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Abstract - 
of long-chain aliphatic 1,2,3,4-tetrols e s t e r i f i d  with ferulic acid a t  
the primary hydroxyl function. 
with m i n o r  ammts of c16, C17, C l  , Czl ard C p  enti t ies.  

i n  the exudate. 
Configuration has been establisk.2 as E-xylo by d i q u o u s  synthesis of 
E-lyxo-, L-rib- ard 
with t k  naturally occurring c18 guggultetrol. 

A nurker of plants belonging to different families have been screened for 
the presence of such tetrols. 

Tke qm-resin from Commiphora mukul has yiekkd a W 

The tetrols are mainly c18 and C2o canpaunds 
Evidence has 

obtained for the occurrence 02 correSp3ndmg mno-olefinic d o g u e s  
All these tetrols are amfigurationally kmogenxls. 

L-xy~o-oc~d~-1,2,3,4-tetrols ard canparison 

INTRODUCTION 

Commiphora m u k u l  (Hook, ex Stocks)  Engl. (Syn. Balsamodendron m u k u l  Hook, ex 
Stocks)  i s  a small  t ree  of the  family Burseraceae,  endemic t o  t h e  Hindustan 
peninsula .  On i n c i s i o n ,  t he  p l a n t  exudes a yel lowish gum-resin, which 
r a p i d l y  s o l i d i f i e s  t o  an agglomerate of tears o r  s t a l a c t i t i c  p i eces .  This  
product ,  c a l l e d  g u g g u l u  i n  Sansk r i t ,  i s  valued i n  Ayurveda, t h e  anc ien t  
Indian system of medicine,  f o r  t h e  t rea tment  of e e r a 1  d i seases ,  e s p e c i a l l y  
rheumatoid a r t h r i t i s  and l i p i d  d i s o r d e r s  
compounds wi th  hypocholesterolemic and hypolipaemic a c t i v i t y  l e d ,  no t  only 
t o  the  i s o l a t i o n  and c h a r a c t e r i z a t i o n  of t h e  a c t i v e  p r i n c i p  es Z- and E-pregna 
4,17 (20)-diene-3,16-diones ( z -  and E-guggulsterones;  1, z)’, bu t  a l s o  t o  the  
i s o l a t i o n  of a series of long-chain 1 , 2 , 3 , 4 - t e t r o l s ,  a-class of compounds no t  
m e t  i n  na ture  e a r l i e r .  The g r o s s  s t r u c t u r e  (1) of these  t e t r o l s  was e s t a b l i -  
shed s e v e r a l  years  ag0 . l  In  t h i s  l e c t u r e  I propose t o  d i s c u s s  t h e  form i n  
which they  occur i n  the  exudate  , t h e i r  abso lu t e  conf igu ra t ion ,  t he  i s o l a t i o n  
of o l e f i n i c  t e t r o l s ,  and t h e  genera l  ques t ion  of t h e i r  occurrence i n  o t h e r  
p l a n t  m a t e r i a l s .  

Work9’3 aimed a t  i s o l a t i o n  of 

CH3 (CH2)nCFOF.CHOH.CHOH.CH20H 

n = 13,  1 5  (major) 
n = 1 4  (minor) 
n = 11, 1 2 ,  15, 1 6  (v .  minor) 

1 - 2 
I 

3 
I 

GUGGULTETROL ESTERS 

Guggul te t ro ls  were i s o l a t e d l  from 
E t O A c  e x t r a c t .  These t e t r o l s ,  appa ren t ly ,  do n o t  occur f r e e .  When E t O A c  
e x t r a c t  of t he  qum-resin w a s  p a r t i t i o n e d  between 9 0 %  MeOH aq and hexane, and 
the  m a t e r i a l  contained i n  the  90% MeOH aq  phase aga in  p a r t i t i o n e d  between 6 0 %  
MeOH aq and benzene, t h e  l a t t e r  c a r r i e d  material ,  which on t e s t  saponi f ica-  
t i o n  furn ished  t e t r o l s .  Systematic  column chromatography of benzene-phase 

g u g g u l u  only  a f t e r  s apon i f i ca t ion  of i t s  
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No. 

1 

2 

3 

4 

material ,  fol lowed by c r y s t a l l i z a t i o n  of a p p r o p r i a t e  f r a c t i o n s  y i e l d e d  t h e  
" te t ro l  es te r"  as a c r y s t a l l i n e  s o l i d  (m.p. 84-86O). I t s  s a p o n i f i c a t i o n  gave 
t h e  same mix tu re  of  t e t r o l s  (C18r C 1 9 ,  C 2 0 )  and f e r u l i c  a c i d  (4). That t h e  
" t e t r o l  ester" i s ,  i n  f a c t ,  a mix tu re  of homologous compounds w'as a l s o  clear 
from i t s  e l e c t r o n - i m p a c t  mass spectrum (M' i o n s  a t  m/z 522, 508 and 4 9 4 ) .  
Th i s  mix tu re  i s  r e a d i l y  s e p a r a b l e  by HPLC ( r e v e r s e  phase:  C18 bonded SiO2, 
M ~ O H - H Z O ) .  

From a comparison of t h e  'H-NMR s p e c t r a  (Table  1) of  t h e  " t e t r o l  es te r" ,  i t s  
t r i a c e t a t e  (m.p. 52-55O) , i t s  t r i f o r m a t e  (m.p. 78-81') , and g u g g u l t e t r o l - 1 8 ,  
i t  i s  obvious t h a t  t h e  pr imary hydroxyl i n  2 i s  e s t r i f i e d  (by f e r u l i c  a c i d )  
i n  t h e  t e t r o l  esters. 

m m d  

Guggultetrol ester 

Guggultetrol ester t r iacetate  

&ggultetrol ester trifonnate 

Guggultetrol 

Table 1. Tetrol ester and derivatives: h - N M R  data 

3.3 0-4.10 4.30 

5.00-5.40 4.30 

5 .lo-5.60 4.33 

3 .20-3 .6 0 

OMe 

4 
I 

ABSOLUTE STEREOCHEMISTRY 

To d e f i n e  t h e  s t r u c t u r e  of t h e  t e t r o l  esters u n i q u e l y ,  t h e  a b s o l u t e  conf igu ra -  
t i o n  a t  t h e  t h r e e  c h i r a l  c e n t r e s  must be e l u c i d a t e d .  There a r e  f o u r  p o s s i b l e  
c o n f i g u r a t i o n s  f o r  each  a n t i p o d a l  series ( D  o r  L ) :  a r a b i n o - ,  l y x o - ,  r i b o - ,  
and xylo-. a rab ino-Conf igu ra t ion  w a s  r u l e d  o u t ,  a s  g u g g u l t e t r o l - 2 0  w i t h  m.p. 
85-87010 i s  c l e a r l y  d i f f e r e n t  from t h e  knownll s y n t h e t i c  L - a r a b i n o - 1 , 2  3 ,4-  
t e t r a h y d r o x y e i c o s a n e  ( o r  i t s  enantiomer) w i t h  t h e  r e p o r t e d  m. p .  1 1 6 - 1 1 g 6 .  
d i f f e r e n t i a t e  between t h e  remaining p o s s i b f i i t i e s ,  t h e  most unequ ivoca l  
approach appeared t o  be  th rough  s y n t h e s i s .  

To 

An a n a l y s i s  of t h e  s t r u c t u r e s  of  t h e  t a r g e t  molecules  r e v e a l e d  t h a t  compound 
5 can s e r v e  a s  a v e r s a t i l e  i n t e r m e d i a t e  f o r  t h e  s y n t h e s i s  of  a l l  t h e  t h r e e  
F e t r o l s .  T h i s  s t r a t e g y  i s  d e p i c t e d  i n  F i g .  1. According t o  a n  e m p i r i c a l  r u l e  
of K i s h i , 1 3  osmylat.ion of c i s - o l e f i n  2 ( p r e f e r r e d  conformation)  would r e s u l t  
i n  fo rma t ion  of r i b o - t e t r o l  ( 6 )  a s  a predominant p roduc t .  On t h e  o t h e r  hand, 
t r a n s - h y d r o x y l a t i o n  of 2 woula f u r n i s h  t h e  o t h e r  two t e t r o l s .  
was r e a l i s e d  t h a t  it would be s t i l l  n e c e s s a r y  t o  c a r r y  o u t  unambigous s y n t h e s i s  
of t e t r o l s  9 and ( o r  t h e i r  a n t i p o d e s )  , a s  it i s  d i f f i c u l t  t o  p r e d i c t  which 
of  t h e  t r a n s - h y d r o x y l a t i o n  pathways shown i n  F i g .  1 w i l l  be f avoured .  Desp i t e  
t h i s  ambiqui ty ,  t h i s  s y n t h e t i c  s t r a t e g y  was e x p l o i t e d  a s  it o f f e r e d  a n  e a s y  
a c c e s s  t o  t h e s e  compounds, which appeared worthy of b i o l o g i c a l  e v a l u a t i o n .  

However, it 

O l e f i n  5 was s y n t h e s i s e d  from 2,3-o-isopropylideneglyceraldehyde by i t s  
r e a c t i o r  w i t h  y l i d  from pentadecyltriphenylphosphonium bromide. Osmylation 
of  5 was e f f e c t e d  w i t h  Os04 ( c a t a l y t i c )  and. sodium c h l o r a t e  and t h e  c rude  
c i s % y d r o x y l a t i o n  p roduc t  hydrolyzed t o  f u r n i s h ,  a f t e r  chromatography, o n l y  
one c r y s t a l l i n e  t e t r o l ,  which was expected t o  be L-ribo-octadecane-l,2,3,4- 
t e t r o l  (i). T h i s  was then  confirmed by a s t r a i g h t - f o r w a r d  s y n t h e s i s  from 
D-ribose.  t r ans -Hydroxy la t ion  of 5 was c a r r i e d  o u t  w i t h  pe r fo rmic  a c i d .  The 
p r o d u c t ,  a f t e r  s a p o n i f i c a t i o n  gave-a mater ia1,which on f r a c t i o n a l  c r y s t a l l i z a -  
t i o n  y i e l d e d  two compounds: m.p. 81-83O (".30%) and m.p. 138-140° ('~15%). The 
major  p roduc t  was found t o  be i d e n t i c a l ,  e x c e p t  f o r  i t s  s i g n  of o p t i c a l  
r o t a t i o n ,  w i t h  g u g g u l t e t r o l - 1 8 .  By a n  unambigous s y n t h e s i s ,  d i s c u s s e d  below, 
t h e  main compound was c h a r a c t e r i z e d  as L-xylo-octa-decane-lr2,3,4-tetrol (lo), 
whence t h e  compound w i t h  m.p. 138-140° should be t h e  D-lyxo isomer (2) .  =at 
t h i s  indeed was so was e s t a b l i s h e d  by i t s  s y n t h e s i s  from D-arabinose.  
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H H  

M e  ( C H 2 I I 1  H 
8 - 

E)H Q H  
(cis) -- 

L - r i b o - t e t r o l  

6 - 
O H  OH 

D-1 y x o - t e t r o l  

9 - 

E)H O H  
( b )  - -  

M e ( C H 2 I I 1  6H 

D-1 y x o - t e t r o l  

9 - 

E)H O H  
( b )  - -  

M e ( C H 2 I I 1  6H 
L - x u 1  o - t e  t r o l  

10 - 
F i q .  1. S y n t h e s i s  of q u q q u l t e t r o l s  

S y n t h e s i s  of L-xylo-octadecane-1 , 2 , 3 , 4 - t e t r o l  (2) was carri.4 cut fran D-xylose. 
D-xylose d i e t h y l d i t h i o a c e t a l  on exposure t o  a c e t o n e  i n  p re sence  of c a t a l y t i c  
amount of FeC13 f u r n i s h e d  t h e  known 2,3:4,5-di-o- isopropyl idene-0-xylose.  
Th i s  was conve r t ed  i n t o  t h e  co r re spond ing  aldehyde by d e t h i o k e t a l i z a t i o n  w i t h  
HgC12 and CdC03 i n  CH3CN aq .  FJ i t t i g  condensa t ion  of t h e  aldehyde w i t h  y l i d  
from tridecyltriphenylphosphonium bromide f u r n i s h e d  a n  o l e f i n ,  which on hydro- 
g e n a t i o n ,  fo l lowed  by aq a c i d  h y d r o l y s i s  gave t h e  r e q u i r e d  L - x y l o - t e t r o l  ( 1 0 ) .  
T e t r o l s  6 and 9 were a l s o  s y n t h e s i s e d  l i k e w i s e .  

The work d e s c r i b e d  so f a r  l e a d s  t o  a b s o l u t e  s t e r e o s t r u c t u r e  f o r  guggultetrol- 
1 8  f e r u l a t e .  Rased on comparison of I R  and PMR s p e c t r a  of g u g g u l t e t r o l - 1 8  
and g u g g u l t e t r o l - 2 0  and t h e i r  d e r i v e d  a c e t o n i d e s ,  it i s  concluded t h a t  bo th  
of t h e s e  t e t r o l s  have t h e  same c o n f i g u r a t i o n  a t  t h e  c h i r a l  c e n t r e s .  A s  a 
m a t t e r  of  f a c t ,  s i n c e  t h e  p l o t  of l o g  of  GLC r e t e n t i o n  t i m e  v s  c h a i n  l e n g t h  
(of t h e  d e r i v e d  a c e t o n i d e s )  g i v e s  a s t r a i g h t  l i n e ,  it i s  i n f e r r e d  t h a t  i n  a l l  
l i k e l i h o o d  o t h e r  lower and h i g h e r  homologous t e t r o l s  o c c u r r i n g  i n  g u g g u l u  
have D-xylo c o n f i g u r a t i o n .  

- 

0 Me 

G u g g u l t e t r o l s  a r e  r e m i n i s c e n t  of t h e  b i o l o g i c a l l y  impor t an t  phy tosph ingos ines  
(c18 and C ~ O ) ,  widely d i s t r i b u t e d  i n  t h e  p l a n t  s p h i n g o l i p i d s  and c e r t a i n  
animal t i s s u e s .  These compounds, however, have a we l l -de f ined  D-ribo c o n f i -  
g u r a t i o n  ( e .g .  GI. 



356 S. DEV 

UNSATURATED GUGGULTETROLS (ref. 14) 

Examination of mother l i q u o r s  from t h e  c r y s t a l l i z a t i o n  of t e t r o l  esters ind i -  
ca ted  t h e  presence of unsa tura ted  analogues.  By a combination of ace tonide  
formation, AgN03-Si02-gel column chromatography, and p repa ra t ive  GLC, c18 and 
C20 unsa tura ted  analogues have been separated from the  saponi f ied  ma te r i a l .  
From s p e c t r a l  d a t a  (PMR of ace tonide)  it i s  c l e a r  t h a t  t h e  t e t r o l  moiety has 
t h e  same D - x y l o  conf igura t ion .  From reduct ive  ozonolysis  of t he  C 2 0  compound 
(b isace tonide)  it became c l e a r  t h a t  t h e  e thy len ic  l inkage  i s  a t  C14-C15, and 
from i t s  I R  spectrum it i s  concluded t h a t  t h e  o l e f i n i c  l inkage i n  c i s - conf i -  
gura ted ,  l ead ing  t o  s t r u c t u r e  12 f o r  t he  C20 o l e f i n i c  t e t r o l .  

DISTRIBUTION (ref. 15)  

A d e t e c t i o n  procedure was developed and used t o  screen 56 p l a n t s  belonging t o  
2 2  families, f o r  occurrence of guggu l t e t ro l s .  Only t h r e e  of t hese ,  namely 
A c h r a s  s a p o t a  (Sapotaceae) , P l u m e r i a  a c u t i f o l i a  (Apocynaceae) , and 
S y z y g i u m  c u m i n i i  (Myrtaceae) , gave p o s i t i v e  response.  
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