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A SHORT SYNTHESIS OF (+)-a-CHAMIGRENE 

E m i l  K. Kof t '  and Thomas A. Broadbent 

Department o f  Chemistry , 
Rensselaer Po ly techn ic  I n s t i t u t e ,  Troy, NY 12180-3590 

The s p i r o c y c l i c  sesqui terpene a-chamigrene ( 1 )  - has i n s p i r e d  a f a i r  

amount o f  s y n t h e t i c  work s ince  i t s  i s o l a t i o n  i n  1968.l I n  connect ion  w i t h  

ionone a o r 8  - &- ++ 
0 0 

3 R = H  
4 R = CH=CH2 

2 - - 
- 

our  i n t e r e s t  i n  t h e  t o t a l  syn thes i s  of t h e  more complex d i te rpene  

f o r s k o l i n , 2  we had t h e  occasion t o  prepare t h e  known a lcoho l  - 2 from 

B-ionone. 

prepared3 compound might  a l s o  serve as an advanced precursor  t o  - 1, 

p o t e n t i a l l y  i n  o p t i c a l l y  a c t i v e  form. 

Dur ing t h i s  study, i t  occurred t o  us t h a t  t h i s  simple, e a s i l y  

S e l e c t i v e  reduc t i on  of t h e  d i s u b s t i t u t e d  o l e f i n  i n  2 was c a r r i e d  out - 

w i t h  NaTeH,4 f u r n i s h i n g  - 35 i n  near!;) q u a n t i t a t i v e  y i e l d .  

t hen  gave 55 (83%), which underwent smooth C la i sen  rearrangement (bo i  1 i n g  

d e c a l i n ,  90 min., 60%) d e s p i t e  t h e  cons iderab le  s t e r i c  congest ion  a t t e n d i n g  

T ransv iny la t i on6  

O1988 by Organic Preparations and Procedures Ine. 
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K O I T  A N D  13ROAl)RL:N'i' 

p r o d u c t  development .  It i s  w o r t h y  o f  n o t e  t h a t  n e i t h e r  t h e  Johnson n o r  

Eschenmoser v a r i a n t s  o f  t h e  C l a i s e n  rea r rangement  gave a c c e p t a b l e  y i e l d s  

o f  t h e  d e s i r e d  p r o d u c t s  ( t h e  e s t e r  o r  amide, r e s p e c t i v e l y ,  c o r r e s p o n d i n g  t o  

- 5 )  even though  t h e  h e t e r o a t o m  s u b s t i t u t i o n  i n  t n e s e  systems wou ld  be 

e x p e c t e d  on e l e c t r o n i c  grounds t o  l o w e r  t h e  a c t i v a t i o n  energy  f o r  

r ea r r a n  gemen t .7 

A p p l i c a t i o n  o f  N c M u r r y ' s  T i 0  c a r b o n y l  c o u p l i n g  me thodo logy8  t o  - 5 

a f f o r d e d  - 1, i d e n t i c a l  i n  a l l  s p e c t r a l  p r o p e r t i e s  e x c e p t  o p t i c a l  r o t a t i o n  t o  

n a t u r a l  chamigrene.9 

r a c e m i c  s y n t h e s i s  o f  - 1, as a - i o n o n e  ( 6 )  - has been r e s o l v e d l O  and t r a n s f e r  o f  

c h i r a l i t y  s h o u l d  be p o s s i b l e  i n  t h e  e p o x i d a t i o n / i s o m e r i z a t i o n  s t e p s l l  (5 + 

- 2 ) .  E x p e r i m e n t a l l y ,  we have f o u n d  t h a t  base c a t a l y z e d  i s o m e r i z a t i o n  o f  

r a c e m i c  a - i o n o n e  o x i d e  does i n d e e d  g i v e  a r e a s o n a b l e  y i e l d  o f  - 2 accompanied 

The above sequence s h o u l d  be a d a p t a b l e  t o  t h e  non- 

by  

i n  

I H  

a s m a l l  amount o f  d i k e t o n e  - 8.12 

t h e  f o r m a t i o n  o f  - 8 as t h e  m a j o r  p r o d u c t .  

P r o l o n g e d  t r e a t m e n t  w i t h  base r e s u l t s  

EXPERIMENTAL SECTION 

s p e c t r a  were r e c o r d e d  i n  CCl4 s o l u t i o n  w i t h  a Perk in -E lmer  298 i n s t r u -  
ment. 
CDC13 s o l u t i o n  w i t h  MeqSi a n d / o r  CHC1-j as i n t e r n a l  s t a n d a r d .  Wh/2 deno tes  
s i g n a l  w i d t h  a t  h a l f  h e i g h t .  
WP-1UUSY i n s t r u m e n t  o p e r a t i n g  a t  25 MHz. Mass s p e c t r a l  d a t a  ( 7 0  e.v.) was 
c o l l e c t e d  w i t h  a H e w l e t t - P a c k a r d  5987A ins t rumen t . .  D ime thoxye thane  (DMEI 
w a s  d r i e d  by d i s t i l l a t i o n  f r o m  po tass ium.  M i c r p a n a l y s e s  were pe r fo rmed  hy 
R o b e r t s o n  L a b o r a t o r y ,  Madison, NJ. The t e r m  " s t a n d a r d  e x t r a c t i v e  workup"  
r e f e r s  t o  t h e  f o l l o w i n g  s e t  o f  o p e r a t i o n s :  p a r t i t i o n i n g  o f  t h e  r e a c t i o n  
m i x t u r e  between H20 and e t h e r ,  wash ing  t h e  o r g a n i c  phase w i t h  b r i n e ,  d r y i n g  
(MgS04), f i l t e r i n g ,  and e v a p o r a t i n g  t h e  s o l v e n t .  F l a s h  ch romatog raphy  was 
p e r f o r m e d  w i t h  t h e  s o l v e n t s  i n d i c a t e d ,  u s i n g  Merck s i l i c a  g e l  60, 230-400 
mesh, as adso rben t .  

1H NMR s p e c t r a  were o b t a i n e d  w i t h  a V a r i a n  XL-200 s p e c t r o m e t e r  i n  

The 1% spec t rum was o b t a i n e d  u s i n g  an IBM 
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Prepara t i on  o f  3.- To a suspension o f  sodium hydroden t e l l ~ r i d e , ~  prepared 

by s t i r r i n g  t e l l u r i u m  powder (1.64 g, 12.9 mnol)  w i t h  NaBH4 (1.13 g, 29.7 

mmol) i n  50 mL of e thano l  f o r  2 h r s  a t  25' under N2, was added a s o l u t i o n  

o f  2 (1.10 g, 5.28 mnol) i n  5 mL o f  e thano l .  

h r s ,  then f i l t e r e d  th rough C e l i t e .  Evapora t ion  o f  t h e  so l ven t  f o l l owed  by 

s tandard  e x t r a c t i v e  workup gave 1.03 g (93%) o f  pure  

I R :  3610, 3480, 2940, 1710, 1360, 1240, 1160 cm-1. 1H NMR: 6 3.90 ( t ,  

J = 5 Hz, lH), 2.54-2.39 (m, 2H), 2.25-2.10 (m, ZH), 2.05 (s, 3H), 1.86- 

1.43 (m, 3H), 1.60 (5,  3H), 1.32-1.02 (m, 2H), 0.92 (s, 3H), 0.85 (s,  3H). 

M S ,  m/e ( r e l a t i v e  i n t e n s i t y ) :  210 (M', 0.5), 152 ( l o o ) ,  139 (28),  124 

(31) ,  111 (831, 109 (34).  

P repara t i on  o f  4.- A lcoho l  3 (230 mg, 1.09 mmol) was combined w i t h  10 mL o f  

e t h y l  v i n y l  e t h e r  and 175 mg (0.55 mnol)  o f  Hg(0Ac)z. The s o l u t i o n  was 

heated  a t  r e f l u x  f o r  19 h r s  d u r i n g  which t i m e  t h r e e  3U mg increments o f  

Hg(0Ac)z were added. 

e x t r a c t i v e  workup. F lash  chromatography (hexane/ethyl  ace ta te ,  2: 1) 

a f f o r d e d  213 mg (83%) o f  - 4.5 

I R :  2960, 1715, 1630, 1355, 1185, 1040 cm-1. 1H NMR: d 6.29 (dd, J = 

14.2, 6.6 Hz, lH) ,  4.32 (dd, J = 14.2, 1.5 Hz, lH),  4.02 (m, lH ) ,  4.00 (dd, 

J = 1.5, 6.6 Hz, lH) ,  2.57-2.42 (m, 2H), 2.32-2.17 (m, 2H), 2.07 (s,  3H), 

1.91-1.44 (m, 3H), 1.58 ( s ,  3H), 1.32-1.07 (m, lH ) ,  0.94 ( s ,  3H), 0.88 ( s ,  

3H). MS, m/e ( r e l a t i v e  i n t e n s i t y ) :  193 (32),  175 (45), 133 ( l o o ) ,  119 

(48) ,  107 (60) ,  91 (65),  79 (54),  55 (38).  

P repara t i on  o f  5.- V iny l  e t h e r  - 4 (100 mg, 0.423 mmol) i n  5 mL d e c a l i n  was 

heated  a t  r e f l u x  under N2 f o r  1.5 hr.  A f t e r  evapora t i on  o f  t h e  so l ven t ,  

f l a s h  chromatoqrauhy (hexane le thy l  ace ta te ,  1 :4 )  gave 60 mg ( 6 0 % )  o f  - 5. 

I R :  2965, 2740, 1715, 1445, 1365, 1355, 1240, 1165 cm-1. 1H NMR: 6 9.69 

(dd, J = 8, 4 Hz, lH) ,  5.68 (broad s, Wh/2 = 9 Hz, lH) ,  2.54-2.37 (m, 3H), 

2.26 (dd, J = 4, 14 Hz, lH ) ,  2.08 ( s ,  3H), 2.02-1.90 (m, ZH), 1.64 (m, 3H), 

The m i x t u r e  was s t i r r e d  t o r  7 

The m i x t u r e  was coo led  and submi t ted  t o  s tandard  
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wr’r A N D  BWADHENT 

1.57-1.40 (m, ZH), 1.23-1.10 (m, ZH),  0.85 (s,  3H), 0.81 ( s ,  3H). MS, m/e 

( r e l a t i v e  i n t e n s i t y ) :  236 (M+, 7 ) ,  218 (5), 2U3 ( 9 ) ,  192 ( l o o ) ,  176 ( 5 3 ) ,  

175 ( 4 2 ) ,  166 ( 6 3 ) ,  165 (47 ) .  

Ana l .  Ca lcd .  f o r  C15H2402: C,  76.23; H, 10.24 

Found: C ,  76.35; H, 9.96. 

P r e p a r a t i o n  o f  (+)-=-Chamigrene ( l ) . -  T i t a n i u m  t r i c h l o r i d e  (5.01 g, 32.5 

mmol), 4.90 g o f  95:5 Zn-Cu c o u p l e  (pu rchased  f r o m  A l f a )  and 110 mL DME 

were  combined i n  a f l a m e  d r i e d ,  a r g o n  pu rged  3-necked 500 mL r o u n d  bo t tomed  

f l a s k  e q u i p p e d  w i t h  a r e f l u x  condenser ,  s t i r r i n g  b a r ,  and r u b b e r  septum 

caps.  The suspens ion  was h e a t e d  a t  r e f l u x  f o r  1 h r  w i t h  m a g n e t i c  s t i r r i n g .  

A s o l u t i o n  o f  k e t o a l d e h y d e  - 5 (68U my, 2.88 mmol) i n  20 mL UME was t h e n  

added t o  t h e  b o i l i n g  s u s p e n s i o n  - v i a  s y r i n g e  pump o v e r  t h e  c o u r s e  o f  25 h r s .  

H e a t i n g  was c o n t i n u e d  f o r  1 4  h r s  a f t e r  t h e  a d d i t i o n  was comp le te .  The 

r e a c t i o n  m i x t u r e  was t h e n  c o o l e d ,  f i l t e r e d  t h r o u g h  C e l i t e ,  and most  o f  t h e  

s o l v e n t  was removed by c a r e f u l  d i s t i l l a t i o n .  The r e s i d u e  was t a k e n  up i n  

p e n t a n e  and washed w i t h  H20 t o  remove t h e  r e m a i n i n g  DME. F l a s h  chroma- 

t o g r a p h y  ( p e n t a n e )  o f  t h e  r e s i d u e  o b t a i n e d  upon e v a p o r a t i o n  o f  t h e  o r g a n i c  

phase y i e l d e d  - 1 (267 rng, 45%).  

IR: 2960, 2925, 145b, 1380, 1370, 1WU,  1070, 945, 835 cm-1. 1 H  

NMR: 6 5.50 (s, Wh/2 = 9 Hz, I H ) ,  5.36 ( s ,  Wh/2 = 11 Hz, l H ) ,  1.95 (rn, 

6H), 1.81 (m, ZH) ,  1.64 ( s ,  6H),  1.24 (m, 2 H ) ,  0.88 ( s ,  3H), 0.82 ( s ,  3H). 

1% NMR, f u l l y  decoup led ,  ( C D C l 3 ) :  6 140.54, 133.87, 122.91, 122.46, 

40.99, 36.16, 33.14, 30.74, 29.29, 29.17, 25.09, 23.55, 23.26, 23.11, 

23.07. MS, m/e ( r e l a t i v e  i n t e n s i t y ) :  204 (M+, 9 ) ,  148 ( a ) ,  136 (87) ,  121 

( l o o ) ,  105 ( 2 8 ) ,  93 ( 6 1 ) ,  91 ( 5 4 ) .  

- B a s e - c a t a l y 7 ~ d  I T o m e r i z a t i o n  o f  O-Tonone o x i d e .  P r e p a r a t i o n  o f  2 and 8.- 

a - I o n o n e  o x i d e  - 711 (6.82 9 ,  32.7 mmol) was combined i n  90 mL o f  DME a l o n g  

w i t h  5.0 g (32.7 rnnol ) o f  1,8-diazabicyclo[4.3.O]undec-7-ene (DBU). The 

s o l u t i o n  was h e a t e d  a t  r e f l u x  f o r  2U h r s  u n d e r  N2. A f t e r  removal  o f  t h e  

202 
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s o l v e n t  -- i n  vacuo, s tandard  e x t r a c t i v e  workup (E t20 ,  2N HC1) f o l l o w e d  by 

f l a s h  chromatography (hexane/ethyl  ace ta te ,  1 : l )  gave, i n  o rde r  o f  e l u t i o n ,  

2.66 g o f  recovered - 7, 0.142 g o f  - 8,12 and 3.59 g o f  2 (53%; 86% based on 

recovered - 7) .  

l e d  t o  inc reased y i e l d s  o f  8 a t  t h e  expense o f  2. 
2.29 (m, bH), 2.11 (s, 3H), 1.76-1.64 (m, 2H), 1.63 ( s ,  3H), 1.07 (s, 6H). 

Acknowledgement.- We g r a t e f u l l y  acknowledge t h e  suppor t  o f  t h e  Na t iona l  
I n s t i t u t e s  o f  Hea l th  th rough Grant No. GM-36360. 

Longer p e r i o d s  a t  r e f l u x  r e s u l t e d  i n  disappearance of 2 and 

1H NMR o f  - 8: 6 2.58- 
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