te t rahydroth ieno [3 ,4- 
d]oxazoline and 2 - p h e n y l - 6 - c a r b o m e t h o x y - 3 a , 4 , 6 , 6 a - t e t r a -  
hydrothieno[3,4-d]oxazol ine.  The la t ter  compound is c h a r -  
ac te r i zed  by cis fusion of the thiophan and oxazoline r ings,  

and the oxazoline ring is p lanar  or  n e a r l y  p lanar .  The vicinal  s p i n - s p i n  coupling constants  of X, Xa, and 
Xb co r re spond  comple te ly  to the s ame  re la t ive  or ientat ion of the r ings .  The vicinal  s p i n - s p i n  coupling 
constant  along the 6 - 6 a  bond in X is 1.6 Hz. It is c lose  to the analogous constant  for  2 - p h e n y l - t r a n s - 6 -  
ca rbomethoxy-3a ,4 ,6 ,6a- te t rahydro th ieno[3 ,4-d]oxazo l ine  (0.6 Hz) [2]. Consequently,  the methoxybutyl  
group in X, Xa, and Xb has the t r ans  configurat ion with r e spec t  to the oxazoline r ing.  

Opening of the oxazoline r ing in X under  the influence of 10~ ammonium hydroxide (with s imul taneous  
hydro lys i s  of the e s t e r  group) gave r - 4 - b e n z a m i d o - c - 3 - h y d r o x y - t - 2 -  (6-carboxybutyl)thiophan (IX). In a c -  
cordance  with the data in [2,6], this reac t ion  is not accompanied  by invers ion at the 6 and 6a carbon a toms .  
Es te r i f i ca t ion  of IX gives e s t e r  V. 

EXPERIMENTAL 

r-4-Benzamido-t-3-hydroxy-2-(5-carbomethoxybutylidene)thiophan (if). A 1.13-g (0.03 mole) sample 
of sodium borohydride was added in the course of l.5 h with stirring at 18-20 o to a solution of I0.0 g (0.03 
mole) of 4-benzamido-3-oxo-2-(6-earbomethoxybutylidene)thiophan (1) [3] in I00 ml of methanol, and the 
mixture was stirred for 2 h. Water (50 ml) was added, and the mixture was acidified to pH 2 with 2 N 
hydrochloric acid. The precipitate was removed by filtration to give 7.8 g (77.8%) of colorless plates of II 
with mp 125-126 ~ (from methanol). Found: C 60.8; H 6.4; N 4.1~c. C17H2tNO4S. Calculated: C 60.9; H 6.3; 
N 4.2%. 

r-4-Benzamido-t-3-hydroxy-t-2-(5-carbomethoxybutyl)thiophan (Ill). An autoclave was charged with 
12.0 g (0.06 mole) of II, 240 ml of methanol, and 47.0 g of 5~ Pd/BaSO 4, and the mixture was hydrogenated 
at 30-40 ~ and 50 arm for I0 h. The catalyst was separated, and the filtrate was concentrated to 10-15 ml 
and allowed to stand at 0-3 ~ for 12 h. The precipitate was removed by filtration to give 9.84 g (82.2%) of 
colorless prisms of III with mp II0-III ~ (from methanol). Found: C 60.0; H 6.9; N 4.3~. CtTH23NO45. 
Calculated: C 60.1; H 6.9; N 4.2%. 

r-4-Benzamido-t-3-hydroxy-c-2-(6-carbomethoxybutyl)thiophan (IV). An autoclave was charged with 
2.0 g (0.01 mole) of If, 40 ml of methanol, 7,0 g of 5% Pd/BaSO4, and the mixture was hydrogenated at 90- 
I00 ~ and 100 arm for 6 h. The catalyst was separated, the filtrate was concentrated to one fourth its original 
volume, and the residue was allowed to stand at 16-18 ~ for 12 h. The precipitate was removed by filtration 
to give 1.36 g (67.7%) of colorless needles of IV with mp 140-141 ~ ~rom methanol). Found: C 60.4; H 6.9; 
N 4.0%. CI~H23NO4S. Calculated: C 60,1; H 6.9; N 4.2%. Concentration of the filtrate yielded 0.5 g (24.9%) 
of III with mp 110-111% 

r-4-Benzamido-t-3-hydroxy-t-2- (5-carboxybutyl)thiophan (VII). A 0.l-g (2 mmole) sample of sodium 
hydroxide was added to a solution of 0.4 g (1 mmole) of III in 4 ml of water and 6 ml of alcohol, and the mix- 
ture was refluxed for 2.75 h. It was then cooled and acidified to pH 2 with 2 N hydrochloric acid to give 
0,38 g (98.9%) of V with mp 167-168 ~ (from methanol). Found: C 59.0; H 6.1; N 3.7%. C16H2tNO4S. Calcu- 
lated: C 59.4; H 6.5; N 4.3%. 

r-4-Benzamido-t-3-hydroxy-c-2-(6-carboxybutyl)thiophan (VIII). Under similar conditions, 0.4 g (1 
mmole) of IV gave 0.34 g (88.5%7 of VIII with mp 160-161 ~ (from methanol). Found: C 59.2; H 6.5; N 4,1~. 
CiGH21NO4S. Calculated: C 59.4; H 6.5; N 4.3%. This product depressed the melting point of VII (nap 146- 
149~ 

815 



r -4 -Benzamido-c-3-hydroxy- t -2 - (6-carbomethoxybuty l ) th iophan  {V). A. A solution of 1.0 g (3 
mmole) of III in 10 ml of acetic acid saturated with hydrogen bromide was refluxed for 5 h and evaporated 
to d ryness .  Ammonium hydroxide (15 ml) was added to the residue,  and the mixture was concentrated to 
half its or iginal  volume and extracted with chlorofOrm. The chloroform was removed,  and 2 ml of metha-  
nolwas added to the res idue.  The mixture was held at 0 ~ and the result ing precipitate was separated to 
give 0.56 g (56%) of color less  p r i sms  of V with mp 101-102 ~ (from methanol). Found: C 60.3; H 6.6; N 4.5%. 
CITH2~NO4S. Calculated: C 60.1; H 6.9; N 4.2%. 

B. A solution of 0.5 g (1.5 mmole) of IX in 5 ml of methanol and 0.3 ml of sulfuric acid was refluxed 
for 1.5 h. Water  (4 ml) was added, and the mixture was extracted with ch loroform.  The chloroform ex- 
t rac t  was washed with sodium bicarbonate solution, and the ch loroform was removed.  Methanol (1 ml) was 
added to the residue,  and the mixture was allowed to stand at 0 ~ to give 0.39 g (75%) of a product with mp 
101-102 ~ . This product did not depress  the melting point of the product obtained via method A. 

r -4-Benzamido-c . -3-hydroxy-c-2-(6-carbomethoxybutyl ) th lophan (VI). A solution of 1 ml (15 mmole) 
of thionyl chloride in 7 ml of ch loroform was added at 0 ~ to a solution of 1.0 g (3 mmole) of IV in 20 ml of 
chloroform and 0.24 ml (3 mmole) of pyridine, and the mixture was held at 20 ~ for 2 h. The solvent was 
removed,  5 ml of water  was added to the res idue,  and the mixture was extracted with ch loroform.  The 
chloroform extrac t  was washed with water ,  and the ch loroform was removed to give 0.59 g (61.3%) of co lo r -  
less needles of VI with mp 131-132 ~ (from methanol). Found: C 60.7; H 6.9; N 4.3%. C17H22NO4S. Calcu-  
lated: C 60.7; H 6.6; N 4.2%. 

2-phenyl - t -6-carbomethoxybuty l -3a ,4 ,6 ,6a- te t rahydroth ieno  [3,4-d]oxazoline (X). A. A solution of 
1.5 ml (20 mmole) of thionyl chloride in 8 ml of chloroform was added at 0 ~ to a solution of 1.5 g (4 mmole) 
of HI in 45 ml of chloroform and 0.35 ml (4 mmole) of pyridine, and the mixture was held at 20 ~ for 2 h. 
The solvent was removed,  and the residue was neutral ized with sodium bicarbonate solution. The alkaline 
mixture was extracted with chloroform,  and the chloroform was removed.  The residue was t reated with 5 
ml of alcohol, and the mixture was held at 0 ~ for 2 h. The result ing precipitate was separated to give 1.12 
g (81.3%) of X with mp 157-158 ~ (from methanol).  63a_ H 5.12 ppm, 64_ H, 3.30 ppm; 64_H,, 3.06 ppm; 66_ H 
3.30-3.55 ppm; 66a_ H 4.98 ppm; J3a_H,4_H, = 5.2 Hz; J3a_H,4_H,, = 2.2 Hz; J3a_H,6a_H = 7.7 Hz; J4-H',4-H" = 
12.1 Hz; J6_H,6a_H = 1.6 Hz. Found: C 63.3; H 6.3; N 4.3%. C17H21NO3S. Calculated: C 63.7; H 6.6; N 4.4%. 

B. A total of 8 ml of a saturated aqueous sodium bicarbonate solution was added to 1.0 g (3 mmole) 
of 2-phenyl- t -6-carbomethoxybutyl -3a ,4 ,6 ,6a- te t rahydrothieno [3,4-d]oxazoline hydrochlor ide (or hydro-  
bromide) (Xa), and the mixture was s t i r red  for 15 min and extracted with ch loroform.  The ch loroform was 
removed,  alcohol was added, and the mixture was held at 0 ~ for 12-16 h. The result ing precipitate was 
separated to give 0.52 g (58.4%) of X with mp 157-158 ~ This product did not depress  the melting point of 
the compound obtained via method A. 

Hydrochloride of X (Xa). This compound [1.07 g (96.3%)] was obtained f rom 1.0 g (3 mmole) of II and 
8 ml of alcohol saturated with hydrogen chloride and had mp 135-136 ~ (from alcohol). Found: C 57.6; H 
6.3; N 4.2; C1 9.8%. CITH21NO3S �9 HC1. Calculated: C 57.4; H 6.2; N 4.2; C1 10%. 

Hydrobromide of X (Xb). A solution of 1.0 g (3 mmole) of III in 10 ml of acetic acid saturated with 
hydrogen bromide was refluxed for 5 h and evaporated to dryness .  Methanol (3 ml) was added to the 
residue,  and the mixture was held at 0 ~ for 10 h. The precipitate was separated to give 0.8 g (69.5%) of Xb 
with mp 200-201 ~ (from methanol).  Found: C 50.4; H 5.5; N 8.5; Br 19.5%. C17H21NO3S �9 HBr. Calculated: 
C 51.0; H 5.5; N 8.5; Br 20.0%. 

r - 4 - B e n z a m i d o - c - - 3 - h y d r o x y - t - 2 '  (g-carboxybutyl)thiophan (IX). A solution of 1.0 g (3 mmole) of X in 
11 ml of 10% ammonium hydroxide was refluxed for 5 h and held at 0 ~ for 10-12 h. The precipitate was 
separated to give 0.87 g (83.2%) of IX with mp 153-154 ~ (from alcohol). Found: C 59.5; H 6.7; N 4.0%. 
C16H21NO4S. Calculated: C 59.4; H 6.5; N 4.3%. 

The PMR and PMDR spec t ra  were recorded  with a Hitachi R-20A spec t romete r .  The chemical  shifts 
were measured  on the 6 scale,  and the internal standard was te t ramethyls i lane .  The accurac ies  in m e a s u r -  
ing the chemical  shifts and s p i n -  spin coupling constants were • 0.005 ppm and * 0.1 Hz, respect ively .  

I. 

LITERATURE CITED 

S. D. Miklmo, N. S. Kulachkina, T. N. Polyanskaya, L. B. Stepina, and V. M. Berezovskii, Khlm. 
Geterotsikl. Soedin., 1609 (1970). 

816 



2. S.D.  Mikhno, T. M. Filippova, N. S. Kulachkina, T. N. Polyanskaya, V. V. Mishchenko, I. K. Shmyrev, 
I. M. Kustanovich, and V. M. Berezovskii, Khim. Geterotsikl. Soedin., 760 (1972). 

3. S .A.  Harris,  D. E. Wolf, R. Mozingo, R . C .  Anderson, G. E. Arth, N. R. Easton, D. Heyl, A. N. 
Wilson, and K. Folkers, J. Am. Chem. Soc., 66, 1756 (1944). 

4. A. Weissberger (editor), Determination of the Structure of Organic Compounds by Physical and 
Chemical Methods [Russian translation], Vol. 2, Khimiya, Moscow (1967), p. 58. 

5. S. Siegel and G. V. Smith, J .  Am. Chem. Soc., 82, 6082 (1960). 
6. S.D.  Mikhno, T. M. Filippova, N. S. Kulachkina, T. N. Polyanskaya, I. M. Kustanovich, and V. M. 

Berezovskii, Khim. Geterotsikl. Soedin., 1339 (1971). 

817 


