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S U M M A R Y  

14C-labelled (+)-Zimonene was convenient ly  prepared by t h e  
W i t t i g  reac t ion  of (+)-l-methyl-4-acetyleyelohexene w i t h  methyl- 
I4C-triphenyZphosphoniwn iod ide .  

INTRODUCTION 

It has been recently discovered in these laboratories that (+)-limonene, 

which has been widely used in perfume and flavor compositions, is an effective 

solubilizer for gallstones, especially cholesterol stones found in cholelithiasis. 

As a matter of course, studies on the metabolic fate of (+)-limonene in mamnals 

including human have required the preparation of specifically lavelled (+)-limonene. 

Present paper deals with the synthesis o f  (+)-1 im0nene-9-~~C using the Wittig reac- 

tion. 

Vig, &. d."") have already reported that (2)-limonene has been synthesized 

hy reacting the Wittig reagent with (+)-l-methyl-4-acetylcyclohexene obtained from 

the starting ethyl 4- (2-ethoxycarbonyl ethyl )-5,5-ethyl enedioxyhexanoate via five 

steps. It is, however, extremely difficult to prepare the optically active (+)- 

limonene (Ia) by this method. If (+)-1-methyl-4-acetylcyclohexene (IV) with the 

same configuration as that of (+)-limonene (Ia) could be obtained, then (+)-limonene 

could be synthesized by applying the Wittig reaction as shown in Chart 2. Conse- 
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quent ly ,  our  a t tempts 

(N) from (+)-limonene ( Ia )  us ing  a method s i m i l a r  t o  t h a t  repo r ted  by Aratani  

and Ogata(4), i n  which t h e  o p t i c a l  a c t i v i t y  o f  t h e  compound ( I V )  m igh t  be re ta ined .  

have been made t o  prepare (+)-l-methyl-4-acetylcyclohexene 
( 3 )  

RESULTS 

As shown i n  Char t  1, 1 -methyl-4-(1 -methyl -1 -hydroxy-2-acetoxy)ethylcyclohexene 

(11) was obta ined by t r e a t i n g  (+)-limonene ( I a )  w i t h  l ead  t e t r o x i d e  i n  a c e t i c  

anhydride and a c e t i c  ac id .  

w i t h  0.5 N a l c o h o l i c  potassium hydrox ide so lu t i on ,  and f u r t h e r  ox id i zed  wi th  lead 

te t raace ta te  t o  y i e l d  t h e  des i red  compound ( I V ) ,  (+)-l-methyl-4-acetylcyclohexene, 

which wa$ i d e n t i c a l  w i t h  (+)-l -methyl -4-acetylcyclohexene separate ly  prepared by 

V i g ' s  method w i t h  t h e  except ion o f  t h e  o p t i c a l  a c t i v i t y .  

The monoacetate (11) thus obta ined was deacety la ted 

I a  I 1  I V  

Chart 1 

Since i t  was successfu l  t o  prepare t h e  s t a r t i n g  m a t e r i a l  f o r  (+I-1 imonene-9- 

14C ( Ib) ,  f u r t h e r  a t t q n p t s  were made t o  i n t roduce  carbon-14 t o  (+)-limonene ( Ia) ,  

as shown i n  Chart 2. 

methyl-14C-triphenylphosphonium i o d i d e  (V) was c a r r i e d  ou t  under vacuum and the  

reagent  was prepared i n  a h igh  y i e l d  w i thou t  any d i f f i c u l t i e s .  

obta ined was ready f o r  t h e  W i t t i g  r e a c t i o n  o f  t h e  l a s t  step. 

P r i o r  t o  t h e  W i t t i g  reac t i on ,  t h e  synthes is  o f  W i t t i g  reagent, 

The compound thus 

As shown i n  Chart 2 ,  carbon-14 was in t roduced t o  t h e  methylene carbon o f  t h e  

s i d e  cha in  a t  t h e  9 p o s i t i o n ,  and hence t h e  o p t i c a l  a c t i v i t y  o f  t h e  o b j e c t  compound 

was t o  be r e t a i n e d  completely. Moreover, t h e  (+)-1 imonene-9-14C ( I b )  thus obtained 

was a c t u a l l y  i d e n t i c a l  w i t h  t h e  n a t u r a l  (+)-limonene ( I a )  w i t h  regard t o  t h e  var ious 

phys ica l  constants  and the  da ta  o f  inst rumenta l  ana lys i s .  No s i g n i f i c a n t  d i f ference 



Synthesis of 14C-Labetled (+)-Limonene 31 1 

was observed between t h e  radiochemical y i e l d  (47 X )  and chemica l . y ie ld  (44 %), 

bo th  of which were based on methyl-14C-triphenylphosphonium iod ide,  a reagent  which 

was used i n  excess. 

I V  

Chart 2 

I b  

EXPERIMENTAL 

R a d i o a c t i v i t y  measurements - - The r a d i o a c t i v i t y  i n  each sample was q u a n t i f i e d  i n  

a 1 i q u i d  s c i n t i l l a t i o n  spectrometer (Packard Tri-Carb, 3375) us ing t h e  s c i n t i l l a t o r  

m i x t u r e  (POP 5 g, dimethyl-POPOP 0.3 g and to luene  1000 m l ) .  

(+)-l-Methyl-4-acetylcyclohexene 

o f  a c e t i c  anhydride was added 90 g (0.66 mol) o f  (+)-limonene ( I a ) .  

was s low ly  added 450 g (0.66 mol) of lead t e t r o x i d e  over a pe r iod  of 3 hours w i t h  

s t i r r i n g ,  keeping t h e  temperature o f  s o l u t i o n  a t  60". 

cont inued f o r  one hour a f t e r  adding lead t e t r o x i d e .  

o f  water and t h e  m ix tu re  was n e u t r a l i z e d  w i t h  sodium carbonate and then ex t rac ted  

w i t h  benzene. 

washed w i t h  water and d r i e d  over anhydrous sodium s u l f a t e .  

ed o f f  t o  g i v e  120 g o f  t h e  o i l y  product  ma in l y  c o n s i s t i n g  o f  l -methy l -4- ( l -methy l -  

1-hydroxy-2-acetoxy)ethylcyclohexene (11). To t h e  o i l y  product  was added 5 1 of 

0.5 N a l c o h o l i c  potassium hydroxide so lu t i on .  The s o l u t i o n  was r e f l u x e d  f o r  one 

hour and ex t rac ted  w i t h  e t h y l  acetate a f t e r  adding 3 1 o f  water. 

concentrated by d i s t i l l a t i o n  t o  l e s s  than one-hal f  o f  t h e  o r i g i n a l  

w i t h  water and d r ied .  

v i  scous 1 i qu i d ma in l y  cons is t i ng  o f  1 -methyl -4- (1 -methyl -1,2-d i hydroxy ) e t h y l  c y c l  o- 

hexene (111). The l i q u i d  was then d i sso l ved  i n  500 m l  o f  benzene. 

(IV) - - To 1200 ml o f  a c e t i c  a c i d  and 420 ml 

To t h e  s o l u t i o n  

S t i r r i n g  was f u r t h e r  

To t h e  m ix tu re  was added 10 1 

The e x t r a c t  was washed w i t h  d i l u t e d  sodium carbonate s o l u t i o n ,  f u r t h e r  

The benzene was d i s t i l l -  

The e x t r a c t  was 

volume, washed 

The e t h y l  acetate was d i s t i l l e d  o f f  t o  g i ve  the  f a i n t l y  ye l low,  

To t h e  s o l u t i o n  
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was slowly added 80 g (0.18 mol) of lead tetraacetate under reflux in nitrogen 

atmosphere, and the mixture was refluxed for one hour with stirring. 

the crystals were produced and filtered off. 

benzene was distilled off to give the residue. 

residue under reduced pressure afforded 11.48 g (0.08 mol) of (+)-1-methyl-4- 

acetylcyclohexene (IV), bp 70"/4 torr as a colorless, fragrant liquid: nZ5 1.471D; 

di5 0.9380; [a];' +88.1"; semicarbazone (from ethanol) mp 160 - 1"; oxime (from 
ethanol/water) mp 50 - 1"; ir 1711 cnr1(C=0), 801 cm-l(C=C-H); mass spectrum m/e 

138 (N'). 

Methyl- C-triphenylphosphonium iodide ( V )  - - To the solution of 2.50 g (9.5 mnol) 

of triphenylphosphine in 3 ml of anhydrous benzene was slowly added 1.11 g (7.8 mmol) 

of methyl-14C iodide (10 mCi, 1.28 mCi/mnol) and 1 ml of anhydrous benzene in vacuo 

under cooling in a dry ice-acetone bath. 

at ordinary pressure and temperature. 

washed thoroughly with anhydrous benzene. 

(1 torr) for 4 hours afforded 2.70 g (6.7 mmol) of methyl- C-triphenylphosphonium 

iodide ( V ) :  Chemical yield 85 %. 

iodide in 1 ml of acetone added 15 m l  of the scintillator mixture. 

was countedfor the resulting solution : radiochemical yield 9.78 mCi (98 %). 

Apparatus for synthesis o f  methyl-14C-triphenylphosphonium iodide ( V )  - - The 
synthesis o f  methyl- C-triphenylphosphonium iodide was carried out in the reaction 

device consisting o f  five flasks, eight stopcocks and a manometer, as shown in Fig. 

1. Both in the flask A and B vas placed each 5 mCi of methyl-14C iodide (32.0 

mCi/mol; made by Daiichi Kagaku Co., Ltd.). 

methyliodide, 2.5 g of triphenylphosphine in 3 ml of anhydrous benzene and 1 ml of 

anhydrous benzene respectively. 

bath, the device was connected t o  a vacuum line and all the stopcocks were closed 

except the stopcock g and h. 

into the flask D. 

After cooling, 

The filtrate was dried and the 

The further distillation of the 

14 

The mixture was allowed to stand overnight 

The crystals were produced, filtered and 

Drying at 100" under reduced pressure 
14 

14 To 1.4 mg of methyl- C-triphenylphosphonium 

The radioactivity 

14 

In the flask C, D and E were placed 

After each flask was cooled in each dry ice-acetone 

14 Methyl- C iodide in the flask A and Bweretransferred 

Transferring every reagent was conducted as follows: the stopcocks 
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of both t h e  supply ing and t h e  r e c e i v i n g  f l a s k  were opened, and on ly  t h e  former f l a s k  

was a l lowed t o  warm g radua l l y  t o  about 60°, a f t e r  removing t h e  bath. 

i n  t h e  f l a s k  C was t r a n s f e r r e d  i n t o  t h e  f l a s k  A and B f o r  washing and f u r t h e r  

t r a n s f e r r e d  i n t o  the  f l a s k  0. 

i n t o  the  f l a s k  A and B f o r  washing and f u r t h e r  t r a n s f e r r e d  i n t o  t h e  f l a s k  D. The 

device was brought  g radua l l y  t o  t h e  o rd ina ry  pressure, stoppered t i g h t l y  and al lowed 

t o  stand ove rn igh t  a t  a room temperature. 

(+) -L im~nene-g- '~C ( I a )  - - To t h e  s o l u t i o n  o f  2.65 g (6.6 mnol) o f  m e t h ~ l - ' ~ C -  

tr iphenylphosphonium i o d i d e  ( V )  (9.60 mCi) i n  7.2 m l  o f  anhydrous d ime thy l su l fox ide  

was added 0.36 g (15.1) nnnol) o f  sodium hyd r ide  w i t h  s t i r r i n g  under cool ing,  i n t roduc ing  

a c u r r e n t  o f  n i t rogen ,  and f u r t h e r  added 0.45 g (3.3 mnol) o f  (+) - l -methy l -4-acety l -  

cyclohexene ( I V )  i n  7 m l  o f  anhydrous te t rahyd ro fu ran .  

50" f o r  2 hours and a l lowed t o  cool t o  room temperature. 

volume o f  water was added t o  t h e  m ix tu re  t o  decompose t h e  unreacted W i t t i g  reagent. 

The m i x t u r e  was ex t rac ted  cont inuously  f o r  20 hours w i t h  ether .  

d r i e d  and e the r  was then removed o f f  t o  g i v e  t h e  res idue.  The f u r t h e r  d i s t i l l a t i o n  

under reduced 'pressure a f fo rded  0.39 g (2.9 m o l )  o f  (+) -1 im0nene-9-~~C ( I b ) ,  bp 

55"/2 t o r r  as a co lo r l ess ,  f r a g r a n t  o i l :  n:' 1.4730; d4 0.840; ~a ]EO t126.8"; mass 

spectrum m/e 136 (M+, ClOHl6); chemical y i e l d  44 X .  To 100 m l  was d i l u t e d  7.7 mg o f  

(+)-limonene-9-14C w i t h  acetone. To 1 ml o f  t h e  acetone s o l u t i o n  was added 15 ml 

o f  the  s c i n t i l l a t o r  mix ture.  The r a d i o a c t i v i t y  was counted f o r  t he  r e s u l t i n g  

so lu t i on :  radiochemical y i e l d  4.53 mCi  (47 %); recovery o f  r a d i o a c t i v i t y  9.25 m C i  

(96 %). 

Methy l iod ide 

S i m i l a r l y ,  benzene i n  t h e  f l a s k  E was t rans fe r red  

The m ix tu re  was heated a t  

A f t e r  cool ing,  t he  equal 

The e x t r a c t  was 

20 
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