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ANALYSIS OF HYDROXYL, UNSATURATED, AND CYCLOPROPANE FATTY 
ACIDS BY H I G H  PRESSURE L I Q U I D  CHROMATOGRAPHY 

Norman E .  Busse l l  
Robert A .  Miller 

Div is ion  o f  Oral Biology 
U. S. Army I n s t i t u t e  o f  Dental  Research 

Walter Reed Army Medical Center  
Washington, D .  C .  

ABSTRACT 

The i n v e s t i g a t i o n  d e s c r i b e s  t h e  HPLC s e p a r a t i o n  o f  hydroxyl  
f a t t y  a c i d s  as  t h e i r  methoxyphenacyl e s t e r s .  A l l  s e p a r a t i o n s  
were performed us ing  two t y p e s  of  r e v e r s e  phase columns, 
p-Bondapak C 18 and F a t t y  Acid Analys is  columns. The s o l v e n t  
system c o n s i s t e d  o f  a c e t o n i t r i 1 e : w a t e r  g r a d i e n t .  
method f o r  t h e  t r i f l u o r o a c e t y l a t i o n  o f  t h e  hydroxyl group i s  
descr ibed  which p e r m i t s  t h e  i d e n t i f i c a t i o n  of t h e s e  s p e c i f i c  
f a t t y  a c i d s  and decreases  t h e  lower l i m i t  i n  cha in  l e n g t h  d e t e r -  
minat ion f o r  t h e s e  f a t t y  a c i d s .  

mix tures  i s  d e s c r i b e d ,  and t h e  e f f e c t s  of  v a r i a t i o n s  i n  t ime,  
tempera ture ,  p r e s s u r e ,  and t h e  amount o f  c a t a l y s t  a r e  examined 
on t h e  percent  hydrogenat ion of  u n s a t u r a t e d  t o  t h e  s a t u r a t e d  
forms o f  t h e  f a t t y  a c i d s .  F u r t h e r ,  t h e  e f f e c t s  of t h e  d i f f e r e n t  
v a r i a b l e s  a r e  r e l a t e d  t o  t h e  percent  o f  hydrogenat ion of t h e  
cyclopropane f a t t y  a c i d s .  Evidence i s  provided on t h e  hydro- 
gena t ion  o f  t h e  cyclopropane which does n o t  a g r e e  w i t h  prev ious ly  
descr ibed  r i n g  opening mechanisms which have been proposed from 
GLC d a t a  which may be  due t o  t h e  d i f f e r e n c e  i n  tempera tures  under  
which t h e  chromatographic p r o c e s s e s  are c a r r i e d  o u t .  These f i n d -  
i n g s  i n d i c a t e d  t h e  p o s s i b i l i t y  o f  i s o l a t i n g  an i n t e r m e d i a t e  i n  
t h e  process  by HPLC. 

A s imple 

A method f o r  t h e  hydrogenat ion o f  u n s a t u r a t e d  f a t t y  a c i d  

INTRODUCTION 

I n  r e c e n t  s t u d i e s  (1-4) High P r e s s u r e  Liquid Chromatography 

h a s  been u t i l i z e d  i n  t h e  s e p a r a t i o n  o f  f a t t y  a c i d  mixtures .  In 
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698 BUSSELL AND MILLER 

those s tud ie s ,  i d e n t i f i c a t i o n  of  the f a t t y  ac ids  was made by com- 

parison of r e t en t ion  volumes t o  those  of known standards.  There 

a re ,  however, f i v e  types  of f a t t y  ac ids  important t o  b io log ica l  

systems : s t r a i g h t  cha in ,  branch chain,  hydroxyl , unsa tura ted ,  

and cyclopropane f a t t y  ac ids  ( 5 ) .  Since standards f o r  t h e  

v a r i e t y  of d i f f e ren t  f a t t y  ac ids  a r e  not always ava i l ab le ,  and 

r e t en t ion  volumes of standards provide only t e n t a t i v e  i d e n t i f i -  

ca t ion ,  a l t e r n a t e  methods f o r  t h e i r  i d e n t i f i c a t i o n  a r e  necessary.  

In addi t ion ,  ce r t a in  f a t t y  ac ids  rnay have t h e  same re t en t ion  

volume as other  f a t t y  ac ids ;  t he re fo re ,  chemical modifications 

of the  molecule would provide a means t o  separa te  these  peaks. 

Chemical modification of f a t t y  aci.d molecules have been u t i l i z e d  

in GLC (6-8) .  This inves t iga t ion  examines some of the  a l t e r n a t e  

chemical methods f o r  i d e n t i f i c a t i o n  of f a t t y  ac ids  a s  applied 

in  HPLC. 

This paper r epor t s  t h e  HPLC separation of t he  methoxy- 

phenacyl e s t e r s  of hydroxyl f a t t y  ac ids  and t h e  d i f f i c u l t i e s  i n  

t h e  de tec t ion  of important microbiological hydroxyl f a t t y  ac ids  

by HPLC (9-11). Tr i f luoroace ty la t ion  of the  hydroxyl ac ids  

which permits both i d e n t i f i c a t i o n  and de tec t ion  of  t h e  important 

microbiological hydroxyl f a t t y  a c i d s  i s  described. Hydrogenation 

of'  unsaturated and cyclopropane f a t t y  ac ids  along with e f f e c t s  

of va r i a t ions  i n  t h e  operating parameters of hydrogenation on 

the  HPLC chromatograms w i l l  be repor ted .  

vided which i s  in  disagreement with t h e  previously described 

Evidence w i l l  be  pro- 

mechanism (6,12,13) f o r  the  hydrogenation of t he  cyclopropane 

r ing  in  f a t t y  ac ids .  
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HPLC ANALYSIS OF HYDROXYL 699 

MATERIALS 

UV-grade a c e t o n i t r i l e  (CH3CN) and dimethylformamide (DMF) 

(Burdick and Jackson Laboratories,  Muskegon, Mich.) was used f o r  

a l l  HPLC separa t ions .  U l t r a  pure water (17.8MfL) was generated 

using a combination of M i l l i - R O ,  M i l l i - Q  reverse  osmosis water 

p u r i f i c a t i o n  system (Millipore Corp., Bedford, Mass.), and then 

f i l t e r e d  through 0 . 4 5 ~  membrane f i l t e r  (Millipore Corp.) t o  

degas. The UV t a g  (a-bromo-m-methoxyacetophone) was obtained 

from Pfa l t z  and Bauer, Inc .  and t h e  c a t a l y s t  (N,N-diisopropyl- 

ethylamine) was obtained from Aldrich Chemical Co. The f a t t y  

ac ids  used f o r  standards i n  t h i s  study were q u a n t i t a t i v e  grade 

and purchased from Supelco, Bellefonte,  Penna. The t r i f l u o r o -  

acetic anhydride was obtained from Fisher  S c i e n t i f i c  Company. 

METHODS 

Derivative Process: 

Chromatographic Procedure: 

Waters Associates Model ALC/GPC-244 Liquid Chromatograph equipped 

with Model 660 Solvent Programmer, an a u x i l i a r y  M6000A Solvent 

Delivery System, and a Model 440 W de tec to r .  The standards and 

samples were separated on two p-Bondapak C18 reverse  phase 

columns i n  s e r i e s  and two p-Bondapak Fa t ty  Acid Analysis columns 

i n  s e r i e s  (Waters Associates,  Inc . ) .  The f a t t y  ac ids  were 

monitored a t  254 nm f o r  maximum absorption. 

t a ined  t h e  columns a t  a constant temperature of 38' i n  order t o  

improve t h e  r ep roduc ib i l i t y  of t h e  tR values i n  t h e  method. 

The procedure of Mi l l e r  et d . ( 4 )  was used. 

Separations were performed using a 

A water j acke t  main- 
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700 BUSSELL AND MILLER 

The f a t t y  ac id  e s t e r s  were e lu ted  using an a c e t o n i t r i l e /  

water solvent system a t  a flow r a t e  of  1 ml/min. 

phase was programmed from 40/60 ace ton i t r i l e /wa te r  i n i t i a l l y  t o  

100% a c e t o n i t r i l e  over a 3-hour period €or t h e  C18 columns, and 

over a 6-hour period f o r  t he  f a t t y  ac id  columns, using a convex 

gradient curve No. 5 on t h e  solvent programmer. 

Tr i f luoroace ty la t ion  of IIydroxyl Acids : 

der iva t ive  s t r a i g h t  chain and hydroxyl f a t t y  ac ids  was prepared 

and chromatographed. 

performccl by t h e  method of Moss and Dees (15)  which they  had 

applied t o  the  methyl e s t e r s  of hydroxyl f a t t y  ac ids .  

dred mic ro l i t e r s  of mixture was evaporated t o  dryness under N 

and redissolved in  200 i.ll o f  CHC13, t o  which was added 25 ~1 of 

t r i f l u o r o a c e t i c  anhydride. 

t o  stand a t  ambient temperature f o r  30 minutes. 

then evaporated t o  dryness under N 2 ,  redissolved in  200 1-11 of  

DMF and an a l iquot  in jec ted  on the HPLC. 

Hydrogenation of Unsaturated & _Cyclopropane Acids: 

sample (Ehehehickia CV& ATCC 2 5 9 2 2 ) ,  known t o  contain both 

cyclopropane and unsaturated f a t t y  ac ids ,  was prepared a s  pre- 

viously described ( 4 ) .  After ex t r ac t ion  of t he  f a t t y  ac ids  i n t o  

chloroform, the  so lu t ion  was taken t o  dryness and resuspended in  

10 m l  of methanol. 

Micro Hydrogenator varying the  amount of c a t a l y s t  (PtOZ), 

pressure,  temperature, and time. Following hydrogenation, t h e  

mixture was evaporated t o  dryness, resuspended i n  1 m l  DMF and 

tagged as described above. 

The mobile 

A standard mixture of 

Tr i f luoroace ty la t ion  of t h e  mixture was 

Two hun- 

2 

The mixture was capped and allowed 

The mixture was 

A bac te r i a l  

The sample was hydrogenated i n  a Supelco 
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HPLC ANALYSIS OF HYDROXYL 701 

A known s tandard  f a t t y  a c i d  mixture  which conta ined  p a l -  

m i t i c  16:0,  o l e i c  18:1, l i n o l e i c  18:2, and l i n o l e n i c  18:3  was 

tagged p r i o r  t o  hydrogenat ion.  

us ing  100 mg c a t a l y s t  (P t02) ,  1 0  p s i  of hydrogen, ambient 

tempera ture ,  and 30-minute time p e r i o d .  The sample was evapo- 

r a t e d  t o  dryness ,  resuspended i n  DMi:, f i l t e r e d  t w i c e  and i n j e c t e d  

d i i -cc t  l y  on t h e  HPLC. 

The mixture  was hydrogenated 

A second s t a n d a r d  f a t t y  a c i d  m i x t u r e  c o n t a i n i n g  m y r i s t o l e i c  

14:1, p a l m i t o l e i c  16:1, o l e i c  18:1, and d i h y d r o s t e r c u l i c  A19 

a c i d  was hydrogenated under t h e  fo l lowing  c o n d i t i o n s :  10 mg 

c a t a l y s t  (P t02) ,  10 p s i ,  and ambient tempera ture  f o r  15 minutes  

d u r a t i o n .  T h i s  was evapora ted  t o  d r y n e s s ,  resuspended i n  DMF, 

tagged a s  descr ibed  above and an a l i q u o t  i n j e c t e d  d i r e c t l y  on 

t h e  HPLC. 

RESULTS AND DISCUSSION 

Nydroxyl F a t t y  Acids: Two families of  hydroxyl f a t t y  a c i d s  were 

chromatographed on both  C 1 8  and f a t t y  a c i d  columns. The a l p h a  

hydroxyl f a t t y  a c i d s  e l u t e  a t  approximately 2.7 r e l a t i v e  carbon 

u n i t s  i n  from t h e  parent  s t r a i g h t  cha in  f a t t y  a c i d ,  whi le  t h e  

b e t a  hydroxyl f a t t y  a c i d  e l u t e s  a t  approximately 3 . 3 2  carbon 

u n i t s  i n  from t h e  p a r e n t  s t r a i g h t  cha in  f a t t y  a c i d  on t h e  C - 1 8  

columns. For example, a-hydroxyl p a l m i t i c  a c i d  e l u t e s  3/10 o f  

t h e  d i s t a n c e  between C - 1 3  and C - 1 4 ,  a-hydroxyl p a l m i t i c  a c i d  

e l u t e s  6/10 o f  t h e  d i s t a n c e  between C - 1 2  and C-13  (F ig .  1). In 

a d d i t i o n ,  12-hydroxys tear ic  a c i d ,  which i s  n o t  shown, was found 
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HPLC ANALYSIS OF HYDROXYL 703 

t o  coelute with C-12 .  The r e l a t i v e  carbon u n i t s  f o r  both t h e  

c1 and 6 ac ids  were cons is ten t  with increas ing  chain length.  

The e lu t ion  p r o f i l e  o f  t he  hydroxyl f a t t y  ac ids  on the  Fatty 

Acid Analysis columns had a l a rge r  decrease in  e lu t ion  volume 

when compared t o  t h e i r  parent s t r a i g h t  chain f a t t y  ac ids ,  and 

g rea t e r  degree of  v a r i a b i l i t y  in  t h i s  decrease i n  e l u t i o n  volume 

i s  demonstrated by comparing a-hydroxyl myr is t ic  which had an 

e lu t ion  volume change of 4.33 r e l a t i v e  carbon u n i t s  p r i o r  t o  C-14 

while a-hydroxydocosanoic ac id  e l u t e s  3.42 r e l a t i v e  carbon u n i t s  

before C-22 .  The two 6-hydroxyl f a t t y  ac ids  chromatographed 

demonstrate both decrease in  e lu t ion  volume r e l a t i v e  t o  t h e  

parent chain and t h e  v a r i a b i l i t y  i n  t h e  decrease.  6-hydroxyl 

myr is t ic  e l u t e s  4.85 carbon u n i t s  before t h e  parent cha in ,  and 

6-hydroxyl pa lmi t i c  e l u t e s  4 .0  u n i t s  p r i o r  t o  i t s  parent chain 

(Fig. 2 ) .  The v a r i a b i l i t y  i n  decrease in  e lu t ion  volume a s  a 

r e s u l t  of t h e  hydroxyl group may be due t o  the  r e l a t i v e  g rea t e r  

p o l a r i t y  of t h e  f a t t y  ac id  columns over t he  C-18 columns. 

The e lu t ion  p r o f i l e s  of hydroxyl ac ids  on e i t h e r  columns 

ind ica t e  a major d i f f i c u l t y  i n  t h e  use o f  HPLC ana lys i s  of t h i s  

p a r t i c u l a r  f a t t y  ac id  group. Bussell e.2 d. (3) repor ted  t h a t  

t h e  lower l i m i t  of t h i s  procedure i s  approximately C-10 due t o  

tagging r eac t ion  by-products which e l u t e  p r i o r  t o  C-10. 

would l i m i t  hydroxyl ac ids  t o  approximately C-14 o r  g r e a t e r  

chain length,  however, a t  l e a s t  i n  b a c t e r i a  f a t t y  ac ids ,  (9-11) 

t h e  most prominent a re  C-10 through C-14 i n  chain length .  

so lu t ion  t o  t h i s  problem would be t o  modify t h e  hydroxyl group 

This 
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HPLC ANALYSIS OF HYDROXYL 705 

i n  o r d e r  t o  i n c r e a s e  i ts  e l u t i o n  volume. An important  cons idera-  

t i o n  i n  modi f ica t ion  o f  t h e  hydroxyl group i s  s t e r i c  hindrance 

from t h e  W t a g .  

t h e  hydroxyl group p r e v i o u s l y  d e s c r i l v d  by Moss -ind Dces (14)  

f o r  methyl e s t e r s  of  hydroxyl f a t t y  a c i d s .  

The method u t i l i z c d  was t r i f l u o r o a c c t y l a t i o n  of 

The TFAA d e r i v a t i v e s  of t h e  methoxyphenyacyl esters of t h e  

hydroxyl f a t t y  a c i d s  produced an i n c r e a s e  i n  e l u t i o n  volume where 

t h e  hydroxyl f a t t y  a c i d s  were e l u t i n g  a f t e r  t h e i r  p a r e n t  cha in  

on t h e  C 18 columns, however, t h e  i n c r e a s e  was more marked i n  

t h e  s h o r t e r  cha in  a c i d s  with a-hydroxymyris t ic  e l u t i n g  a t  0 . 8  

carbon u n i t s  g r e a t e r  than C-14 and a-hydroxyl icosanoic  e l u t i n g  

a t  0.16 carbon u n i t s  g r e a t e r  than t h e  C-20 parent  cha in .  The 

TFAA d e r i v a t i v e s  o f  t h e  two P-hydroxyl a c i d s  e l u t e  p r i o r  t o  t h e i r  

p a r e n t  c h a i n ,  b u t  bo th  demonstrate  t h a t  t h e  i n c r e a s e  i n  e l u t i o n  

volume was g r e a t e r  i n  t h e  s h o r t  cha in  wi th  a-hydroxymyris t ic  

e l u t i n g  0.16 r e l a t i v e  carbon u n i t s  p r i o r  t o  C-14 and @OH p a l m i t i c  

e l u t i n g  a t  0.29 r e l a t i v e  carbon u n i t s  b e f o r e  C-16. The explana-  

t i o n  may be t h a t  change i n  t h e  p o l a r i t y  reg ion  o f  molecule  due 

t o  d e r i v a t i o n  i s  equiva len t  f o r  each f a t t y  a c i d  i n  e i t h e r  series 

o r  t h e  6-hydroxyl s e r i e s .  The s h o r t e r  cha in  a c i d s  have less o f  

hydrocarbon n a t u r e  t o  ba lance  t h e  p o l a r i t y  change which r e s u l t s  

i n  a l a r g e r  n e t  change f o r  t h e  s h o r t e r  c h a i n  f a t t y  a c i d s  (Fig. 3). 

The TFM d e r i v e d  hydroxyl f a t t y  a c i d s  showed t h e  same r e l a -  

t i v e  e l u t i o n  p r o f i l e  on t h e  F a t t y  Acid Analys is  columns a s  on 

t h e  C 18, but  were s h i f t e d  o u t  t o  an o v e r a l l  g r e a t e r  e l u t i o n  

volume (Fig. 4 ) .  
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Unsaturated and C y c l o p r o p a a :  

v i o u s l y  a p p l i e d  GLC hydrogenat ion techniques  t o  our  f r e e  f a t t y  

mixtures  before  t a g g i n g  (33, b u t  w e  were unable  t o  o b t a i n  con- 

s i s t e n t l y  complete hydrogenat ion.  We undertook t h e  i n v e s t i g a -  

t i o n  t o  determine optimum c o n d i t i o n  f o r  hydrogenat ion and e f f e c t s  

of t h e  d i f f e r e n t  components such  as p r e s s u r e ,  t i m e ,  tempera ture ,  

and amount of  c a t a l y s t ,  on t h e  hydrogenat ion.  There a r e  two 

b a s i c  t y p e s  of  f a t t y  a c i d s  which a r e  a f f e c t e d  by hydrogenat ion 

u n s a t u r a t e s  and t o  a l e s s e r  e x t e n t  cyclopropane a c i d s .  

In our  l a b o r a t o r y  we had p r e -  

Cyclopropanc f a t t y  a c i d s  are d i f f i c u l t  t o  o b t a i n  as pure  

s tandards ,  t h e r e f o r e ,  we used  b a c t e r i a l  f a t t y  a c i d  mixture  

obta ined  from E .  COLL which w a s  known t o  c o n t a i n  both  cyclopro-  

pane and unsa tura ted  f a t t y  a c i d s .  In Table  1, t h e  v a l u e s  f o r  

r e l a t i v e  percent  hydrogenat ion of  A19 and 1 8 : l  f a t t y  a c i d  a r e  

given.  

on hydrogenat ion,  and t h a t  4' gave t h e  b e s t  r e s u l t s  i n  t h a t  o n l y  

minimal amounts of t h e  A19 was hydrogenated whi le  a l lowing  almost 

complete conversion of t h e  1 S : i  t o  t h e  18:O f a t t y  a c i d .  

The t a b l e  shows t h a t  tomperature  had t h e  g r e a t e s t  e f f e c t s  

The i n t e r e s t i n g  f i n d i n g  i n  chromatograms (Fig.  5) showed 

t h a t  n e i t h e r  A17 n o r  t h e  A19 p-roduced new peaks i n  t h e  a r e a  

expected from t h e  breakdown scheme d e s c r i b e d  elsewhere ( 1 2 ,  13) .  

There was, however, a new peak e l u t i n g  p r i o r  t o  C-15 and had a 

l a r g e  UV a b s o r p t i o n  g r e a t e r  t h a n  t h e  t o t a l  decrease  i n  A17 and 

A19 peaks. 

mix ture  o f  14:1, 16:1,  18:1, and A19. 

appeared i n  t h e  chromatogram o f  t h e  hydrogenated m i x t u r e  

%is observa t ion  w 3 s  confirmed u s i n g  a s t a n d a r d  

The peak i n  q u e s t i o n  
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HPLC ANALYSIS OF HYDROXYL 709 

T A B L E  1 

Hydrogenat ion o f  Ehchehickicl cafi F a t t y  Acid Mixture 

Press. Time Hydrogenated 
Pt02 (mg) p s i  Temp. lilin . %A19 %18:1 - -  - - 

4.97 10 ambient 10 45 92 

9.60 10 ambient 10 35 100 

19.90 10 ambient 10 36 9 

30.09 10 ambient 10  15 96 

5.88 10 ambient 45 2 92 

4 .81  10 ambient 120 16 83 

6.13 10  36 10 5 58 

4.92 10 36 30 15 92 

12.74 10 36 30 15 96 

9.77 25 36 30 8 92 

11.91 25 47 30 2 92 

11.44 20 4 30 0 66 

19.93 20 4 30 0.5 100 

(Fig.  6 ) ,  while  no peaks appeared i n  t h e  a r e a  of  t h e  chromato- 

gram where t h e  products  (nonadecanoic, 9 -methyls tear ic ,  and 10- 

m e t h y l s t e a r i c  a c i d s )  of t h e  p r e v i o u s l y  descr ibed  r e a c t i o n  would 

be expected t o  occur  (6 ,12) .  

sugges ts  t h a t  t h e r e  is t h e  attachment of a h i g h l y  p o l a r  group t o  

t h e  molecule as t h e  r i n g  opens. The high UV absorp t ion  sugges ts  

t h a t  t h e  molecule can bind an a d d i t i o n a l  molecule of  t h e  UV t a g  

t o  t h a t  p o l a r  group. Since t h i s  r e a c t i o n  was n o t  seen i n  GC-MS 

d a t a ,  it would i n d i c a t e  t h a t  t h e  complex is probably u n s t a b l e  a t  

The inward migra t ion  of t h e  peak 
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HPLC ANALYSIS OF HYDROXYL 711 

e leva ted  temperatures u t i l r z e d  i n  GLC.  

i s  t h a t  t he  A19 and A17 produced t h e  same peak, which would 

ind ica t e  t h a t  t h e  two carbon unit d i f fe rence  between t h e  two 

ac ids  was not su f f i c i en t  t o  allow separa t ion  because of t he  l a r g e  

po la r  a reas  i n  t h e  molecules. 

Another important point 

F ina l ly ,  i n  GLC hydrogenation i s  performed a f t e r  formation 

of t he  e s t e r s  (Fig. 7 ) .  There is a repor t  (16) t h a t  sugges ts  

t h a t  mild hydrogenation may no t  destroy t h e  phenyl r i n g  s t r u c t u r e  

a s  a chromatophore. 

was hydrogenated a f t e r  tagging. Greater than 90% of t h e  W t a g  

was destroyed by t h e  technique. This i nd ica t e s  t h a t  t h e  sample 

must be s p l i t  with one-half t o  be tagged, then chromatographed, 

and t h e  second h a l f  hydrogenated, tagged, then chromatographed. 

A mixture of unsaturated C-18 f a t t y  ac id  

SUMMARY AND CONCLUSIONS 

Chromatographic separa t ions  of hydroxyl f a t t y  ac ids  on both 

o r  t h e  6-hydroxyl s e r i e s .  The shor t e r  chain ac ids  have l e s s  of 

hydrocarbon na ture  t o  balance t h e  p o l a r i t y  change which r e s u l t s  

i n  a l a r g e r  ne t  change f o r  t h e  sho r t e r  chain f a t t y  ac ids  (Fig. 31. 

Fig. 5 HPLC of E .  CC&L f a t t y  acid mixture used f o r  hydrogenation 
experiment. Columns: Two 30 cm X 3 . 9  mm p-Bondapak C18, 
eluent ace ton i t r i l e :wa te r ,  g rad ien t  curve 5 ,  180 min., flow 
r a t e  1 . 0  m l / m i n .  , column temperature 38' .  
(a) 
(b) 

Fa t ty  ac id  mixture, before hydrogenation. 
Fa t ty  ac id  mixture hydrogenated a t  4' with conversion 
of t h e  unsaturated f a t t y  ac ids  t o  sa tu ra t ed  forms and 
no hydrogenation of t h e  cyclopropane f a t t y  ac ids .  
Fa t ty  ac id  mixture hydrogenated a t  ambient tempera- 
t u r e  with conversion of t h e  unsaturated f a t t y  ac ids  
and p a r t i a l  conversion of t h e  cyclopropane f a t t y  
ac ids .  Showing one l a rge  peak ind ica ted  by ? .  This 
suggests t h a t  i t s  o r ig in  i s  from t h e  cyclopropane 
f a t t y  ac ids .  

(c) 
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HPLC ANALYSIS OF HYDROXYL 713 

The TFAA d e r i v e d  hydroxyl f a t t y  a c i d s  showed t h e  same r e l a -  

t i v e  e l u t i o n  p r o f i l e  on t h e  F a t t y  Acid f m a l y s i s  columns as on 

t h e  C 18 ,  b u t  were s h i f t e d  o u t  t o  an o v e r a l l  g r e a t e r  e l u t i o n  

volume (Fig.  4 ) .  

Unsaturated and Cyclopropane: 

v i o u s l y  a p p l i e d  GLC hydrogenat ion techniques  t o  our  f ree  f a t t y  

mixtures  b e f o r e  tagging  ( 3 ) ,  but  we were unable  t o  o b t a i n  con- 

s i s t e n t l y  complete hydrogenat ion.  We undertook t h e  i n v e s t i g a -  

t i o n  t o  determine optimum c o n d i t i o n  f o r  hydrogenat ion and e f f e c t s  

of t h e  d i f f e r e n t  components such as p r e s s u r e ,  t i m e ,  tempera ture ,  

and amount of c a t a l y s t ,  on t h e  hydrogenat ion.  There are  two 

b a s i c  t y p e s  o f  f a t t y  a c i d s  which a r e  a f f e c t e d  by hydrogenat ion 

u n s a t u r a t e s  and t o  a l e s s e r  e x t e n t  cyclopropane a c i d s .  

In  our  l a b o r a t o r y  we had p r e -  

Cyclopropane f a t t y  a c i d s  a r e  d i f f i c u l t  t o  o b t a i n  as pure  

s t a n d a r d s ,  t h e r e f o r e ,  we used b a c t e r i a l  f a t t y  a c i d  mixture  

obta ined  from E .  COG which was known t o  c o n t a i n  both  cyclopro-  

pane and u n s a t u r a t e d  f a t t y  a c i d s .  In Table  1, t h e  v a l u e s  f o r  

r e l a t i v e  p e r c e n t  hydrogenat ion of  A19 and 1 8 : l  f a t t y  a c i d  a r e  

g iven .  The t a b l e  shows t h a t  tempera ture  had t h e  g r e a t e s t  e f f e c t s  

on hydrogenat ion,  and t h a t  4' gave t h e  b e s t  r e s u l t s  i n  t h a t  o n l y  

F ig .  6 HPLC o f  s tandard  f a t t y  mixture .  Columns: Two 30 cm X 
3.9 mm p-Bondapak C18, e l u e n t  a c e t o n i t r i l e : w a t e r ,  
g r a d i e n t  curve 5,  180 min., f l o w  ra te  1 . 0  ml/min., 
column tempera ture  38'. 
(a)  
(b) 

Standard f a t t y  a c i d  mixture  b e f o r e  hydrogenat ion.  
Standard f a t t y  a c i d  mixture  a f te r  hydrogenat ion 
showing t h e  same peak seen i n  E .  cO& f a t t y  a c i d  
mixture  i n d i c a t e d  by ?. 
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HPLC ANALYSIS OF HYDROXYL 715 

minimal amounts of t h e  A19 was hydrogenated while allowing almost 

complete conversion of t h e  18:l t o  t h e  18:O f a t t y  ac id .  

p-Bondapak C18 and Fa t ty  Acid Analysis columns was described. 

The p-Bondapak C18 columns provided a cons is ten t  e lu t ion  pro- 

f i l e  of t h e  two fami l ies ,  ci and @, of hydroxyl f a t t y  ac ids  

t e s t e d  which permitted t h e  p red ic t ion  o f  e lu t ion  volume f o r  

t h e  increas ing  chain f a t t y  ac ids .  The Fa t ty  Acid Analysis 

column produced a g rea t e r  v a r i a t i o n  i n  e lu t ion  volumes r e l a -  

t i v e  t o  t h e  parent s t r a i g h t  chain ac id  due t o  the  g r e a t e r  

p o l a r i t y  of t h e  f a t t y  ac id  c o l m  a s  compared t o  t h e  C18 column. 

Examination o f  t h e  chromatograms indica ted  t h a t  t h e  lower 

l i m i t  i n  chain length f o r  de tec t ion  of hydroxyl f a t t y  ac ids  i s  

C14;  however, t h e  hydroxyl f a t t y  ac ids  important i n  microbiologi- 

c a l  systems range between C-10 t o  C-14 (9-11). A method f o r  t h e  

t r i f l u o r o a c e t y l a t i o n  of t he  hydroxyl f a t t y  ac ids  permi t t ing  both 

i d e n t i f i c a t i o n  by migration of t h e  peaks and de tec t ion  of C-10 

o r  g r e a t e r  hydroxyl f a t t y  ac ids  was described. The method was 

simple, rap id ,  and produced a 100% conversion of t he  hydroxyl 

ac ids .  

In e a r l i e r  experiments, we noted t h a t  hydrogenation of t h e  

b a c t e r i a l  f a t t y  ac id  samples had a considerable v a r i a t i o n  i n  t h e  

Fig.  7 HPLC of  unsaturated f a t t y  ac id  standard mixture. 
Columns: Two 30 cm X 3.9 mm p-Bondapak C18, eluent 
ace ton i t r i l e :wa te r ,  gradient curve 5, 180 min., flow 
r a t e  1 . 0  ml/min., column temperature 38'. 
(a) 
(b) 

Standard f a t t y  ac id  mixture before hydrogenation. 
Standard f a t t y  ac id  mixture tagged, then  hydrogena- 
t i o n  showing des t ruc t ion  o f  t he  W t a g  under mild 
conditions of hydrogenat ion.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



716 BUSSELL AN0 MILLER 

percent of conversion of unsaturated t o  sa tu ra t ed  form of t h e  

f a t t y  ac ids .  Variations in  pressure ,  temperature, time and the  

amount of ca t a lys t  were evaluated f o r  t h e i r  e f f e c t s  on t h e  con- 

version of unsaturated t o  sa tura ted  form and t h e  opening of t he  

cyclopropane r ing  i n  cyclopropane f a t t y  ac ids .  

seems t o  have t h e  g rea t e s t  e f f e c t  on hydrogenation. 

The use of an i c e  ba th  t o  obtain 4' temperature permitted 100°o 

conversion of  t he  unsaturated fai:ty ac id  while having only a 

minimal e f f ec t  on t h e  cyclopropane r ing  s t r u c t u r e .  

Temperature 

The chromatograms o f  t he  hydrogenated b a c t e r i a l  f a t t y  ac id  

mixture containing both unsaturated and cyclopropane f a t t y  ac ids  

d id  not have peaks i n  the  a reas  expectcd from the  previously 

described mechanism f o r  hydrogenation (6,lZ). There was one 

la rge  peak with an increased W absorption exceeding t h e  amount 

of converted cyclopropane f a t t y  ac id .  

when t h e r e  was some hydrogenation of t he  cyclopropane ac id .  

This peak ind ica t e s  t h a t  we could be seeing a r e l a t i v e l y  s t a b l e  

intermediate,  which would decompose a t  e leva ted  temperatures 

t h a t  a r e  normally used in  GC-MS. 

using a standard mixture of f a t t y  ac ids .  

necessary t o  determine the  exact s t r u c t u r e  of t h i s  peal:. 

This peak appeared only 

The observation was repeated 

More inves t iga t ion  i s  

Although some l i t e r a t u r e  (16) suggest t h a t  mild hydrogena- 

t i on  would have l i t t l e  e f f e c t  on our UV t ag ,  our experiments 

showed tha t  g rea t e r  than 95% of t h e  t a g  i s  destroyed, which ind i -  

ca t e s  t ha t  i n  f a t t y  ac id  ana lys i s  t h e  sample must be s p l i t  using 

one a l iquot  f o r  t h e  i n i t i a l  run and the  second a l iquot  f o r  

hydrogenation before tagging. 
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the  purpose. 

those  of t h e  authors and a r e  not t o  be construed a s  those  of t h e  

U. S. Army Medical Department. 
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