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comprised about 5% of the nitrated methyl oleate.

Some nitro derivatives obtained from nitrations
using acetyl nitrate are unstable at elevated tem-
peratures (2). Nitro-acetates derived from styrene,
for example, were found to decompose into acetic
acid and pB-nitro styrene on attempted distillation
(10). Although the derivatives deseribed in this
paper were also unstable at high temperature, no
apparent decomposition occurred under normal han-
dling conditions.

The principal impurity formed in reduction of the
isomerie nitro 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.

Unsaturated fatty acids have been nitrated pre-
viously with N2O, 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 acetyl nitrate at room tempera-
ture has enabled us to nitrate methyl oleate without
encountering these difficulties. This reagent is also
being used for nitrating methyl linoleate, methyl lin-
olenate, and fractions of methyl esters derived from
menhaden oil (14). In these nitrations, nitro, acet-
oxy-nitro, and nitro-nitrato groups were introduced
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into the fatty acid chains using conditions similar to
those described here.

In conclusion, acetyl nitrate is a convenient and
effective reagent for nitrating a variety of unsatu-
rated fatty acid derivatives. Compounds obtained
from these nitrations are potentially useful interme-
diates for synthesizing derivatives having groups cen-
trally located in the molecule such as amines, amino-
acetates, and amino-aleohols.
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Hydrogenation of Linolenate. VIL Separation and Identification
of Isomeric Dienes and Monoenes’

B. SREENIVASAN,” JANINA NOWAKOWSKA, E. P. JONES, E. SELKE, C. R. SCHOLFIELD and
H. J. DUTTON, Northern Regional Research Laboratory,® Peoria, Illinois

Abstract

Isomeric dienes and monoenes produced by
partial hydrogenation of linolenic acid have
been separated by the combined use of low-temp
crystallization and eountercurrent distribution.
Cis,trans dienes have been separated from cis,cis
dienes. Cis,cis conjugatable dienes have been
partially separated from eis,cts nonconjugatable
dienes. Dienes with one trans double bond were
separated by gas chromatography into two
groups: cis,frans and trauns,cis. Individual posi-
tional isomers could not be separated.

Cis-9 monoene was separated from eis-12, ¢is-15,
and frans monoenes by low-temp ecrystallization.
Countercurrent distribution at 3,000 transfers
only partially separated this mixture of cis-12,
cts-15, and trans monoenes. The double bond in
both cis and frans 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 countercurrent distribution
fractions has produced samples containing 95%
cis,cis dienes; 90% cis,trans or trans,cis dienes;
95% cis monoenes; and 90% trans monoenes.

1 Presented at the AOCS meeting at Chicago, Ill., 1961.

2 Present address: The Tata Oil Mills Co., Ltd., Sewri, Bombay,
India.

3 A laboratory of the No. Utiliz. Res. & Dev. Div.,, ARS, U.S.D.A.

Introduction

KESEARCH of the last decade on the hydrogenation
of unsaturated fatty 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 from frams monoenes but experimental details
were not given. Lemon (8) hydrogenated linseed oil
until no alkali isomerizable acids were present and
isolated an ‘‘isolinoleic’’ acid having at least one dou-
ble bond in #rans configuration. Rabello and Daubert

*(9) hydrogenated linolenic acid to a similar degree

and isolated (by low-temp crystallization) an ‘‘iso-
linoleic’’ aeid concentrate composed of at least three
positional isomeric dienes. This concentrate included
only a part of the dienes formed since a majority was
lost in the fractionation procedure.

Rebello and Daubert (9) have pointed out that 15
positionally isomerie dienes could be formed from
linoleic 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 dienes in partly reduced linolenic
acid becomes staggermg .

The first paper in this series (10) showed that
dienes formed by partial catalytic hydrogenation of
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TABLE I
Analysis of Linolenate Concentrate and Hydrogenated Linolenate Concentrate
Gas chromatography ¢ Alkali-isomerization Trans
Substance 1.V. Oleate Linoleate | Linolenate Oleate Linoleate | Linolenate 1 ?‘g 4
monoene diene triene monoene diene triene elaldate
% o o % % Yo °
Linolenate concentrate®.. 251.2 3.4 21.4 75.2 3.1 20.4 76.5
Hydrogenated
}iinolgenate concentrate. 169.6 21.8V 50.5 277 | 20.8 29.7 23.6

a Preconjugated diene 0.7%. Preconjugated triene nil.
b Includes 0.6% saturated.
¢ Relative peak area.

400 G dissolved in 8 1 methanol, crystallized at —70C;
crystals dissolved in 4 1 methanol and recrystallized at -70C
s )
Crystal—178 g
Dissolved in 5 1 methanol and crystallized Filtrate 1
at —60C.
(F1) 222
Crystals recrystallized from 2 1 methanol g
at —60C.
{ {
Crystal 1*~—100 g
Dissolved in 4 1 methanol and crystallized Filtrate 2
at —60C.
. F
Crystals recrystallized from 2 1 methanol (F2)83 9
at —60C.
s 5
Crystal—86 ¢
Dissolved in 4 1 methanol and crystallized Filtrate 3
at —50C.
Crystals recrystallized from 2 1 methanol (F3) 144
at —50C.
s \
Crystal 2—67 g
Dissolved in 3.3 1 methanol and crystal- Filtrate 4
lized at —40C. (F4
Crystals recrystallized from 1.5 1 metha- ) 16 ¢
nol at —40C.
1 J
. Filtrate 5
Crystal 3 (C;)—45 g (F5) 22 9

Fi1c. 1. Scheme of erystallization of hydrogenated linolenate.

2 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 fraction by countercurrent distribution, and
that this fraction could be partially resolved by sub-
sequent fractional crystallization. This paper reports
separation of (1) cts,cis from cis,trans (or trans,cis)
and from trans,trans dienes; and (2) c¢is from trans
monoenes by the use of fractional crystallization as
the primary separation procedure, and countercur-
rent distribution (CCD) as the subsequent resolving
tool.
Experimental

Hydrogenation. A linolenate concentrate was ob-
tained as filtrate fraction by ecrystallizing methyl
esters of linseed oil from a 5% solution in methanol
at —70C. Approx 400 g of concentrate was hydro-
genated in a Parr hydrogenation bomb at 140C at a
gauge pressure of 0-5 psi using 0.5% nickel catalyst
(Girdler G-15) until 1 mole of hydrogen was ab-
sorbed. A turbine-type stirrer 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 after hydrogenation.
Analytical methods used for fatty acid composition
were by gas-liquid chromatography (GLC) and by
alkali isomerization and for frams isomers were by
infrared. Instruments used were substantially the
same as previously (10) described. Cis,frans dienes
were determined by the method proposed by Jackson
(11)% et al.

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

Countercurrent Distribution. Filtrate 2 (20-g sam-
ple) was separated into monoenes, dienes, and trienes
by countercurrent distribution (CCD) using 10 ml
of pentane-hexane as upper phase and 40 ml of ace-
tonitrile as lower phase (10). After the application of
250 transfers, samples were collected and the weight
curve (Fig. 2a) was determined. Samples from the
left and right side of the diene peak (arrows) were
analyzed by GLC. The former gave two major partly

4 Since initiation of this work a paper by W. E. Tolbert and D. H.
Wheeler [JAOCS 35, 385-388 (1958)], and one by J. R. Chipault,

and J. M. Hawkins [JAOCS 36, 535-539 (1959)] have disclosed im-
provements in the analysis of complex diene mixtures.

TABLE II
Analysis of Crystallization Fractions
Gas chromatography® Countercurrent distribution ¢ Alkali
by s Yield Y stributio isomerization
raction % 1.V,
° v Monoene | Diene Triene |Monoene| Diene Triene Diene Triene Trans
% o % 0 ) 2 %o % %
Fll 1, —700 55.4 202.5 2.2 51.2 46.6 50.4 42.6 22.4
Pil. 2, —60C. 20.7 183.8 11.2 67.9 20.9 64.2 21.9 21.1
Fil. 8, —60C. 3.4 150.2 36.0 54.7 9.3 7.0 27.5
Fil. 4, —50C. 3.9 109.5 70.2 298 | ... 0.8 13.4
Fil. 5, —40C. 5.4 86.9 100.0 | ieh | e | e | e | e 2.0 e 17.3
Cryst. 3, —40C 11.3 79.6 9%% .............................. 52.7
a

"8 Saturated.
b Relative peak area.

¢ Wt, %
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Fia. 2. Countercurrent distribution curves of Filtrate 2 and

its

diene fraction: a. Filtrate 2. b. Diene reeycled, 1,000 trans-

fers (first run). ¢. Diene reeycled, 1,700 transfers (second run).

separated peaks (Fig. 3a) while the latter (Fig. 3b)
showed one major component. Analysis of the mono-
ene, diene, and triene fractions is shown in Table III.

TABLE
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Transfer 350

Transfer 410

t
15

30
Time, Min
F1a. 3. Gasliquid partition chromatograms of Filtrate 2
diene: a. Left side of CCD wt curve, transfer No. 350. b. Right
side of CCD wt curve, transfer No. 410. Column: 4 ft X 14 in.

10% polyvinyl acetate on 60-80 mesh chromosorb, T 169C, 50
ml/min Argon flow rate, 250-mm pressure, ionization detector.

In order to improve the separation of the dienes
another sample of Filtrate 2 was separated. The
monoene peak (transfers 1 to 349) was collected and
combined with the monoene of Figure 2a, and the
diene peak (transfers 350-441) was recycled until
1,000 transfers had been applied; collection of diene
was then begun. Plot of the weight curve through
1,340 transfers appears in Figure 2b. Representative
samples were analyzed by infrared for frans content,
and from the data, curves for the isomeric dienes were
calculated and plotted. From partition coefficients of
K = 4.60 for cis,trans and K = 4.24 for cis,cts isomers
it was calculated that about 1,700 transfers could be
applied before mixing would occur in our 200-tube
CCD instrument.

On recombination of the tubes of Figure 2b the
dienes were subjected again to CCD. The partition
coefficients (Fig. 2¢) were 4.71 for the cis,trans

III

Analysis of Countercurrent Distribution Fractions for Filtrate 2

U.V. analysis ) X X
after alkali Dicarboxylic acids by oxidative cleavage
Yield | Trans isomerization
% % :

Diene | Triene Cs Ce Cr Cs Co C1o Cu1 C1z C1s C14 Cis
) o % % %o %o Yo o Yo o % % Yo

Monoene,?
Fig. 2a 12.2 9.6 0.8 | i | eeeens 1.0 1.6 3.9 58.6 3.7 13.9 8.7 2.8 5.4 5.4
0.2 0.6 2.0 2.4 65.0 2.8 16.6 7.7 26 | .. 4.0
Diene,® Fig. 2a | 64.2 22.1 AT5 | v | e | e | e | e | e | e b e | e b | e [
4.3 10.4 5.0 3.8 41.5 15.2 12.1 6.9 | seee | e | e
A, Fig. 2¢ 7.63 | 88.3 8.7 | .. 1.4 1.4 1.7 4.1 50.0 23.3 12.9 5.2 | v | e | e
2.6 9.5 4.0 3.5 56.0 5.6 15.2 2.1 | e | e | e
B, Fig. 2¢ 14.52 39.7 33.3 | e 1.2 5.8 3.8 6.6 61.6 6.0 6.0 8.9 | ceeeer | e | e
C, Fig. 2¢ 13.02 9.9 62.5 | ... 1.2 11.4 3.3 4.0 63.6 24 | ... 130 | 11 | . e

3.5 2.6 3.4 74.0 1.2 1.9 12.8

D, Fig. 2¢ 29.12 4.6 69.5 | ... 1.5 14.2 2.3 4.1 64.4 1.8 | ... 111 | 0T | veevee | e
3.1 1.8 2.6 79.6 1.7 4.0 TT | eeeeee | e | e
Triene,? Fig. 2a| 23.6 7.7 0.0 100.0 | ... 7.0 2.9 5.2 81.9 R A O N 1.7 1.7
trace 1.0 4.0 93.0 2.0 | el . R L T T

2 Values based on the total filtrate and their sum equal 64.29%.
b Top row of figures are by LLC; bottom row of figures are by GLC.
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F1a. 4. Gas-liquid partition chromatograms of diene from
Filtrate 2: a. Fraction A rich in trans isomers. b. Fraction D
rich in eis,cis isomers. Column: 4 £t X 14 in. 10% ethylene gly-
col suceinate on 80-100 mesh chromosorb, T 150C, 40 ml/min
Argon flow rate, 255-mm pressure, ionization detector.

and 4.24 for the cis,cis isomers. Fractions A, B, C,
and D were obtained for analysis. Each was checked
for conjugatable isomers, for trans content, and for
positional isomers by alkali isomerization, by infrared
spectra, and by oxidative cleavage, respectively. The
cleaved acids were analyzed by liquid-liquid chroma-
tography (LLC) and, after conversion to methyl esters
with diazomethane, by GLC. Results are included in
Table III. Typical GLC curves for Fraction A (rich
in eis,trans) and of Fraction D (rich in eis,cis) are
depicted in Figures 4a and 4b, respectively.

Filtrate 1 was fractionated by CCD in a manner
comparable to that just described for Filtrate 2. Since
results were similar, for brevity the data have been
omitted.

Filtrate 5. The unsaturated components in Fil-
trate 5 were almost exciusively monoenes (by GLC)
with a low #rans content. Positional isomer results
are listed in Table IV.

Crystal 3. This fraction was also predominantly
monoene (94.3% by GLC) containing about 50%
trans isomer. TIt, too, was separated by CCD and col-
lection started at 200 transfers.

Figure 5a showed that cis and #rans isomers had
peaks very close together with partition const of 8.0
and 7.6, respectively, which would require about 3,000
transfers for separation. Transfers 280-380 (Fig. 5a)
were combined and then resubjected to 3,050 trans-
fers. An increase in rate of movement of components
in the CCD instrument was not as anticipated and
part of the first peak was recyeled into the instru-
ment before withdrawal of tubes was begun at 3,050
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Fia. 5. Countercurrent distribution curves of Crystal 3:
a. Crystal 3. b. Monoene from 5a, reeyeled 3,450 transfers.

Figure 5b. Analytical results for Fraction A (rich
in trans), for Fraction B (rich in cis), and for Frac-
tion C are shown in Table IV.

Results and Discussion

Hydrogenation. The composition of the starting
linolenate concentrate as determined by GLC was in
agreement (Table I) with that determined by alkali
isomerization. The two methods as anticipated failed
to agree for the hydrogenated product; however, GLC
analysis was more rapid and was considered to give a
clearer picture of the type and approx proportion of
the components. It is assumed that the area for a
component is directly proportional to its molar con-
centration. 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%%5-fold greater than the isomerization value, and

transfers. The wt and isomer curves are shown in suggested large amounts of nonconjugatable dienes.
TABLE IV
Analysis of Countercurrent Distribution Fractions for Filtrate 5 and Crystal 3
s sy a1 < Dicarboxylic acid data after oxidative cleavage, mole %"
Fraction Y:;ld I.V. 7’0/((”“
° ° Cs Co Cio Cu C1e Ci3 Cue Crs Cis
Filtrate 5. 54 | .. 17.8 2.7 44.2 8.5 4.5 24.9 | e | e 13.3 1.9
1.2 36.5 7.2 3.9 32.0 3.0 4.0 13.0 V.
Cryst. 8 11.3 79.6 522 O e S T T TR PO
Monoene 925 | ... 59.7 | e O O o O IR T R IR PR PPPN
27.52 85.5 89.7 4.8 4.8 19.0 16.3 14.4 31.2 31.2 31.2
4.5 4.7 18.1 15.7 14.9 17.6 9.6 5.8
7.92 83.7 5.8 | ... 1.7 1.6 3.0 52.1 52.1 52.1 52.1
0.6 2.3 1.4 5.6 0.7 2.5 43.8 3.6
57.2% 84.6 55.2 3.0 4.2 14.4 12.5 7.0 42.0 42.0 42.0
1.7 3.9 10.2 11.4 7.7 7.8 30.7 7.9

2 The sum of these monoene fractions 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 9. Published rates of
hydrogenation of linolenate and linoleate (14,1517,
18) indicate that 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 from tri-
enes without the intermediate formation of dienes.
For 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. Hilditch (16) came to the same conclusion
on partial hydrogenation of methyl eleostearate.

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

Filtrate 2 was obtained under conditions which per-
mitted most of the linoleate to remain in solution.
Conjugatable diene was greater than for Filtrate 1
suggesting that cis,cis conjugatable diene was linole-
ate. A considerable proportion of cis,cis nonconju-
gatable diene was also present because the total diene
exceeded the sum of the conjugatable and trans iso-
mers. The triene content in Filtrates 1 and 2 was
about the same for the three methods: GL.C, CCD, and
alkali isomerization. This agreement may mean that
the triene was all linolenate. This assumption was
supporied by the oxidative cleavage results which
show that the prineipal dibasic acid was azelaie.

Filtrates 3 and 4 were minor intermediate fractions
and were not studied. Filtrate 5 and Crystal 3 were
chiefly monoenes. As expected, Crystal 3 showed a
higher trans content than Filtrate 5, nevertheless
one finds equal amounts of cis and frens isomer in
Crystal 8. -

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

Separation of Fractions by CCD. Data in Table
III for Figure 2c¢ show that geometric isomers were
separated by CCD when a large number of transfers
were applied. Calculations based on the separation of
peaks in the weight curve (Fig. 2¢) indicated the pos-
sibility of complete separation being achieved with a
500-tube CCD instrument. Our 200-tube apparatus
limited the transfer number to 1,700 for these two
components, beyond which head and tail fractions
mix upon recyecling, Alternately, an improved system
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of immiseible solvents would permit a smaller number
of transfers. The CCD technique does permit the
collection and analysis of separate transfers for sub-
sequent combination of any desired fraction or peak.
Diene fractions of Filtrate 2 were obtained in this
manner. The trans isomer content of Fraction A
(Fig. 2¢) showed a fourfold inerease as compared
with the diene peak of Figure 2a. Fraction D (Table
11T) was composed almost entirely of cis,cis dienes.
(The infrared spectrum had a shoulder at 10.34
and because the trans content had been caleculated by
the base line technique the 4.69 shown in Table IV
may be too large.) As previously stated, the GLC
curves for this fraction (Figs. 3a and 3b) were mark-
edly different. Fraction A (Fig. 2¢) showed at least
two components while Fraction D showed a major
peak and a tailing shoulder, signifying the presence
of more than one component. The alkali isomerizable
cis,cis dienes (Fraction D of Table II1) failed to
show separable components by GLC. Sinee cis,frans
or trams,cis linoleate isomers were 809 isomerized
using 6.6% KOH at 180C for 45 min, 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 Fraction 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 #rans 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
““pure’’ linoleic acid. Two dibasic acids are formed
from each dienoic acid on oxidative ecleavage. The
‘““primary’’ 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 ‘‘secondary.’”” Dibasic acids of low-mol wt are
quite soluble in water so quantitative recovery of
these and of short chain monobasic acids by ether
extraction from saturated aqueous sodium solution
was not attained. LLC gave satisfactory results for
dibasic acids actually applied to the column within
the range of C5—Ci3 but was inadequate for longer
chain acids. GLC, however, was adequate for esti-
mation of these and longer chain acids after forma-
tion of the diesters with diazomethane. (We subse-
quently ascertained that a solution of boron triflu-
oride in methanol is preferable for the preparation
of diesters.)

LLC data in Table III for Filtrate 2 (Fr‘actions'
A-D) show total dibasic acids of about 80-85 mole
% recovery, which was considered normal for our
cleavage method. Assuming that Cg and higher di-
basic acids are primary and that C; dibasics may be
either primary or secondary, the data of Table III
have been adjusted to 100% and incorporated into
Table V. :

Fraction D of Filtrate 2 was practically all cis,cis
diene. Hydrogenation of linolenate should produce
9,12, 9,15, and 12,15 dienes which on oxidative cleav-

TABLE V

Primary Dicarboxylic Acid Data for Filtrate 2 by LLC
Adjusted to 100%

Sample l Cs ‘ Ce Cao Cu l Cr2 l C1z
Filtrate 2

Diene A 4.2 52.5 19.2 15.3 8.7 | aen

Diene B 4.2° 68.0 6.8 18.4 2.6 | ..

Diene C 4.7 75.6 2.9 | .. 15.5 1.3

Diene D 5.0 78.4 2.2 | . 13.5 0.9
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F1a. 6. Gas-liquid partition chromatograms of dienes: .a. Di-
- enes from hydrazine reduction of methyl linolenate—standard.
b. Filtrate 2, diene C. ec. Filtrate 2, diene B. 4. Filtrate 2,
sdiene A. Column: 200-ft capillary, 0.010-in. i.d. coated with
Apiezon L. 200C, pressure 60 psi argon, ionization detector Sr®.

age should give Cy and C;s primary and Cg and Cs
secondary dibasic acids. Table V shows that the first
three are the principal dibasic acids produced. Inter-
pretation of the quantitative distribution of these
dienes in this fraction follows: 13.5% of 12,15 is
indicated by the C;» diacid; 56% of 9,12 is arrived
at by subtracting the 1215 diene content from the
total isomerization value of 69.5%; 22.4% of 9,15
results from 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,irans and other nonconjugatable
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 in Fraction D present in minor
amounts are Cg and Ciy. Since bond movement was
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TABLE VI
Diene Isomers of Filtrate 2

Per cent isomer
Sample
9,12 12,15 9,15 Other
Filtrate 2
Chuteiriiriciiacirerieniieniiieiecsnns 47.0 15.5 28.6 8.9
Dittiriciiiiiiiiirmrrreresiee i 56.0 13.5 22.4 8.1

“suspected, we suggest that dienes with one trens bond

in these positions were present. However, the cis,frans
content was lower than the total of the Cg and Ci,
diacids, indicating the presence of cis,cis dienes with
double bonds starting at these positions.

Fraction C was similar to Fraction D. Although
the' cis,trans content was greater in Fraction C than
in D, no significant change in dibasic acid content
was noted. It 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 C,. dibasic acid came from cis,cis 12,15
diene, with about 9% attributed to frans 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 Fractions A
and B show a decrease in Cy and C,s diacids and an
inerease in Ciy and Cy; diacids. The 9 and 12 bonds
may have migrated to form econjugated 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
Filtrate 2. Data in Table VI show that Fraction D
was richer in cis,cis 9,12 diene and poorer in cis,cis
9,15 diene than Fraction C. Thus CCD caused some
separation of cts,cis isomers.

Filtrate 5. Oxidative cleavage data show that the
major monoenes of Filtrate 5 are Cy, Ciz, and Cy,
with their total about equal to the cis content. We
assume that other isomers (Table IV) are trans. The
greater amount of Cy monoene in Filtrate 5 as com-
pared with Crystal 3 shows that low-temp crystalli-
zation effectively separated oleate from other posi-
tional cis and frens monoenes.

COrystal 3. All three fractions of Crystal 3 show
significant amounts of C;6 monoene, denoting migrat-
ing of the 15,16 bond away from the carboxyl. Frac-
tion B was almost entirely composed of Cys and Cys
cts monoenes. They have a higher mp than oleic acid
and thus resemble frans monoenes in solubility char-
acteristics, a partial explanation of why they were
found in Crystal 3 fraction.

Capillary GQas Chromatographic Identification of
Isomers. Concurrently with this investigation, the
partial chemical reduction of linolenie acid by hydra-
zine was shown to give cis,cis 9,12, 9,15, and 12,15
octadecadienoates (12). Capillary gas liquid chroma-
tograms of these components simplifies the inferpreta-
tion of the results previously discussed in this paper
so this confirmatory evidence will be submitted. Di-
enes from hydrazine reduction were resolved into
three well-defined peaks (TFig. 6a) identified as 9,12,
9,15, and 12,15 cts,cis dienes. This GLC cuve serves as
a standard for comparison of emergence position with
dienes produced by partial catalytic hydrogenation.

Capillary gas chromatograms were also useful in
identifying the monoene ester fractions. Partial chemi-
cal reduction of linoleni¢c acid with hydrazine also
gave cis monoenes with double bonds exclusively at
positions 9, 12, and 15. Capillary GLC for this mix-
ture (Fig. 7a) showed elution in order of the 9, 12,
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Fia. 7. Gasliquid partition chromatograms of monoenes:
a. Monoenes from hydrazine reduction of methyl linolenate—
standard. b. Methyl oleate and methyl elaidate—standard.
c. Filtrate 5. d. Crystal 3-B. e. Crystal 3-A. Column: 200-ft
capillary, 0.010-in. i.d. eoated with Apiezon L. 200C, pressure
60 psi argon, ionization deteetor Sr™.

and 15 carbon positions and its chromatogram was
used as another standard. Figure 7b shows a ecapil-

lary GLC curve for a standard oleic-elaidic ester

mixture, with elution peaks in this order.

Filtrate 2 Dienes. Fractions C and D gave a curve
(Fig. 6b) similar to that of the standard and was
composed presumably of the same cis,cis dienes. Al-
though Fraction C contained 10% #rans isomers, it
gave no corresponding elution peak.

Fraction B (Fig. 6¢) partially separated into three
peaks with the first and second at the 9,12 and the
9,15 regions. The third appeared before the 12,15
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region and may be {rans isomers.

Fraction 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 left of the 12,15 region. Since this
fraction contained 88% {trans isomers, these peaks
could represent either cis,trans (or trans,cis) or posi-
tional isomers. The first peak suggests one of the
double bonds was at the Cy position. Moreover the
relative area of the first peak (51%) and the C,
dicarboxylic acid content of 52.5% in Table V were
in agreement. The Cy position should be a ¢is bond
so we suggest that the first peak was cis,frans and
that the second was trans,cis dienes. Cleavage defi-
nitely showed at least five positional isomers which
the capillary column failed to separate. Positional
isomers with one trans double bond are most difficult
to resolve even with a 200-ft capillary column.

Filtrate 5 (Fig. Tc) showed three peaks plus a
shoulder after the second peak. The first peak agreed
with the 9 monoene region (Fig. 7a) and its relative
area of 46% also agreed with the C, dicarboxylic
content of 449 in Table IV. The second peak corre-
sponded to the region of both the c¢is 12 monoene and
methyl elaidate. This peak area was about 43%,
whereas the C,» dibasie content was about 25%. How-
ever, if the values for the {rans content (17.3%) and
the Clz diacid content (24.9%) are totaled, good
agreement is obtained. We deduce that the second
peak included both the cis 12 and the trans monoenes.
The last peak was cis 15 monoene with its area of
about 11% in fair agreement with the 13% Cjy;s
dibasic content in Table IV.

Crystal 3. Fraction B of Figure 7d showed four
peaks: the two major ones were 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 third peak or shoulder was prob-
ably a mixture of trans and cis monoenes while peak
four could be a trans monoene mixture.

Fraction A (Fig. Te) was partly resolved into three
peaks with a shoulder between the second and third
peak. The last peak area of 6% agreed with the Cyg
dibasic content (Table 1Vv) of about 6%. The first
peak eluted in the region of ¢is 12 monoene and elai-
date and may represent all trans monoenes from Cg
to Cyz, as well as cis 12 monoene.
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