
FEBRUARY, 1963 ~ A L I N S  A N D  ~ I o u L E :  M E T H Y L  0 L E A T E  W I T H  A C E T Y L  N I T R A T E  45 

cmnprised about 5% of the ni t ra ted methyl oleate. 
Some nitro derivatives obtained from nitrations 

using acetyl ni t ra te  are unstable at elevated tem- 
peratures  (2). Nitro-acetates derived f rom styrene, 
for  example, were found to decompose into acetic 
acid and /?-nitro styrene on at tempted distillation 
(10). Although the derivatives described in this 
paper  were also unstable at high temperature,  no 
apparen t  decomposition occurred tinder normal han- 
dling conditions. 

The principal impur i ty  formed in reduction of the 
isomeric ni t ro  derivatives was methyl  stearate, thus 
indicating that  hydrogenolysis was the predominant  
side-reaction. Methyl aminostearate was a colorless, 
odorless liquid, and unlike the nitro intermediates, 
appeared to be stable during distillation. 

Unsatura ted fa t ty  acids have been ni t ra ted pre- 
viously with N204 and other nitric acid derivatives 
(11,12,13). Usually, these reagents are corrosive, hard  
to handle, and may lead to formation of large vari- 
eties of products that  are difficult to resolve. In the 
present work, use of aeetyl ni t ra te  at room tempera- 
ture  has enabled us to ni t rate  methyl  oleate without 
encountering these difficulties. This reagent is also 
being used for ni t ra t ing methyl linoleate, methyl lin- 
olenate, and fractions of methyl esters derived from 
menhaden oil (14). In  these nitrations, nitro, acet- 
oxy-nitro, and ni tro-nitrato groups were introduced 

into the f a t ty  acid chains using conditions similar to 
those described here. 

In conclusion, acetyl ni t rate  is a convenient and 
effective reagent for  ni t rat ing a var ie ty  of unsatu- 
rated f a t t y  acid derivatives. Compounds obtained 
from these nitrations are potential ly useful interme- 
diates for  synthesizing derivatives having groups cen- 
t ral ly located in the molecule such as amines, amino- 
acetates, and amino-alcohols. 
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Hydrogenation of Linolenate. VII. 
of Isomeric Dienes and Monoenes I 

Separation and Identification 
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H. J. DUTTON, Northern Regional Research Laboratory, a Peoria, Illinois 

Abstract 
Isomeric dienes and monoenes produced by 

par t ia l  hydrogenation of linolenic acid have 
been separated by the combined use of low-temp 
crystallization and countercurrent  distribution. 
Cis,trans dienes have been separated from cis,cis 
dienes. Cis,cis conjugatable dienes have been 
part ia l ly  separated f rom cis,cis nonconjugatable 
dienes. Dienes with one trans double bond were 
s e p a r a t e d  by  gas c h r o m a t o g r a p h y  in to  two 
groups: cis,trans and trans,cis. Individual  posi- 
tional isomers could not be separated. 

Cis-9 monoene was separated from cis-12, cis-15, 
and trans monoenes by low-temp crystallization. 
Countereurrent  distribution at 3,000 transfers  
only par t ia l ly  separated this mixture  of cis-12, 
cis-15, and trans monoenes. The double bond in 
both cis and trans monoenes was found in all car- 
bon positions, 7 through 16, showing for the first 
time that the 15,16 bond of linolenic acid had 
moved away from the carboxyl. The major cis 
bonds remained at carbons 9, 12, and 15. 

Combination of eountercurrent  distribution 
fractions has produced samples containing 95% 
cis,cis dienes; 90% cis,trans or tr'ans,cis dienes; 
95% cis monoenes; and 90% trans mono.enes. 

z Presented  as the AOCS meeting at  Chicago, Ill., 1961. 
2 P r e s e n t  address :  The Tara  Oil Mills Co., Ltd. ,  Sewri, BombaYl 

India .  
8 A labora tory  of the No. Utiliz. Res. & Dev. Div., ARS, U.S.D.A. 

Introduction 
ESEARCFI of the last decade on the hydrogenation 

of unsatura ted fa t ty  acids or their esters has 
stressed the formation of geometric and positional 
isomers (1-7) .  Highly  unsaturated acids, such as 
linoleic and eleostearic, have been reduced to. mono- 
enes, and the mixture has been analyzed for  both 
types of isomers. Allen (3) reported the separation 
of cis f rom trans monoenes but  experimental  details 
were not given. Lemon (8) hydrogenated linseed oil 
until  no alkali isomerizable acids were present  and 
isolated an " isol inole ic"  acid having at least one dou- 
ble bond in trans configuration. Rabello and Daubert  

( 9 )  hydrogenated linolenie acid to a similar degree 
and isolated (by low-temp crystallization) an "iso- 
l inoleic" acid concentrate composed of at least three 
positional isomeric dienes. This concentrate included 
only a par t  of the dienes formed since a major i ty  was 
lost in the fraetionatioii  procedure. 

Rebello and Daubert  (9) have pointed out that 15 
positionally isomeric dienes could be formed from 
]inoleic acid on: reduction of one of its double bonds 
if one assumes the migration of residual bonds by 
one carbon atom to either side of the original posi- 
tion. Geometric isomers containing either one or two 
trans bonds can also be formed so. the total number  
of possible isomeric diencs in par t ly  reduced linolenic 
acid becomes staggering . . . . . . . . . . . .  

The first paper  in this series (10), showed tha t  
dienes formed by part ial  catalytic hydrogenat ion of 
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T A B L E  I 

Ana lys i s  of L ino lena te  Concen t r a t e  a n d  H y d r o g e n a t e d  L ino lena te  C o n c e n t r a t e  

Subs tance  

L i n o l en a t e  concen t ra te  a.. 
H y d r o g e n a t e d  

l inolenate  concen t ra te  ................................... 

I .V .  

251.2 

169.6 

Gas  c h r o m a t o g r a p h y  c 

Olea te  
monoene  % 

3.4 

21.8 b 

L ino lea te  
d ieno % 
21.4  

50.5 

L ino lena t e  
t r i eno  % 

75.2 

27.7 

Alka l i - i somer iza t ion  

Oleate Linoleas 
monoene  d i e n e  % % 

3.1 20.4  

. . . . . . . .  20.8 

L ino lena te  
t r i ene  % 
76.5 

29.7  

Trans 
as 

e la idate  % 

23.6 

a P r e c o n j u g a t e d  d iene  0 .7%.  P r e c o n j u g a t e d  t r i ene  nil.  
b I n c l u d e s  0 . 6 %  sa tu r a t ed .  
r Re la t ive  p e a k  a r e a .  

400 G dissolved in 8 1 methanol, crystallized at - 7 0 C ;  
crystals dissolved in 4 ] methanol and recrystallized at - 7 0 C  

I 
$ $ 

Crysta l - -178 g 
Dissolved in 5 1 methanol and crystallized 

at --60C. 
Crystals recrystallized from 2 1 methanol 

at --60C. 

Crystal 1 " - - 1 0 0  g 
Dissolved in 4 1 methanol and crystallized 

at --60C. 
Crystals recrystallized from 2 1 methanol 

a t  --60C. 

Crysta l - -86 g 
Dissolved in 4 1 methanol and crystallized 

at - - 5 0 C .  

C r y s t a l s  recrys ta l l i zed  f r o m  2 1 m e t h a n o l  
at --50C. 

Crystal 2 - - 6 7  g 

D i s s o l v e d  in 3 . 3  1 m e t h a n o l  a n d  c r y s t a l -  
l i z e d  a t - - 4 0 C .  

C r y s t a l s  r e c r y s t a l l i z e d  f r o m  1 . 5  ] m e t h a -  
no l  a t - - 4 0 C .  

$ 

I - Crystal g 3 (C~)--45 

Fi l t rate 1 

(F1) 222  g 

Filtrate 2 

(F2) 83 g 

Filtrate 3 

(F3) 14 g 

$ 

Filtrate 4 

(F4) 16 g 

$ 
Filtrate 5 
(F5) 22 g 

FIG. 1. Scheme of crystallization of hydrogenated linolenate. 
a Solution of crystals in methanol at room temperature gave a turbid 

solution, presumably saturated triglycerides present in the catalyst; filtra- 
tion gave a clear solution for subsequent treatment. 

methyl linolenate could be separated into one major  
diene fract ion by countercurrent  distribution, and 
that  this fract ion could be part ia l ly  resolved by  sub- 
sequent fractional crystallization. This paper reports 
separation of (1) cis,cis from cis,trans (or trans,cis) 
and f rom trans, trans dienes; and (2) cis f rom trans 
monoenes by the use of fractional crystallization as 
the p r imary  separation procedure, and countercur- 
rent  distribution (CCD) as the subsequent resolving 
tool. 

Experimental 
Hydrogenation. A linolenate concentrate was ob- 

tained as filtrate fract ion by crystallizing methyl 
esters of linseed oil f rom a 5% solution in methanol 
at -70C.  Approx 400 g of concentrate was hydro- 
genated in a P a r r  hydrogenation bomb at 140C at a 
gauge pressure of 0-5 psi using 0.5% nickel catalyst 
(Girdler  G-15) unti l  1 mole of hydrogen was ab- 
sorbed. A turbine-type st irrer  assured thorough mix- 
ing. The course of hydrogenation was followed by 
observing the pressure drop in a hydrogen reservoir 
connected to the bomb. Table I gives analytical data 
for the linolenate before and af ter  hydrogenation. 
Analytical  methods used for f a t t y  acid composition 
were by gas-liquid chromatography (GLC) and by 
alkali isomerization and for trans isomers were by 
infrared.  Instruments  used were substantially the 
same as previously (10) described. Cis,trans dienes 
were determined by the method proposed by Jackson 
(11) 4 et al. 

Low-Temp Crystallization. The hydrogenated esters 
were separated into six major  fractions by low-temp 
crystallization from methanol as detailed in Figure  1. 
Analytical  data are presented in Table II.  

Countercurrent Distribution. Fi l t ra te  2 (20-g sam- 
ple) was separated into monoenes, diene~, and trienes 
by countercurrent  distribution (CCD) using 10 ml 
of pentane-hexane as upper  phase and 40 ml of ace- 
tonitri le as lower phase (10). Af ter  the application of 
250 transfers,  samples were collected and the weight 
curve (Fig. 2a) was determined. Samples f rom the 
left  and right side of the diene peak (arrows) were 
analyzed by GLC. The former gave two major par t ly  

4 S ince  in i t i a t ion  of th i s  w o r k  a p a p e r  by  W.  E .  Tolber t  and  D. H .  
Whe e l e r  [ J A O C S  35, 3 8 5 - 3 8 8  ( 1 9 5 8 ) 1 ,  and  one  by  J .  R.  Chipaul t ,  
and  ft. :h~. H a w k i n s  [ f fAOCS 36, 5 3 5 - 5 3 9  ( 1 9 5 9 ) ]  h a v e  disclosed im- 
p r o v e m e n t s  in  the  ana lys i s  of complex diene  m i x t u r e s .  

T A B L E  II 

Ana lys i s  of Crys ta l l iza t ion  F r a c t i o n s  

F r a c t i o n  

:Fil. 1, - - 7 0 0  
Fil .  2, - -6OC 
lVil. 3, - -6OC 
Fil .  4, - - 50C  ..................... 
Fi l .  5, - - 40C  
Crys t .  3, - -40C 

f i e l d  
% I .V .  

55.4  202.5 
20.7  183.8 

3.4 150.2 
3.9 109.5 
5.4 86.9 

11.3 79.6 

Gas  c h r o m a t o g r a p h y  b 

Monoene  Dieno  T r i e n e  % % % 
2.2 51.2 46.6  

11.2 67.9 20.9 
36.0 54.7 9.3 
70.2 29.8 

100.0  
94.3 

5.7 a 

C o u n t e r c u r r e n t  d i s t r ibu t ion  c 

2vIonoene ) iene T r i c n e  % % % 
3.1 50.4 46.5 

12.2 64.2 23.6 

Alkal i  
i somer iza t ion  

D iene  Tr i ene  Tre~ns 
% % % 

20.6  42.6 22.4  
32.0 21.9 21.1 
27.0  7.0 27.5 
12.3 0.8 13.4 

2.0 17.3 
52.7 

a Sa tu ra t ed .  
b Re la t ive  p e a k  area .  
c W t ,  % 
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480i a 

40c 

32(~ 

24c 

16c 

8c 

Monoeue Dieae Dieue 
I I I I ~ I 

250 

2 6 C - b  /'~ �9 Weight 

2 4 0 - -  T / "~ ~ - - - e - - - c i s ,  cis �9 [ ~ .......... Is, t . . . . . .  t is . . . . . .  

r "~, 
200 -- a ~ . ~  

.~16C 

~ 120 

80 

40 k .  

1000 

290 330 370 410 450 490 530 570 610 650 

1040 1080 1120 1160 1200 1240 1280 1320 1360 1400 

15 

raser:/  
Transfer 410 

/ 
I 

30 

( A 8 C D 
I II II II I 

20C - -  

16C 

12C 

4~ 

1700 1740 1780 1820 1860 1900 1940 1980 2()20 2060 2100 
Transfer Number 

Fro. 2. Countercurrent distr ibution curves of F i l t ra te  2 and 
its diene fraction: a. Filtrate 2. b. Diene recycled, 1,0.00 trans- 
fers ( f i r s t  r u n ) .  c. D i e n e  r e c yc l e d ,  1,700 t r a n s f e r s  ( s e c o n d  r u n ) .  

separated peaks (Fig.  3a) while the la t ter  (Fig.  3b) 
showed one major  component. Analysis  of the mono- 
ene, diene, and tr iene fract ions is shown in Table I I I .  

TABLE III 

Analysis of Countercurrent Distribution Fractions for Filtrate 2 

47 

Time, Min 
FIG. 3. Gas - l i qu id  p a r t i t i o n  c h r o m a t o g r a m s  o f  F i l t r a t e  2 

d i e n e :  a .  L e f t  s ide  o f  CCD w t  cu rve ,  t r a n s s  No .  350. b.  R i g h t  
s ide  of  CCD w t  cu rve ,  t r a n s f e r  No .  410.  C o l u m n :  4 f t  • ~ in.  
1 0 %  p o l y v i n y l  a ce s  on  6 0 - 8 0  m e s h  c h r o m o s o r b ,  T 169C, 50 
m l / m i n  A r g o n  f low r a t e ,  2 5 0 - m m  p r e s s u r e ,  i o n i z a t i o n  d e t e c t o r .  

I n  order  to improve t h e  separat ion of the dienes 
another  sample of F i l t r a t e  2 was separated.  The 
monoene peak ( t ransfers  1 to 349) was collected and  
combined with the monoene of F igu re  2a, and the 
diene peak ( t ransfers  350-441) was recycled unti l  
1,000 t ransfers  had been appl ied;  collection of diene 
was then begun. Plot  of the weight curve through 
1,340 t ransfers  appears  in F igure  2b. Representat ive 
samples were analyzed by  in f ra red  for  trans content, 
and f rom the  data, curves for  the isomeric dienes were 
calculated and plotted. F r o m  par t i t ion coefficients of 
K = 4.60 for  cis,trans and K = 4.24 for  cis,cis isomers 
it was calculated that  about  1,700 t ransfers  could be 
appl ied before mixing would occur in our  200-tube 
CCD instrument .  

On recombination of the tubes of F igure  2b the 
dienes were subjected again to CCD. The par t i t ion 
coefficients (Fig.  2c) were 4.71 for  the cis,trans 

~)noene ,  b 
Fig. 2a 

Diene, b Fig. 2a 

A, Fig. 2e 

B, Fig. 2c 
O, 1~ig. 2c 

D, Fig. 2c 

Triene, b Fig. 2a 

U.Y. analysis 
after alkali Dicarboxylic acids by oxidative cleavage 

Yield T r a n s  isomer~zation 
go % 

C5 C6 C~ Cs C9 Clo Cn C~ 
% % % % % % % % 

12.2 

64.2 

7.6 a 

14.5 a 
13.0 a 

29.1 a 

23.6 

9.6 

22.1 

88.3 

39.7 
9.9 

4.6 

7.7 

Diene T r i e n e  
% % 

0.8 

47.5 

8.7 

33.3 
62.5 

69.5 

O.0 1OO.0 . . . . . . . .  

0.2 

4.3 
1.4 
2.6 
1.2 
1.2 

1.5 

1.0 
0.6 

10.4 
1.4 
9.5 
5.8 

11.4 
3.5 

14.2 
3.1 
7.0 

trace 

1.6 
2.0 

5.0 
1.7 
4.0 
3.8 
3.3 
2 .6  
2.8 
1.3 
2.9 
1.O 

3.9 
2.4 

3.3 
4.1 
3.5 
6.6 
4.0 
3.4 
4.1 
2.6 
5.2 
4.0 

58.6 
65.0 

41.5 
50.0 
56.0 
61.6 
63.6 
74.0 
64.4 
79.6 
81.9 
93.0 

3.7 
2.8 

15.2 
23.3 

5.6 
6.0 
2.4 
1.2 
1.8 
1.7 
1.4 
2.0 

13.9 
16.6 

12.1 
12.9 
15.2 

6.0 

1.9 

4.0 

8.7 
7.7 

6.9 
5.2 
2.1 
8.9 

13.0 
12.8 
11.1 

7.7 

C~ C14 C1~ 
% % % 

2.8 5.4 5.4 
2.6 4.0 

1.1 

0.7 

1.7 1.7 

a Values based on the total filtrate and their sum equal 64.2'%. 
b Top row of figures are by LLC; bottom row of figures are  by GLC. 
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b 

- -  I 
15 

J I 
30 

Time, Min 
45 

l~m. 4. G a s - l i q u i d  p a r t i t i o n  c h r o m a t o g r a m s  of d i e n e  from 
F i l t r a t e  2 :  a .  : F r a c t i o n  A r i c h  i n  t r a n s  i s o m e r s ,  b .  F r a c t i o n  D 
r i c h  i n  c i s ,  c i s  i s o m e r s .  C o l u m n :  4 f t  • 1~ i n .  1 0 %  e t h y l e n e  g l y -  
co l  s u c c i n a t e  on  8 0 - 1 0 0  m e s h  c h r o m o s o r b ,  T 1 5 0 C ,  4 0  m l / m i n  
A r g o n  f l o w  r a t e ,  2 5 5 - m m  p r e s s u r e ,  i o n i z a t i o n  d e t e c t o r .  

and 4.24 for  the cis,cis isomers. Fract ions A, B, C, 
and D were obtained for analysis. Each was checked 
for  eonjugatable isomers, for  trans content, and for  
positional isomers by  alkali isomerization, by  in f ra red  
spectra, and by  oxidative cleavage, respectively. The 
cleaved acids were analyzed by  liquid-liquid chroma- 
tography  (LLC)  and, af ter  conversion to methyl  esters 
with diazomethane, by GLC. Results are included in 
Table I I I .  Typical  GLC curves for  Fract ion  A (rich 
in cis,trans) and of Fract ion  D (rich in cis,cis) are 
depicted in F igures  4a and 4b, respectively. 

F i l t ra te  1 was fraet ionated by  CCD in a manner  
comparable to tha t  just  described for  Fi l t ra te  2. Since 
results were similar, for brevi ty  the data have been 
omitted. 

Filtrate 5. The unsa tura ted  components in Fil-  
t ra te  5 were almost exclusively monoenes (by GLC) 
with a low trans content. Positional isomer results 
are lis~ed in Table IV. 

Crystal 3. This fract ion was also predominant ly  
monoene (94.3% by  GLC) containing about 50% 
trans isomer. It ,  too, was separated by CCD and col- 
lection s tar ted at  200 transfers.  

F igure  5a showed that  cis aud trans isomers had 
peaks very  close together with par t i t ion const of 8.0 
and 7.6, respectively, which would require about 3,000 
t ransfers  for separation. Transfers  280-380 (Fig.  5a) 
were combined and then resubjeeted to 3,050 trans- 
fers. An increase in rate of movement  of components 
in the CCD ins t rument  was not as ant icipated and 
pa r t  of the first peak was recycled into the instru- 
ment  before wi thdrawal  of tubes was begun at 3,050 
transfers .  The wt and isomer curves are shown in 

800 

720 

640 

560 

480 

400 

320 

a 

24G 

.,~ 16C 

8G 

f t Weight . . . .  �9 e,-,.tran s 
. - . -e- . .ds 
.......... ep,,,,,,,,Sa tuta ted 

\/ 
a ~,l il 

240 280 320 360 400 440 480 520 560 200 600 

h 
A~ C I B I ( ] A 

160 - 

s S'''aS "~ ~'i 
:a..s" 

3050 3090 3130 3170 3210 3250 3290 3330 3370 3410 3450 
Transfer Number 

FIG. 5. C o u n t e r c u r r e n t  d i s t r i b u t i o n  curves  o f  C r y s t a l  3:  
a.  C r y s t a l  3.  b .  lV[onoene  f r o m  5a ,  r e c y c l e d  3 , 4 5 0  t r a n s f e r s .  

Figure  5b. Analyt ical  results for Frac t ion  A (rich 
in trans),  for Frac t ion  B (rich in cis), anti for  Frac-  
tion C are shown in Table IV. 

Results and Discussion 
Hydrogenation. The composition of the s tar t ing  

linolenate concentrate as determined by  GLC was in 
agreement  (Table I )  with tha t  determined by alkali 
isomerization. The two methods as anticipated failed 
to agree for the hydrogenated  product ;  however, GLC 
analysis was more rap id  and was considered to give a 
clearer picture of the type  and approx  proport ion of 
the components. I t  is assumed that  the area for  a 
component is direct ly proport ional  to its molar con- 
eentration. When considered together the two meth- 
ods reveal  some details of importance. For  example 
both methods were in agreement for  the triene con- 
tent. Contrariwise, the diene content by GLC was 
2 �89 greater  than  the isomerization value, and  
suggested large amounts of noneonjugatable dienes. 

T A B L E  I V  

Analys i s  of C o u n t e r c u r r e n t  D i s t r i bu t ion  F r a c t i o n s  for  F iRra t e  5 and  Crys ta l  3 

F r a c t i o n  

F i l t r a t e  5 .......................................... 

Cryst .  3 ............................................. 
~ o n o e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A .................................................. 

B .................................................. 

C .................................................. 

Yield I .V .  % 

5.4 ...... 

11.3 79.6 

92.5 ...... 

27.5 a 85.5 

7.9 a 83.7 

57.2 a 84.6 

] n i c a r boxy l i e  acid  da ta  a f t e r  o x i d a t i v e  cleavage,  mole T r a n s  i 

(Jo ~ . . . . . . . . .  
_ _ _ _ 1  r I C9 l Clo Cll C12 i_ C1.2 C'14 

17.3 2.7 44.2 i 8.5 4.5 24.9 i . . . . . . . . . . . .  
1.2 36.5 ] 7.2 3.9 32.0 ! 3.0 4.0 

89.7 4.8 4.8 19.0 16.3 9.7 14.4 ~ . 
4.5 4.7 ] 8.1 15.7 11.0 14.9 17.6 

5.8 ...... 1.7 1.6 3.0 41.6 52.1 52.1 
0.6 2.3 1.4 5.6 40.3 0.7 2.5 

55.2 3.0 4.2 14.4 12.5 16.9 7.0 42.0 
1.7 3.9 10.2 11.4 17.9 7.7 7.8 

~ a  

C,5 

1 3 . 3  
13.0 

31,2 
9.6 

52.1 
43.3 

42.0 
30.7 

C t~ 

1.9 

31.2 
5.8 

52.1 
3.6 

42.0 
7.9 

a The  sum of these  monoene  f r ac t ions  equals  92 .5%.  
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Because hydrogenation results in only a small 
change in mol wt, we shall consider wt per cent and 
mole per cent to be the same. Table I shows that  
hydrogenation reduced the linolenate by 48 mole %, 
increased the linoleate by 29 mole %, and increased 
the oleate by  about 17 mole %. Published rates of 
hydrogenation of linolenate and linoleate (14,15,17, 
18) indicate tha t  linolenate reacts at about twice the 
rate of linoleate, but  we are unable to calculate with 
certainty the source of the monoene increase because 
monoenes are known to be formed directly f rom tri- 
enes without the intermediate formation of dienes. 
F o r  example, Bailey (14,15) concluded that  linolen- 
ate reacts with 1 mole of hydrogen to produce a small 
amount of monoene without intermediate formation 
of diene. Hildi teh (16) came to the same conclusion 
on part ial  hydrogenation of methyl eleostearate. 

Low-Temp Crystallization of Hydrogenated Lino- 
lenate. Although crystallization procedures make it 
feasible to process either large or small quantities, it 
will be seen that  separation of components in our 
par t ly  reduced linoleate was very  inadequate, making 
it necessary to resort  to CCD for more complete sep- 
aration. Observation of iodine values in Table I I  
would suggest good separation, but  when actual com- 
positions were determined, anomalies became obvious. 
Trienes~ although being most unsaturated,  did not 
appear exclusively in F i l t ra te  1. This fract ion was 
richer in dienes than expected and also contained 
some monoene. The alkali isomerizable diene of Fil- 
t rate  1 may  be linoleate because its amount agreed 
with that  in the original concentrate. The presence 
of noneonjugatable cis,cis diene seemed certain be- 
cause the total diene exceeded the sum of the conju- 
gatable and the trans isomers. 

Fi l t ra te  2 was, obtained under  conditions which per- 
mitted most of the linoleate to remain in solution. 
Conjugatable diene was greater than for Fi l t ra te  1 
suggesting that  cis,cis conjugatable diene was linote- 
ate. A considerable proport ion of cis,cis noneonju- 
gatable diene was also present because the total diene 
exceeded the sum of the conjugatable and trans iso- 
mers. The triene content in Fi l t ra tes  1 and 2 was 
abont the same for the three methods: GLC, CCD, and 
alkali isomerization. This agreement may mean that  
the triene was all linolenate. This assumption was 
supported by  the oxidative cleavage results which 
show that  the principal  dibasic acid was azelaic. 

Fil trates 3 and 4 were minor intermediate fractions 
and were not studied. Fi l t ra te  5 and Crystal  3 were 
chiefly monoenes. As expected, Crystal 3 showed a 
higher trans content than Fi l t ra te  5, nevertheless 
one finds equal amounts of c/s and trans isomer in 
Crystal 3 .  

Oxidative data for  the monoenes of Crystal 3 (Ta- 
ble IV) reveal a wide distribution of unsatura ted  
bonds from carbon atoms 8 through 12. While cis 
monoenes with double bonds at carbons 9 and 12 were 
expected, the presence of cis bonds at carbons 8 and 
11 was due to migrat ion of the 9 and 12 bonds. 

Separation of Fractions by CCD. Data in Table 
I I I  for  F igure  2c show tha t  geometric isomers were 
separated by CCD when a large number of t ransfers  
were applied. Calculations based on the separation of 
peaks in the weight curve (Fig. 2c) indicated the pos- 
sibility of complete separation being achieved with a 
500-tube CCD instrument.  Our 200-tube apparatus  
limited the t ransfer  number  to 1,700 for these two 
components, beyond which head and tail  fractions 
mix upon recycling. Alternately,  an improved system 

of immiscible solvents would permit  a smaller number  
of transfers. The CCD technique does permit  the 
collection and analysis of separate t ransfers  for  sub- 
sequent combination of any desired fract ion or peak. 
Diene fractions of Fi l t ra te  2 were obtained in this 
manner.  The trans isomer content of Fract ion A 
(Fig. 2c) showed a fourfold increase as compared 
with the diene peak of F igure  2a. Fract ion D (Table 
I I I )  was composed almost ent irely of cis, cis dienes. 
(The infrared spectrum had a shoulder at 10.34 /~ 
and becanse the trans content had been calculated by 
the base line technique the 4.6% shown in Table IV 
may be too large.) As previously stated, the GLC 
curves for  this fract ion (Figs. 3a and 3b) were mark- 
edly different. Fract ion A (Fig. 2e) showed at least 
two components while Fract io~ D showed a major  
peak and a tai l ing shoulder, signifying the presence 
of more than one component. The alkali isomerizable 
cis, cis dienes (Frac t ion  D of Table I I I )  failed to 
show separable components by GLC. Since cis,trans 
or trans,cis linoleate isomers were 80% isomerized 
using 6.6% K O H  at 180C for 45 rain, and since no 
evidence of the presence of trans,trans dienes was 
obtained, it is inferred that  the low value for this 
type of diene in Fract ion A might be due to the 
presence of small amounts of dienes containing the 
alkali isomerizable pentadiene system. Other dienes 
were, therefore, isomers with one trans bond whose 
positions were located by oxidative cleavage. 

The recovery of dibasic acids by the periodate per- 
manganate method used was 80-85% of theory for 
" p u r e "  linoleic acid. Two dibasic acids are formed 
from each dienoie acid on oxidative cleavage. The 
" p r i m a r y "  one due to cleavage of the bond nearest 
the carboxyl and the "secondary" one due to cleav- 
age at the other double bond. The third acid will be 
monobasic. Thus malonic acid will be considered to 
be " s eco n d a ry . "  Dibasic acids of low-reel wt are 
quite soluble in water  so quantitat ive recovery of 
these and of short  chain monobasic acids by ether 
extraction f rom saturated aqueous sodium solution 
was not attained. LLC gave satisfactory results for  
dibasic acids actually applied to the column within 
the range of C~-CI~ but  was inadequate for  longer 
chain acids. GLC, however, was adequate for  esti- 
mation of these and longer chain acids af ter  forma- 
tion of the diesters with diazomethane. (We subse- 
quently ascertained that  a solution of boron triflu- 
oride in methanol is preferable for the preparat ion 
of diesters.) 

LLC data in Table I I I  for  Fi l t ra te  2 (Fractions" 
A-D)  show total  dibasic acids of about 80-85 mole 
% recovery, whiclh was considered normal for  our  
cleavage method. Assuming that  Cs and higher di- 
basic acids are p r imary  and that  C7 dibasics may be 
either p r imary  or secondary, the data of Table I I I  
have been adjusted to 100% and incorporated i n t o  
Table V. 

Fract ion D of F i l t ra te  2 was practical ly all cis,cis 
diene. Hydrogenat ion of linolenate should produce 
9,12, 9,15, and 12,15 dienes which on oxidative clear- 

TABLE V 

P r i m a r y  Dicarboxylic Acid Data  for Filtrate 2 by LLC 
Adjusted to 1 0 0 %  

S a m p l e  

Filtrate 2 
Diene A 
Diene E 
Diene C 
Dis I )  

. . . . .  Ca (]9 01o Cn C~ Ct8 

4.2 52.5 19.2 15.8 8.7 ...... 
4 . 2  6 8 . 0  6 . 8  1 8 . 4  ~ . 6  . . . . . .  
4 . 7  7 5 . 6  2 . 9  . . . . . .  1 5 . 5  1 . 3  

/ 5 . 0  1 7 8 . 4  I 2 . 2  I . . . . . .  I 1 3 . 5  I 0 .9  
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FIG. 6. Gas-liquid partition chromatograms of dienes: .a. Di- 
enes from hydraz~ne reduction of methyl linolenate--standard. 
b. Filtrate 2, diene C. c. Filtrate 2, diene B. d. Filtrate 2, 

�9 diene A. Column: 200-ft capillary, 0.010-in. i.d. coated with 
Apiezon L. 200C, pre:ssure 60 psi argon, ionization detector Sr 9~ 

age should give C9 and C12 pr imary  and C6 and C~ 
secondary dibasic acids. Table V shows that  the first 
three are the principal dibasic acids produced. Inter- 
pretat ion of the quanti tat ive distribution of these 
dienes in this f ract ion follows: 13.5% of 12,15 is 
indicated by  the C12 diacid; 56% of 9,12 is arrived 
at by subtracting the 12,15 diene content f rom the 
total isomerization value of 69.5%; 22.4% of 9,15 
results f rom subtraction of the 9,12 content of 56% 
from the total diacid value of 78.4%. Their  sum is 
about 92%, leaving 8% for  distribution among the 
small amounts of cis)trans and other noneonjugatable 
cis, cis dienes. The total nonconjugatable diene of 
about 30.5%, when reduced by the 22.4% of 9,15 
diene as estimated, gives 8% which is in excellent 
agreement with the 8% also estimated above. The 
other dibasic acids ia  Fract ion D present  in minor 
amounts are Cs and C~o. Since bond movement was 

T A B L E  Vl 

D i e n e  I s o m e r s  of  F i l t r a t e  2 

P e r  cen t  i s o m e r  
S a m ~ , ~  

9 ,12  12 ,15  9 ,15  O t h e r  

F i l t r a t e  2 
O . . . . . . . . . . . . . . . . . . . . .  47 .0  15 .5  28 .6  8.9 
D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 .0  , 13 .5  22 .4  8.1 

suspected, we suggest that  dienes with one trans bond 
in these positions were present. However, the cis,trans 
content was lower than the total of the Cs and C10 
diacids, indicating the presence of cis,cis dienes with 
double bonds start ing at these positions. 

Fract ion C was similar to Fract ion D. Although 
t h e  cis,trans content was greater  in Fract ion C than 
in D, no significant change in dibasic acid content 
was noted. I t  contained 15.5% of 12,15, 38.8% of 
9,12, and 36.8% of 9,15 positional isomers if one as- 
sumes that  all C12 dibasic acid came from cis,cis 12,15 
diene, with about 9% at t r ibuted to trans dienes with 
one bond in each position. 

Trans isomer content was much larger in Fractions 
A and B than in C and D. Analysis of Fract ions A 
and B show a decrease in C9 and C12 diacids and an 
increase in Ci0 and Cll diacids. The 9 and 12 bonds 
may have migrated to form conjugated 10,12 and 
9,11 dienes which by 1,4 addition of hydrogen yielded 
dienes with double bonds at positions 10 and 11. The 
other bond in these dienes will be at the 15,16 position. 

GLC results when coupled with isomerization data 
permit  the comparison of the geometric isomers of 
Fi l t ra te  2. Data  in Table VI  show that Fract ion D 
was richer in cis,cis 9,12 diene and poorer in cis,cis 
9,15 diene than  Fract ion C. Thus CCD caused some 
separation of cis,cis isomers. 

Filtrate 5. Oxidative cleavage data show that the 
major  monoenes of Fi l t ra te  5 are C9, C12, and C15, 
with their  total about equal to the cis content. We 
assume that  other isomers (Table IV) are trans. The 
greater  amount  of C~ monoene in Fi l t rate  5 as com- 
pared with Crys t a l  3 shows that  ]ow-temp crystalli- 
zation effectively separated o leate f rom other posi- 
tional cis and trans monoenes. 

Crystal 3. All three fractions of Crystal 3 show 
significant amounts of C16 monoene, denoting migrat-  
ing of the 15,16 bond away f rom the carbo xyl. Frac-  
tion B was almost entirely composed of Cle and C15 
cis monoenes. They have a higher  mp than oleic acid 
and thus resemble trans monoenes in solubility char- 
aeteristies, a part ial  explanation of why they were 
found in Crystal 3 fraction. 

Capillary Gas Chromatographic Identification of 
Isomers. Concurrent ly  with this investigation, the 
part ial  chemical reduction of linolenic acid by hydra-  
zinc was shown to give cis,cis 9,12, 9,15, and 12,15 
octadecadienoates (12). Capil lary gas liquid chroma- 
tograms of these components simplifies the interpreta-  
tion of the results previously discussed in this paper  
so this confirmatory evidence will be submitted. Di- 
enes f rom hydrazine reduction were resolved into 
three well-defined peaks (Fig. 6a) identified as 9,12, 
9,15, and 12,15 cis,cis dienes. This GLC cuve serves as 
a s tandard for  comparison of emergence position with 
dienes produced by part ial  catalytic hydrogenation. 

Capillary gas chromatograms were also useful in 
ident ifying the monoene ester fractions. Par t ia l  chemi- 
cal reduction of linolenic acid with hydrazine also 
gave c/s monoenes with double bonds exclusively at 
positions 9, 12, and 15. Capil lary GLC for this mix- 
ture  (Fig. 7a) showed elation in order of the 9, 12, 
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Fro. 7. Gas-liquid partition chromatograms of monoenes: 

a. l~onoenes from hydrazine reduction of methyl linolenate-- 
standard, b. ~Iethyl oleate and methyl elaldate--s~andard. 
c. Filtrate 5. d. CryStal 3-B. e. Crystal 3-A. Column: 200-ft 
capillary, 0.010-in. i.d. coated with Apiezon L. 200C, pressure 
60 psi argon, ionization detector Sr 9~ 

and 15 carbon positions and its ehromatogram was 
used as another  s tandard.  F igu re  7b shows a capil- 
l a ry  GLC curve for  a s tandard  oleic-elaidic e s t e r  
mixture,  with elution peaks in this order. 

Filtrate 2 Dienes. Fract ions  C and D gave a curve 
(Fig.  6b) similar to that  of the s tandard  and was 
composed presumably  of the same cis,cis dienes. A l -  
though Frac t ion  C contained 10% trans isomers, i t  
gave no corresponding elution peak. 

Frac t ion  B (Fig.  6c) par t ia l ly  separated into three 
peaks with the first and second at the 9,12 and the 
9,15 regions. The th i rd  appeared  before the 12,15 

region and may  be trans isomers. 
Frac t ion  A (Fig.  6d) showed two well-defined peaks 

with a slight shoulder thereafter .  Here  again the first 
peak covered both the 9,12 and 9,15 region while the 
second was to the lef t  of the 12,15 region. Since this 
f ract ion contained 88% trans isomers, these peaks 
could represent  ei ther cis,trans (or trans,cis) or posi- 
tional isomers. The first peak suggests one of the 
double bonds was at the C9 position. Moreover the 
relative area  of t~he first peak (51%) and the C9 
dicarboxylic acid content of 52.5% in Table V were 
in agreement.  The C9 position should be a cis bond 
so we suggest  that  the first peak was cis,trans and 
tha t  the- second was trans,cis dienes. Cleavage defi- 
ni tely showed a t  least five positional isomers which 
t h e  capi l lary  column failed to separate.  Positional 
isomers with one trans double bond are most difficult 
to resolve even with a 200-ft capi l lary column. 

F i l t ra te  5 (Fig.  7c) showed three peaks plus a 
shoulder a f t e r  the second peak. The first peak agreed 
with the 9 monoene region (Fig.  7a) and its relative 
area of 4 6 %  also agreed with  the C9, diearboxylic 
content of 44% in Table IV. The second peak corre- 
sponded to the region of both the cis 12 monoene and 
methyl  elaidate. T h i s  pea k area was about 43%, 
whereas the C12 dibasic content was about 25%. How- 
ever, if  the values for  the trans content (17.3%) and 
the C12 diacid content (24.9%) are totaled, good 
ag reemen t  is obtained. We deduce tha t  the second 
peak included both the cis 12 and the trans monoenes. 
The last  peak was c/s 15 monoene with its area of 
about  11% in f a i r  agreement  with the 13% C15 
dibasic content in Table IV.  

Crystal 3. Frac t ion  B of F igure  7d showed four  
peaks, the two ma jo r  ones we:re cis 12 and cis 15 
monoenes and  gave areas of about 45% and 43% 
as compared with dibasic contents of 41% and 43%, 
respectively. The thi rd  peak or shoulder was prob- 
ably a mix ture  of trans and cis monoenes while peak 
four  could be a trans monoene mixture.  

F rac t ion  A (Fig.  7e) was pa r t l y  resolved into three 
peaks with a shoulder between the second and th i rd  
peak. The last peak area  of 6% agreed with the C16 
dibasic content (Table iV)  of about 6%. The first 
peak eluted in the region of cis 12 monoene and elai- 
date and  m a y  repTesent all trans monoenes f rom Cs 
to C12, as well as cis 12 monoene. 
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