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NEAR-QUANTITATIVE CONVERSION OF LABELLED ACIDS TO ESTERS 

BY MODIFIED HASSNER ESTERIFICATION . SYNTHESIS OF LABELLED 
TRIGLYCERIDES. 
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The modification of the reaction conditions of Hassner 

esterification - DCC/4-dimethylaminopyridine method - merely the 
gradual addition of DCC to the reaction mixture - eliminated the 
unwanted side reaction - N-acyl-N,N--dicyclohexylurea formation 

- and thus improved the conversion of the acid to the desired 
ester. Glycerol tri[U-l4C] palmitate, glycerol tri[U-14CJoleate 

and glycerol tri[9,10 Hlstearate with molar activities greater 

than 18 00 M B q . n ? m ~ l - ~  were prepared with preparative radiochemical 

yields about 86-92 %. 
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INTRODUCTION 

Triglycerides labelled in the fatty acid portion by the 

radionuclide 

the so called "breath-test". After per 0 s  administration of label- 
14 led triglyceride the rate of [ 

is measured and any malfunctions of the gastro-intestinal tract 

4C find application in clinical biochemistry in 

C)C02 elimination in expired air 
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can be de t ec t ed  (1 ,2 ,3 ,4 ) .  Usually t r i g l y c e r i d e s  l a b e l l e d  with 

(1-14C] f a t t y  a c i d s  w e r e  used. However, Weinman and coworkers 
14 observed t h a t  t h e  ra te  of t h e  [ 

organism of ra t s  i s  t h e  s a m e  a f t e r  t h e  admin i s t r a t ion  of e i t h e r  

g l y c e r o l  t r i [1-14C]palmitate ,  g l y c e r o l  t r i [ 6 - l 4 C )  p a l m i t a t e  or gly- 

c e r o l  t r i~11-14C]pa lmi t a t e  (5) .  From t h i s  f a c t  they  have drawn 

a conclus ion ,  t h a t  a f t e r  t h e  f i r s t  &oxida t ion  t h e  whole pa lmi t i c  

a c i d  i s  quickly des t royed  t o  low molecular  f ragments  ( t h e  same 

is  n o t  t r u e  f o r  stearic a c i d  ( 6 ) ) .  Thus g l y c e r o l  t r i [ U - 1 4 C ] p a l m -  

i t a t e  can be used i n  t h e  “b rea th  tes t” .  

C]C02 e l i m i n a t i o n  from t h e  

Chemical s y n t h e s i s  of t r i g l y c e r i d e s  fol lowed t h e  progress  

i n  e s t e r i f i c a t i o n  r e a c t i o n s .  The f irst  syntheses  (7,8) d e s c r i b e  

t h e  formation of t r i g l y c e r i d e s  by h e a t i n g  a g l y c e r o l  - f a t t y  a c i d  

mixture  t o  160-190 ‘C while  reducing t h e  p re s su re  t o  1.4-2 kPa 

(10-15 t o r r ) .  B e t t e r  y i e l d s  w e r e  achieved us ing  p-toluene s u l f o n i c  

a c i d  as  a c a t a l y s t  (9 , lO) under similar r e a c t i o n  c o n d i t i o n s  o r  

2-naphthalene s u l f o n i c  a c i d  i n  r e f l u x i n g  xylene  wi th  azeo t rop ic  

water removal (11 ) .  Unique i s  t h e  paper  desc r ib ing  t h e  formation 

of t r i g l y c e r i d e s  by t h e  r e a c t i o n  of t h e  s i lver  s a l t  of t h e  f a t t y  

a c i d  with 1,2,3-tribromopropane i n  r e f l u x i n g  xylene  (12) .  

The more f r equen t ly  used method c o n s i s t s  i n  conversion of t h e  

f a t t y  a c i d  t o  i t s  c h l o r i d e  us ing  PC15, S0Cl2 o r  (COC1)2  and 

r e a c t i o n  of f a t t y  a c y l c h l o r i d e  wi th  g l y c e r o l  i n  chloroform- 

-pyr id ine  mixture  (13,14,15) ,  y i e l d s  vary from 50 t o  7 0  %. 

The s y n t h e s i s  of g l y c e r o l  t r i p a l m i t a t e  from f r e e  p a l m i t i c  a c i d  

and g l y c e r o l  by t h e  a c t i o n  of  t r i f u o r o a c e t i c  anhydride (16) w a s  

descr ibed  wi th  7 0  8 y i e l d .  

When choosing t h e  s u i t a b l e  s y n t h e t i c  method f o r  t h e  

s y n t h e s i s  of t r i g l y c e r i d e s  l a b e l l e d  wi th  r ad ionuc l ides  our  a i m  

w a s  t o  syn thes i ze  n o t  only t r i g l y c e r i d e s  wi th  molar a c t i v i t i e s  

of t h e  o rde r  of 2000 MBq.mmo1-I b u t  a l s o  wi th  molar a c t i v i t i e s  

up t o  20 t i m e s  h ighe r  and t h u s  p r o f i t  from high  molar a c t i v i t y  

of [U-14Clfatty ac ids .  
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In the year 1978 Hassner et al. described the esterificat- 

ion of free organic acids with alcohols by action of dicyclo- 

hexylcarbodiimide (DCC) in the presence of 4-dialkylaminopyridine 

under very mild reaction conditions (17,18) .  

This method was successfully applied to the synthesis of 

fatty acid esters of cholesterol in 75 8 yield based on the 

acid (19)  and we decided to apply this method for the synthesis 

of labelled triglycerides on the submillimole scale. 

RESULTS AND DISCUSSION 

In the pilot experiment when exactly the molar ratio 

of reagents described in the original paper (171, i.e. 3.3 mmol 

of DCC, 0.3 mmol of 4-dimethylaminopyridine (4-DMAP) , 1 mmol 

of glycerol and 3 mmoles of palmitic acid (I) were used, 

the yield of corresponding glycerol tripalmitate (IV) was 

only 50 %. 

R C O - 0 - C H 2  
DCC, 4-mAP 1 

HO-fjH2 
P R-CO-0-CH 

I 3 R-COOA + HO-CH 
CHzC12 R-CO-O-CH2 

I 
HO-Cli* 

I 

11 

I I1 

SCHEME 1 

In the tracer experiment with [U-14C] palmitic acid it was prooved, 

that the [U-14C]palmitoyl is present in the isolat.ed side product. 

The structure of this side product was assigned on the basis of 

IR, 

oyl-urea (VIII). 

‘H NMR and elemental analysis as a N,N--dicyclohexyl-N-palmit- 

This side reaction - the rearrangement of primarily formed 
0-acyl isourea VII to N-acylurea VIII - is the drawback of the 
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use  of DCC as a condensing agen t  and was desc r ibed  by s e v e r a l  

au tho r s  (20,21,22).  

k2 P 
_?L CPO 

f3 F 
R-COOH + C -__f R C O - 0 - C  

I1 I 

I N N 

vll kl \ 
R-CO-0-CH I 

R-C0-O-CH2 

IV, Ye: 50-60 % 

SCHEME 2 

A s  it i s  seen from Scheme I1 t h e  y i e l d  of t r i g l y c e r i d e  

depends on k l / k 2  r a t i o .  Thus inc reas ing  t h e  k l  by t h e  a d d i t i o n  

of equimolar amount of e s t e r i f i c a t i o n  c a t a l y s t  - DMAP - l e a d s  

to a n  improvement of t h e  t r i g l y c e r i d e  y i e l d  by 20  %. 

A f u r t h e r  2 0  % i n c r e a s e  i n  y i e l d  w a s  ob ta ined  when DCC 

w a s  added gradual ly  t o  t h e  r e a c t i o n  mixture ,  t h e  0-acyl i sou rea  

(VII) reacts wi th  excess  a c i d  very quick ly  t o  y i e l d  t h e  f a t t y  

a c i d  anhydride.  This  then  a c y l a t e s  g l y c e r o l  and t h e  l i b e r a t e d  

a c i d  i s  converted t o  t h e  anhydride by a f u r t h e r  po r t ion  of t h e  

DCC. Thus by adding success ive ly  0 .5 ,  0.25, 0.125 and two 0.06 mmol 

por t ions  of DCC t o  1 mmol of t h e  f a t t y  a c i d  a b e t t e r  than 9 0  % con- 

vers ion  of t h e s e  f a t t y  a c i d s  t o  g l y c e r o l t r i e s t e r  w a s  achieved ( 2 3 ) .  

R-CO-O-CH 

2 RCOOH + DCC - R-CO-0-CO-R 3 R-CO-O-FH 
1 2  e s t e r i  f 1 cation 

RCO-O-CH2 

Y.: 90-95 % + 

I RCOOH 

SCHEME 3 
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The t r i g l y c e r i d e s  w e r e  s epa ra t ed  from t h e  r e a c t i o n  mixture  

by flash-chromatography us ing  a s i l i c a  g e l  column. The i d e n t i t y  

of i s o l a t e d  non l a b e l l e d  g l y c e r o l  t r i p a l m i t a t e  fol lowed from i ts  

mel t ing  p o i n t ,  mixed mel t ing  po in t  and from comparison of i t s  

I R  spectra wi th  t h a t  of a s tandard .  The prepared l a b e l l e d  tri- 

g l y c e r i d e s  were c h a r a c t e r i s e d  by t h e i r  TLC behavior  i d e n t i c a l  

wi th  t h a t  of r e s p e c t i v e  non l a b e l l e d  t r i g l y c e r i d e  s t anda rds .  

Radiochemical p u r i t y  of t h e  prepared t r i g l y c e r i d e s  checked by 

radio-TLC w a s  a l w a y s  g r e a t e r  than 9 8  %. 

EXPERIMENTAL 

Melting p o i n t s  were determined on microstage Boet ius  

(Rapido, Dresden).  I R  s p e c t r a  were recorded on UR-20 (Zeiss, 

Jena) i n  CC14 (conc. 5 % ) ;  

CDC13  on TESLA (Brno) appa ra tus  a t  60  MHz wi th  TMS as  an  

i n t e r n a l  s tandard  (d scale, i n t e r a c t i o n  cons t an t s  i n  H z )  . 
Samples f o r  a n a l y s i s  w e r e  d r i e d  over  phosphorus pentoxide a t  

1 3  Pa pressure .  TLC w a s  performed on SILUFOL (Kaval ie r ,  Vot ice)  

p l a t e s  i n  n-hexane-diethylether  - acetic a c i d  (80: 20: 1, v /v)  

mixture .  L ip ids  were d e t e c t e d  by spraying  t h e  p l a . t e  with a 5 % 

s o l u t i o n  of phosphomolybdate a c i d  i n  e thano l  and hea t ing  as 

a blue-black s p o t s  on greyish-green background. A c t i v i t y  d i s t r i b u t -  

ion  on p l a t e s  w a s  measured us ing  a TLC-Scanner I1 Ber thold  

(Wild bad) combined wi th  t h e  mult ichannel  ana lyze r  Berthold-  

-S i lena  and H P  97-5 c a l c u l a t o r .  R f - s  of compounds are given 

i n  Table 1 .  

'H NMR s p e c t r a  w e r e  measured i n  

1,2-Dichloroethane was f r a c t i o n a t e d  from P205 and s t o r e d  

i n  an A m b e r  b o t t l e  over  molecular  s i e v e s .  A s tock  s o l u t i o n  of 

DCC was made i n  dry benzene. Ma te r i a l s  f o r  f lash-chromatography 

w e r e  from J.T.Baker (Ph i l l i p sburg )  . 
Standard p a l m i t i c  a c i d ,  o l e i c  a c i d ,  s tear ic  a c i d ,  g l y c e r o l  

t r i p a l m i t a t e ,  g l y c e r o l  t r i o l e a t e  and g l y c e r o l  t r i s t e a r a t e  

w e r e  ob ta ined  from Sigma (St .Louis ) .  
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[U- CIPalmitic acid,  [U- Cloleic acid with molar a c t i v i t i e s  

g rea t e r  than 21 GBq.mmol-’ and C9,lO- d s t e a r i c  acid w e r e  

purchased from I 3 W R  Prague. 

Ac t iv i t i e s  were measured on a Packard 2660 apparatus using 

a l i qu id  s c i n t i l l a t o r  SLD-31 (dioxane based, Lachema Brno) . 
Corrections f o r  quenching w e r e  determined by the channels r a t i o  

method u s i n g  standards made by U W V R  Prague. 

14 14 

3 

T. Elbert 

TABLE 1 

Rf Values of described l i p i d s  i n  n-hexane- d i e thy le the r  - 

- a c e t i c  acid (80:20: 1 v/v)mixture on SILUFOL (Kavalier-Votice) 

Rf Compound 
~ ~~~ 

glycerol t r i p a l m i t a t e  (IV) 0 . 7 2  

glycerol t r i o l e a t e  (V) 0.70  

glycerol t r i s t e a r a t e  (VI) 0.63 

palmitic acid (1) 0 . 4 8  

o le i c  acid (11) 0.26 

s t e a r i c  acid (111) 0 . 3 4  

Non-active glycerol t r ipalrni ta te  ( I V )  

To t h e  f l a s k  equipped with a magnetic stirrer and 

adapter f o r  working i n  an i n e r t  atmosphere 256 m g  ( 1  mmol) 

of palmitic acid ( I ) ,  20  1 ( 0 . 2 7  mmol) of glycerol ,  4 1 2  mg 

( 2  mmol) of DCC and 33 mg (0.27 mmol) of DMAP w e r e  added. 

The reaction f l a sk  was flushed with argon and v i a  a s i l i c o n  

s e p t u m  1 0  m l  of chloroform, f r e sh ly  d i s t i l l e d  from P205, were 

injected.  The r eac t ion  f l a sk  was covered by an Al-foil  and 

the mixture was s t i r r e d  4 8  hours a t  ambient temperature. The 

react ion mixture was washed successively by d i l u t e  hydrochloric 

acid,  s a tu ra t ed  NaHC03 solut ion and w a t e r .  The organic layer  was 

dr ied by CaC12, concentrated and applied t o  a s i l i c a  g e l  

r 
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gave 
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column. E l u t i o n  by n-hexane - d i e t h y l e t h e r  (80:20, v/v 

110 mg (50 % )  of g l y c e r o l  t r i p a l m i t a t e  ( I V )  which w a s  

r e c r y s t a l l i z e d  from e t h e r  m.p.  = 62.5 - 64 ‘C ( L i t . ( 1 6  

m:p.: 66 ‘ C )  . I R :  1162 cm-l (-C-0-) , 1748 cm-l (C=O)  . 
F u r t h e r  e l u t i o n  gave 170 mg (31 % )  of N,N--dicyclohexyl- 

-N-palmitoyl u r e a  (VI I I ) ,  m.p.- 65.5-67.5 ‘C, a f t e r  r e c r y s t a l l i z a t -  

i o n  from e t h a n o l - d i e t h y l e t h e r - p e t r o l e t h e r  mix tu re  m.p.=68-69 ‘C. 

I R :  1530 cm-’, 1640 cm-’, 1710 cm-l 

3290 cm-l, 3440 cm-l (-NH-CO-) 

(-NH-CO-N-CO-R), 

NMR: 0.87 bs (3H, -CH3) ,  1.25 b s  (46 H ,  -CH2- ) ,  

2.33 d ( 2 H ,  -CH2-CO-, J = 7 .0 )  -CH-CH-CO- 

3.75 b m  (2H, >CH - N <  ) ,  7.18 bd ( lH,  -NH-, J = 8 . 0 ) .  
H-C-N-H 

For  C29H54N202  (462.76) c a l c u l a t e d :  75.27 8 C ,  

11.76 8 H, 6.00 % N ;  found: 75.41 % C, 11.89 % H ,  5.64 % N. 

G l y c e r o l  t r i ~ . ~ - ~ ~ ~ ~ p a l m i t a t e  (IV) 
14 324 MBq of [U- C l p a l m i t i c  a c i d  (0.02 mmol) i n  benzene s o l u t -  

i o n  w e r e  d i l u t e d  w i t h  0.42 mmol of non a c t i v e  a c i d  and 

t h i s  s o l u t i o n  w a s  e v a p o r t e d  i n  t h e  r e a c t i o n  f l a s k  t o g e t h e r  

w i t h  13.8 mg 10.15 mmol) of g l y c e r o l  and 30 mg (0.27 mmol) of 

DMAP. The f l a s k  wasequipped w i t h  a magne t i c  stirrer and a n  

a d a p t o r  f o r  t h e  work i n  i n e r t  a tmosphere,  t h e  f l a s k  w a s  f l u s h e d  

w i t h  a rgon  and th rough  t h e  s i l i c o n  septum 5 m l  of  l r 2 - d i c h l o r o -  

e t h a n e  w e r e  added. A f t e r  comple t e  d i s s o l u t i o n  of  r eage l l t s  t h e  

f l a s k  w a s  cove red  w i t h  a n  A l - f o i l  and 0.44 m l  of  a 0.5 M s o l u t -  

i o n  of  K C  i n  benzene w e r e  added. A f t e r  two h o u r s  a f u r t h e r  0.22 m l  

of  t h i s  s o l u t i o n  w e r e  added fo l lowed  by 0.11 m l  a f t e r  18 h o u r s ,  

t h e n  0.06 m l  af+er  z n o t h e r  2 h o u r s  and a g a i n  0.06 m l  a f ter  

2 h o u r s  i . e .  t o t a l  of 0.89 m l .  To c o n v e r t  t h e  l a s t  t r a c e s  

of  d i g l y c e r i d e  t o  t r i g l y c e r i d e  55 mg of  p a l m i t i c  a c i d  w e r e  

d i s s o l v e d  i n  1 m l  o f  l r 2 - d i c h l o r o e t h a n e  and t h e  s o l u t i o n  w a s  

i n j e c t e d  i n t o  reaction m i x t u r e  t o g e t h e r  w i t h  0.3 m l  of t h e  
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DCC s o l u t i o n .  A f t e r  s t a n d i n g  o v e r n i g h t  radio-TLC r e v e a l e d ,  t h a t  

9 2  % of t h e  a c t i v i t y  w a s  i n  t h e  form of g l y c e r o l  tri[U-14C]palm- 

i t a t e .  

The r e a c t i o n  mixture  w a s  evapora ted  t o  d r y n e s s ,  t h e  r e s i d u e  w a s  

e x t r a c t e d  wi th  5 m l  of benzene, t h e n  5 m l  of t o l u e n e  and a f t e r  

c o n c e n t r a t i o n  t o  about  2 m l  t h e  e x t r a c t  w a s  a p p l i e d  t o  a 

f l a s h - s i l i c a g e l  column (25 g )  c o n d i t i o n e d  by n-hexane. The 

column w a s  e l u t e d  by n-hexane-4 % ( v o l . )  e t h y l  acetate. The 

f r a c t i o n s  of e l u a t e  w e r e  monitored by radio-TLC, t h e  f r a c t i o n s  

c o n t a i n i n g  pure g l y c e r o l  tri[U-l 4C] p a l m i t a t e  (IV) w e r e  combined 

and evapora ted  t o  dryness  - 105 mg (86.7 % )  . This  r e s i d u e  w a s  

d i s s o l v e d  i n  10 m l  of t o l u e n e  and a c t i v i t y  of  t h e  s o l u t i o n  w a s  

assayed - 276 MBq (85.2 % ) .  Radiochemical p u r i t y  checked by 

radio-TLC w a s  98.6 %, molar a c t i v i t y  ( c a l c u l a t e d  from t h e  t o t a l  

a c t i v i t y  and t h e  mass) w a s  21 23 MBq.mmol-I. 

Glycero l  t r i [U-l  4C] o l e a t e  

The e s t e r i f i c a t i o n  of 9 . 2  mg (0.1 mmol) @f g l y c e r o l  by189 

MBq of [U-’*C]ole ic  a c i d  wi th  molar a c t i v i t y  630 MBq.mmo1-I 

by gradual  a d d i t i o n  of t o t a l y  0.605 m l  of t h e  0.5M DCC 

i n  benzene c a t a l y z e d  by 18 mg (0.15 mmol) of DMAP i n  5 m l  of 

l12-d ich loroe thane  fol lowed t h e  p r o t o c o l e  f o r  g l y c e r o l  t r i [U-l  4C] 

p a l m i t a t e .  DCC s o l u t i o n  w a s  added f o l l o w i n g  t h i s  p a t t e r n :  

0 . 3  m l  - 18 hours  - 0.15 m l  - 6 h o u r s  - 0.075 m l  - 3 hours  - 

0.04 m l  - 18 hours  - 0.04 m l .  A f t e r  f i n i s h i n g  t h e  e s t e r i f i c a t i o n  

by non a c t i v e  o l e i c  a c i d  (50 mg, 0.3 m l  of DCC s o l u t i o n )  and 

a f t e r  f lash-chromatography (n-hexane - 2 % (vol  . ) e t h y l  a c e t a t e )  

78 mg (88 % )  of g l y c e r o l  tri[U-14C]oleate (V) were o b t a i n e d ,  

t h e  radiochemical  y i e l d  was 165 MBq (87.5%), Molar a c t i v i t y  w a s  

t h u s  1833 MBq.mol-’, radiochemical  p u r i t y  w a s  99.4 %. 

3 G l y c e r o l  t r i  [9 ,10 -  H] s tearate 

To a s o l u t i o n  of 336 MBq of [9,  10-3H] s t e a r i c  a c i d  (molar 

a c t i v i t y  767 MBq.mmol-’), 13.8 mg (0.15 mmol) of g l y c e r o l  and 
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22 mg ( 0 . 2  mmol) o f  DMAP i n  5 m l  of 1 , 2 - d i c h l o r o e t h a n e ,  w a s  

u n d e r  s t i r r i n g  u n d e r  a r g o n e  a tmosphe re  and  e x c l u s i o n  o f  d a y  

l i g h t ,  added t o t a l y  0.605 ml o f  0.5M DCC s o l u t i o n  i n  benzene  f o l -  

l owing  t h i s  p a t t e r n :  0.3 m l  - 5 h o u r s  - 0.15  m l  -16 h o u r s  - 
0.075 m l  - 2 h o u r s  - 0.04 m l  - 2 h o u r s  - 0.04 m l .  A f t e r  a n o t h e r  

2 h o u r s  t h e  r e a c t i o n  w a s  comple t ed  by non ac t ive  stearic acid 

(50  mg, 0 .3  m l  o f  DCC s o l u t i o n )  and  l e f t  for  1 0  h o u r s .  The 

r e s i d u e  a f t e r  e v a p o r t i o n  o f  t h e  s o l v e n t s  w a s  e x t r a c t e d  w i t h  1 0  m l  

o f  h o t  benzene  and t h e n  I0 m l  o f  hot t o l u e n e .  The combined e x t r a c t s  

w e r e  e v a p o r a t e d  t o  d r y n e s s ,  dissolved i n  2 m l  of benzene  and  t h e  

s o l u t i o n  w a s  a p p l i e d  t o  a f l a s h - s i l i c a g e l  column ( 2 0  9 ) .  A f t e r  

e l u t i o n  (n-hexane - 3 % vol .  o f  e t h y l  a c e t a t e )  and  f r a c t i o n s  

m o n i t o r i n g  123  mg (92  % )  of  g l y c e r o l  t r i C 9 , l  O-3H] s tearate  w e r e  

o b t a i n e d  w i t h  t o t a l  a c t i v i t y  306 MBq (91 % ) .  

The molar a c t i v i t y  was t h u s  2186 MBq/mmol-', radiochemical 

p u r i t y  w a s  100 %. 
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