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Abstract
The reduction of a- and fl-eleostearic acids with

hydrazine has been studied. GLC analysis of the
products coupled with oxidative degradation
u s i n g permanganate-periodate reagent showed a n
init ial a t t a ck mainly a t the 9,10 a n d 13,14 bonds
in the tr iene wi thout change in configuration.
The method should be u s e f u l in s t ruc tu ra l studies
on conjugated fa t ty acids.

Introduction
A L,VAR, (2--7> studied the hy-

rogenation of a number of unsaturated fa t ty
acids and o t h e r ethylenic compounds u s i n g hydrazine.
Fur the r studies b y l~ao (14) and Scholfield (16)
showed t h a t no shifts in double bond position oc-
curred dur ing reductions with hydrazine. More re-
cent ly Du t ton e t al. (13) have proposed hydrazine
reduction of linolenic acid fo r the production of C9,
C~s and C~5 diearboxylic acids by oxidation of the
resultant monoethenoid acids. Most of the studies on
hydrazine reduction have been on methylene inter-
rup t ed systems although Aylward a n d Rao (4) also
studied the reduction of eleostearic acid usin~ iodine
values, UV and IR spectra and melting points fo r
analysis o f the products. These analy t ica l results did
not permit a conclusive evaluation of hydrazine re-
duction of conjugated systems.

The present s t u d y used GLC and oxidative seission
with permanganate-periodate to fol low the course o f
hydrazine reduction of conjugated fa t ty acids and to
determine the resu l t ing products.

Materials and Methods
The ~- and fl-eleostearic acids were prepared from

tung oil by recrystallization of the fa t ty acids ac-
cording to the procedure outlined by Crombie and
Jacklin (12). The conjugated trienoic acids were
f o u n d to be 95% pure by GLC; the methyl eleostea-
ra te was a mixture of a- and t-isomers in the ratio of
81:19.

The reductions were carr ied out by add ing the
fa t ty acids to a 10% solution of hydrazine in a
water-ethanol mixture. Mola r ra t ios of reactants
var ied from 1:3-1:10. The reactions were carr ied out
a t 50C using a magnetic stirrer; excess hydrazine was
removed at the end of the reaction time by washing
with di lute hydrochloric acid.

The mixture of hydrogenated acids was converted
to methyl esters with 2% ItsSO4-methanol a t room
temp for 16 h r u n d e r a nitrogen atmosphere.

A conventional GLC a p p a r a t u s with T /C detector
was used fo r analyses o f the methyl esters. The col-
umn was 8 ft x ~ s in. OD c o p p e r containing o-
phthal ic ethylene glycol polyester (10) on 60-80 mesh
C-22 acid washed firebrick (1:4.5 w / w ) .

Permanganate-periodate oxidations were carr ied out

1 Issued as NRC No. 7987,
2 National Research Council of C a n a d a P o s t d o c t o r a t e Fellow 1961-

1962.

according to the procedure of yon Rudloff (15) as
modified b y Youngs (18) and the scission products
were analyzed by GLC of the methyl esters (11).

Results
GLC analysis of the partially hydrogenated a- and

fl-eleostearic acids (Fig. 1) showed peaks correspond-
ing in emergence times to methyl stearate (peak 1),
octadecenoate (peak 2), conjugated octadecadienoates
(peaks 4,5), conjugated octadecatrienoates (peaks 6,
7), a n d a t race of unconjugated octadecadienoate
(peak 3). The par t ia l reduction of a-eleostearic acid
gave two conjugated dienoic acids (Fig. 1A) ; the first
emerging peak (peak 6) was assigned a cis,trans and
the second (peak 7) a trans,trans configuration. The
similar reduction of the fl-eleostearic acid gave only
one conjugated dienoic ac id , the trans,trans isomer
(Fig. 1B).

The mixture of acids in the partially reduced
products of a- and fl-eleostearic acid (A and B re-
spectively) were oxidized with permanganate-periodate
and the resultant dicarboxylic acids were analyzed by
GLC. The results (Table I) showed t h a t in both
products C9, Cn and Cla were the m a j o r dicarboxylic
acids.

Sufficient quantities of the partially reduced fl-elco-
stearate were separated on a column of silicone grease
on Celite 545 to obtain indiv idual samples of the
dienoate a n d the mixture of stearate and monoenoate.
Each sample was oxidized and the results are given
in Table II. The conjugated dienoate gave rise to
equimolar proportions of C9 and Cll dicarboxylie
acids whereas the monoethenoid gave a p p r o x a 1 : 2 : 1
ratio of C9, Cn and Cla dicarboxylic acids.

The course of the hydrazine reduction of fl-eleo-
stcarie acid was followed by GLC analysis using
methyl palmitate as an in terna l standard. The reduc-
tion was carr ied out a t 50C with a molar ratio of 1:6
and small samples were removed a t time intervals up
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FIG. 1. GLC analyses of reduction products from eleostearic
acids . :Peaks 1,2,3,4,5,6 and 7 are, respectively: methyl stearate,
methyl 9-, and 12-octadecenoates, methyl octadecadienoate, 9-
cis, l l- trans-methyl octadecadienoate, methyl l l - t rans , 13-trans-
oetadecadienoate, methyl a-e]eostearate and methyl fl-eleostea-
rate.
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T A B L E I ~ - - l ~ -
Dica rboxy l i c A c i d s P r o d u c e d b y O x i d a t i o n o f Par t i a l ly R e d u c e d a- a n d

B-Eleos tea r i c A c i d s ~ / . ~

/C a r b o n n u m b e r o f d i c a r b o x y l i c ac id
Reduced p r o d u c t

M o l e % 8 9 I0 Ii 12 13

a-Eleostearie acid (A) ............ 1.8 57.0 0.9 32.8 .... 7.5
B-Eleos tea r i e ac id ( B ) ............ 2 . 4 6 1 . 5 1 . 6 2 7 . 4 .... 7.1

to 160 rain. Results show in Figure 2 as area ra t ios
relat ive to methyl palmitate .

Discussion
Boesekcn (8,9) studied the catalytic hydrogenation

of conjugated trienes a n d proposed that the reduction
proceeded by a 1,6 addi t ion to the tr iene followed b y
a 1,4 addition to the diene. The isolation of vaccenic
acid (trans,ll-octadecenoic ac id) in good yield from
the hydrogenation of tung oil (9) was offered as p r o o f
fo r t h e mechanism. Allen and Kiess (1) hydrogenated
methyl eleostearate catalytically and f o u n d e q u a l
molar proportions of 9-,10-,11-,12- a n d 13-oetadeceno-
ates. They concluded that t h e f i r s t mole of hydrogen
a d d e d equally a t all possible positions and that double
bond shifts also occurred resu l t ing in six different
dienes. The addi t ion of the second mole of hydrogen
produced the five monoenoie esters. These workers
suggested t h a t the double bond shifts were confined
to the six carbon atoms which made up the conjugated
tr iene structure.

The data in the present s t u d y with hydrazine reduc -
tion confirm the previous findings (14,16) that no
significant shift in double bond positions occurs dur-
ing the reaction. The oxidat ion of the partially re-
duced trienes (Table I) a n d o f the isolated dienes and
mouoenes (Table II) show C9, Cn and C13 dicar-
boxylic acids as major products.

The GLC data (Fig. 1) show only t race amt of the
uneonjugated diene acid produced dur ing hydrogena-
tion. This acid would a r i se from reduction o£ the
11,12 bond in the conjugated t r iene . Hence the re-
duction must occur mainly a t the 9,11 and 13,14 bonds
in the conjugated tr iene s t ruc ture according to the
following sequence:

1 4 1 3 1 2 1 1 l 0 9
CH~ ( C H ~ ) s - - O H = O H - - O H = C I ~ - - C H = C H - - ( C H 0 7--C 0 O H

$ 2 H

1 4 1 3 1 2 1 1 1 0 9 1 4 1 3 1 2 1 1 1 0 9
I--CH~CI-I--CH~CH--CH.2--CI-I2-- 11--CH~--CI-I2--CH----CH--CH----CH--

1 1 , 1 3 d i e n e 9 , 1 1 d i e n e
$ 2 H $ 2 ~

1 1 - a n d 13 -oc t adeceno i c ac id 9 - a n d l l -oe tadeceno ic ac id

In agreement with this sequence reduction of the
all-trans system (fi-eleostearic ac id) gave e q u a l pro-
portions of the 11,13 and 9,11 conjugated dishes as
shown by the equal proportions o f 9 and 11 dicar-
boxylic acids produced by oxidation of the isolated
conjugated dienoie acid (Table II). Also, the isolated
monoenoie acids with double bonds in the 9,11 and
13 positions show a ratio o f a p p r o x 1:2:1, respectively.
The results in Table I I could suggest that less r educ -

T A B L E I I

O x i d a t i o n P r o d u c t s o f C o n j u g a t e d D i e t h e n o i d a n d M o n o e t h e n o i d
A c i d s Isola ted f rom R e d u c e d ~-E]eos tear ic A m d

N u m b e r o f C a t o m s i n d i c a r b o x y t i c ac id

I-
D i e t h e n o i d ............................... 1 . 3 4 9 . 5 0 . 9 4 8 . 3 . . . . . . . .
M o n o e t h e n o i d .......................... [ t r a c e 2 8 . 7 0 . 9 4 6 . 7 .... 2 3 . 7
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tion of the 9,10 bond occur red in the dienes, b u t values
of similar magni tude were not f o u n d fo r reduction
of the trienes. In the same manner, the data in Table
I suggest that the cis bond a t the 9 position in the
a-eleostearic is hydrogenated somewhat more readily
than the corresponding t r a n s bond in the fl-eleostearic
acid. Thus, the difference (ca. 5%) in vield of C9
dicarboxylic acids der ived from the cis double bond
in a-eleostearie (Table I) is of the same orde r as
t h a t between C9 and Cla dicarboxylic acids (Table II)
on reduction o f the C9 a n d C13 double bond o f dienes to
m o n o e n e s .

Figure 1 shows t h a t the c/s bond configuration is
re ta ined in the reduction of t r iene to diene. The re-
duction of the 13,14 bond in a-eleostearic acid would
give rise to 9-cis,11-trans-octadeeadienoic acid (peak
4), whereas reduction o f the 9,10 bond would yield
the 11-trans,13-trans-oetadecadienoic acid (peak 5).
Since fl-eleostearie acid possesses a n all-trans struc-
tu re , only one diene p e a k results on the GLC char t .
The course of the reac t ion (Fig. 2) followed by GLC
u s i n g methyl palmitate as a n in terna l standard, shows
a rapid increase in formation of the conjugated dienoic
acids to a max value a t 80 rain followed by a gradua l
decrease.

The par t ia l reduction of conjugated trienoic acids
with hydrazine could be a u s e f u l technique fo r struc-
t u r a l studies. The init ial a t t a ck a t the bond on e i the r
end of the system produces a conjugated dienoic
product in which there is no shift in double bond
position and no appa ren t conversion of cis to t r a n s
structures. Fur the r studies would be required to de-
termine e q u a l a t t ack a t all unsaturated systems.
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