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Tripalmitolein, triolein, trilinolein and tril inolenin 
were deuterated with deuterium gas and Wilkinson's 
catalyst [(PhaP)3RhCI(I)]. Recrystallization of  the 
products from acetone yielded highly pure deuterium- 
labelled triglycerides (TG). The deuterated TG were 
converted to methyl esters  and analyzed by gas chro- 
matography/mass spectroscopy to determine the 
deuterium distribution. Methyl palmitate-9,10-d2 
(from tripalmitolein) and methyl stearate-9,10-da 
(from triolein) yielded isotopic distributions of  93- 
97% d2, methyl stearate-9,10,12,13-d4 (from trilino- 
le in)  of  74% d4 and methyl stearate-9,10,12,13,15,16-d 6 
(from tril inolenin) of  only 58% d6. Because the 
deuterium-labelled TG were to be used in human 
metabolism studies, atomic absorption spectroscopy 
was used to determine i f  any residual rhodium was 
present. No rhodium was detected at 70 ppb (the min- 
imum detection limit). 

INTRODUCTION 

This p a p e r  desc r ibes  t h e  p r e p a r a t i o n  of  d e u t e r i u m -  
label led,  s a t u r a t e d  t r ig lyce r ides  (TG) in a o n e - s t e p  syn- 
thes i s  f rom c o m m e r c i a l l y  ava i lab le  u n s a t u r a t e d  TG. 
These  c o m p o u n d s  w e r e  r e q u i r e d  for  o u r  s tud i e s  conce rn -  
ing the  m e t a b o l i s m  of  f a t t y  ac id  i somers  in h u m a n s  (1).  
Because  2-3  g of  TG were  r e q u i r e d  for  e ach  feed ing  s tudy ,  
a p r o c e d u r e  for  p r e p a r i n g  m u l t i - g r a m  quan t i t i e s  of  t he se  
c o m p o u n d s ,  in high yield a n d  good  i so top ic  p u r i t y  
(~90%),  was  needed .  In  th is  m a n u s c r i p t ,  i so top ic  p u r i t y  
will  be d e f m e d  as  t he  a p p r o p r i a t e  p e r c e n t  de, d4 o r  d 6 
( d e t e r m i n e d  by  m a s s  s p e c t r o m e t r y )  as  t a b u l a r i z e d  in 

Table 1. The r e d u c t i o n  of  u n s a t u r a t e d  TG wi th  d e u t e r i u m  
gas  a n d  Wilkinson 's  c a t a l y s t  [(Ph3P)aRhCI(I)]  (2)  w a s  
f o u n d  to p rov ide  a quick  r o u t e  to  t hese  c o m p o u n d s .  
E m k e n  (3)  h a d  f o u n d  d e u t e r i u m  s c a t t e r  to  o c c u r  du r ing  
the  Rh-ca ta lyzed ,  p a r t i a l  d e u t e r a t i o n  o f  p o l y u n s a t u r a t e d  
f a t t y  ac id  (PUFA)  me thy l  es ters .  However ,  no d e u t e r i u m  
d i s t r i bu t i ons  for  t h e  c o m p l e t e l y  s a t u r a t e d  c o m p o u n d s  
we re  given. In th is  s t u d y  TG c o m p o s e d  of  e i t he r  mono- ,  di- 
a n d  t r i eno ic  f a t t y  ac ids  were  r e d u c e d  wi th  d e u t e r i u m  gas, 
c o n v e r t e d  to  t he  f a t t y  ac id  me thy l  e s t e r s  (FAME),  a n d  
ana lyzed  by  gas  c h r o m a t o g r a p h y / m a s s  s p e c t r o s c o p y  
(GC/MS)  to  d e t e r m i n e  the  i so top ic  pur i ty .  To min imize  
confus ion ,  all  d e u t e r i u m  d i s t r i bu t i ons  will be  given in 
t e r m s  of  the  FAME, no t  t h e  TG, a l t h o u g h  the  l a t t e r  is 
a s s u m e d  to  have  the  s a m e  d i s t r ibu t ion .  

EXPERIMENTAl. 

In s t rumen t s .  A ve ra ge  d e u t e r i u m  c o n t e n t  a n d  d e u t e r i u m  
d i s t r i bu t i on  were  d e t e r m i n e d  on a F inn igan  4500 Mass  
S p e c t r o m e t e r  i n t e r f a c e d  wi th  a gas  c h r o m a t o g r a p h  (GC- 
MS) e q u i p p e d  wi th  a 30 m S u p e l c o w a x  10 cap i l l a ry  col- 
u m n  (.32 m m  ID •  0.5 m i c r o n  film th ickness ) .  The  GC 
was  p r o g r a m m e d  f rom 150"C to 235"C a t  5"C/min. Hel ium 
was  used  as  c a r r i e r  gas. S a m p l e s  were  ana lyzed  by  chem-  
ical  ion iza t ion  (cond i t ions :  i s o b u t a n e  r e a g e n t  gas, 70 ev). 
Rh c a t a l y s t  c o n c e n t r a t i o n s  we re  m e a s u r e d  wi th  a Perk in-  
E l m e r  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  Model  303 
(AA)  (70 p p b  lower  de t ec t i on  l imit) .  

Reagents.  The  fol lowing r e a g e n t s  we re  used  as  received:  
t r ipa lmi to l e in ,  t r iolein ,  t r i l inolein,  t r i l ino len in  (wi th  pur i -  
t ies  of  ~99%; Nu-Chek-Prep ,  Elys ian  Fields,  MN), ch loro-  

TABLE 1 

Mass Analysis for Deuterium 

Methyl Number of deuterium atoms (%) Avg. no. deut. 
esters atoms per 

0 1 2 3 4 5 6 7 8 9 molecule a 

Palmitate-dz 0.1 2.1 97.2 0.6 1.98 (99%) 
(9,10) 

Stearate-d2 3.7 93.7 2.5 0.t 1.99 (99%) 
(9,10) 

Stearate-d 4 0.2 1.8 11.2 76.0 9.3 1.4 0.1 3.96 (99%) 
(9,10,12,13) 

I b 3.5 42.8 40.4 10.9 2.4 2.68 (134%) 

Stearate-d6 0.2 0.7 3.6 17.2 58.9 15.9 3.1 0.6 5.98 (99%) 
(9,10,12,13,15,16) 

II r 0.7 5.8 40.2 36.0 17.2 0.1 4.63 (115%) 

III e 1.1 10.0 38.9 36.9 12.8 0.3 0.1 4.51 (113%) 

aThe number in parentheses is the avg. no. deut. atoms per molecute divided by the number of deuterium atoms that theoretically should 
be present. 

bMonoenoic trans precursor to stearate-d 4. 
cBoth II and III are precursors to stearate-d 6. They are both monoenes and trans in configuration. 
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tr is(tr iphenylphosphine)rhodium (Strem Chemicals, 
Newburyport, MA) and deuterium gas, 98% (Matheson 
Gas Products, Secaucus, N J). 

Methods. Benzene (20 ml) was added to a 50 ml, one- 
necked, round-bot tomed flask (heat-dried), and was 
degassed three times with nitrogen (N2) gas /vacuum (28 
in. Hg), and three times with deuterium De gas/vacuum. 
Rh catalyst (100 mg) was added and the system was 
degassed another  three times with D2/vacuum. The TG 
(1.1 g) was added by pipette and the system was degassed 
twice with D2/vacuum and the homogenous solution was 
stirred magnetically. A pressure t ransducer  was used to 
maintain a pressure of 780 mm Hg in the closed system. 
Deuterium gas was added in 250 ml portions via a 250-ml, 
piston-controlled gas cylinder. Gas uptake was measured 
(via piston movement) by a linear displacement potenti- 
ometer and was recorded on a strip- chart  recorder (4,5). 

After 3.5 hr, stirring was stopped and the flask was 
flushed with nitrogen and placed in a -20~C freezer for 
two hr. The crystals formed were removed by cold filtra- 
tion, washed with cold benzene and redissolved in 100 ml 
acetone with heat. The solution was filtered hot and 
placed in a -20"C freezer for three hr. The crystals were 
isolated by cold vacuum l'titration and again crystallized 
from acetone. The crystals were dried in avacuum oven at 
45~C. Reaction yields varied from 80-90%. Larger samples 
(10 g) of tripalmitolein and triolein were also reduced. 
For these reactions, the amount  of each reagent was 
increased by a factor of nine. 

Samples of the final deuterated products  were con- 
verted to methyl esters for analysis by both GC and GC/ 
MS (6). For preparat ion of the methyl esters, ca. 20 mg of  
the sample were dissolved in 1.5 ml benzene, 1.5 ml of 10% 
HCL in methanol was added and the solution was heated 
in a sealed tube at 650C for two hr. After cooling, the 
solution was extracted with hexane and the organic layer 
was dried over sodium sulfate. After filtration and solvent 
removal, the FAME were ready for analysis. AA was used 
to assure tha t  the Rh levels of the final TG were below our 
limits of detectability (<70 ppb) (7). 

RESULTS 

The results of rhodium-catalyzed reduction reactions are 
tabulated in Table 2. The yields are highest for deutera- 
tion of TG composed o fmonounsa tu ra ted  FA, and tend to 
decrease with increasing unsaturat ion per FA. All melting 
points were consistent with the literature. Tripalmitolein 
and triolein were reduced more rapidly, while the last 

5-10% trilinolein and trilinolenin intermediates were 
reduced very slowly. Trans isomers are more slowly re- 
duced by Wilkinson's catalyst than are the c/s isomers. 
The monoenoic intermediate (ca. 5%) from the trilinolein 
reduction [see Compound (I), Table 1] was shown to be 
t rans  in configuration (by GC), as were the ca. 3% inter- 
mediates still remaining in the trilinolenin reduction [see 
Compounds (II) and (III), Table 1]; all showed a large 
degree of deuterium scatter. Deuterium uptake was con- 
sistent with theory. 

Table 1 summarizes the deuterium distribution of the 
final products  plus various intermediates. The average 
number of deuterium atoms (avg. no. deut. atoms) per 
molecule is a summation of the number  of deuterium 
atoms (percents) times the number of deuterium atoms; 
the percent in parentheses is the avg. no. deut. atoms per 
molecule divided by the number of deuterium atoms that  
theoretically should be present. The results were ob- 
tained by GC/MS of the methyl esters prepared by the 
transesterification of the reduced TG. 

DISCUSSION 

Data presented in Tables 1 and 2 show that  this catalytic 
deuteration procedure is useful only for preparat ion of 
dideutero species from tripalmitolein and triolein of suf- 
ficient isotopic purity (>85%) for our human metabolism 
studies. However, ff high isotopic purity is not required, 
TG composed of PUFA may be used. The reduction does 
go to completion, although the t rans  isomers are reduced 
more slowly. The reduction of TG composed of polyunsat- 
urated FA resulted in H/D exchange with subsequent iso- 
tope scattering. As shown by Emken (3), and confnrmed 
by the GC/MS data, t rans  isomers are formed as interme- 
diates (perhaps from conjugated diene precursors)  in the 
Rh-catalyzed reduction of methylene-interrupted poly- 
olefins. The tra~as isomers are reduced more slowly and 
show more H/D exchange. This may be noted in the high 
percentage of deuterium incorporation in Compounds 
(I), (II) and (III). Not all da ta  from this study are consis- 
tent with Emken's work- -o ther  reduction pathways may 
exist, especially in the case of trilinolenin. A note of cau- 
tion: If one looks only at "isotopic purity" (last column, 
Table 1), then all of the results look good. However, a 
glance at the actual deuterium distributions shows that  
this is not the case. Therefore, caution should be exer- 
cised when such data  are presented in the literature. 
Unless carefully defined, "isotopic purity" is largely a 
worthless term. 

TABLE 2 

Analyses of  Rhodium-Catalyzed Reduction Products 

Starting material product 
yield (%) 

Melting point(C) TG purity D2 uptake (ml) 
Obs Lit (8) (%) Obs Theo 

Tripalmitolein a 
Triolein b 
Trilinolein b 
Trilinoleninb 

98 
90 
87 
81 

65.5-67.0 65.8 98 867 823 
71.0-72.5 71.0 99 89 84 
70.5-71.5 71.0 95 168 177 
71.0-72.0 71.0 97 264 249 

~Sample size 10 g. 
bSample size 1.1 g. 
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Since t h e s e  c o m p o u n d s  were  to  be u sed  in h u m a n  
m e t a b o l i s m  s tud ies ,  ca re fu l  pu r i f i c a t i on  was  r equ i red .  
Crys ta l l i za t ion  was  f o u n d  to  be t h e  bes t  w a y  to r emove  
a n y  t r a c e s  of  t h e  r h o d i u m  ca ta lys t .  Actua l ly ,  only  one  
c rys ta l l i za t ion  w a s  r e q u i r e d  to  r e d u c e  the  r h o d i u m  con-  
c e n t r a t i o n  to  less t h a n  70 ppb ,  o u r  lower  l imit  of  r h o d i u m  
de t e c t ab i l i t y  by  AA. Util izing this  p r o c e d u r e ,  10 g b a t c h e s  
of  d e u t e r a t e d  t r i p a l m i t i n  a n d  t r i s t e a r i n  can  be  quickly  
p r e p a r e d  in good  yield a n d  of  good  i so top ic  pur i ty .  
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