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SYNTHESIS OF CHOLESTERYL ESTERS OF LABELLED FATTY ACIDS 

A.K. Grover and R . J .  Cushley" 
Department of Chemistry,  Simon F r a s e r  Un ive r s i ty ,  
Burnaby, B r i t i s h  Columbia, Canada 1S6 V5A 

S W R Y  

C h o l e s t e r y l  e s t e r s  of v a r i o u s l y  l a b e l l e d  f a t t y  a c i d s  have 
been syn thes i zed  i n  high y i e l d  by 1,l'-carbonyldiimidazole 
a c t i v a t i o n  of t he  a c y l  group and r e a c t i o n  of t h e  r e s u l t i n g  acyl- 
imidazole  d e r i v a t i v e  wi th  c h o l e s t e r o l .  The method has  been used 
t o  s y n t h e s i z e  c h o l e s t e r y l  e s t e r s  on micro and semimicro s c a l e s .  
Syntheses  of t h e  fol lowing e s t e r s  a r e  r epor t ed :  c h o l e s t e r y l  
~ a l m i t a t e - l - ~ ~ c ,  c h o l e s t e r y l  palmitate-d31,  c h o l e s t e r y l  palmi- 
tate-2,2-d2, c h o l e s t e r y l  palmitate-3,3,4,4,5,5,6,6,7,7,8,8,9,9,- 
1 0 , 1 0 , t 1 , 1 1 , 1 2 , 1 2 , 1 3 , 1 3 , 1 4 , 1 4 , 1 5 , 1 5 , 1 6 , 1 6 , 1 6 - d ~ ~ ,  c h o l e s t e r y l  
5-doxylpalmitate and choles  t e r y l  16-doxyls t e a r a t e .  

Key Words: Cho les t e ry l  P a l m i t a t e ,  Carbon-14, Deuterium, 1, l ' -Carbonyl-  
d i imidazo le ,  Spin Labels.  

INTRODUCTION 

E s t e r s  of c h o l e s t e r o l  a r e  an a c t i v e  form of t h i s  important  s t e r o i d  i n  t h e  

t r a n s p o r t  p rocess  from l i v e r  t o  va r ious  body t i s s u e s  serum l i p o p r o t e i n  (1 ) .  

This has  c r e a t e d  i n t e r e s t  i n  t h e  metabolism of c h o l e s t e r y l  e s t e r s  and i n  t h e  

p h y s i c a l  s t a t e  of t h e  e s t e r s  i n  t h e  l i p o p r o t e i n  complexes ( 1 ) .  

t h e  presence of c h o l e s t e r y l  e s t e r s  on t h e  p h y s i c a l  p r o p e r t i e s  of membranes (2-5) 

is a l s o  of i n t e r e s t .  Thus, t h e r e  i s  growing demand f o r  a v a r i e t y  of l a b e l l e d  

c h o l e s t e r y l  e s t e r s .  

The e f f e c t  of 

Previous syn theses  of c h o l e s t e r y l  esters used l a b e l l e d  c h o l e s t e r o l  and were 

c a r r i e d  ou t  w i th  excess  a c y l  c h l o r i d e s  o r  a c y l  anhydrides  (6 ) .  The y i e l d s  i n  

these  methods a r e  good i f  c a l c u l a t e d  on t h e  b a s i s  of t h e  amount of c h o l e s t e m l  
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used, b u t  the y i e l d s  c a l c u l a t e d  on t h e  b a s i s  of  t he  amount of f a t t y  a c i d s  used 

range from 0.5 - 15%. 

I n  the  p r e s e n t  communication, a method is  p resen ted  f o r  t h e  s y n t h e s i s ,  i n  h igh  

y i e l d ,  of  c h o l e s t e r y l  esters wi th  v a r i o u s l y  l a b e l l e d  a l i p h a t i c  a c i d s .  The method 

invo lves  s y n t h e s i s  of  an acy l imidazo le  d e r i v a t i v e  by r e a c t i o n  of 1 , l ' - ca rbony l -  

d i imidazo le  (CDI) wi th  l o n g  cha in  f a t t y  a c i d s  ( 7 ) .  The r e s u l t i n g  acy l imidazo le  

is d i r e c t l y  r e a c t e d  wi th  c h o l e s t e r o l  t o  y i e l d  c h o l e s t e r y l  esters. Th i s  i s ,  w e  

b e l i e v e ,  t h e  f i r s t  a p p l i c a t i o n  of  t h e  C D I  method t o  c h o l e s t e r y l  ester s y n t h e s i s .  

3 1  The esters of c h o l e s t e r o l  prepared i n  the  p re8en t  work w e r e :  palmitate-d 

(L) , palmitate-2,2-d ( 2 ) ,  palmitate-3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10 ,11111,12,- 

12,13,13,14,14,15,15 ,16,16,16-d29 (palmitate-d2g)  (A),  palmitate- l -14C (4) , and 

t h e  sp in - l abe l l ed  esters,  2-( 14-carboxytetradecyl)-2-ethyl-4,4-dimethyl-3-oxa- 

z o l i d i n y l o x y l  (2; 16-doxy l s t ea ra t e )  and 2- (3-carboxypropyl) -2-undecyl-4,4- 

dimethyl-3-oxazolidinyloxyl (6; 5-doxylpalmitate)  ( s e e  F igu re  1). The l a t t e r  two 
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compounds, b e a r i n g  the  n i t r o x i d e  moie ty ,  were used  f o r  e l e c t r o n  s p i n  resonance  

s t u d i e s .  

RESULTS AND DISCUSSION 

C h o l e s t e r y l  e s t e r s  o f  i s o t o p i c a l l y  l a b e l l e d  (1-6) o r  s p i n - l a b e l l e d  (5,6) f a t t y  

a c i d s  w e r e  s y n t h e s i z e d  i n  good y i e l d s  u s i n g  t h e  imidazole  a c t i v e  ester procedure .  

The s y n t h e s i s  u s i n g  deuter ium l a b e l l e d  f a t t y  a c i d s  (1-3) w a s  conducted on a s e m i -  

micro s c a l e  i n  70 - 82% y i e l d .  The s y n t h e s i s  of u n l a b e l l e d  f a t t y  a c i d s  w a s  used  

t o  e s t a b l i s h  optimum c o n d i t i o n s .  Dur ing  t h e  cour se  of such t r i a l s ,  a c t i v a t i o n  of 

t h e  f a t t y  a c i d s  w i t h  dicyclohexylcarbodiimide (DCC) was a l s o  a t t empted .  However, 

t h e  procedure  r e s u l t e d  i n  on ly  30% y i e l d .  Thus, t h e  method of a c t i v a t i o n  of t h e  

a c i d s  u s i n g  C D I  appea r s  s u p e r i o r  t o  t h e  u s e  of DCC and i s  f a r  s u p e r i o r  t o  t h e  

methods i n v o l v i n g  a c y l  c h l o r i d e s  o r  anhydr ides .  

The micro-sca le  s y n t h e s i s  of c h o l e s t e r y l  pa lmi ta te - l -14C (4) w a s  achieved  i n  

38% y i e l d ,  t he  r e s u l t i n g  material b e i n g  > 99% pure .  Thus, t h e  method i s  a l s o  

u s e f u l  f o r  mic ro - sca l e  p r e p a r a t i o n  of r a d i o l a b e l l e d  esters.  

For compounds L-3 t h e  s y n t h e t i c  c o n d i t i o n s  c o n s i s t e d  of r e a c t i n g  equimolar  

amounts of CDI and t h e  a p p r o p r i a t e  a c i d  i n  d ry  benzene ,  a t  room tempera tu re ,  f o r  

approximate ly  1 h r .  Then, a one- fo ld  e x c e s s  o f  c h o l e s t e r o l  was added, t h e  sol-  

v e n t  removed i n  vacuo, t h e  sys tem s e a l e d  under d ry  N2 and hea ted  t o  85OC f o r  

3-4  h r .  

I n  t h e  case o f  t h e  s p i n - l a b e l l e d  a c i d s  5 and 5, h e a t i n g  t h e  r e a c t i o n  mix tu re  

t o  85OC r e s u l t e d  i n  ve ry  low y i e l d s  due t o  t h e  the rma l  i n s t a b i l i t y  of t h e  doxy1 

moiety.  The re fo re ,  s y n t h e s i s  of t h e  s p i n - l a b e l l e d  esters w a s  conducted u s i n g  t h e  

C D I  a c t i v a t i o n  fo l lowed by r e a c t i o n  o f  t h e  a c t i v a t e d  a c i d  w i t h  c h o l e s t e r o l  i n  

benzene ,  a t  room t empera tu re ,  f o r  3-4 days .  S ince  t h i s  r e a c t i o n  had t o  b e  con- 

ducted  i n  t h e  p re sence  o f  benzene ,  i t  w a s  c r i t i c a l  t h a t  t h e  benzene used w a s  

me t i cu lous ly  d r i e d .  Y i e l d s  of t h e  s p i n - l a b e l l e d  e s t e r s  o b t a i n e d  under t h e s e  

cond i t ionswere  51% f o r  5 and 38% f o r  5. The r e s u l t i n g  m a t e r i a l  was pu re  as 

de termined  by t h i n - l a y e r  chromatography and by ESR spec t roscopy .  

The un reac ted  a c i d s  were a l s o  recovered  and, t h u s ,  t h e r e  i s  e s s e n t i a l l y  no l o s s  

of l a b e l l e d  m a t e r i a l .  
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When t h e  condensa t ion  o f  and 6 was a t t empted  u s i n g  DCC s e v e r a l  by-products 

were formed i n  t h e  r e a c t i o n ,  hence ,  t h e  CDI  method is  p r e f e r r e d  f o r  s p i n - l a b e l l e d  

e s t e r  s y n t h e s i s  as w e l l .  

EXPERIMENTAL 

M a t e r i a l s  

C h o l e s t e r o l  was purchased  from F i s h e r  Chemical Co., C D I  from A l d r i c h  Chemical 

Co. and c h o l e s t e r y l  p a l m i t a t e  from Sigma Chemical Co. 

( S p e c i f i c  a c t i v i t y  = 53 Ci/mol) and L i q u i f l u o r  were purchased  from New England 

Nuclear  o f  Canada. 

Phys ic s  Department,  U n i v e r s i t y  of B r i t i s h  Columbia. The s p i n - l a b e l  16-doxyl- 

s t ea r i c  a c i d  was bought  from Syva, P a l o  A l t o ,  Ca. and 5 -doxy lpa lmi t i c  a c i d  w a s  a 

generous g i f t  f rom D r .  A.C. Oehlschlagey ,  Chemistry Depar tment ,  Simon F r a s e r  Uni- 

v e r s i t y .  A l l  o t h e r  chemica ls  were purchased  from s t a n d a r d  commercial  sou rces .  

P a l m i t i ~ - l - ' ~ C  a c i d  

Palmitic-d31 a c i d  w a s  a generous  g i f t  of P r o f e s s o r  M. Bloom, 

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  by p l a c i n g  t h e  samples  i n  a s c i n -  

t i l l a t i o n  c o c k t a i l  and coun t ing  u s i n g  a Beckman LS-2OOB L i q u i d  S c i n t i l l a t i o n  

System. The s c i n t i l l a t i o n  c o c k t a i l  con ta ined  100 m l  methanol ,  20 m l  e t h y l e n e  

g l y c o l ,  60 g naph tha lene ,  42 m l  L i q u i f l u o r  and d ioxane  t o  1 L. 

were de te rmined ,  u s i n g  a Var ian  A-60 s p e c t r o m e t e r ,  i n  C D C l  s o l u t i o n  w i t h  t e t r a -  

me thy l s i l ane  as i n t e r n a l  s t a n d a r d .  Mass s p e c t r a  were run  on a H i t a c h i  Perk in-  

Elmer RMU-6E Mass Spec t romete r .  

Yalmitic-2,2-d a c i d .  T h i s  compound w a s  s y n t h e s i z e d  from p a l m i t i c  a c i d  by a 

pub l i shed  procedure  ( 8 ) .  From 550 mg of  p a l m i t i c  a c i d  was o b t a i n e d  520 mgm of 

palmitic-2,2-d2 a c i d  (93% crude  y i e l d ) .  'H NMR: complete absence  of t r i p l e t  6 

3.35. m / e  258 ( l o o % ,  Mt) 215 (13 .5%,  M-43) 214 (19.1%. M-44) 1 8 7  (15.9%, M-71) 

'H nmr s p e c t r a  

3 

2- 

173  (10.1%, M-85) 157 (13 .7%,  M-101). 

Pa lmi t ic -d  a c i d .  The s t a r t i n g  m a t e r i a l  f o r  t h i s  r e a c t i o n  w a s  a donated  sample 

of "pe rdeu te ra t ed"  p a l m i t i c  a c i d  (Mass s p e c t r a l  a n a l y s i s  showed a mix tu re  o f  

f u l l y  d e u t e r a t e d ,  palmitic-d31 a c i d ,  52%,  wi th  37% mono-protonated a c i d ,  palmi- 

tic-d30 a c i d ,  p l u s  11% pa lmi t i c -dZ9  a c i d ) .  

pub l i shed  one (8) excep t  t h a t  D 0 w a s  r e p l a c e d  by H 0 and NaOD by NaOH.  The 

r e a c t i o n  w a s  run f o r  22  h r s  i n  a g l a s s  am?ule (ba th  t e m  - 245'). 

29 - 

The p rocedure  w a s  i d e n t i c a l  t o  t h e  

2 2 

Y i e l d  90%. 
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f 
'H nmr: s i n g l e t  (2H) 6 2.34. m/e 285 ( loo%,  Ma) 284 (55.8%, M-1)  283 

M-2) 237 (12.4%, M-48) 236 (22.2%, M-49) 235 (14 .4%,  M-50) 203 (12.1% 

173 (13.7%, M-112). 

16.4%, 

M- 82) 

Cho les t e ry l  palmitate-d (1). Palmit ic-d a c i d  (480 mg, 1.67 mmol) was d r i e d  

under vacuum, d i s so lved  i n  10 m l  9 benzene and s t i r r e d ,  a long wi th  271 mg 

(1.7 mmol) of C D I  under dry N 2 ,  a t  room temperature .  

l i b e r a t i o n ,  t he  c e s s a t i o n  of which marked t h e  completion of t h e  a c t i v a t i o n  reac- 

t i o n .  The a c t i v a t i o n  p rocess  l ead ing  t o  t h e  s y n t h e s i s  of t he  acyl imidazole  d e r i -  

v a t i v e  (Figure 1) was completed i n  1 hour ,  a t  which t i m e  1 .3  g (3.37 mmol) of 

c h o l e s t e r o l  was added. The con ten t s  were s t i r r e d  and the  s o l v e n t  removed by 

f l u s h i n g  w i t h  & N2. 

Hg) and then the  system was s e a l e d  under dry N 2  and hea ted  f o r  3-4 hours  a t  85'C. 

The r e a c t i o n  of t he  acyl imidazole  d e r i v a t i v e  wi th  c h o l e s t e r o l  r e s u l t e d  i n  forma- 

t i o n  of imidazole  which c r y s t a l l i z e s  i n  t h e  top of t he  r e a c t i o n  f l a s k .  The 

c r y s t a l  formation was taken a s  an i n d i c a t i o n  of t h e  success  of t h e  e s t e r i f i c a t i o n  

r eac t ion .  

50 m l  H20 .  The 

chloroform e x t r a c t s  were rotoevaporated t o  2-3 m l  volume. P u r i f i c a t i o n  of t h e  

c h o l e s t e r y l  e s t e r  was c a r r i e d  o u t  u s ing  a 280 m l  (45 x 2.8 cm) s i l i c i c  a c i d  

column. C H C l  w a s  used f o r  packing t h e  column a s  w e l l  a s  f o r  e l u t i o n .  The re- 

s u l t i n g  f r a c t i o n s  were analyzed by chromatography on S i l i c a  Gel G TLC p l a t e s  i n  

CHC13. 

vacuum and s t o r e d  a t  -2OOC. 

(Rf = 0.58) on S i l i c a  Gel G TLC p l a t e s ,  i n  CHC13. 

dards  i n  t h i s  s o l v e n t  system were: c h o l e s t e r y l  p a l m i t a t e  (0 .58 ) ,  c h o l e s t e r o l  

(0.25) and p a l m i t i c  a c i d  (0.05) .  

m/e: 655 (0.4%, M.), 368 (100%) and 353 (14.4%). 

Cho les t e ry l  palmitate-2,2-d2 (2). 

i n  10 m l  of dry benzene was added 165 mg (1.018 mmol) C D I  w i th  s t i r r i n g  and 

under d ry  N2. 

t e r o l  was added. The procedure from t h i s  p o i n t  was i d e n t i c a l  t o  t h a t  descr ibed 

31  - 31 

2 The r e a c t i o n  lead t o  CO 

F i n a l  t r a c e s  of s o l v e n t  were removed under vacuum (0.5 mm 

The r e s u l t i n g  m a t e r i a l  was cooled and suspended i n  20-30 ml CHC13 and 

The chloroform phase was sepa ra t ed  and washed again wi th  H 2 0 .  

3 

F rac t ions  con ta in ing  pure 1 were pooled, ro toevapora t ed ,  d r i e d  under 

The c h o l e s t e r y l  palrnitate-djl  gave a s i n g l e  s p o t  

The R va lues  of va r ious  s t an -  f 

Yield:  894 mg (1.35 m o l e s ,  82%),  m.p. 66-68'C, 

+ 

To 262 mg (1.014 mmol) palmitic-2,2-d2 a c i d  

A f t e r  one hour a t  room temperature  783 mg (2.025 mmol) choles-  
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f o r  e s t e r  1 excep t  t he  s i l i c i c  a c i d  column w a s  40 x 2.2 cm. 

67-69OC. 

mmol, 76%). 

C h o l e s t e r y l  pa lmi ta te -d2g  (3). 

t o  t h e  one used t o  p r e p a r e  1. Reac tan t s  were: pa lmi t i c -d  a c i d  (210 mg, 0.77 

mmol), C D I  (1 .30  mg, 0.80 mmol) and c h o l e s t e r o l  (800 mg, 2.07 mmol); m.p. 60-62'C, 

m / e :  653 (0.2% M?), 368 (100%) and 353 (13 .7%) .  

C h o l e s t e r o l  pa lmi ta te -1-  C (A). 
25 ml r b  f l a s k  w a s  p l aced  i n  vacuo ( 5  mm Hg) f o r  1 .5  h o u r s ,  t h e n ,  2 m l  of d r y  

benzene and 2 mg (12.3 umol) o f  C D I  were added. The c o n t e n t s  were s t i r r e d  under  

d r y  N 2  f o r  1 hour and 5 mg (12.9 u m o l )  c h o l e s t e r o l  w a s  added. 

removed at 5 mm Hg (1.5 h o u r s ) ,  t h e  r e a c t i o n  mix tu re  s e a l e d  under d r y  N 2  and 

hea ted  t o  70'C f o r  12 hour s .  

coa ted  p l a s t i c  p l a t e s  developed i n  CHC13. 

s p o t t e d  on one s i d e  o f  t h e  p l a t e ,  and ,  a f t e r  chromatography, d e t e c t e d  w i t h  I2 

vapor.  The r a d i o a c t i v e  m a t e r i a l  co r re spond ing  t o  t h e  Rf v a l u e  of t h e  u n l a b e l l e d  

ester was then  o b t a i n e d  by s c r a p i n g  o f f  t h e  s i l i c a  and e l u t i n g  i t  s u c c e s s i v e l y  

w i t h  CHCl  :CH30H(1:3), CHC13:CH OH(3:l) and CHC13. The r e s u l t i n g  material was 

r e p u r i f i e d  i n  the s a m e  manner and 99+ % of t h e  o r i g i n a l  a c t i v i t y  w a s  found i n  

t h e  e s t e r  s p o t .  Y ie ld :  38%. 

C h o l e s t e r y l  16 -doxy l s t ea r i c  a c i d  us). To a s o l u t i o n  of 49 mg (130 umol) of 16- 

d o x y l s t e a r i c  a c i d ,  d r i e d  under vacuum, i n  2 . 5  m l 9  benzene ,  w a s  added 22  mg 

(136 pmol) of C D I .  Upon c e s s a t i o n  of COP e v o l u t i o n  ("J 1 h r )  100 mg (260 pmol) 

of c h o l e s t e r o l  w a s  added. A l l  t h e  s t e p s  were c a r r i e d  o u t  i n  ' c o n t a i n e r s  masked 

by b l a c k  t a p e  t o  exc lude  l i g h t ,  and under 9 N 2 .  

s t r e a k e d  on to  s i x  0.25 mm x 20 c m  x 20 cm S i l i c a  G e l  G coa ted  p l a s t i c  p l a t e s .  

The e l u t i o n  w a s  performed as d e s c r i b e d  f o r  c h o l e s t e r y l  ~ a l m i t a t e - l - ' ~ C .  

r e s u l t i n g  e s t e r  5 was pure  as de termined  by TLC on S i l i c a  G e l  G i n  ch loroform 

and in hexane-benzene (2 :3 ) .  A chloroform s o l u t i o n  o f  2 showed a t h r e e  l i n e  ESR 

spec t rum t y p i c a l  of  n i t r o x i d e  s p i n - l a b e l s  (g  = 2.008,  T = 14.65  gauss ) .  m/e: 

752 ( 0 . 3 % ,  Mt), 368 (20%), 167 (49%) and 149 (100%).  

Ester 2 mel ted  a t  

+ 
m / e :  626 (0 .4%,  M-), 368 (100%) and 353 (13 .0%) .  Y ie ld :  482 mg (0.77 

Ester 2 was p repa red  u s i n g  a procedure  i d e n t i c a l  

29 

Yie ld :  350 mg (0.54 mmol, 70%).  

P a l m i t i ~ - l - ' ~ C  a c i d  (0 .38  pmol, 0 .25  mCi) i n  a 1 4  

So lven t  w a s  

P u r i f i c a t i o n  o f  3 was e f f e c t e d  u s i n g  S i l i c a  G e l  G 

Unlabe l l ed  c h o l e s t e r y l  ester was 

3 3 

A f t e r  3 days  t h e  product  w a s  

The 

Yie ld :  384 mg (51%) .  
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C h o l e s t e r y l  5-doxylpa lmi ta te  (6). The 5-doxylpa lmi ta te  (5) e s t e r  was s y n t h e s i z e d  

by t h e  same method as used f o r  ester 2. However, p u r i f i c a t i o n  was a f f e c t e d  u s i n g  

s i l i c i c  a c i d  column chromatography i n  CHC13 ,  as d e s c r i b e d  f o r  t h e  d e u t e r a t e d  

3 d e r i v a t i v e s .  m / e :  724 (0 .04%,  M-), 368 (40%) ,  149 (100%).  ESR spec t rum i n  C H C l  

gave t h r e e  l i n e s  (g  = 2.0085, T = 14.6 gauss ) .  Y i e l d ,  based  on 160 mg (450 umol) 

5 -doxy lpa lmi t i c  a c i d  used ,  w a s  275 mg (38%). 

+ 

Unreacted s p i n - l a b e l l e d  a c i d s  were r ecove red  i n  bo th  i n s t a n c e s .  When a column 

procedure  was used ,  e l u t i o n  was c a r r i e d  o u t  w i t h  C H C l  t o  o b t a i n  t h e  e s t e r  and 

t h e  f r e e  c h o l e s t e r o l ,  and then w i t h  CH OH t o  e l u t e  t h e  un reac ted  ac id .  3 
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