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USE OF THE PEAK SHAVING-RECYCLE TECHNIQUE FOR 
SEPARATION OF LABDADIENE AND LABDATRIENE 

ISOMERS BY HPLC 

Subramaniam Mohanraj and Werner Herz 

Department o f  Chemis t ry ,  The F l o r i d a  S t a t e  Un ive r s i i  
T a l l a h a s s e e ,  F l o r i d a  32306 

ABSTRACT 

S e p a r a t i o n  on a p r e p a r a t i v e  scale  of  l a b d a d i e n e  
and l a b d a t r i e n e  i somers  by e x t e n s i v e  use  of  t h e  peak 
s h a v i n g - r e c y c l e  t echn ique  i s  d e s c r i b e d .  The procedurc 
can  be used  t o  e f f e c t  r a p i d  and h i g h  y i e l d  s e p a r a t i o n :  
of  c l o s e l y  r e l a t e d  i somers  w i t h  c1 -1 u s i n g  a commer- 
c i a l  i n s t r u m e n t  (Prep  LC/system 5 0 0 )  and commerc ia l ly  
a v a i l a b l e  columns. 

I N T R O D U C T I O N  

Dehydrat ion of  dihydromanool (1) and manool (2) 
a f f o r d s  a mix tu re  of  t h e  l a b d a d i e n e s  2, - -  4 and 5 (from 

1) - and t h e  l a b d a t r i e n e s  0, I and 8 (from 2) whose 

s e p a r a t i o n  on a p r e p a r a t i v e  s c a l e  by c o n v e n t i o n a l  

chromatographic  methods i s  cumbersome and g i v e s  on ly  

poor  y i e l d s  of  t h e  pu re  i somers  f l ) .  A s  r e l a t i v e l y  

l a r g e  amounts o f  2, 4 ,  - -  7 and 8 - were r e q u i r e d  f o r  

b iomimet ic - type  s y n t h e s e s  ( 2 , 3 )  t h e  use  of  h igh  p e r -  

formance l i q u i d  chromatography was i n v e s t i g a t e d .  I t  

was found t h a t  e x t e n s i v e  use  o f  t h e  peak s h a v i n g - r e -  
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526 MOHANRAJ AND HERZ 

c y c l e  t echn ique  p e r m i t t e d  r a p i d  s e p a r a t i o n  of t h e  

l abdad iene  and l a b d a t r i e n e  i somers  w i t h  c1 -1 i n  h igh  

p u r i t y  and h i g h  y i e l d .  A s  t h e  s e p a r a t i o n s  p r o v i d e  an 

e x c e l l e n t  i l l u s t r a t i o n  o f  t h e  t e c h n i q u e  i t s e l f  and i t s  

m e r i t s ,  we t h i n k  i t  wor th  wh i l e  t o  d e s c r i b e  them h e r e .  

MATERIALS AND METHODS 

A Waters A s s o c i a t e s  Prep  LC/System 500 l i q u i d  

chromatograph was used  under  t h e  f o l l o w i n g  c o n d i t i o n s .  

So lven t  system: n-hexane 

F l o w  r a t e :  0 . 2 5  Elmin 

Char t  speed:  2 min/cm 

Rad ia l  compression p r e s s u r e :  400  p s i  

Column: Two Prep  PAC-SOO/SILICA c a r t r i d g e s  

( 5 . 7  cm x 30 cm) 
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LABDADIENE AND LABDATRIENE ISOMERS 527 

n-Hexane was d i s t i l l e d ,  f i l t e r e d  and degassed  a t  

reduced p r e s s u r e  p r i o r  t o  use.  Samples d i s s o l v e d  i n  

5-8 m l  o f  hexane were i n j e c t e d  w i t h  a 1 0  m l  g a s  t i g h t  

sy r inge .  C o l l e c t i o n s  were evapora ted  under  reduced 

p r e s s u r e  and monitored by NMR spec t romet ry  a t  2 7 0  MHz 

us ing  a Bruker HX-270 MHz NMR spec t romete r .  S e p a r a t i o n  

of t h e  s i g n a l s  c h a r a c t e r i s t i c  o f  t h e  v a r i o u s  isomers  

a t  60  MHz was inadequate .  

Labdadienes : 1 4  , 15-Dihydromanool I & )  , prepa red  

by s e l e c t i v e  hydrogenat ion  o f  manool (2) u s i n g  d i i m i d e ,  

was dehydra ted  by t h e  procedure  o f  Carman and Dennis 

(1 ) .  F l a sh  chromatography of  t h e  p roduc t  ove r  s i l i c a  

g e l  gave a mixture  o f  l abdad ienes  3 ,  4 and 5 (ca .  

2:5:3 by NMR spec t romet ry ) .  

Labda t r i enes :  Dehydrat ion o f  manool (2) (1) and 

f l a s h  chromatography over  s i l i c a  g e l  gave a mixture  of  

Q, 2 and 4 (ca .  5:3:11 by NMR spec t romet ry ) .  

RESULTS AND DISCUSSION 

Labdadi ene s 

The mixture  of  2, - and 5 ob ta ined  by dehydra t ion  

of  4 showed a s i n g l e  s p o t  on s i l i c a  g e l  p l a t e s .  In -  

j e c t i o n  of  1 

r e c y c l e s  d i d  

Peak shaving  

> g o % )  and 2 

8 g o f  t h e  mixture  fo l lowed by s e v e r a l  

n o t  i n d i c a t e  any s e p a r a t i o n  (F ig .  1). 

i n  t h e  f i f t h  r e c y c l e  a f f o r d e d  - ( p u r i t y  

p u r i t y  > 9 9 % ) ,  4 be ing  i n  t h e  middle  t o -  
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528 MOHANRAJ AND HERZ 

g e t h e r  w i th  _3 - and 5. - Hence c1 i s  s l i g h t l y  g r e a t e r  t han  

1 a l though there  was no appa ren t  s e p a r a t i o n  a s  s een  

by i n s p e c t i o n  o f  F i g .  1. Subsequent peak shav ing  and 

r e c y c l i n g  ( i . e .  c o l l e c t - r e c y c l e - c o l l e c t )  a f f o r d e d  pu re  

5 - and mixtures  o f  2 and 4 - i n  v a r i o u s  p r o p o r t i o n s  till 

r e c y c l e  11 showing t h a t  t h e  d i f f e r e n c e  between k 1  of  

3 and 4 i s  ve ry  sma l l  and t h a t  c13,5~a4,5>a3,4.  

A f t e r  r e c y c l e  11 no 2 was l e f t  on t h e  column. 

F u r t h e r  use of t h e  peak s h a v i n g - r e c y c l e  r o u t i n e  a f -  

fo rded  4 - ( p u r i t y  > 9 5 % )  i n  a d d i t i o n  t o  pu re  s u n t i l  

r e c y c l e  1 9 .  F u r t h e r  use  o f  t h e  p rocedure  a f f o r d e d  

only  pure  5 - and mix tu res  of 4 - and 5. From t h e  f i f t h  

c y c l e  on, t h e  r i g h t  hand s i d e  shav ings  con ta ined  o n l y  

5 ,  - whereas t h e  l e f t  hand s i d e  shavings  i n i t i a l l y  con- 

t a i n e d  3 ,  - t h e n ,  from c y c l e  6 - 1 1 ,  mix tu res  o f  _3 - and 4, 
t h e n ,  from c y c l e  1 2 - 1 9 ,  - and f i n a l l y  - and _S showing 

t h a t  V 5 > V 4 ~ V 3 .  

mix ture  and 2 0  peak s h a v i n g - r e c y c l e  r e p e t i t i o n s  

a f f o r d e d  0 . 0 7  g o f  2 (> g o % ) ,  0.35 g o f  4 (> 95%)  and 

0 . 4 7  g of 5 - (> 9 9 % ) ,  w i t h  a consumption of  o n l y  12.8 R 

of s o l v e n t  i n  2 h r ,  s i n c e  a f t e r  each  c o l l e c t - r e c y c l e -  

c o l l e c t  r o u t i n e  t h e  s o l v e n t  was r e c y c l e d .  The f low 

through t h e  d e t e c t o r  was a l s o  c o l l e c t e d  l e a d i n g  t o  

r ecove ry  of  0 . 2  g of  a mix tu re  o f  2, 4 and 5. To- 

g e t h e r  wi th  t h e  pu re  compounds and mix tu re  from c o l -  

l e c t i o n s  3 ,  5 ,  7 ,  9 ,  11, 1 3 ,  31, 33, and 34 t h i s  

- 

O v e r a l l ,  i n j e c t i o n  of  1 .8  g of t h e  
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I b 
TIME (rnin) 30 __I 

;P 
6 I 8 

60 I 

I 
90 I20 - 

FIGURE 1. Separa t ion  of labdadienes 2, 4 ,  - and 2. C o l l e c t i o n  1: 
3. C o l l e c t i o n s  3, 5, 7 ,  9, 11, and 13: Mixture  of 2 and 5 .  
E o l l e c t i o n s  15, 1 7 ,  19, 21 ,  23, 25, 27 ,  and 29: 4 .  -Col lec t ions  
31, 33, and 34: Mixture of and 2. Collect ions-2,  4, 6 ,  8,  10, 
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, and 35: 2. - 
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530 MOHANRAJ AND HER2 

c o n s t i t u t e d  recovery  of  > 98% of  s t a r t i n g  m a t e r i a l .  

So lven t  r ecove red  from t h e  c o l l e c t i o n s  and was te  was 

r e d i s t i l l e d  f o r  f u r t h e r  use .  

Labda t r i enes  

The mixture  o f  6,  - and 8 o b t a i n e d  by t h e  dehy- 

d r a t i o n  of  2 showed ove r l app ing  s p o t s  on s i l i c a  ge l  

p l a t e s ,  b u t  h p l c  s e p a r a t i o n  even i n  t h e  second r e c y c l e  

was b e t t e r  t han  f o r  t h e  d i e n e s  a s  shown i n  F i g .  2, 

I I 
60 90 - 

FIGURE 2. 
and 3: 6 .  C o l l e c t i o n  5: Mix tu re  of and 2. C o l l e c t i o n s  8, 10 ,  
12,  and 74: 7 .  C o l l e c t i o n s  1 6 ,  18, and 20: Mix tu res  of 7 and 8. 
C o l l e c t i o n s  2: 4 ,  6 ,  7 ,  9 ,  11, 13, 15,  17,  19,  21, 2 2 ,  23, and 
24: 8 .  

S e p a r a t i o n  of l a b d a t r i e n e s  2, z, and 8. C o l l e c t i o n s  1 
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LABDADIENE AND LABDATRIENE ISOMERS 531 

Peak shaving  i n  t h e  t h i r d  and f o u r t h  r e c y c l e s  a f f o r d e d  

pu re  2 and 8 ,  - whi le  t h e  f i f t h  r e c y c l e  gave 8 - and a 

mixture  of  - 6 and - 2 .  
column. F u r t h e r  r e c y c l i n g  improved t h e  s e p a r a t i o n  of 

z from 8 - and peak shaving  i n  r e c y c l e s  7-10 l e d  t o  

i s o l a t i o n  of  pure  - 2 i n  a d d i t i o n  t o  8 .  - C o l l e c t i o n s  i n  

r e c y c l e s  11-13 gave pu re  8 and mix tu res  o f  2 - and 8 i n  

d i f f e r e n t  p r o p o r t i o n s .  The l a s t  peak con ta ined  on ly  

8 .  The r i g h t  hand s i d e  shavings  always con ta ined  8 - 

whereas t h e  l e f t  hand s i d e  shav ings  i n i t i a l l y  con ta ined  

2, t h e n  l i t t l e  o f  6 and 2, t h e n  2 - and f i n a l l y  1 and 8 
showing t h a t  Vg>V7>V6 (a6,8>a6,7>a7,8). Flow through 

t h e  d e t e c t o r  was a l s o  c o l l e c t e d  a s  a mixture .  So lven t  

was recovered  and r e d i s t i l l e d  f o r  f u r t h e r  use .  

A t  t h i s  p o i n t  a l l  $ was o f f  t h e  

- 

O v e r a l l ,  i n j e c t i o n  o f  0.75 g o f  t h e  mix tu re  f o l -  

lowed by 1 3  peak shav ing- recyc le s  consumed 12.5 R of  

s o l v e n t  i n  1 .5  h r  and p e r m i t t e d  i s o l a t i o n  o f  0.17 g o f  

- 6, 0 .07  g of  1 - and 0 . 3 4  g of  8 - i n  pu re  form (77%); t h e  

remaining m a t e r i a l  (23%) was recovered  as a mixture .  

T h i s  c o n t r a s t s  w i th  a 26.6% y i e l d  of i somers  from 

column chromatography ove r  alumina impregnated wi th  

s i l v e r  n i t r a t e  (1 ) .  

CONCLUSION 

The s e p a r a t i o n  o f  t h e  labdadiene  and l a b d a t r i e n e  

i s o n e r s  desc r ibed  i n  t h e  p r e s e n t  communication i l l u -  
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532 MOHANRAJ AND HER2 

strates the great utility of the peak shaving-recycle 

technique for the rapid separation, on a preparative 

scale, of very closely related double bond isomers 

with a=1. 

When the technique is applied extensively, it 

permits the efficient separation of such compounds 

without modification of commercially-available appa- 

ratus or expensive adsorbents. 
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