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SUMMARY 

The r e c e n t l y  r e p o r t e d  s y n t h e a i s  o f  C-3 l a b e l e d  
dehydro-2-norbornyt and 2-norbornyt d e r i v a t i v e s  ( 1 )  

was found t o  be i n  e r r o r .  Only about  7 0 %  o f  t h e  
"C- labe l  was l o c a t e d  a t  C-3, t h e  o t h e r  30% be ing  
found a t  C-2. One of t h e  e t e p s  i n  t h e  o r i g i n a l  ayn- 
t h e s i s  , i n v o l v i n g  t h e  c o n v e r s i o n  of e t h y l e n e  chlo- 
r o h y d r i n  t o  e t h y l e n e  cyanohydr in ,  waa shown t o  be 
r e s p o n s i b l e  f o r  t h i s  i s o t o p i c  sc rambl ing .  

The recently reported synthesis of a mixture of w- and ~-3-l'C- 
dehydr0-2-norborneols(~) has been found to be i n  error in that the "C-label 

was not solely located at C-3. 

2-norbornanone, the original degradation was carried out by treatment with 

CsHsMgBr to give 2-phenyl-w-2-norborneol followed by oxidation with 

KMnOI-KOH to give CbHsCOOH, the activlty i n  this latter acid being a measure 

of the "C-content at C-2.(2) 

refluxing of the reaction mixture f o r  5 days(2) and this gave variable yields. 

After hydrogenation and then oxidation to 

The oxidation to CsHsCOOH involved the 



78 C.C. Lee and F.L. Kung 

P o s s i b l y ,  t h e  p re sence  of i m p u r i t i e s  couplea wLtk t n e  use  of m a t e r i a l s  of  

r e l a t i v e l y  low s p e c i f i c  a c t i v i t y  i n  o r d e r  t o  conse rve  t h e  l a b e l e d  compund 

could have l e d  50 t h e  i n i t i a l  b e l i e f  t h a t  t i e  "C-ac t iv i ty  at C-2 was low. 

Subsequent s t u d i e s  showed t h a t  t h e  '4C-content o f  t h e  C6lisCOOH from t h e  

a l k a l i n e  KMnOI o x i d a t i o n  was n o t  n e g l i g i b l e .  

A mod i f i ca t ion  o f  t h e  d e g r a d a t i o n ,  as shawn below, gave more c o n s i s t e n t  

y i e l d s  and improved c o n t r o l ,  even tho@ it invo lved  a n  a d d i t i o n a l  ste;. 

The o x i d a t i o n  o f  2-phenyl-&-2-norSorne31 ( I )  t o  3-benzoylcyclopentane-l-  

c a r b o x y l i c  a c i d  (presumably &) (11) was e f f e c t e d  by t h e  method o f  F i e r e r  

and Szmuszkovicz.") One gram of I d i s s o l v e d  i n  40 m l .  o f  HOAc was s t i r r e d  

wi th  0.2 g. o f  CrO, f o r  5 min. t o  a l l o w  t h e  r e a c t i o n  t o  be i n i t l a t e d .  

t e n p e r a t . x e  was ther.  h e l d  a t  30°C., a n  a d d i t i o n a l  3.0 g. of  C ~ J  was i n t r o d u r e d  

i n  p o r t i o n s ,  and t h e  mix tu re  was s t i r r e d  f o r  2 h r .  

added and t h e  m a t e r i a l  was e x t r a c t e d  wi th  e t h e r .  The e x t r a c t  was washed 

with water  t o  remove HOAc and t h e  d e s i r e d  k e t o  a c i d  I1 was recove red  by 

e x t r a c t i o n  with d i l u t i o n  K a O Y .  The N a O H  s o l u t i o n  was a c i d i f i e d  wi th  HC1 

and Cher. e x t r a c t e d  wi th  e t h e r .  

r e s i d u a l  ke to  a c i d  I1 remained as a n  o i l .  T h i s  r e s i d u e  was ox id ized  by 

r e f l u x l n g  f o r  24 h r .  w i th  6.0 g. of KMnOu, 15 m l .  of  lO$ NaOH and 50 m l .  o f  

! ! z G ,  giv',ng r i s e  t o  0.50 g. o f  C6H,COOH. 

a c i d  based on I was 77%. 

D j  convertin(:  a small sample of t h i s  compound t o  its semicarbazone,  m.p. 

190 - l8l"C. Anal. Calcd. f o r  ClUH1703N3: C ,  61.07; H, 6.24; N ,  15.26. 

Found: 

The 

Water (100 ml.) was then  

A f t e r  d r y i n g  and removal  o f  t h e  e t h e r ,  t h e  

The o v e r a l l  y i e l d  o f  t h e  benzo ic  

The a u t h e n t i c i t y  of t h e  k e t o  a c i d  I1 was e s t a b l i s h e d  

C ,  61.17; ti, 6.38; N ,  15.11. ' he  ' *C-ac t iv i ty  in t h e  CaHsCOOH 
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d e r i v e d  from t h e  l a b e l e d  a l c o h o l  I was about  ‘jO$ o f  t h a t  of I. 

of t h e  l a b e l e d  norborneol  i n  t h e  usua l  manner(2) via &-cyclopentane-1,3- 

d i c a r b o x y l i c  a c i d  gave i n a c t i v e  &-cyclopentane-l,J-diarnine. 

i n d i c a t e d  t h a t  i n  t h e  l a b e l e d  dehydro-2-norbornyl o r  2-norbornyl  s k e l e t o n ,  

70% of  t h e  ” C  was l o c a t e d  a t  C-3 and 

o r i g i n a l l y  a n t i c i p a t e d .  

Degradat ion 

These r e s u l t s  

a t  C-2, no t  lo@ at C - 3  as w a s  

Cons ide ra t ion  of  t h e  series o f  r e a c t i o n s  u t i l i z e d  i n  t h e  o r i g i n a l  

s y n t h e s i s  o f  t h e  l a b e l e d  dehydro-2-norbornyl der ivat ives‘’)  suggested t h a t  

t h e  scrambling of t h e  “ C  between C-3 and C-2 might have a r i s e n  i n  t h e  

r e a c t i o n  between NaCN and e t h y l e n e  ch lo rohydr in  (111) t o  g i v e  e thy lene  

cyanohydrin (IV). S i n c e  t h i s  r e a c t i o n  involved a primary c h l o r i d e  and 

was c a r r i e d  out i n  a b s o l u t e  methanol , (4)  it was e r roneous ly  be l i eved  t o  be 

an S 2 r e a c t i o n  that would no t  cause any rearrangement .  However, it i s  now 

appa ren t  t h a t  even under  t h e s e  cond i t ions ,  at least p a r t  of  t h e  r e a c t i o n  

could have proceeded via e t h y l e n e  oxide,  hence sc rambl ing  t h e  14C-label ove r  

t h e  two carbon atoms: 

NaCN 

N 

C H Z C l C ” H 2 O H  - CHz---C+H2 __t CHzCNCXHzOH * CHzOHCWZCN 
\ /  

0 

The i s o t o p i c  scrambling i n  t h e  conversion o f  I11 t o  IV has now been 

confFrmed by mass spec t romet ry  us ing  d e u t e r a t e d  m a t e r i a l s  as i n d i c a t e d  below: 

CH2 ClCOOH a. CHz ClCD, OH a CHZ CNCD,OH + CHzOHCD2 CN 

III-& IV-& 

(1) U t i l i z i n g  t h e  same expe r imen ta l  procedures  employed i n  t h e  r e p o r t e d  s y n t h e s i s ,  

d e u t e r a t e d  111-& was prepa red  from r e a c t i o n  o f  c n l o r o a c e t i c  a c i d  with B2D6 

(from NaBD. and BF, i n  t e t r ahydro fu ran ) .  

15 e.v. showed that a l l  o f  t h e  deuter ium was l o c a t e d  a t  t h e  carbon atom bea r ing  

t h e  hydroxyl  group, s i n c e  t h e  D-content c a l c u l a t e d  from t h e  CDzOH+ i o n  (m/e 33) 

was t h e  same as t h a t  of  t h e  molecular  ion. 

R e  mass spectrum ob ta ined  at 
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The mass spectrum of CH2CNCH20H ( I V )  a t  15 e.v. gave two major peaks 

The m/e 31 peak was a t  m/e 31 and 41, t h e  lat ter being t h e  more in tense .  

r e a d i l y  a t t r i b u t e d  t o  t h e  CHIOH' ion. 

f o r  t h e  m/e 4 1  peak could be depic ted  as fol lows:  

The fragmentat ion process  respons ib le  

- CH,O + XNCCH~ % H N C C K ~ +  

m/e 41 

An equinolar  mixture of CH2CNCH20H and CH2CNCX20D gave a mass spectrum with 

two s e t s  of  peaks of  e s s e n t i a l l y  equal  i n t e n s i t i e s  a t  m/e 31 and 32 and a t  

m/e 41 and 42, i n  agreement with t h e  above fragmentat ion patterr..  Frorr. t h e  

spectrum of  t h e  I V 4 2  der ived  from r e a c t i o n  of NaCN with III-d2, t h e  r e l a t i v e  

i n t e n s l t i e s  of  t h e  peaks at m/e 31 and 33 (CH20HT and CD20H+) and a t  m/e 41 

and 43 (imCC1t2* and HNCCD2+) ind ica ted  64qb CDzOHT and 26$ HNCCD2+. 

d a t a  gave a (26 x 100)/(26 + 64) = 2946 rearrangement t o  CH20HCD2CK, i n  good 

agreement w i t h  t h e  30$ '*C-scrambling t o  C-2 i n  the  labe led  dehydro-2- 

norbornyl and 2-norbornyl d e r i v a t i v e s  t h a t  were synthesized.  

These 
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