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The reduction of 4-benzoylamino- and 4-carbethoxyamino-3-ketothiophanes proceeds s tereo-  
specifically to form only trans-4-benzoylamino- and t rans-4-carbethoxyamino-3-hydroxy- 
thiophanes, respectively,  f rom which trans-4-amino-3-hydroxythiophane is obtained by alka- 
line hydrolysis.  It was established that acid hydrolysis of t rans-4-carbethoxyamino-3-hydro-  
xythiophane leads only to trans-4-amino-3-hydroxythiophane, while acid hydrolysis of t rans-  
4-benzoylamino-3-hydroxythiophane is accompanied by inversion to form cis-4-amino-3-  
hydroxythiophane. Derivatives of the cis- and t rans-  isomeric pairs of 4-amino-3-hydroxy- 
thiophanes were synthesized. 

This investigation of the stereospecific synthesis of 4-amino-3-hydroxythiophanes involves the pre- 
paration of cis and trans derivatives and the conversion of the trans configuration of some compounds of 
this group to the cis configuration~ To synthesize 4-amino-3-hydroxythiophane we started from 4-acyl- 
amino-3-ketothiophanes (I and II) in which the keto group was reduced with sodium borohydride. It is well 
known that a mixture of epimeric alcohols or one epimeric alcohol can be obtained, depending on the steric 
accessibility of the earbonyl group, the geometrical dimensions of the reducing agent, and the reduction 
conditions [ 1]. 

4-Carbethoxyamino-3-hydroxythiophane (IIlb) and 4-benzoylamino-3-hydroxythiophane (IVb) were ob- 
tained by the reduction of 4-carbethoxyamino-3-ketothiophane (1) [2] and 4-benzoylamino-3-ketothiophane 
(If), respectively, with sodium borohydride in methanol at 0 deg C. The formation of a hydroxyl group was 
confirmed by IR spectroscopy (the presence of a band at 3610 cm-l). The reaction at 0 deg apparently led 
to the formation of one epimeric alcohol since repeated recrystallization of the reaction products did not 
change their melting points. 

IIIb and IVb were subjected to alkaline hydrolysis with sodium hydroxide in aqueous alcohol; both 
compounds gave the same 4-amino-3-hydroxythiophane (Vb), which was isolated as the hydrobromide (Vb ~) 
or hydrochloride (Vb~). It was found that Vb t and Vb ~ do not react with phosgene. Since the ability to form 
cyclic carbonates is used to determine the configuration of ahydroxylgroup with respect to other substitu- 
ents [3,4], we assigned the trans configuration to 4-amino-3-hydroxythiophane Vb. 

The hydrobromides of the 4-amino-3-hydroxythiophanes (Vb' and Va ~, respectively) were isolated by 
the hydrolysis of trans-acylamino alcohols IIIb and IVb with boiling concentrated hydrobromic acid; their 
melting points were close (120-121 deg and 122-123 deg), but a mixture of them gave a 30-35 deg melting- 
point depression~ Different hydrochlorides of the 4-amino-3-hydroxythiophanes (Vb ~ and Va ~, respectively) 
are also formed by deacylation of IIIb and IVb with hydrogen chloride in amyl alcohol at i00 deg. 
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3,4-Carbamoyl ido th iophane  (XII) was obtained f r o m  Va ~ and Va ~ by reac t ion  with phosgene under  the 
conditions p resen ted  above.  The fac t  that  Va r e a c t s  with phosgene to f o r m  a cycl ic  der iva t ive  a t t e s t s  to 
i ts  c i s  configurat ion.  

Thus the saponificat ion of the benzoyl  group of t r ans -4 -benzoy lamino -3 -hydroxy th iophane  (IVb) by 
ref luxing with hydrobromic  acid or  with amyl  alcohol sa tu ra ted  with hydrogen chlor ide  is accompanied  by 
invers ion  of configurat ion to f o r m  c i s -4 - amino -3 -hyd roxy th iophane  (Va), while saponificat ion of the c a r b e -  
thoxy group  of t r an s -4 - ca rbe t hoxyam i no -3 -hyd roxy th iophane  (IIIb) does not change the configuration and 
gives t r a n s - 4 - a m i n o - 3 - h y d r o x y t h i o p h a n e  (Vb). The abil i ty of t r a n s - 4 - b e n z o y l a m i n o -  3-hydroxythiophane 
(IVb) to inver t  i ts  coef igurat ion made it poss ib le  to obtain the para l l e l  s e r i e s  of de r iva t ives  of c i s - a m i n o  
alcohol Va. 

The c i s -  and t r a n s - 4 - u r e i d o - 3 - h y d r o x y t h i o p h a n e s  (Via and b), which have dif ferent  melt ing points 
and acetyla t ion capac i t i es ,  were  obtained f r o m  cis  and t r a n s - a m i n o  alcohols  Va and Vb by react ion  with 
po tass ium isocyanate  in wa te r  at  0 deg. Thus, c i s -u re ido -3 -ace toxy th iophane  (VIIa) and t r a n s - 4 - a c e t y l -  
ure ido-3-acetoxythiophaz)e  (VIIIb), r e spec t ive ly ,  a r e  f o rmed  f r o m  Via and Vlb by heating with acet ic  acid 
in the p r e s e n c e  of hydrogen b romide ;  in both cases ,  ref luxing in acet ic  anhydride  g ives  diacetyl  de r iva t ives  
VIIIa and VIIIb. Monoacetyl  de r iva t ive  VIIb was obtained f r o m  VIb in acet ic  anhydride at  50-60 deg. The 
g r e a t e r  ease  of acetyla t ion of VIb as  com pa red  with Via a g r e e s  with the i r  t r ans  and c is  configurat ions,  
r e spec t ive ly .  

The c i s -  and t r a n s - 4 - c a r b e t h o x y a m i n o - 3 - h y d r o x y t h i o p h a n e s  (IIIa,b) were  obtained f r o m  the amino 
alcohol hydrohal ides  (Va',  a ' ,  b ' ,  b n) by react ion  with ethyl ch lo roca rbona te  in water  at 0 deg. The c i s -  
and t r a n s - 4 - c a r b e t h o x y a m i n o - 3 - a c e t o x y t h i o p h a n e s  (IXa,b) were  synthes ized by acetyla t ion of IIIa andbwi th  
a mix tu re  of ace t ic  anhydride  and acetyl  chlor ide.  

Schot ten-Baumann benzoylat ion of Va ~ and Vb" gave c i s -  and t r ans -d ibenzoy l  de r iva t ives  Xa and Xb, 
f r o m  which the cor responding  c i s -  and t r a n s - 4 - b e n z o y l a m i n o - 3 - h y d r o t h i o p h a n e s  (IVa,b) a r e  fo rmed  by 
se lec t ive  saponif icat ion.  IVb obtained in this way is identical  to the compound f r o m  II. Acetylat ion gives 
c i s - a n d t r a n s - 4 - b e n z o y l a m i n o - 3 - a c e t o x y t h i l o p h a n e s X I a  and XIb, during which cis compound IVa r e q u i r e s  
m o r e  s eve re  conditions.  
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TABLE i. 

"~ Form 

I l ta [  elates 
IIIb I Plates 
IVa ~ Prisms 
IVb ' ~'rtmss 
Va i Plates 

i 
Vb' i Plates 

Va" Prisms 
! 

Vb" Prisms 

Via i Plates 
VIb Plates 
VIIa Plates 
VIIb Plates 
VIIIa Prisms 
VIlIb Prisms 
IXa :Needles 
IXb ! Needles 
Xa Needles 
Xb Needles 
XIa Prisms 
XIb Prisms 
XII ,. Prisms 

Characterist ics  of the Compounds Obtained 

Mp,* ~ Empirical 
formula 

71--72 CTHIaNQS 
99--100 

154--155 CnHI3NO~S 
129--130 
122--123 

C4HgNOS - HBr 
120--121 

206--237 
C4HgNOS �9 HC1 

167--168 

204--205 CsH~oN20~S 
149--149. 
164--165 i CTHI2N203S 
150--151 
146--147 
172--173 CgHx4~N204S 
88--89 
66--67 CgHIsNO4S 

164--165 
154--155 C18HI?NO~S 
150--151 
101--102 Ct3H~sNO~S 
127--128 CsHTNO~S 

Found, ~]o 
i 

c H N 

43,7 6.91 
44,2 6,61 7,2 
59,I 5,81 6,2 
59,1 5,91 6 1 
24,1 4.91 6:5* 

23,6 4,81 6,8~ 

30,8 6,31 C122,9 
I 

30,7 6,3 Cl23,i 

37,11 6,51 17,2 
37,31 6,0] 17,1 
4i,21621 
41,31 5,8 I 
43,6 5,81 11,0 
43,7 5,6 11,1 
46,31 6.31 6,0 
46,2 6,7 5,8 
65,315,01 3,8 
66,0[ 5,01 4,2 
58,815,61 5,1 
59,0 5,5 5,2 
41,.6 4,6 9,8 

Cale., % 

C H N 

6,9 44,0 6,8 ~ 

59,2 5,9 

24,0 5,0 I 

41,2 5,9 

43,9 5,7 

46,3 6,5 

66,0 5,2 t 

58,8 55 I 
t 41,414,9 ] 

- ~  Yield, 
%t 

66,0 
7.3 87,2 

97,2 
6,3 96.4 

81,4 
7,0 (70,6) 

85,6  
(82,6) 

2,8! 71,7 (33,6) 
60,6 

(12,3) 
7,3 60,0 

i,4 86,2 18,2 
65,2 
66,6 
83,4 

B,01 53,2 
65,6 

} 6 87,7 4,3 90,7 
5,3 62,5 

81,5 
61,5 

*IIIa was r e c r y s t a l l i z e d  f r o m  CC14-pe t ro l eum e the r ,  VIIIa and  b 
were  r e c r y s t a l l i z e d  f r o m  me thano l ,  and the r e m a i n i n g  compounds  

were  c r y s t a l l i z e d  f r o m  a lcohol .  
tAlka l ine  h y d r o l y s i s  y i e l d s ;  the ac id  h y d r o l y s i s  y i e ld s  a r e  g iven 

in p a r e n t h e s i s .  
SFound  %: Br  39.8 (Va') ;  39.7 (Vb'). Calc.  %: Br 39.9. 

In addi t ion  to t r a n s - 4 - b e n z o y l a m i n o - 3 - h y d r o x y t h i o p h a n e  (IVb), i t s  O-benzoy l  d e r i v a t i v e  - t r a n s - 4 -  
b e n z o y l a m i n o - 3 - b e n z o y l o x y t h i o p h a n e  (Xb), which is  hyd ro lyzed  to c i s - 4 - a m i n o - 3 - h y d r o x y t h i o p h a n e  (Va) 
by hea t ing  with h y d r o b r o m i e  ac id  - a l so  u n d e r g o e s  i n v e r s i o n  of conf igu ra t ion .  The i n v e r s i o n  of IVb and Xb 
on hea t ing  ac id s  is  a p p a r e n t l y  a c c o m p a n i e d  by the i n i t i a l  f o r m a t i o n  of cyc l i c  i n t e r m e d i a t e  XIII with i n v e r -  
s ion  of con f igu ra t i on .  S i m i l a r  c a s e s  a r e  d i s c u s s e d  in [5,6]. 

IC6H 
H N/'\-'~O II 

t I 

Xll[ 

E X P E R I M E N T A L  

t r a n s - 4 - B e n z o y l a m i n o - 3 - h y d r o x y t h i o p h a n e  (IVb). A. Sodium b o r o h y d r i d e  [0.5 g (14.36 mmole ) ]  was  
added in the c o u r s e  of 1 h to a so lu t ion  of 3 g (13.56 m m o l e )  of 4 - b e n z o y l a m i n o - 3 - k e t o t h i o p h a n e  (II) in 10 
ml  of m e t h a n o l  a t  0 deg, and the m i x t u r e  was s t i r r e d  for  8 h at  18-20  deg~ Wate r  (10 ml)  was added,  and 
the m i x t u r e  was  ac id i f i ed  to pH 2 with h y d r o c h l o r i c  ac id  and e x t r a c t e d  with c h l o r o f o r m .  The so l ven t  was 
r e m o v e d  to g ive  2.92 g of IVb. 

B. A so lu t ion  of 1.5 g (4.58 m m o l e )  of t r a n s - 4 - b e n z o y l a m i n o - 3 - b e n z o y l x y t h i o p h a n e  (Xb) in 5 m l  of 
2.5 N s o d i u m  hydrox ide  and 16 ml  of a lcohol  was r e f l uxed  for  25 rain and  e x t r a c t e d  with c h l o r o f o r m .  The 
e x t r a c t  was washed  with wa te r ,  and the c h l o r o f o r m  was r e m o v e d  to g ive  0.99 g (97.2%) of IVb. 

t r a n s - 4 - C a r b e t h o x y a m i n o - 3 - h y d r o x y t h i o p h a n e  (IIIb). A. This  was ob ta ined  in the s a m e  way a s  IVb 
f r o m  4 - c a r b e t h o x y a m i n o - 3 - k e t o t h i o p h a n e  (I). 
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B. Ethyl chlorocarbonate  [1.25 ml (13.07 mmole)] and 5 ml of 20% sodium acetate  were added s imul-  
taneously to a solution of 2 g (9.99 mmole) of t r ans -4-amino-3-hydroxyth iophane  hydrobromide  (Vb f) in 5 
ml of 2 N sodium hydroxide at 0 deg, and the mixture was s t i r red  for  2 h at 18-20 deg~ The mixture was 
then extracted with chloroform,  the ch loroform was removed,  and alcohol was added to the res idue to give 
1.52 g (79.4%) of IIIb. 

t r ans -4-Amino-3-hydroxyth iophane  Hydrohalides (Vb' and bn). A. Sodium hydroxide [7.5 ml (9 N)] 
was added to a solution of 2.5 g (11.2 mmole) of IVb in 27.5 ml of alcohol, and the mixture was refluxed for  
2 h. It was then acidified to pH 2 with hydrobromic  acid and extracted with benzene. The aqueous layer  
was evaporated to dryness ,  3 ml of alcohol was added, and the solid was f i l tered to give 1.92 g of the hydro-  
bromide  (Vbn). The hydrochlor ide  (Vb w) was obtained under the same conditions by acidification with hydro-  
chlor ic  acid. Vb n and Vb m were obtained in 80% yield by the hydrolys is  of Xb. 

B. A solution of 10 g (52.29 mmole) of IIIb in 100 ml of concentrated HBr was refluxed for 5 h and 
evaporated to dryness .  The res idue  was dissolved in 35 ml of alcohol, the solution was t reated with act iva-  
ted charcoal  and evaporated to 15-16 ml, 5 ml of ether was added, and the precipi tate  was fi l tered to give 
8.65 g of Vb t. 

C. Hydrogen chloride was passed through a solution of 1 g (5.23 mmole) of IIIb in 10 ml of amy1 al- 
cohol for  8 h at  100 deg. The amyl  alcohol was removed and 3 ml of alcohol was added to the residue.  The 
resul t ing solution was t rea ted  with activated charcoal ,  and held at 0 deg for  16-18 h, and the resul t ing solid 
was f i l tered to give 0.1 g of Vb m. 

c i s -4-Amino-3-hydroxyth iophane  Hydrohalides (Va v and am). A. A solution of 3 g (13.44 mmole) of 
IVb in 30 ml of concentra ted HBr was refluxed for 5 h, cooled, and extracted with benzene to r emove  ben- 
zoic acid, and evaporated to dryness .  The residue was dissolved in 200 ml of alcohol. The solution was 
t reated with act ivated charcoal ,  evaporated to 70-75 ml, and kept at  0 to -3 deg for  16-20 h to give 1.9 g of 
the hydrobromide  (VaV). Va n was also obtained in ~80~c yield by hydrolysis  of IIIa, IVa and Xb. A mixture 
of Va n and Vb t had mp 88-90 deg. 

B. Hydrogen chloride was bubbled through a solution of 4 g (17.92 mmole) of IVb in 30 ml of amy1 
alcohol for 8 h at  100 deg, and the solution was allowed to stand at 0 deg for 16-18 h. The resul t ing p re -  
cipitate was f i l tered and the f i l t ra te  was evaporated to give 1.35 g of IVb and 0.71 g of the hydrochlor ide 
(Vat). A mixture  of Vam and Vb n had mp 145-147 deg. 

C. Sodium hydroxide [1.5 ml (9 N)] was added to a solution of 1.5 g (4.58 mmole)  of c i s -4 -benzoy l -  
amino-3-benzoyloxythiophane (Xa) in 5.5 ml of alcohol, and the mixture was refluxed for 2 h. It was then 
acidified to pH 2 with hydrobromic  acid and extracted with benzene. The aqueous layer  was evaporated to 
dryness  to give 0.78 g (85.2~ of Va n. Va w was s imi la r ly  obtained using hydrochlor ic  acid. 

3 ,4-Carbamoylidothiophane (XII). Hydrobromide Va n [1.3 g (6.49 mmole)] was added to 10 ml of i N 
sodium hydroxide, the mixture was s t i r red  for 15 rain, and 10 ml of 30% phosgene in toluene was added at 
0 deg, and the mixture was s t i r r ed  for  4 h. The mixture  was then extracted with chloroform.  The ch loro-  
forms was removed to give 0.58 g of XH [7]. XH was obtained in 60% yieTd under these conditions f rom 
hydrochloride Va". 

cis-4-Carbethoxyamino-3-hydroxythiophane (Illa). Ethyl chlorocarbonate [2.5 ml (25.93 mmole)] and 
10 ml of 20% sodium acetate solution were added simultaneously to a solution of 4 g (19.99 mmole) of Va t 
in 10 ml of 2 N sodium hydroxide at 0 deg, and the mixture was stirred for 2 h at 18-20 deg. The mixture 
was extracted with chloroform,  the solvent was removed  f r o m  the ext rac ts ,  and e t h e r - p e t r o l e u m  ether  
(1:1) was added to the res idue to give 2.52 g of IIIa. A mixture of IIIa and IIIb had mp 61-65 deg. 

c i s -4-Benzoylamino-3-hydroxyth iophane  (IV). Sodium hydroxide [9 ml (2.5 N)] was added to a solution 
of 3 g (9.16 mmole)]  of Xa in 33 ml of alcohol, and the mixture  was refluxed for 25 min, cooled, and ext rac t -  
ed with ch loroform.  The ch lo ro fo rm was removed to give 1.98 g of IVa. A mixture of IVa and IVb had mp 
119-123 deg. 

c i s -4-Ure ido-3-Hydroxyth iophane  (Via). A solution of 3.7 g (45.61 mmole)  of potass ium isocyanate 
in 6 ml of water  at  18-20 deg was added to a solution of 2 g (9.99 mmole)  of hydrobromide  Va t in 6 ml of 
water .  The mixture  was s t i r r ed  at 45-50 deg for  3 h, cooled, and the precipi tate  was f i l tered to give 0.97 
g of Via. 
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t r ans -4-Ure ido-3-hydroxyth iophane  (Vb). This was obtained in the same way as Via f rom hydrobro-  
mide Vb ~. 

c i s -4-Ure ido-3-ace toxyth iophane  (VIIa). A solution of 0.9 g (5.55 mmole)  of Via in 10 ml of 20% 
hydrogen bromide  in acetic acid was refluxed for 4 h and evaporated to dryness .  The res idue  was r e c r y s -  
tal l ized f rom e t h e r - a l c o h o l  (1:1) to give 0.2 g of VIIa. 

t r ans -4-Ure ido-3-ace toxy th iophane  (VIIb). A solution of 1ol g (6.78 mmole) of VIb in 5 ml of acetic 
anhydride was s t i r red  at 50-60 deg for  4 h, and the acet ic  anhydride was removed in vacuo to give 0.91 g 
of VIIb. 

c i s -4-Acety lure ido-3-ace toxyth iophane  (VIIIa). A solution of 1.5 g (9.25 mmole)  of Via in 7 ml of 
acetic anhydride was refluxed for 4 h. The solution was evaporated to dryness ,  2 ml of alcohol was added, 
and the solution was kept at 0-3 deg for  10-16 h to give 1.2 g of VIIIa. 

t r ans -4-Ace ty lure ido-3-ace toxy th iophane  (VIIIb). A This was obtained in the same way as VIIIa 
f rom VIb. 

B. A solution of 1 g (6.17 mmole)  of Via in 13 ml of acetic acid saturated with hydrogen bromide 
was refluxed for  4 h. The solution was evaporated to dryness ,  and the res idue was r ec rys t a l l i zed  f rom 
methanol to give 0.25 g (16.4%) of VIIIb. 

c i s -4-Carbe thoxyamino-3-ace toxyth iophane  (IXa). Acetyl chloride (3 ml) was added to a solution of 
1 g (5.23 mmole)  of IIIa in 5 ml of acetic anhydride at 0 deg, and the mixture was s t i r red  at 18-20 deg for  
30 min. It was then evaporated to dryness ,  and 2 ml of methanol was added to the res idue to give 0.66 g 
of IXa. 

t rans -4-Carbe thoxyamino-3-ace toxyth iophane  (IXb). This was obtained in the same way as IXa f rom 
IIIb. 

c i s -4-Benzoylamino-3-benzoyloxyth iophane  (Xa). Benzoyl chloride [4 ml (34.68 mmole)] and 10 ml 
of 4 N sodium hydroxide were  added simultaneously to a solution of 2 g (19.99 mmole)  of hydrobromide Va f 
in a mixture  of 8 ml of dioxane and 2.5 ml of water  at 0-3 deg and pH 8-9, and the mixture was s t i r r ed  at 
18-20 deg for  1 h. The resul t ing precipi ta te  was f i l tered and washed with water  and benzene to give 2.87 g 
of Xa. 

t rans-4-Benzoylamino-3-benzoyloxyth iophane  (Xb). A. Pyridine [0.2 ml (2.48 mmole)]  and 0.32 ml 
(2.77 mmole)  of benzoyl chlor ide were added to a solution of 0.47 g (2.1 mmole) of IVb in 8 ml of chloro-  
form at 0 deg, and the mixture was s t i r red  at 30-35 deg for 2 h. Water (30 ml) was added, the ch loroform 
layer  was separated,  the solvent was removed,  and the res idue  was washed with ether to glve 0.55 g (79.8%) 
of Xb. 

B. This compound was obtained also in the same way as Xa f rom Vb'. 

c i s -4-Benzoylamino-3-ace toxyth iophane  (XIa). Compound IVa [0.5 g (2.24 mmole)]  was dissolved in 
3 ml of acetic anhydride, and 2 ml of acetyl  chloride was added to this solution at 0 deg. The mixture was 
then s t i r r ed  at 50 deg for  30 min, and the resul t ing precipi ta te  was f i l tered and washed with benzene to give 
0.37 g of XIa. 

t r ans -4-Benzoylamino-3-ace toxy th iophane  (XIb). Acetyl  chloride (8 ml) was added to a solution of 2 
g (8.96 mmole) of IVb in 12 ml of acetic anhydride at 0 deg, and the mixture was s t i r red  at 18 deg for  30 
rain. It was then evaporated to dryness ,  benzene was added to the residue,  and the resul t ing solid was fi l-  
te red  to give 1.94 g of XIb. 

1 .  
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