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SYNTHESIS OF (+) AND ( -1 [10-14C]-a- AND 8-PINENES 

Vincent  C.O. Njar*+ and Derek V. Banthorpe 
Department of Chemistry,  Un ive r s i ty  Col lege London 

20 Gordon Street ,  London MClH OAJ ,  U.K.  

SUMMARY 
[10-14Cl - ( + I  and ( - )  -8-Pinenes were prepared from 

t h e i r  corresponding non-radioact ive isomers  by t h e  
l i t t i g  r eac t ion :  and t h e  [l0-l4C] - ( + I  and (-)-a- isomers 
were obta ined  from t h e  [ l O - l 4 C 1  -8-pinenes by isomeriza-  
t i o n .  Af t e r  p u r i f i c a t i o n  by gas  chromatography t h e  spec i -  
f i c  a c t i ~ r i t y  f o r  each  of t h e  iscmers w a s  ca. 0.025 
mCimmol ' l ,  and a l l  t h e  isomers had h igh  (>m%) o p t i c a l  
p u r i t i e s .  A l l  f ou r  iscnners were found t o  be  chemical ly  
(>99 .5%)  and rad iochemica l ly  (>99.5%) pure.  

Key words: P ines ,  (+) and ( - )  -[10-14C] -a- and 8-pinenes, Wi t t i g  
r e a c t i o n ,  i somer iza t ion .  

1 4  For onqoing b i o s y n t h e t i c  s t u d i e s  we requi red  samples of [lo- C] -  

l a b e l l e d  (+) and (-) a- and 6-pinenes of h igh  o p t i c a l  p u r i t i e s  and 

s p e c i f i c  a c t i v i t i e s .  These are n o t  a v a i l a b l e  commercially. H i t h e r t o  

t h e  14C-labelled p inenes  t h a t  have been employed i n  such s t u d i e s ,  w e r e  

ob ta ined  a f t e r  fee&ing [14C] -C02 t o  P inus  p i n a s t e r  o r  g.ponderosa 

followed by extract ion ' .  

s p e c i f i e d  c h i r a l i t y  have ve ry  low s p e c i f i c  a c t i v i t i e s .  The s p e c i f i c  

a c t i v i t y  o f  a-pinene used by Schmeersl i n  a s i m i l a r  s tudy  w a s  

4 . 2  x lo" pcimmol-l. 

[10-14Cl-(+) and (-1 a- and 8-pinenes (2, z, 2 and - 4: Char t  I )  of 

h igh  (>go%) o p t i c a l  p u r i t i e s  and r e l a t i v e l y  h igh  s p e c i f i c  a c t i v i t i e s  

(See above) .  Resu l t s  of t h e  b i o s y n t h e t i c  s t u d i e s  w i l l  be publ ished 

elsewhere.  

&Present  address:  Department of Chemistry, Un ive r s i ty  of  Ibadan, Ibadan, 

+Author t o  whom communications concerning t h i s  paper  should be sen t .  

Regretably,  t h e s e  l a b e l l e d  pinenes of un- 

I n  t h i s  paper  we d e s c r i b e  t h e  s y n t h e s i s  of 

Niger ia .  
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CHART I 

1 a. R = O  
14 

b . R  = CH, 

c. R = CH, 

1 

8 
3 

6 
4 

[ . I  denotes 1 4 C  

The [10-14C]-labelled a- and B-pinenes were obtained as 

follows: F i r s t l y  (+) and (-)-B-pinene (& and &) w e r e  converted 

i n t o  nopinones (2 and & respect ively)  by ozonolysis . These were 

then converted i n t o  t h e  desired (+) and (-1 [10-14Cl-B-pinenes 

and 2b r e spec t ive ly  by a Wit t ig  r eac t ion  with tr iphenyl- [ l 4 C 1  - 
methylphosphonium bromide i n  about 30% yield.  The assignment of 

C-10 a s  t he  carbon bearing the 1 4 C  isotope rest on the  proven s p e c i f i c  

replacement of a carbonyl group by a carbon-carbon double bond i n  

the Wittig react ion3 * 4 .  

bromide 2 was not  prepared d i r ec t ly  from tr iphenyl  phosphine and 

[ Cl-methyl bromide as expected due to  t h e  high c o s t  of t h e  l a t t e r .  

Instead triphenyl- [ 1 4 C ]  -methylphosphonium iodide (2; Scheme I )  was 

prepared ( [l4C1-methyl iodide i s  r ead i ly  ava i l ab le  a t  low cos t )  and 

then converted v i a  t h e  n i t r a t e  5 t o  t he  desired bronide 

2 

The t r iphenyl-  [ I 4 C ]  -methylphosphonium 

14 

i n  excellent 
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SCHEME I 

Ph3P 1 4  CH31 + Ph3P 1 4  CH3N03 -+ Ph3P14CH3Br 
5 6 7 

y i e l d .  We d i d  no t  u se  t h e  iod ide  because of t h e  d i f f i c u l t i e s  

encountered i n  i t s  use i n  t h e  Wi t t ig  reaction5r6. 

(-1 [10-14C] -a-pinenes 2 and 4 r e s p e c t i v e l y  were obta ined  by refluxing 

t h e i r  corresponding &isomers && and 2b with  benzoic ac id  and 

hydroquinone i n  about  75% y ie ld .  

F i n a l l y  (+) and 

The fou r  pinene isomers  (lb, g, 2 and 4) were found t o  be 

chemical ly  (>99.5%) and radiochemical ly  (>99.5%) pure by GLC and 

radiochromatographic a n a l y s i s .  The s p e c i f i c  a c t i v i t y  f o r  each isomer 

was E-0.025 m C i  mmol-I and t h e i r  o p t i c a l  p u r i t i e s  are i n  Table I.  

Table I: S p e c i f i c  r o t a t i o n s  and o p t i c a l  p u r i t i e s  of [10-’4C] -pineries 

l b  + 17 91 

2b -21  1 0 0  

3 +47 96 

4 -4 7 96 

(a) S.D. f o r  a l l  compounds f 1%. 

(b) Defined of t h e  % of  t h e  predominant enantiomer ( o p t i c a l l y  
0 pure (+I  -a-pinene has  l a ]  22 + 51 

U s e  of  a c h i r a l  LSR - ‘H-nmr  technique7 gave r e s u l t s  

and. t h e  (-) -8-isomer -21O)  D 
(c) 

1% i n  agreement wi th  these  va lues .  

EXPERIMENTAL 

GLC ana lyses  were c a r r i e d  o u t  on a Varian 1800 g a s  chromatograph 

using l o f t  x 0.25 i n  column packed w i t h  15% FFAP. P repa ra t ive  GLC 

was c a r r i e d  o u t  on Pye 1 0 4  series chromatograph us ing  same column as 

above o r  on an F and M S c i e n t i f i c  775 F r e p r a s t e r  usincj 7 . 8 f t  x 4.0 i n  

column packed wi th  carbonwax 20M. In f r a red  s p e c t r a  were taken on a 
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Perkin-Elmer Model 157 spec t rometer .  NFR s p e c t r a  w e r e  t aken  on a 

Perkin-Elmer R.12. Rota t ions  w e r e  measured on a Perkin-Elmer 1 4 1  

po lar imeter .  R a d i o a c t i v i t i e s  were measured on a Packard T r i c a r b  3251 

l i q u i d  s c i n t i l l a t i o n  counter  and on a 2a-radiochromatograph scanner.  

Merck S i l i ca  g e l  (XF254+366) was used f o r  TLC. Melting p o i n t s  w e r e  

taken on a Kof le r  ho t -s tage  aFpara tus  and are cor rec ted .  

l l a t e r i a l s .  (+) -a-Pinene, 

were purchased from Aldr ich  Chemical Co. [ CI-Bletkyl i od ide  was 

purc tased  from Amersham Chemical Co. (+) -6-Pinene i s  n o t  a v a i l a b l e  

commercially and w a s  prepared from (+)-a-pinene by t r ea tmen t  w i th  

Pd-black under hydrogen . The r e a c t i o n  mixture  conta ined  3% of t h e  

6-isomer and t h e  B-comqound w a s  ob ta ined  b y  spinninq-band d i s t i l l a -  

t i o n  followed by n r e p a r a t i v e  GLC on carbonwax 20M (15% chromosorb W., 

7 . 8 f t  x 4 . 0  i n ,  12OoC, 60 m l  min-IN2): Yie ld  1.2%,[cr]E2 + 17O. 

+ 46.5O, and ( - )  -6-pinene t a l i 2  - 21° 
1 4  

8 

Nopinone ( la)  from (+) -8-pinene 

(+) -B-Pinene 2 (1.5g, 1. lmmol) d i s so lved  i n  methanol (15ml) 

was cooled t o  -6OOC and ozone was bubbled s lowly through t h e  

r e a c t i c n  mixture  f o r  40min. The r e a c t i o n  mixture  s t i l l  maintained a t  

-6COC was f lu shed  (10min) w i t h  O2 t o  remove excess C3 and dimethyl  

su lph ide  ( 2 m l )  w a s  added. The mixture  w a s  t hen  s t i r r e d  f o r  3h a t  

room temperature ,  d i l u t e d  w i t h  water  (2Oml)  and e x t r a c t e d  w i t h  petrolem 

e t h e r  and d r i ed .  The yellow o i l  r e s i d u e  a f t e r  concen t r a t ion  was 

d i s t i l l e d  under reduced p r e s s u r e  t o  g i v e  nopinone ( l a ) .  Yield 90%, 

I R  vmax 1720cm-1 (C-2,  C = 01, ‘HNMR 6 0.85 (3H, s ,  8-H), 1.35 (3H, s, 9-H). 

Nopinone (2a)  f r o p  ( - )  -6-pinene 

This  compound w a s  p repared  as desc r ibed  for  3 and had i d e n t i c a l  

IF. and HNNR c h a r a c t e r  i s t i c  s . 
Triphenyl- [ 1 4 C ]  -methylphosphonium iod ide  ( 5) 

Methyl- [ 1 4 C ]  i o d i d e  (0.82g, 0.57mmo1, 0.087 m C i  mmol-l) i n  

sodium-dried benzene (2ml) w a s  added dropwise (30min) t o  a s o l u t i o n  

of t r iphenylphosphine  (1.05g, 0.4mmol) i n  ary benzene (5ml) a t  room 
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temperature. 

f o r  15h. The whi te  s o l i d  t h a t  formed w a s  f i l t e r e d ,  washed (d ry  

benzene) and t h e  d r i e d  (P205) i n  a vacuum oven a t  100°C f o r  12h t o  

g iven  t r iphenyl -  [14C] -methylphosphonium iod ide  i n  q u a n t i t a t i v e  y i e ld .  

mp 188OC ( L i t g  187-189OC). 

Triphenyl- [14C] -methylphosphonium Bromide (7) 

The r e a c t i o n  v e s s e l  was sea l ed  and l e f t  a t  room temperature 

AgN03 (0.672g; 0.4mmol) d i s so lved  i n  H 2 0  (0.5ml) was added 

dropwise wi th  cons t an t  shaking t o  a s o l u t i o n  of t r i pheny l -  [14Cl - 
methylphosphonium iod ide  (1.6g, 0.4mmo1, 0.085mCi mmol-l) i n  methanol 

( 1 O m l ) .  Af t e r  shaking f o r  5 min, t h e  AgI formed w a s  f i l t e r e d  and 

d iscarded .  The f i l t r a t e  which contained t h e  phosphonium n i t r a t e  

was shaken wi th  KBr  (0.4712g, 0.4mmol) i n  H 2 0  (0.5ml) and t h e  K N 0 3  

t h a t  formed w a s  f i l t e r e d  o f f .  The f i l t r a t e  w a s  concent ra ted  t o  g ive  

crude t r iphenyl -  [I4C] -methylphosphonium bromide, mp 22OoC. This  w a s  

p u r i f i e d  by p r e c i p i t a t i o n  from e thano l  (3Oml) wi th  e t h e r  (300-4OOml) 

and d r i ed .  

[10-14Cl - ( + I  -8-Pinene ( l b )  

Yield 71% (based on t h e  iodide) .  mp 232OC (lit.' 229-231OC)- 

Sodium hydride (67.2mgt 0.14mmole, 50% d i s p e r s i o n  p rev ious ly  

washed wi th  hexane) was added t o  d r y  dimethyl  s u l f o x i d e  (lml) under 

N 2  and s t i r r e d  a t  65-70°C u n t i l  hydrogen evo lu t ion  ceased (z 50min). 

The s o l u t i o n  was cooled t o  r w m  temperature ,  and t r ipheny l -  [14C] - 
methyl-phosphonium bromide (0.5g, 0.14mmo1, 0 .04mCi  mmol-l) i n  

dimethyl  s u l f  oxide (DMSO) (lml) w a s  added. Af t e r  20min, nopinone 

(0.193g, 0.14mmol) i n  DMSO ( 0 . 5 ~ ~ 1 )  w a s  added and t h e  r e a c t i o n  was 

maintained a t  55t5OC f o r  4h. A t  t h e  end of t h e  r e a c t i o n  i n a c t i v e  

(+)-8-pinene (0. lg)  was added and t h e  dark  r e a c t i o n  mixture  w a s  poured 

on to  crushed ice, e x t r a c t e d  thoroughly wi th  petroleum e t h e r  and d r i ed .  

It w a s  necessary  to add t h e  i n a c t i v e  pinene as carrier due t o  

t h e  inadve r t en t  loss of  t h e  product  involved i n  t h e  workup process .  

The r e s idue  a f t e r  c a r e f u l  concent ra t ion  was p u r i f i e d  by p repa ra t ive  

TLC [ s i l i ca  g e l  - AgN03 (581, hexane - Et20 (1OO:l) 1 a t  4OC and 
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f i n a l l y  by p r e p a r a t i v e  GLC (FFAP 15% a t  9o°C) t o  g i v e  I l0- l4C]-(+)-8-  

p i n e n e  (2) i n  ca 30% y i e l d .  [ a ] ~ 2 + 1 7 0 , s p e c i f i c  a c t i v i t y  0.028mCi 

mmol-I 'H  NMR 60.72 (3H, s, 8 4 ) ;  1.25 (3H, S, 9-H), 4.57 (2H,rr.,lO-H). 

[ l0-l4C] - (-1 -B-Pinene ( 2b) 

T h i s  compound w a s  p r e p a r e d  from nopinone 3 derived from 

i n a c t i v e  (-1 -8-pinene 

showed t h e  f o l l o w i n g  : [~1] :~-21~,  s p e c i f i c  a c t i v i t y  

'H  NMR 60.72 (3H, s, 8-HI; 1.25 (3H, s, 9-H), 4.57 (2H, m ,  10-9). 

[ l0- l4c]  - ( + I  -a-Pinene (3)  

[a ]  ;2-210 as d e s c r i b e d  above f o r  2 and 

C.O26mCi~mol-~, 

A m i x t u r e  of [10-14C] -(+) -8-pinene (0.5g, 0.37nunc1, 0.03mCimmol-l, 

[a]  i2+l7O) , benzoic  a c i d  (9.6mg, 0 .079mol)  and hydroquinone ( 0.19mg) 

was r e f l u x e d  (under  N 2 )  for 48h. 

was added fo l lowed by e x t r a c t i o n  w i t h  pe t ro leum e t h e r .  The e x t r a c t  

w a s  washed w i t h  water, dried (Na2S04) and c o n c e n t r a t e d .  

yel low o i l  w a s  p u r i f i e d  as d e s c r i b e d  for 

p inene  i n  z. 75% y i e l d .  

A s a t u r a t e d  s o l u t i o n  of NaHC03(10ml) 

The r e s u l t i n q  

t o  g i v e  [lO-l4C1-(+)-a- 

[ a ] i 2  + 4 7 O , s p e c i f i c  a c t i v i t y  O.O2GmCimm01-~,  

'H NMR 60.84 (3H, S, 8-H), 1.26 (3H, S, 9-H), 1.65 (3H, rn, l O - H ) ,  

5.2 ( l H ,  m ,  3 - H ) .  

[ ~ o - ~ ~ c I  - ( - I  -a-Pinene ( 4 )  

described for  3 above. 

T h i s  compound was p r e p a r e d  from [10-14Cl -(-I  -8-pinene 2b as - 
S p e c i f i c  a c t i v i t y  O.O28mCimm01-~, [a ]  22 - 47O, 

'HNMR 60.84 (3H, S, 8-H), 1.26 (3H, S, 9-H), 1.65 (3H, m, 10-H) 

5.2 ( l H ,  m,  3 - H I .  
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