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SYNTHESIS OF TRITIUM-LABELLED 

CEMBRENE-A 
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SUMMARY 

The s y n t h e s i s  o f  [16-3H]-cembrene-A from u n l a b e l l e d  
cembrene-A i s  achieved i n  four  s t e p s  s e l e c t i v e  
hydroborat  ion-oxidat ion of the i sop ropeny l  double bond, 
b o r o t r i t i d e  r educ t ion  of t he  16-aldehyde, and 
- o-n i t rose l enox ide  e l i m i n a t i o n  t o  r e g e n e r a t e  the  l a b e l l e d  
o l e f i n .  T h i s  sequence is of gene ra l  u t i l i t y  i n  l a b e l l i n g  
pol  yisopreno i d  hydrocarbons f o r  met a bol i c  s t u d i e  8 .  

Cembrene-A is a p u t a t i v e  in t e rmed ia t e  i n  the  conversion of 
ge rany lge rany l  pyrophosphate t o  the  po lycyc l i c  t r i n e r v i t a n e  
and kempane d i t e r p e n e s  of nasute  termite s o l d i e r s .  

Keywords: d i t e r p e n e  hydrocarbon, cembrenoids,  t e r m i t e  defense s e c r e t i o n  

Cembrenoid d i t e r p e n e s  (1) are non-uniformly d i s t r i b u t e d  i n  n a t u r e ,  w i t h  

t h e  four primary sources  being tobacco ( 2 1 ,  Commiphora s a p  ( 3 1 ,  s o f t  

c o r a l s  ( 4 1 ,  termite s o l d i e r s  (5-8),  termite  workers (9-101, and a n t s  (11). 

Neither  t h e  b i o s y n t h e s i s  of cembrene-A (presumably from ge rany lge rany l  

pyrophosphate)  nor i ts  conversion i n t o  any simple epoxide,  d i o l ,  e t h e r ,  

l a c t o n e ,  o r  complex po lycyc l i c  s t r u c t u r e  has  y e t  been demonstrated i n  v i v o  or 

-- i n  v i t r o .  

b iogenes i s  of cembrenoids has  been the  absence of a r a d i o l a b e l l e d  isotopomer f o r  

metabol ic  s t u d i e s .  We r e p o r t  he re in  a mild and s e l e c t i v e  process  f o r  

i n t roduc ing  a high s p e c i f i c  a c t i v i t y  t r i t i u m  l a b e l  a t  C-16 ( t h e  methyl idene 

carbon) .  The method h a s  gene ra l  a p p l i c a b i l i t y  t o  t h e  l a b e l l i n g  of p o l y o l e f i n i c  

t e r p e n e  hydrocarbons bea r ing  a n  i sop ropeny l  s i d e  chain.  

* Fellow of t h e  Al f r ed  P. Sloan Foundat ion (1981-85) and C a m i l l e  

One impediment t o  e v a l u a t i n g  t h e  intermediacy of cembrene-A i n  t h e  

and Henry Dreyfus Teacher-Scholar (1981-86). 
t h i s  au tho r .  
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Cembrene-A is  not  r e a d i l y  o b t a i n a b l e  from any n a t u r a l  source  i n  gram 

q u a n t i t i e s ,  a l t hough  i s o l a t i o n  from termite s o l d i e r s  (12 ,1311 c o r a l s  ( 1 4 , 1 5 ) ,  

and Commiphora a ( 3 )  i s  p o s s i b l e .  

was p repa red  i n  s i x  s t e p s  from (E ,E) -ge rany l l ina loo l  

For  t h i s  work, racemic cembrene-A (&I 

i n t r a m o l e c u l a r  

a d d i t i o n  of t h e  a l l y l i c  t h iopheny l  e t h e r  an ion  t o  the  t e rmina l  epoxide by the  

method o f  It8 ( 1 6 ) .  Reac t ion  of cembrene-A (F ig .  1) w i t h  1 equ iva len t  of 

9-borabicyclononane (9-BBN) fo l lowed  by t r ea tmen t  w i th  b a s i c  peroxide  gave t h e  

16-hydroxylated cembrene-A (2). This  was r e a d i l y  s e p a r a t e d  from t h e  u n r e a c t i v e  

i sop ropy l idene  isomer which is  p resen t  as a hard-to-remove minor component i n  

t h e  s y n t h e t i c  cembrene-A. Ox ida t ion  w i t h  p y r i d i n i m  chlorochromate  (PCC) i n  

CHy.212 a f f o r d e d  t h e  16-aldehyde (2). 

Figure  1. S y n t h e s i s  of 3H-Cembrene-A. Reagents:  ( a )  9-BBN, 
THF; H202, NaOH; ( b )  PCC, CH2C12; fc) NaBH3T, C2H50H; 
(d)c-NOqPhSeCN, Bu3Pl THF; ( e l  H202. 

Reduct ion  of the aldehyde w i t h  13H]-NaBHq (100 m C i ,  s p e c i f i c  a c t i v i t y  

5.7 Ci/mmoI) i n  e t h a n o l  gave an e s s e n t i a l l y  q u a n i t a t i v e  y i e l d  of t h e  
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[ 16-3H1-16-hydroxy compound (3H-2). 
treated with recrystallized 2-nitrophenylselenocyanate (17,181 and tri-E-butyl 

phosphine in THF, and the intermediate selenide 4 was oxidatively eliminated 
via 2 to regenerate the [16-3H]-labelled isopropenyl side chain. 

purification by flash silica chromatography and AgNOg-silica chromatography, 

37% radiochemical yield of 3H-cembrene-A (specific activity 1.5 Ci/mmol) was 

realized from the aldehyde. This material was stored in degassed 

hexane-benzene (9O:lO) at -20' C; nonetheless, slow decomposition was a severe 

problem (half life < 4 weeks) even in 10 m l j  solutions. 

After chromatography, the alcohol was 

After 

Preliminary experiments using Nasutitermes corniger soldiers (51, and 

workers were performed to detect incorporation of [ 16-3H]-cembrene-A into 

biosynthesized trinervitanes (e.g., 2, Fig. 2). 
in vivo nor in vitro incubation with homogenates provided any soldier-specific 

metabolites with trinervitane mobilities on TLC (15) (autoradiographic 

detection). 

or the hydrophobic material does not have access to the enzymatic sites 

under these assay conditions. Both in vitro and in vivo techniques had 

proven successful earlier in Nasutitermes using [ 14C] -labelled acetate and 

mevalonate ( 19). 

Neither topical application 

-- 

Either 3H-cembrene-A is not a free intermediate in the pathway, 

k- 1 
OH 

6 

Figure 2. Putative intermediacy o f  cembrene-A in diterpene 
biogenesis in Nasutitermes spp. 

EXPERIMENTAL 

16-Hydroxy-cembrene-A (2). To a solution of cembrene-A (L) (140 mg, 

0.5 mmol) in THF (10 ml) was added 0.5 _M 9-BBN in THF (1.2 ml, 0.6 mmol) at 
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room tempera ture .  The r e a c t i o n  m i x t u r e  was r e f l u x e d  f o r  2 0  min, c o o l e d ,  

t r e a t e d  wi th  e t h a n o l  ( 3  m l ) ,  3 

f o r  4 h a t  20° C. A f t e r  s a t u r a t i o n  wi th  anhydrous K2CO3, t h e  mix tu re  was 

e x t r a c t e d  wi th  e t h e r .  The combined o r g a n i c  l a y e r s  were washed ( s a t d .  NaCl), 

d r i e d  (anhydrous MgS04) and evapora ted .  

( 2 %  e t h y l  a c e t a t e / h e x a n e )  gave t h e  16-hydroxy-cembrene-A (2) (90  mg, 62%, Rf 

0.49, 20% e t h y l  a c e t a t e / h e x a n e )  as  an i n s e p a r a b l e  mix tu re  of d i a s t e r e o i s o m e r s :  

l H  NMR (80 MHz, CDC13): 60.94 ( d ,  3H, H-17, J = 7.2 Hz) ,  1.56 (b r  8 ,  9H, H-18, 

19, 2 0 ) ,  3.54 (m, 2H, H-16), 5.02 (m, 3H,  H-3, 7 ,  11) .  

NaOH ( 3  m l )  and 30% H202 (2  m l ) ,  and s t i r r e d  

F l a s h  column chromatography ( 2 0 )  

Cembrene-A-aldehyde (2). To a s o l u t i o n  of t h e  above a l c o h o l  ( 8 6  mg, 

0.3 mmol) i n  CH2C12 ( 5  ml) was added PCC (77  mg, 0.36 mmol) i n  one p o r t i o n  a t  

room t empera ture .  The b l ack  r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  2 h and t h e n  

anhydrous e t h e r  (25  ml) was added. The b lack  residue. was decanted  out and 

washed s e v e r a l  t imes  wi th  e t h e r .  The combined o r g a n i c s  were f i l t e r e d  through 

C e l i t e  and evapora t ed .  F l a sh  chromatography ( 1 %  e t h y l  a c e t a t e / h e x a n e )  gave t h e  

a ldehyde  (2) a s  an o i l  ( 7 0  mg, 81%, Rf 0.56, 30% e t h y l  ace t a t e /hexane ) :  

IR ( f i l m )  2675 c m - l ,  1710 cm-l; l H  EMR (80 MHz, CDC13): 80.99 ( d ,  3H, €I-17, 

J = 6.95 Hz),  1.58 ( b r  s, 94, H-18, 1 9 ,  201 ,  5.00 ( b r  m, 3H, H-3, 7 ,  111, 9.66 

( d ,  l H ,  H-16, J = 1.14 Hz) ( chemica l  s h i f t s  shown f o r  one of t h e  d i a s t e reomers .  

This was conducted  a f t e r  s u c c e s s f u l  [16-3H]-16-Hydroxy-cembrene-A (3H-2). 

e x e c u t i o n  of a mic rosca le  "cold" run wi th  NaBH4. 

(26  mg, 0.08 mmol) i n  e t h a n o l  ( 2  ml )  was added t o  an ampoule c o n t a i n i n g  a 

small  s t i r r i n g  b a r  and [3H]-NaBHq (0 .8  mg, 0.02 mmol, s p e c i f i c  a c t i v i t y  = 

A s o l u t i o n  of t h e  a ldehyde  (2) 

5.7 Ci/mmol) a t  room tempera tu re .  

(0.5 ml )  was added and t h e  r e a c t i o n  m i x t u r e  was t r a n s f e r r e d  t o  a round bottom 

f l a s k ,  washing t h e  ampoule s e v e r a l  times wi th  e t h e r .  S o l v e n t s  were removed 

i n  vacuo and 1:l e ther -hexane  (8 m l )  was added. The o rgan ic  phase was washed 

( s a t d .  NaHC031, d r i e d  (MgS04) and concen t r a t ed .  P u r i f i c a t i o n  of t h e  c rude  

l a b e l l e d  a l c o h o l  by chromatography in a Pas t eu r  p i p e t t e  ( 2 %  e t h y l  a c e t a t e /  

hexane)  a f f o r d e d  9.6 mg of s l i g h t l y  impure and 6 mg of t h e  homogeneous 

t r i t i a t e d  16-hydroxy-cembrene-A (3H-2). 

A f t e r  s t i r r i n g  f o r  1 h ,  0.5 M a c e t i c  a c i d  

-- 
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[ 16-3H]-Cembrene-A (3H-L). To a s t i r r e d  s o l u t i o n  of t r i t i a t e d  a l coho l  

(3H-2) ( 6  mg, 0.02 mmol) i n  THF ( 2  ml) was added o-NO2PhSeCN (9.4 tog, 

0.04 mmol). 

r e a c t i o n  mixture was s t i r r e d  f o r  2 h a t  room temperature .  It was then cooled 

t o  0' C, 30% H202 s o l u t i o n  (22  1.11, 0.2 mmol) was added, and t h e  r e a c t i o n  

Af te r  10 min, (n-Bu)gP (10.5 1.11, 0.04 mmol) was added and t h e  

mixture  was s t i r r e d  f o r  3 h a t  room tempersture .  

(1 ml) was added and the r e a c t i o n  mixture was e x t r a c t e d  wi th  10% e t h y l  

acetate/hexane.  

(Na2S04, MgSO4). 

which was d i s so lved  i n  minimum amount of CH2C12 and loaded on t o  a s i l i c a - g e l  

column. 

Sa tu ra t ed  NaHC03 s o l u t i o n  

The combined organic  l a y e r s  were washed ( s a t d .  NaCI), d r i e d  

Solvents  were removed i n  vacuo t o  a f f o r d  a yellow re s idue  

E lu t ion  with hexane gave pure [16-3H]-cembrene-A ( 3  mg, 64% y i e l d ,  

s p e c i f i c  a c t i v i t y  = 1.5 Ci/mmol). 
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