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4-Carbethoxyamino-3-ketothiophane (VI) is synthesized via a number 
of intermediates. Derivatives with substituents at positions 2 and 3 
are prepared. 

T h e  c o m p l e x i t y  of  the  s y n t h e s i s  of  b io t i n  f r o m  s i m -  
p l e  c o m p o u n d s  l i e s  not  on ly  in the  m u l t i p l i c i t y  of 
s t a g e s ,  but  a l s o  to a l a r g e  e x t e n t  in the  s t e r i c  a m b i -  
gu i ty  due  to the  m o l e c u l e ' s  c o n t a i n i n g  t h r e e  a s y m m e t r i c  
c a r b o n  a t o m s .  A k e y  c o m p o u n d  in the  s y n t h e s i s  of  

b i o t i n  i s  c i s - 3 ,  4 - d i a m i n o - 2 - ( 6 - c a r b o x y b u t y l ) t h i o p h a n e .  

It  a p p e a r e d  p o s s i b l e  to s e c u r e  c i s - 3 ,  4 - s u b s t i t u e n t s  
in the  m o l e c u l e  by  f o r m i n g  an i m i d a z o l e  r i n g  by  in -  

t r a m o l e c u l a r  c y c l i z a t i o n  of the  a p p r o p r i a t e  c o m p o u n d ;  
f o r  the  s t a r t i n g  po in t  of the  l a t t e r  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  (VI) can  be  u sed .  C o m p o u n d  VI is  
s y n t h e s i z e d  in a f e w  s t a g e s .  T r e a t m e n t  of S - c a r b o x y -  

m e t h y l - L - c y s t e i n e  (I) [1] w i th  e thy l  c h l o r o f o r m a t e  

a t  - 1 0  ~ C in the  p r e s e n c e  of s o d i u m  a c e t a t e  g i v e s  N-  
c a r b e t h o x y - S - c a r b o x y m e t h y l - L - c y s t e i n e  (II). M e t h a n o l  
in t h e  p r e s e n c e  of  s u l f u r i c  a c i d  e s t e r i f i e s  c o m p o u n d  

(II) to the  d i m e t h y l  e s t e r  of  N - c a r b e t h o x y - S - c a r b o -  
x y m e t h y l - L - c y s t e i n e  (III). 
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D i e c k m a n n  c y c l i z a t i o n  of III  can  p r o c e e d  in two  

d i r e c t i o n s ,  to g i v e  a t h i o p h a n e  o r  a t h i a z i n e  d e r i v a -  

t i v e .  C y c l i z a t i o n  of  d i e s t e r  III  in m e t h a n o l  in the  

p r e s e n c e  of 1 m o l e  s o d i u m  m e t h o x i d e  a t  0 ~ C g i v e s  
a 91% y i e l d  of  the  s o d i u m  s a l t  of  4 - c a r b e t h o x y a m i n o -  

3 - k e t o - 2 - c a r b o m e t h o x y t h i o p h a n e  (IV), i n d i c a t i n g  an 

u n a m b i g u o u s  r e a c t i o n .  T r e a t m e n t  of s o d i u m  s a l t  IV 

w i t h  1 N h y d r o c h l o r i c  a c i d  in m e t h a n o l  g i v e s  4 - c a r -  
b e t h o x y a m i n o - 3 - k e t o -  2 - c a r b o m e t h o x y t h i o p h a n e  (V). 
H e a t i n g  c o m p o u n d  IV wi th  h y d r o c h l o r i c - - a c e t i c  a c i d  

h y d r o l y z e s  and  d e c a r b o x y l a t e s  it  to 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  (VI). 

It i s  known tha t  3 - k e t o t h i o p h a n e s  wi th  m o b i l e  h y -  

d r o g e n  a t o m s  in t he  p o s i t i o n  2 m e t h y l e n e  g r o u p  c a n  

u n d e r g o  the  K n o e v e n a g e l  [2, 3] and  M i c h a e l  [4] r e -  

a c t i o n s .  We h a v e  a t t e m p t e d  to c a r r y  out  t h e s e  r e -  

a c t i o n s  wi th  c o m p o u n d  VI. C o m p o u n d  VI and b e n z a l -  
d e h y d e  in the  p r e s e n c e  of p i p e r i d i n e  in a c u r r e n t  of 
n i t r o g e n  g i v e  4 - c a r b e t h o x y a m i n o - 3 - k e t o - 2 - b e n z y l -  
i d e n e t h i o p h a n e  (VII). T h i s  r e a c t i o n  c o u l d  not,  h o w e v e r ,  

be  b r o u g h t  about  in the  p r e s e n c e  of  p i p e r i d i n e  a c e t a t e  
and p y r i d i n e .  F u r t h e r m o r e ,  VI does  not  r e a c t  wi th  
a e r o l e i n  and  m e t h y l v i n y l k e t o n e  in the  p r e s e n c e  of 
p y r i d i n e ,  p i p e r i d i n e ,  o r  s o d i u m  m e t h o x i d e  (Michae l  

r e a c t i o n ) .  
T r e a t m e n t  of  c o m p o u n d  VI wi th  HCN in the  p r e s e n c e  

of  p y r i d i n e ,  h o w e v e r ,  g i v e s  4 - c a r b e t h o x y a m i n o - 3 -  
e y a n o - 3 - h y d r o t h i o p h a n e  (VIII), w h i l e  t r e a t m e n t  wi th  
h y d r o x y l a m i n e  in p y r i d i n e  s o l u t i o n  g i v e s  4 - c a r b e t h o -  
x y a m i n o - 3 - o x i m i n o t h i o p a n e  (IX). NaBH4 in m e t h a n o l  

r e a d i l y  r e d u c e s  the  k e t o  g r o u p  in c o m p o u n d  VI to a 
h y d r o x y l  one,  and the  p r o d u c t  i 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  (X). 

EXPERIMENTAL 
N-Carbethoxy-S-carboxymethyl-L-cysteine (II). 10.6 ml (0.11 

mole) Et chioroformate plus a solution of 11.8 g crystalline NaOAc 
in 100 ml water were added simultaneously to a solution of 20.0 g 
(0.11 mole) S-carboxymethyl-L-cysteine (I) in 64 ml 3. 5 N NaOH 
cooled to - 10" C, then the whole stirred for 1-1/2 hr at 0" C, and 
left for 16 hr at 18"-20 ~ C. The reaction products were made acid 
to Congo Red with cone HC1, extracted with ether (3 x 50 ml), and 
the ether removed under vacuum. 40 ml benzene was added to the 
oily residue, and the soiution was concentrated under vacuum. Syr- 
upy compound, yield 20.85 g (74~ 

[a ]~- -  24.8 ~ C ( c l . 0  EtOH). Found: C 38.48; 88.62; H 5.68; 
5.49; N 5.54; 5.65%, calculated for CsH 13NO6S: C 38.24; H 5.21; 
N 5.75%. 

Dimethyl ester of N-earbethoxy-S-earboxymethyl-L-eysteine (Ill), 

1 ml Cone H~SO4 was added to a solution of 5.0 g II in 1O.0 ml dry 
MeOH, and the whole refluxed for 5 hr. The reaction products were 

poured into I0 ml water, the oily layer separated off, and the aque- 

ous layer extracted with benzene, (5 x 3 ml). The combined extracts 

were washed with NaHCO 3 solution, then with water, and dried over 

NazSO 4. The solvent was taken off, to give 2.9 g (52.5%) of an oily 
substance; [a]~ -- 34. 7" C (c 1.0 EtOH). Found: C 42.75; 42. 77; 
H 5.99; 6.11; N 5.41; 5.13; S 11.42; 11.18%, calculated for 
C10HITNOsS: C 43. 01; H 6.14; N 5.02; S 11. 480]0. 

Sodium 0*,It of 4-carbethoxyamino-3-keto-2-carbomethoxy-2, 
a-dehydrothiophane (IV). A solution of Na methoxide prepared from 
0.14 g (0.0068 mole) sodium and 4 ml MeOH was added to a solution 
of 1.75 g (0. 0063 mole) III in 2 ml dry MeOH at 0" C. The whole 
was left for 1 hr at 18"-20" C and for 2 hr at 0" C. The precipitate 
was separated off and washed with ether, yield 1.53 g (91%). Found: 
C 40.20; 39.95; H 5.03; 5.15; N 4.75; 4.76%, calculated for 

CgHI2NOsSNa: C 40.14; H 4.49; N 5.20%, 

4-Carbethoxyamino-8-keto-2-earbomethoxy~hlophane (V). A 
suspension of 8.8 g IV in MeOH was brought to pH 2 by adding 2 N 
HC1, then extracted with benzene. The benzene extract was washed 
with NaHCO s solution, then with water. The solvent was taken off, 
leaving an oily material, yield 7.38 g (91~ Found: C 43. 21; 43. 34; 
H 5.29; 5.25; N 5.10; 5.29%, calculated for CgH13NOsS: C 43. 91; 
H 5, 29; N 5.67%. 
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2, 4-Dinitrophenylhydrazone: yellow needles mp 159"-160" C 
(ex EtOH). Found: C 42.18; 42.22; H 4. 14; 4. 41%, calculated for 
ClsHlTNsOsS: C 42.15; H 4. 01%. 

4-Carbethoxyamino- a-ketothiophane (VI). 7.0 g IV was dissolved 
in 54 ml HC1--AcOH--Hs0 (1:2. 5:2.5), the solution refluxed for 15-- 
20 rain, cooled, and the products extracted with CHCls. The extracts 
were washed with NaHCC~ solution, then with water, and dried over 
NazSO 4. The solvent was taken off, an ether--petrol ether mixture 
(1:3) added to the residue, and the whole left for 16 hr at 0 ~ C. The 
precipitate was separated off as colorless needles, soluble in EtOH, 
CHC13, and benzene; mp 54. 50-55 * C. Yield 2 .04  g (52.6%). Found: 
C44 .79 ;  44. 56;H 5.77; 5.52; N 7.57; 7.71; $16 .86 ;  17.28%, cal-  
culated for CTHnNOsS: C 44. 43; H 5.86; N 7.40; S 16. 94%. 

2, 4-Dinitrophenylhydrazone: colorless needles, soluble in EtOH 
and Mer mp 157"-158" C (ex EtOH). Found: C 42.52; 42.38; H 
4. 17; 4. 11; N 18. 31; 18.34%, calculated for ClaHIsNsOsS: C 42.27; 
H 4. 09; N 18. 96%. 

4"Carbethoxyamtno-8-keto-2-benzyl tdenethtophane (VII). 0.26 
ml  (0.0027 mole) freshly-distilled benzaldehyde and 0.05 ml pipe- 
ridine were added to a solution of 0 .5  g (0. 0027 mole) VI in 2 ml  
dry MeOH, in a current of nitrogen, the whole stirred for 4 hr at 30 ~ C, 
then left for 16 hr at 0* C. The precipitate was filtered off; colorless 
plates soluble in EtOH, mp 126"-127 ~ C (ex E tOH-e the r -pe t ro l  ether 
1:6:2). Yield 0.25 g (34. 2%). Found C 60.50; 60.38; H 5.40; 5.37; 
N 5.34; 5.08%. calculated for CIaH15NOsS: C 60.63; H 5.46; N 5.05%. 

4-Catbethoxyamino-3-eyano-8-hydrothiophane (VIII). 2 .0  g VI 
and 0.5 ml pyridine were added to 4 ml hydrocyanic acid at 0 ~ C, the 
whole left at 0* C for 16-18 hr, and the hydrocyanic acid then removed 
under vacuum. The residue was transferred to a separating funnel, 

CHC1 s and ice added, and the mixture shaken with 1 .2  ml 2 .5  N HC1. 
The CHC1 s layer was washed with water, then CHC1 s taken off. ether-- 
petrol ether (1:3) added to the residue, and the resultant mass rubbed 
until a crystalline precipitate formed. The precipitate was separated 
off and washed with the same e the r -pe t ro l  ether mixture.  Yield 1.34 
g (59.1%), colorless plates, soluble in EtOH, mp 84. 5~ . C. Found 
C 44. 43; 44. 50; H 5.63; 5.56;  N 13. 49; 13. 29~ calculated for 
CsHnNxOsS: C 44. 43; H 5.59; N 12.950]o. 

4-Carbethoxyamlno-3-hydroxlmlnothlophane (IX). o. 22 g (0. 0033 
mole) Hydroxylamlne hydrochloride was added to a solution of 0.5 g 
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(0. 0025 mole) VI in 2. 5 ml pyridine0 and the mixture held at 30 ~ C 
for 18-20hr .  5 ml water was added, then the mixture extracted with 
CHC1 s (3 X 4 ml). The CHC1 s extracts were transferred to a separating 
funnel, ice added, and the mixture shaken with 3 ml 2.5 N HC1. The 
CHC13 layer was washed with NaHCO s solution (2 x 3 ml), and then 
with water (4 ml). The solvent, was taken off, the precipitate sepa- 
rated off and washed with petrol ether. Yield 0.25 g (64. 8~ color- 
less prisms, soluble in EtOH and CHCls, mp 140"-140.5" C, (ex CHCla). 
Found: C 41.35; 41.06; H 5.99; 5.91; N 13. 93; 14. 280]o, calculated 
for CTHlzN2OaS: C 41.16; H 5.92; N 13. 72%. 

4-Carbethoxyamino-3-hydrox) ' thtophane (X). 0.1 g NaBH a was 
added gradually to a solution of 0.5 g VI in 6 ml MeOH at 50"-60 * C, 
and the whole stirred for 2 hr at the same temperature. After cooling, 
15 ml water was added, the mixture made acid to Congo Red with 1 
N HC1, then extracted with CHCI~. The extract was dried over MgSO 4. 
The CHC1 s was taken off, and the residue rubbed with ether, then re- 
crystallized ex EtOH, yield 0 .3  g (59.90]0, mp 92~ ~ C. Found: 
C 44. 16; 44. 18; H 6.49; 6.59; N 7.49; 7.23%, calculated for 
CTHlsNOsS: C 43. 96; H 6.85; N 7.32%. 
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