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SUMMARY 

Geran i02-9 - '~C  has been prepared s t a r t i n g  

w i t h  me thy l  t i t h i ~ r n - ' ~ C .  

developed f o r  o b t a i n i n g  r a d i o l a b e l e d  geran io l  

f r e e  o f  c i t r o n e l l o 1  and o t h e r  by -produc t s .  

Methods have been 

INTRODUCTION 

3 Geraniol  (4) l a b e l e d  wi th  I 4 C  o r  H has  been used  e x t e n s i v e l y  

i n  b i o s y n t h e t i c  s t u d i e s  on t e r p e n e s  and s t e r o i d s .  Methods for  t h e  

p r e p a r a t i o n  of  g e r a n i o l - 2 - I 4 C  ( 1 9 2 9 3 )  g e r a n i o l - 3 - I 4 C  ( 4 )  and 

g e r a n i o l - 7 - I 4 C  a r e  known. Here w e  r e p o r t  t h e  s y n t h e s i s  o f  

g e r a n i 0 1 - 9 - ' ~ C .  

b i o s y n t h e t i c  s t u d i e s  s i n c e  g e r a n i 0 1 - 9 - ' ~ C  w i l l  l e a d  t o  t e r p e n e  o r  

s t e r o i d  m e t a b o l i t e s  t h a t  a r e  l a b e l e d  a t  methyl o r  methylene p o s i t i o n s  

i n  t h e  n a t u r a l  p roduct .  Such groups p r e s e n t  i n  complex t e r p e n e s  o r  

s t e r o i d s  a r e  more accessable  and easy t o  i s o l a t e  i n  a chemical  

d e g r a d a t i o n  procedure used t o  determine t h e  s p e c i f i c  l o c a t i o n  of  t h e  

l a b e l  i n  t h e  b i o s y n t h e s i z e d  n a t u r a l  p roduct .  

Label ing of t h e  9-methyl  group would be  u s e f u l  i n  

The s t a r t i n g  m a t e r i a l  i n  our  s y n t h e s i s  o f  g e r a n i 0 1 - 9 - ~ ~ C  was 

5-methyl-4-hexenoic  a c i d  which was prepared  by decarboxyla t ion  of  2 -  

carboxy-5-methyl-4-hexenoic a c i d  ( 6 ) .  

by-product  r e p o r t e d  t o  be formed i n  t h i s  r e a c t i o n ( 7 )  we a l s o  obta ined  
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In a d d i t i o n  t o  t h e  l a c t o n e  
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a second by-product which is believed to be 5-methyl-5-hexenoic acid 

(vinyl protons at 64 .68 ,  broad singlet). The 5-methyl-4-hexenoic 

acid was purified by preparing its p-chlorophenacyl ester derivative 

followed by base hydrolysis of the ester. The lithium salt (1) of 

5-methyl-4-hexenoic acid was prepared in anhydrous ether by allowing 

1 equivalent of unlabeled methyl lithium to react with the acid. 

Methyl lithium I4C (0.1 equivalent) followed by carrier methyl 

lithium ( 0 . 5  equivalent) were then added to the freshly prepared 

(1) ( 7 ) .  

converted to ethyl trans-3,7 -dimethyl-2,6-0ctadienoate-9-’~C (3) 

with t r i e t h y l p h o s p h o n o a c e t a t e  in the presence of sodium h~dride(~’ 5! 

The resulting 6-methyl-5-hepten-2-one-l-14C (2) was 

Ethyl trans-3,7 -dirnethyl-2,6-0ctadienoate-9-’~C was reduced to 

geraniol-9-I4C (4) using excess lithium aluminum hydride in ether at 

-70’  for 1 hr followed by 1 5  min at room temperature. We obtained 

about 10% citronellol (5) but no nerol (6) in this reaction. The 

formation of the citronellol by-product has been a recurring problem 

in the synthesis of labeled geraniols. Battersby, Laing and Ramage ( 8 )  
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have  a t t e m p t e d  t o  a v o i d  t h i s  problem by u s i n g  an  e thoxy  aluminum 

h y d r i d e  r e d u c i n g  a g e n t .  However, t h e y  s t i l l  o b t a i n e d  4 %  c i t r o n e l l o l  

( 5 )  and 6 %  n e r o l  ( 6 ) .  We have found t h a t  t h e  c i t r o n e l l o l  b y - p r o d u c t  

can be e a s i l y  removed by t h i n  l a y e r  chromatography on s i l v e r  n i t r a t e  

impregna ted  s i l i c a  g e l .  We have a l s o  examined t h e  r e d u c t i o n  r e a c t i o n  

more c l o s e l y  w i t h  t h e  i n t e n t i o n  o f  f i n d i n g  a method t h a t  would g i v e  

g e r a n i o l  c l e a n l y  - f r e e  o f  c i t r o n e l l o l  o r  o t h e r  i m p u r i t i e s .  I n  t h i s  

c o n n e c t i o n  w e  have  i n v e s t i g a t e d  t h e  e f f e c t  of  t e m p e r a t u r e ,  s o l v e n t ,  

and r e a c t i o n  t i m e  on t h e  amount o f  c i t r o n e l l o l  b y - p r o d u c t  formed i n  

t h i s  r e a c t i o n .  The d a t a  i n  T a b l e  I s u g g e s t s  t h a t  e t h e r  i s  a more 

s u i t a b l e  s o l v e n t  f o r  t h i s  r e a c t i o n  t h a n  t h e  more p o l a r  t e t r a h y d r o -  

f u r a n  s o l v e n t .  The t e m p e r a t u r e  o f  t h e  r e a c t i o n  i s  c r i t i c a l .  G r e a t e r  

amounts o f  c i t r o n e l l o l  a r e  formed a s  t h e  t e m p e r a t u r e  o f  r e a c t i o n  i s  

i n c r e a s e d  w h i l e  a t  v e r y  low t e m p e r a t u r e s  ( - 7 0 " )  t h e  r e d u c t i o n  o f  t h e  

e s t e r  f u n c t i o n  p r o c e e d s  o n l y  s l o w l y .  Thus t h e  i d e a l  t e m p e r a t u r e  

a p p e a r s  t o  be  - 3 5 " .  A t  t h i s  t e m p e r a t u r e  v e r y  l i t t l e  i f  any o f  t h e  

c i t r o n e l l o l  b y - p r o d u c t  i s  formed and r e d u c t i o n  o f  t h e  e s t e r  t o  

g e r a n i o l  i s  comple t e  w i t h i n  2 h r s  when a l a r g e  e x c e s s  of  l i t h i u m  

aluminum h y d r i d e  r e a g e n t  i s  u s e d .  We found no advan tage  i n  u s i n g  

an e thoxy  l i t h i u m  aluminum h y d r i d e  r e a g e n t  f o l l o w i n g  t h e  r e p o r t e d  

p r o c e d u r e  ( * )  . 
h y d r i d e  r e a g e n t  was a l s o  n o t  u s e f u l .  I t  has  been r e p o r t e d  t h a t  

c innamyl  a l c o h o l  i s  r educed  t o  3 - p h e n y l - 1 - p r o p a n o l  u s i n g  l i t h i u m  alum- 

inum h y d r i d e ,  however ,  i n  o u r  s t u d i e s  g e r a n i o l  was n o t  r educed  t o  

c i t r o n e l l o l  even w i t h  e x c e s s  l i t h i u m  aluminum h y d r i d e  i n  r e f l u x i n g  

t e t r a h y d r o f u r a n .  I t  i s  p r o b a b l e  t h a t  c i t r o n e l l o l  f o r m a t i o n  o c c u r s  

by r e d u c t i o n  o f  t h e  c o n j u g a t e d  doub le  bond i n  (3 )  f o r  which t h e r e  i s  

p r e c e d e n t  f o l l o w e d  by r e d u c t i o n  o f  t h e  e s t e r  f u n c t i o n .  N e r o l  

was n o t  o b t a i n e d  a s  a b y - p r o d u c t  i n  any of  t h e  r e d u c t i o n  expe r imen t s  

t h a t  w e  c a r r i e d  o u t  u s i n g  p u r e  t r a n s  ( 3 ) .  F i n a l l y  i t  i s  recommended 

t h a t  t h e  r e d u c t i o n  r e a c t i o n  be quenched w i t h  e t h a n o l  ( a t  -70 ' )  

r a t h e r  t h a n  w i t h  me thy l  a c e t a t e .  

The c o r r e s p o n d i n g  i sop ropoxy  l i t h i u m  aluminum 
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T a b l e  I .  Reduc t ion  o f  e t h y l  trans-3,7-dimethyl-2,6-octadienoate (3)  
w i t h  e x c e s s  l i t h i u m  aluminum h y d r i d e  i n  e t h e r  o r  
t e t r ahy d r  o f u r  an  . 

t ime  u n r e a c t e d  
exp .  s o l v e n t  temp ( h r )  e s t e r  ( 3 )  g e r a n i o l ( 4 )  c i t r o n e l l o l  (5) 
1. e t h e r  -70' 2 98% 2 %  0 
2 .  -60' 2 96 4 0 
3.  - s o 0  2 64 36 0 
4 .  -35O 2 0 > 9 9 . 8  
5 .  0" 2 0 94 6 
6 .  25' 2 0 83 1 7  
7. -35O 1 23 77 0.2 

-35" 8 0 99.6 0.4 8.  
9.C so 4 0 88 1 2  
10 .d  5 "  4 0 87 13 
11. THF -35'  2 0 50  50 

1 1  

1 1  (0.2% 
I, 

I, 

I t  

,I b 

1 1  

t 

( a )  The p e r c e n t  o f  monoterpenes l i s t e d  r e p r e s e n t  t h e  amounts d e t e r -  
mined by a n a l y t i c a l  g a s  chromatography u s i n g  t h e  two ch romato -  
g raphy  sys t ems  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n .  

(b )  G e r a n i o l  was n o t  r educed  t o  c i t r o n e l l o l  a f t e r  r e f l u x i n g  i n  e t h e r  
s a t u r a t e d  w i t h  LiAlH4 f o r  8 h r s  o r  r e f l u x i n g  i n  t e t r a h y d r o f u r a n  
s a t u r a t e d  w i t h  LiAlH4 f o r  2 1  h r s .  

( c )  Experimen was c a r r i e d  o u t  w i t h  added e t h a n o l  u s i n g  t h e  r e p o r t e d  
p rocedure18y .  

(d )  Experiment  1 0  was c a r r i e d  o u t  i n  t h e  same manner a s  e x p e r i m e n t  
9 b u t  r e p l a c i n g  e t h a n o l  w i t h  i s o p r o p a n o l .  

EXPERIMENTAL 

A n a l y t i c a l  g a s  chromatography was c a r r i e d  o u t  on a H e w l e t t  

Packa rd  F + M model 700 i n s t r u m e n t .  E t h y l  t r a n s - 3 , 7 - d i m e t h y l - 2 , 6 -  

o c t a d i e n o a t e ,  g e r a n i o l  (11) , c i t r o n e l l o l  

i d e n t i f i e d  u s i n g  two d i f f e r e n t  ch romatography  s y s t e m s .  Aluminum 

columns (1 /8"  O . D .  by 6 ' )  were packed  w i t h  1 5 %  carbowax 20M on 

8 0 - 1 0 0  mesh chromosorb W-NAW ( s y s t e m  I )  and 1 5 %  d i e t h y l e n e  g l y c o l -  

s u c c i n a t e  on 80-100 mesh chromosorb W-NAW ( sys t em 1 1 ) .  I n  b o t h  

sys t ems  t h e  oven t e m p e r a t u r e  was m a i n t a i n e d  a t  1 1 0 '  w i t h  a he l ium 

g a s  f low r a t e  o f  30 m l  p e r  min.  I n j e c t i o n  p o r t  and d e t e c t o r  

t e m p e r a t u r e s  were m a i n t a i n e d  a t  145' and 1 6 5 O  r e s p e c t i v e l y .  

R a d i o a c t i v i t y  measurements  were c a r r i e d  o u t  i n  a Packa rd  model 

and n e r o l  (12)  were 
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3320 Tri-Carb liquid scintillation counter using toluene solvent 

and a PPO-POPOP scintillator system ( I 3 ) .  

5-Methyl-4-hexenoic acid 

Crude 5-methyl-4-hexenoic acid ( 6 )  was converted to its p- 

chlorophenacyl ester (mp 7 1 - 7 2 " ,  recrystallized from ethanol) using 

the procedure of Rather and Reid (I4). 

ester with refluxing 5% sodium hydroxide followed by careful acid- 

ification (6), ether extraction and short path distillation of the 

oil obtained following evaporation of the ether gave essentially 

Base hydrolysis of the 

pure 5-methyl-4-hexenoic acid: nDZ3O 1.4458 (reported (") nD z o o  

1.4470); nmr (CC14, TMS): 

2.30 (m,4H), 1.70 (s,3H), 1.63 (s,3H). 

611.53 (s,lH), 5 . 0 9  (broad triplet, lH), 

14 6 - M e t h y l - 5 - h e p t e n - 2 - o n e - 1 -  C ( 2 )  

Unlabeled methyl iodide (3.55g, 25mmol) in anhydrous ether 

(20ml) was added at a rate that would maintain gentle refluxing t o  

excess lithium metal (0.52g) suspended in ether (Sml) under nitrogen 

atmosphere. This resulted in the formation of a solution of un- 

labeled methyl lithium. In a second flask lithium metal (80mg), 

in ether (tml) was allowed t o  react with methyl iodide-I4C (I6) 

(l.Omc, O.Smmol - transferred to the flask by means of a vacuum 

line). In a third flask was placed 5-methyl-4-hexenoic acid (640mg, 

5.0mmol) in ether (15ml) under nitrogen. Unlabeled methyl lithium 

was added to 5-methyl-4-hexenoic acid to form the lithium salt. 

After the addition of 5 m l s  of the unlabeled methyl lithium - ether 

solution (approximately Smmol), methane gas was no longer evolved 

and a white precipitate of  the lithium salt (1) of 5-methyl-4- 

hexenoic acid was formed. Additional unlabeled methyl lithium 

(approximately lmmol) in ether (lml) was added to insure conversion 

of a l l  of the acid to the lithium salt. 

in ether (2ml) from the second flask was then added to the lithium 

Methyl lithium-I4C (0.5mmol) 
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s a l t .  The second  f l a s k  was washed w i t h  c a r r i e r  me thy l  l i t h i u m  

( a p p r o x i m a t e l y  lmmol) i n  e t h e r  ( l m l )  and t h e s e  wash ings  were a l s o  

added t o  t h e  l i t h i u m  s a l t .  The r e a c t i o n  w a s  a l l owed  t o  s t i r  a t  

room t e m p e r a t u r e  u n d e r  n i t r o g e n  f o r  1 h r  b e f o r e  a d d i t i o n a l  c a r r i e r  

me thy l  l i t h i u m  ( a p p r o x i m a t e l y  1. Smmol) i n  e t h e r  (1 .5ml)  was added .  

The r e a c t i o n  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  two a d d i t i o n a l  

h o u r s  b e f o r e  work up by d ropwise  a d d i t i o n  o f  t h e  r e a c t i o n  m i x t u r e  

w i t h  s t i r r i n g  t o  i c e  w a t e r  ( I 7 ) .  

e t h e r  (4x25mls ) ,  t h e  combined e t h e r  e x t r a c t s  were d r i e d  (Na2S04),  

and c o n c e n t r a t e d  t o  g i v e  6 - m e t h y l -  5 - h e p t e n - 2 - o n e - 1 -  1 4 C  (4SOmg, 

3.56mmo1, O.lSmc/mmol) which was u s e d  i n  t h e  n e x t  s t e p  w i t h o u t  

f u r t h e r  p u r i f i c a t i o n .  

The p r o d u c t  was e x t r a c t e d  i n t o  

14 E t h y l  trans-3,7-dimethyl-2,6-octadienoate-9- C (3 )  

A 5 7 %  d i s p e r s i o n  o f  sodium h y d r i d e  i n  m i n e r a l  o i l  (ZS7mg, 

6 .  lmmol) was washed w i t h  n -hexane  (3x3ml) u n d e r  n i t r o g e n  a tmosphe re  

and anhydrous d ime thoxye thane  (5ml) was added .  T r i e t h y l p h o s p h o n o -  

a c e t a t e  (1.34gm, 6 .Ommol) i n  d ime thoxye thane  (10ml) was t h e n  added 

o v e r  a 30 min p e r i o d  w i t h  c o o l i n g .  When hydrogen was no l o n g e r  

evo lved  6 -me thy l -  5 - h e p t e n - 2  - o n e -  d 4 C  (450mg, 0 . lSmc/mmol) i n  

d ime thoxye thane  (Sml) was added and t h e  m i x t u r e  was a l lowed  t o  

s t i r  o v e r n i g h t  a t  room t e m p e r a t u r e .  A f t e r  s t i r r i n g  2 4  h r s  t h e  

r e a c t i o n  was warmed t o  S O o  and s t i r r e d  an a d d i t i o n a l  h r .  Excess  

w a t e r  was added t o  t h e  r e a c t i o n  a t  0°C and t h e  p r o d u c t  was e x t r a c t e d  

i n t o  e t h e r  (3xSOml), d r i e d  (Na SO ) and c o n c e n t r a t e d  t o  g i v e  a 2 4  
m i x t u r e  o f t r i e t h y l  p h o s p h o n o a c e t a t e  and cis and t r a n s  e t h y l  3,7- 

dimethyl-2,6-octadienoates -9-14C. T h i s  m i x t u r e  was s e p a r a t e d  by 

chromatography on f o u r  Merck s i l i c a  g e l  GF254 t h i n  l a y e r  p l a t e s  

(8"x8" - 2mm t h i c k )  which were d e v e l o p e d  6 t i m e s  w i t h  benzene -hexane  

( 4 : 6 ) .  E l u t i o n  o f  t h e  lower  zone w i t h  5 %  methano l  i n  ch lo ro fo rm 

gave a f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t s  e t h y l  t r a n s - 3 , 7 - d i m e t h y l - 2 , 6 -  

o c t a d i e n o a t e - 9 - 1 4 C  (381mg, 1.94mmo1, 5 5 % ,  0.15mc/mmol). T h i s  
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m a t e r i a l  d i d  n o t  c o n t a i n  any o f  t h e  cis i s o m e r .  E l u t i o n  o f  t h e  

u p p e r  zone  gave  e t h y l  cis-3,7-dimethyl-2,6-octadienoate (88mg, 0.45mmo1, 

1 3 % ,  0.15mc/mmol). 

~ e r a n i o l - g - ' ~ ~  (4)  

A s a t u r a t e d  s o l u t i o n  o f  l i t h i u m  aluminum h y d r i d e  i n  e t h e r  (20ml) 

was added  t o  e t h y l  t r a n s - 3 , 7  - d i m e t h y l -  2 , 6 - 0 c t a d i e n o a t e - 9 - ' ~ C  

(381mg, 0.15mc/mmol) i n  e t h e r  (10ml) a t  - 7 0 "  u n d e r  n i t r o g e n  a tmos -  

p h e r e .  The r e a c t i o n  was s t i r r e d  f o r  1 h r  a t  -70" and  t h e n  warmed 

t o  room t e m p e r a t u r e  where  i t  was s t i r r e d  f o r  15 min b e f o r e  c o o l i n g  

a g a i n  t o  - 7 0 '  where  i t  was quenched  w i t h  a l c o h o l .  Water  was added  

a t  room t e m p e r a t u r e  and t h e  e t h e r  l a y e r  was s e p a r a t e d .  The w a t e r  

was e x t r a c t e d  w i t h  e t h e r  (2x25mls ) ,  t h e  combined e t h e r  e x t r a c t s  were  

d r i e d  (Na SO ) and c o n c e n t r a t e d  t o  g i v e  g e r a n i o l - 9 - 1 4 C  (241mg, 1 . 5 7  

mmol, 8 1 % ,  O.lSmc/mmol). T h i s  m a t e r i a l  c o n t a i n e d  a p p r o x i m a t e l y  1 0 %  

c i t r o n e l l a 1  b u t  was f r ee  o f  n e r o l .  The g e r a n i o l  was p u r i f i e d  by  

ch romatography  on t h r e e  t h i n  l a y e r  p l a t e s  (8"x8" - 2mm t h i c k )  

impregna ted  w i t h  s i l v e r  n i t r a t e .  The s i l i c a  g e l  was p r e p a r e d  by 

a d d i n g  a 5% aqueous  s i l v e r  n i t r a t e  s o l u t i o n  (50ml) t o  Merck s i l i c a  

g e l  GF254 ( 7 5 g ) .  The p l a t e s  were d e v e l o p e d  3 t imes w i t h  5 %  e t h y l  

a c e t a t e  i n  b e n z e n e .  The lower  zone was e l u t e d  w i t h  5% methano l  i n  

c h l o r o f o r m  t o  g i v e  p u r e  g e r a n i 0 1 - 9 - ' ~ C  (189mg, O.lSmc/rnmol). 

2 4  

Reduc t ion  o f  e t h y l  trans-3,7-dimethyl-Z,6-octadienoate (3)  w i t h  

e x c e s s  l i t h i u m  aluminum h y d r i d e  

The f o l l o w i n g  p r o c e d u r e  was u s e d  i n  e x p e r i m e n t s  1 - 8  ( t a b l e  1 ) .  

E t h e r  (0 .5ml )  s a t u r a t e d  w i t h  l i t h i u m  aluminum h y d r i d e  was added  t o  

e t h y l  trans-3,7-dimethyl-2,6-octadienoate (25mg) i n  e t h e r  (2.51111) 

u n d e r  n i t r o g e n  a t  - 7 0 ' .  The r e a c t i o n  was warmed t o  t h e  a p p r o p r i a t e  

t e m p e r a t u r e  where  i t  was m a i n t a i n e d  f o r  t h e  i n d i c a t e d  t ime  ( t a b l e  

I ) .  I t  was t h e n  c o o l e d  t o  -70'  and e t h a n o l  (0 .25ml)  i n  e t h e r  

(1 .0ml)  f o l l o w e d  by d i s t i l l e d  w a t e r  (5ml) were  added .  A f t e r  warming 



474 S.J. RaJan and J. WempZe 

t o  room t e m p e r a t u r e  5 %  H C 1  was added and t h e  p r o d u c t  was e x t r a c t e d  

w i t h  e t h e r  (3x31111). 

and c o n c e n t r a t e d  and t h e  r e s i d u a l  o i l  was a n a l y z e d  by gas  ch romato -  

graphy u s i n g  b o t h  sys t ems  I and 11. 

The combined e t h e r  e x t r a c t s  were  d r i e d  (Na2S04) 
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