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The r e c e n t  r e v i v a l  o f  i n t e r e s t  i n  t h e  s y n t h e s i s  of b i o t i n l f 2  i s  due  t o  an  

i n c r e a s e d  awareness  o f  t h e  impor tance  of t h i s  v i t amin  i n  humdn n u t r i t i o n  and 

the rapy3  as w e l l  a s  i n  an imal  h e a l t h 4 .  Biochemica l ly ,  b i o t i n  € u n c t i o n s  a s  a n  

i n d i s p e n s a b l e  coenzyme i n  numerous n a t u r a l l y  o c c u r r i n g  c a r b o x y l a t i o n  r e a c t i o n s  

which a r e  p a r t  o f  impor t an t  p h y s i o l o g i c a l  p r o c e s s e s  such  a s  q luconeogenes i s  

and f a t t y  a c i d  s y n t h e s i s 5 .  I n  o u r  p r e s e n t  approach  t o  t h e  s y n t h e s i s  of d-bio- 

t i n  (1) w e  p lanned  t o  e f f e c t  i n  a s i n g l e  s t e p  t h e  format ion  of t h e  th iophane  

r i n g  and t h e  s imul t aneous  c r e a t i o n  of two o u t  of t h r e e  c h i r a l  c e n t e r s  w i th  p ro -  

p e r  a b s o l u t e  s t e r e o c h e m i s t r y  by a n i t r o n e  t o  t h i o e n o l  e t h e r  t he rma l  in t r amole -  

c u l a r  c y c l ~ a d d i t i o n ~ "  of 2 t o  g i v e  2 (Scheme 1). The l a t t e r  would then  be con- 

v e r t e d  t o  desoxy b i o t i n  (?) and f i n a l l y  t o  b i o t i n  v i a  known m i c r o b i o l o g i c a l  

o x i d a t i o n  . 8 

The i n t e r m e d i a t e  5 ,  e a s i l y  p repa red  from L-cys t e ine  ( 3 )  underwent spon ta -  

neous c y c l i z a t i o n  a t  room t empera tu re  t o  g i v e  i n  h iqh  y i e l d  a mix tu re  of t h e  
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desired all-cis cycloadduct 5 and the diastereomer 1, in the disappointing 
ratio of 1.9:1'"t1'. 

A careful inspection of Dreiding models of the possible transition states 
for the cyclization of 5 seems to favor the two conformations 8 and 2 of the 
zusammen nitrone configuration as the source of the observed products 5 and 7 ,  
respectively. furthermore, the transition state a ,  leading to the desired all- 
- cis product 5 should be of even lower energy than 2 due to stabilizing effects 
of the indicated hydr2gen bonding. This may account for the observed product 
ratio, favoring 5. 

___. 

An obvious conclusion from the above transition state analysis was that 
the desired specificity in the cycloaddition step could be achieved usinq a 
modified precursor which would cyclize exclusively throuqh a transition state 
conformation corresponding to ~ 8. This led us to the design of the ten-membered 
ring intsrmediate 2 (Scheme 2) containinq the z thioenolether double bond, 
which was preparcd in the followinq manner. L-Cystine dimethyl ester (11) was 
acylated at the nitrogen with 5-hexynoyl chloride" to give 12 (pyridine/CH2C12, 
OOC, 9 0 9  yield) which was then treated with zinc dust in acetic acid. Under 
these conditions, the disulfide bond of 12 is cleaved, and, if the reaction is 
carried out in the presence of air, cyclization takes place simultaneously to 
produce a 9 : l  mixture of the z olefinic product (65% yield) and the cor- 
responding 5 isomer. After chromatographic separation, the desired isomer 13 
was reduced with diisobutylaluminium hydride to 14 (toluene, -78'C, 95% yield)14 

which in turn was treated vith benzylhydroxylamine hydro~hloride'~' l6 (CH2C12, 
729, yield) to give nitrone 15l7 as an amorphous powder. 

fashion with the exclusive formation of the tricyclic intermediate g 1 8  ( 6 3 %  

yield), the structure of which was confirmed by a complete three dimensional 
X-ray sinqle-crystal analysis. A major problem that we had to deal with was a 
partial racemization during this cyclization step. Eventually we found that 
traces of acids in the reaction medium were catalyzing the loss of optical ac- 
tivity, which could be completely prevented by addition of small amounts of 
barium or calcium oxide . 

On refluxing in toluene, 15 underwent cycloaddition in the anticipated 

19 

Cleavage of the isoxazolidine ring (Zn dust, AcOH/H20, 7OoC) and acylation 
of the free amine (C1C02Me, THF/2n Na2C03, 0°C) gave the bicyclic intermediate 
- 17 (65% yield from 16) which, on treatment with barium hydroxide in refluxing 
aqueous aioxane underwent hydrolysis of the lactam moiety and concommitant cy- 
clization to the imidazolidinone 25 (87% yield). Left to be solved at this 
point was the elimination of the superfluous hydroxy group in the side chain 
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w i t h o u t  a f f e c t i n g  t h e  v i c i n a l  c h i r a l  c e n t e r .  'This was e f f e c t e d  as fo l lows .  

Thionyl  c h l o r i d e  t r e a t m e n t  i n  e t h e r  and subsequent  quenchino  wi th  methanol 

gave t h e  c h l o r o e s t e r  19 ( 6 8 %  y i e l d ) .  X-Ray s i n g l e - c r y s t a l  a n a l y s i s  o f  t h i s  
p roduc t  r e v e a l e d  t h a t  t h e  hydroxy group was r e p l a c e d  w i t h  r e t e n t i o n  of c o n f i -  

g u r a t i o n .  D e c h l o r i n a t i o n  t o  20 was e f f e c t e d  w i t h  e x c e s s  of sodium horohydr ide  
i n  dimethylformamide ( 8 O o C ,  7 6 %  y i e l d ) .  F i n a l l y ,  t r e a t m e n t  o f  2 wi th  aqueous 
hydrobromic ac id"  gave d - b i o t i n  (1) 
t e r i z e d  as t h e  co r re spond ing  methyl  e s t e r a o  : mp 1 6 5 - 1 6 6 ° C :  [al i5 + 8 0 . 5  

( c  0 . 3 ,  M e O M ) .  I ts  s p e c t r o s c o p i c  d a t a  were i d e n t i c a l  w i t h  t h o s e  of d - b i o t i n  
methyl  es ter  p repa red  from t h e  n a t u r a l  p roduc t .  

(85% y i e l d )  which was i s o l a t e d  and cha rac -  
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