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nbstmct:  Re-examination of an acid-catalysed he t i s i ne  rearranqement qave two, p rev i -  

ous ly  undetected products, whose s t ruc tu res  were determined by  X-ray c rys ta l loaraphy.  A 

mechanism for  the  format ion of these products, invo lv ing  an unusual ep imer iza t ion  of the  

two hydroxy qroups a t  C(11) and C(13). i s  proposed. 

Recently we repor ted1 an acid-catalysed rearranqement of h e t i s i n e  (1) t o  the  two adamantane- 

type products 2 and 3, v i a  the  intermediates 4 and 5. 

HO., 

1 R:a -OH Hetisine 
9 ~1p -0~  

Fur ther  i n v e s t i g a t i o n  has extended some of the  prev ious ly  made observat ions.  T lc  ana lys is  has shown 

t h a t  the  rearrangement requ i res  substant ia l  t ime and moreover compounds 2 and 3 are not the  

on l y  products. A sample o f  h e t i s i n e  re f l uxed  i n  5% Hz504 for 2  hrs  oave a  mix ture  Of products. 

Rout ine i s o l a t i o n  fo l lowed bv chromatoqraphy over alumina af forded a  mix ture  o f  compounds 2 and 

3 (approx. 70%) and a  new product ( a ~ p r o x .  20%). mp 295-299'C, MU 329, p lus  t races of unreactell 

he t i s i ne .  The 'H NMR and 1% NMR spectra i nd i ca te  t h i s  product i s  a  1:l mix ture  o f  two isomeric 

compounds 6 and 7, both havinq an endocycl ic double bond. A d e t a i l e d  NMR study of the  unre- 



solved m ix tu re  o f  6 and 7  was imposs ib le  because of over lapp ing  of s i gna l s .  A  p e r c h l o r a t e  

s a l t  of the  m i x tu re  of 6 + 7  was prepared and then c r y s t a l l i z e d  severa l  t imes f rom a  MeOH- 

Hz0 mixture. F i n a l l y ,  c r y s t a l s ,  mp 272'C ( c o r r . ) ,  enr iched i n  compound 6 were ob ta ined and 

submitted f o r  X-ray ana lys is .  A  NMR spectrum ( i n  D20 w i t h  ex t .  1%) d i sp l ayed  t h e  f o l l o w i n g  

s i gna l s  f o r  6: 139.0, 124.4, 72.3, 71.7, 68.0, 67.3, 66.5, 61.3, 59.7, 57.4, 56.7, 50.2, 48.5, 

43.5, 38.5, 36.1, 32.4, 32.0, 29.0 and 23.6 ppm. IH NMR o f  6, i n  CDC13 + CD3OD d isp layed s i g -  

n a l s  at 6 1.00 (5, C(18)!3). 1.83 (s,  C(17)!3), 5.58 (s, C (15 ) l ) .  The l 3 ~  NMR s i gna l s  a r i s i n g  from 

t h e  double bond of compound 7 were a t  139.9 and 125.0 ppm. The IH NMR s igna l s  o f  7 were a t  

1.02, 1.93 and 5.74 ppm, r e s p e c t i v e l y .  F i gu re  1 shows a  s te reoscop ic  view o f  t h e  ep imer ic  m i x t u r e  

of 6 and 7. 

Crys ta l  data:  The c r y s t a l s  belong t o  t h e  or thorhombic space qroup P212121 w i t h  a= 8.983(2), h= 
14.868(2), c= 15.049(2)& and z= 4. The i n t e n s i t y  da ta  ( 2 8 9 5 0 ' )  were measured us inq  an Enraf-Non- 

i u s  CAD-4 d i f f r a c t o m e t e r  by w - 2 8  scans w i t h  CUK. (X  -1.5418R) r a d i a t i o n .  Out o f  t h e  2270 unique 

r e f l e c t i o n s  79 o f  them had Fo <I 4 0  ( F )  and hence were om i t t ed  f rom t h e  l e a s t  squares ref inement.  I l .  
The s t r uc tu re  was so lved  b y  m u l t i s o l u t i o n  methods2 and r e f i n e d  t o  an R o f  0.072. The hydrouen atoms 

we-e not located.  An examinat ion o f  t h e  e l e c t r o n  dens i t y  map revea led  t h e  coex is tence of t h e  C(13) 

epimers i n  t h e  c r y s t a l .  The occupancies o f  t h e  C(13)-a OH i n  6 and t h e  C(13)-p OH i n  7 

pos i t i ons  were ad jus ted  t o  0.83 and 0.17, r espec t i ve l y ,  such t h a t  the  temperature f ac to r s  became 

approximately equal i n  the  l e a s t  squares re f inement .  

Cleavage of the  C ( l l ) -C (12 )  bond i n  h e t i s i n e  leads t o  t h e  i n t e rmed ia te  4.  Cleavaqe of t h e  

C(12)-C(13) bond and format ion o f  t h e  i n t e rmed ia te  5 i s  l e s s  favorab le ,  a  f a c t  demonstrated by 

t h e  2  t o  3  r a t i o  o f  95:5. A  poss i b l e  mechanism t h a t  accounts f o r  t h e  o r i q i n  of isomers 

6 and 7  from in te rmed ia te  4 i s  i l l u s t r a t e d .  

The conf igura t ion  of the  C(11) -P  OH bond i n  6 and 7  i s  i d e n t i c a l ,  w h i l e  t h e  con f i gu ra t i on  

o f  the  C(13)-OH bond may be a or  P, as a  r e s u l t  of the  i somer i za t i on  t a k i n g  p lace  on t h e  w e l l  s t a -  

b i l i z e d  a l l y 1  carbocat ion  8. The above r e a c t i o n s  are r e v e r s i b l e ,  which was observed by Pro- 

longed ( 6  h r s )  r e f l u x i n g  o f  t h e  m i x tu re  o f  6 and 7  i n  5% HzSOq, r e s u l t i n g  i n  fo rmat ion  of 

b a r e l y  de tec tab le  q u a n t i t i e s  o f  2 and 3. Products of s i m i l a r  r e a c t i o n s  o f  t h e  in te rmed i -  
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a te  5 were no t  de tec ted  i n  t h e  p resent  c r y s t a l  by X-ray ana lys is .  Presumably t hey  were 

e l im ina ted  as minor products du r i ng  c r y s t a l l i z a t i o n .  

I n  o rder  t o  e s t a b l i s h  t h e  i n f l uence  o f  the c o n f i g u r a t i o n  of t h e  hydroxy groups on t h e  course o f  t h e  

rearrangement, the  C(11) -p  OH epimer o f  h e t i s i n e ,  9, was synthesized.  Reduct ion o f  11- 

k e t o h e t i s i n e 3  w i t h  NaBH4 i n  MeOH f o r  4 hrs,  f o l l owed  by p u r i f i c a t i o n  on a sho r t  alumina column 

af forded the  des i r ed  product .  Epimer 9 showed mp 268-7l0C, MW 329. A 13C NMR spectrum recorded 

i n  CDC13 w i t h  a few drops o f  CD30D d isp layed the  s ignals:  143.5, 111.4, 69.0, 68.0; 66.3, 64.4, 

64.3, 63.5, 60.4, 60.4, 51.5, 50.0, 46.8, 41.6, 39.2, 36.6, 36.1, 33.5, 31.6, and 29.6 ppm. A IH 

NMR spectrum revea led  the  f o l l o w i n g  s i gna l s :  1.00 (s,  Me), 4.12 (m, 3p), and 4.85 (d, 2p, J=3 Hz) 

ppm. Compound 9, when re f l uxed  i n  5% Hz504 rearranqed t o  s i v e  2 and 3, i n  t h e  r a t i o  o f  

1:3 (determined by 1~ NMR), as w e l l  as p roduc ts  w i th  s t r u c t u r e s  s i m i l a r  t o  those o f  6 and 

7.  This  r a t i o  d i f f e r s  g r e a t l y  f rom t h a t  g iven by he t i s i ne ,  sugqest inq t h a t  a change of t h e  

C(11)-OH c o n f i g u r a t i o n  f rom a t o  P makes cleavage o f  the  C( l1)-C(12) bond more d i f f i c u l t .  
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