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The major conclusion that can be drawn from these
free radical addition reactions is that here the 9,10-
double bond is not affected by the terminal group
but is similar in reactivity to the double bond in
9.octadecene. The mechanism of these free radical
reactions can therefore be represented in accordance
with the coneepts of Kharasch (7), Mayo (23), and
Waters (26).

Summary

Oleic acid and a series of its esters were reacted
with hydrogen bromide under conditions favoring
addition by a free radical mechanism. Variations of
the solvents, catalysts, temperatures, dilution, and
the ester groups were investigated. Under all condi-
tions a statistical 50:50 distribution of position iso-
mers was found.
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Positional Isomers Formed During the Hydrogenation of

Cottonseed Oil’

M. H. CHAHINE, E. R. COUSINS, and R. O. FEUGE, Southern Regional Research Laboratory,?

New Orleans, Louisiana

erides and their derivatives one finds reports of

the migration of double bonds during hydrogen-
ation. Lewkowitsch (14) claimed that iso-oleic aecid
was formed by the catalytic reduction of oleic acid
under certain conditions and suggested that iso-oleic
acid was a positional isomer of oleic acid. Tater
Moore (15), Hilditch and Vidyarthi (13), and others
demonstrated the presence of positional isomers in
partially hydrogenated methyl oleate or oleic acid as
well as in hydrogenated linoleates. Compounds hav-
ing double bonds in the 8-, 10-, and 11-position were
reported. Invariably it was shown that one or more
positional isomers of the oleoyl group were present
in the reaction products. Because of serious limita-
tions in the methods of analysis, no attempt was made
to identify all of the isomers present.

Recently with the aid of improved methods of an-
alysis, the migration of double bonds in several un-
saturated fatty acids or their methyl esters has been
followed quantitatively. Boelhouwer and co-workers
(8) determined the positions of the double bonds in
progressively hydrogenated samples of methyl oleate,
elaidinate, petroselinate, and linoleate. Allen and
Kiess investigated the migration of double bonds and
the formation of ¢rans isomers during the hydrogen-
ation of oleic acid and methyl oleate (3) and linoleic
acid and methyl linoleate (2). In another investi-
gation Allen (1) established the manner in which

EARLY in the history of the hydrogenation of glyc-
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methyl ¢is-10, cis-12-octadecadienoate undergoes hy-
drogenation to form c¢is-10-, trgns-11-, and cis-12-
octadecenoates. .

Heretofore the improved methods of analysis for
establishing the position of double bonds have not
been utilized to follow the hydrogenation of a natural
oil or any triglyceride. While triglycerides would be
expected to behave on hydrogenation like methyl
esters, we have found differences (10, 11). Under
comparable operating conditions triglycerides appar-
ently hydrogenate much less rapidly than do methyl
esters, and the amount of frans isomers formed is
considerably less. In the current investigation the
extent of the migration of double bonds during the
hydrogenation of cottonseed oil is established. In
addition, it is shown what influence the conditions of
hydrogenation have on the extent of migration and
the amount of {rans isomers formed.

Experimental

Materiols. The cottonseed oil used in the experi-
ments was a commercially refined, bleached, and de-
odorized product. It was fresh oil, being obtained
from the processor shortly after its produection from
seed grown in the current crop year. In all respects
the oil was a normal product, having the following
characteristics:

Todine value......ccveeueiercrevnireciieiniecrie s ee et

Free fatty acids, as oleie, %..
Saponification valie.....ccovveevieniceiiciiiie e,
Unsaponifiables, %
Content of linoleins, as trilinolein, %..
Content of oleins, as triolein, %
Coutent of saturates, as trisaturates, %............... 22.8
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The hydrogenations were carried out with a com-
mercially available nickel catalyst, which had been
prepared by electrolytic precipitation and dry reduc-
tion (6). The hardened coconut oil, in which the
catalyst was originally suspended, was removed and
replaced with cottonseed oil before the catalyst was
used.

Hydrogenation Apparatus and Procedure. The hy-
drogenator was of the dead-end type and consisted
essentially of a vertical, eylindrical vessel of the
type 316 stainless steel. The inside diameter was 8
in. and the inside depth was approximately 15 in.
The vessel was provided with a motor-driven agi-
tator of the paddle type, which was inserted through
a stuffing box on the top cover, and with baffles to
prevent swirling of the charge and to ensure good
mixing. Hydrogen entered through a perforated ring
in the bottom of the vessel. Oil samples were with-
drawn through a flush type of valve in the center
of the dished bottom.

The charge of oil was brought to hydrogenation
temperature by circulating hot, liquid Dowtherm
through a jacket covering most of the outer surface
of the vessel. After hydrogenation commenced, the
temperature was prevented from rising by ecirculat-
ing air or water through a loop of l4-in. pipe inside
the vessel. With this heating and cooling arrange-
ment the temperature could easily be kept constant
to within 1 or 2°C.

Commercial, electrolytic hydrogen was metered into
the oil from a small storage tank; the pressure drop
in the tank served as a measure of the amount of
hydrogen consumed. An adjustable reducing valve
between the storage tank and the hydrogenator served
to keep the pressure in the latter at a constant value.

At the beginning of each hydrogenation run the oil
and catalyst, at room temperature, were put in the

vessel. Alr was removed with the help of a mechani-

cal vacuum pump. With the vacuum pump working,
the motor-driven agitator on the hydrogenator was
started, and the charge was heated to the operating
temperature. Then the vaeuum pump was discon-
"nected, and the hydrogen was introduced. As the
hydrogenation progressed, successive samples were
withdrawn at iodine values of approximately 75, 62,
and 48. The samples which were withdrawn were
protected from oxidation by keeping them under a
protective blanket of nitrogen until they had cooled
to about 80°C., at which temperature they were fil-
tered to remove the catalyst. In all, three hydrogen-
ation runs were made.

Methods of Analysis. The iodine values and lin-
olein contents, together with the analytical values
reported for the original cottonseed oil, were deter-
mined essentially aceording to the methods of the
American Oil Chemists’ Society (4). In determin-
ing the contents of linoleins the spectrophotometric
method, Cd 7-48, was used even though it is recog-
nized that the method may not be strictly applicable.
A given amount of iso-linoleic acids, in which the
double bonds are separated by several methylene
groups, may appear in the calenlated composition
as twice that amount of oleic acid. However, under
the operating conditions employed, the production of
such iso-linoleic acid groups was considered to be
auite low. The composition of the samples of hy-
drogenated oil in terms of equivalent amounts of
trilinolein, triolein, and trisaturated glycerides was
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calculated from the iodine values and contents of
the Iinoleoyl group.

Trans isomers were determined as described pre-
viously (10); the method used was a slight modifi-
cation of the infrared spectrophotometric method of
Swern et al. (16).

To determine the positions of the double bonds in
the unsaturated fatty aecid groups, the hydrogenated
samples generally were treated to obtain the free
fatty acids, and the latter were ozonized. The free
fatty acids were prepared by the following procedure.
Ten grams of the sample were saponified with 2.13
g. of potassinm hydroxide (10% excess of 85% assay)
in 12.5 ml. of water and 237.5 ml. of absolute ethanol.
The mixture was refluxed for 1 hr., after which it
was placed on a steam cone and the ethanol was
evaporated off under nitrogen. During this removal
of ethanol, which sometimes required a day or more,
water was added to maintain a constant volume. The
ethanol-free soap solution was acidulated with hydro-
chlorie acid and extracted with peroxide-free diethyl
ether. The ether extract was washed with water and
dried, and the ether was removed to obtain the free
fatty acids.

For the ozonization step 1 g. of the free fatty acids
was dissolved in sufficient ethyl acetate (usually 75
ml.) to yield a clear solution when cooled to —5°C.
and held at this temperature for 15 min. Ozone (6
to 7% in oxygen) was then passed through the sample
at —5°C. until the ozonization was completed. The
reaction was judged to be completed when the excess
ozone leaving the system darkened, or turned to a
brownish-red color, a solution of potassium iodide.
Then 10 ml. of 30% hydrogen peroxide were added
to the solution of ozonides, and the mixture was
refluxed for 1 hr. After the refluxing and while the
solution was being heated on a steam cone, most of
the volatiles were removed by evaporation under
nitrogen. When most of the volatiles had evaporated,
20 ml. of ethyl acetate were added to the residual
solution and the evaporation was continued. When
most of the volatiles had evaporated a second time,
another 20-ml. portion of ethyl acetate was added;
and the solution was evaporated to dryness. This
procedure removed- any short-chain monobasic acids
which would have interfered with the subsequent
chromatographic analysis of the dibasic acids. The
residue, usually about 0.9 g., left after the evapora-
tion to dryness was prepared for chromatographic
analysis by dissolving it in 100 ml. of a 5% tert-amyl
alcohol-in-chloroform solution.,

For those samples of hydrogenated oil containing
a sizable proportion of the linoleoyl group it was
found neeessary to carry out the ozonization step
before the saponification step. When the procedures
were reversed, they were basically the same though
for some samples the proportions of solvents used
had to be changed. For example, in the ozonization
of one sample, 2-2, it was necessary to use 1.5 liters
of ethyl acetate per gram of fat. Also it was found
desirable to use ethyl acetate instead of diethyl ether
to extract the fatty and dibasic acids from the water
solution.

The chromatographic methods used for determin-
ing the content of dibasic acids (Cg through Cyy) in
the ozonized and hydrogen peroxide treated mixtures
were modifications of methods developed by Higuchi
et al. (12) and Corcoran (9). The principal modi-
fications were these. The columns were packed- by
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simply pouring the slurry of silicie acid into the
column and allowing the slurry to settle under grav-
ity. Air bubbles in the column were removed by
tapping the sides during settling. After settling, the
entire column was pressed down thoroughly by using
a cap or plug of filter paper and a glass rod.

In the citrate column used to determine the pro-
portions of C4—C;p dibasic acids, 18.75 ml. instead of
25 ml. of 1 M citrate buffer (pH, 5.40) per 25 g. of
silicic acid were used. In eluting the organic acids
100 ml. of each of the following solutions were used:
pure chloroform, 1.5, 3, 5, 10, and 20% of butanol-
in-chloroform. Elution was completed with 200 ml.
of 35% butanol-in-chloroform.

In the glyeine column used to determine the pro-
portions of C;;—Cy4 dibasic acids, 16.5 ml. of the 2 M
glycine buffer (pH, 8.50) were used per 25 g. of the
specially prepared silicic acid. The column was eluted
with 100 ml. each of pure chloroform, 1.5, 5, and
10% of butanol-in-chloroform and completed with
200 ml. of 25% butanol-in-chloroform.

In making the analyses, the citrate and glyeine
columns were always charged with 5-ml. portions of
the mixed organic acids in the 5% tert-amyl alco-
hol-in-chloroform solutions deseribed above. In other
words, a eolumn was always charged with about 45
mg. of the whole mixture of dibasic acids and long-
chain monobasic acids obtained by the saponification,
acidulation, and oxidation procedures. No attempt
was made to separate the monobasic and dibasic acids
before analysis or to put a fraction obtained from one
column through a second column. Typical titration
curves obtained with the citrate and glycine columns
are reproduced in Figures 1 and 2.
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F1e. 1. Titration curve for mixed acids from sample 2-3 on
citrate column,

Results and Discussion

Conditions of Hydrogenation. The operating con-
ditions—temperature, hydrogen pressure, type. of
catalyst, catalyst concentration, and degree of agita-
tion—employed in the hydrogenations were similar
to the conditions frequently employed in commer-
cial practice. In the present investigation the degree
of agitation was varied by varying the amount of oil
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Fic. 2. Titration curve for mixed acids from sample 2-3 on
glyeine column.

charged to the hydrogenator; the speed of the me-
chanical stirrer was kept econstant at 440 r.p.m.

A plot on rectangular coordinates of time ws. iodine
value of the oil being hydrogenated produced in each
instance a gently curved line (Figure 3), indicating
that the reactions were not of zero order. In Table I
there is recorded for each sample the hydrogenation
time to the indicated iodine value and the rate of
hydrogenation at that iodine value.

In an earlier investigation of the hydrogenation of
cottonseed oil under similar conditions (7) it was
demonstrated that the selectivity of the hydrogena-
tion reaction was increased by increasing the tem-
perature and ecatalyst concentration and decreasing
the pressure and agitation, also that increasing the
selectivity simultaneously favored an increase in the
formation of iso-oleic acid groups. Selectivity here
refers, of course, to the preferential conversion of the
linoleoyl group to a monounsaturated acid group over
the conversion of the monounsaturated acid group to
the stearoyl group.

In the present investigation samples of oil were
withdrawn at three stages of each hydrogenation.
The first sample was withdrawn when the reaction
was concerned largely with the linoleoyl group; the
second was withdrawn when the linoleoyl group had
about disappeared, and the third was withdrawn
when the hydrogenation was concerned entirely with
monounsaturated groups.

Accuracy of Analyses. The method of analysis used
for determining the position of the double bonds in
the unsaturated fatty acids is such that for diunsatu-
rated acids only the position of the bond nearest the
carboxyl end of the chain is determined unless the
two bonds are separated by six or more methylene
groups. In all probability, compounds of the latter
type occur only to a very minor extent or not at all
in hydrogenated cottonseed oil. With this method of -
analysis cottonseed oil should and does show practi-
cally 100% of the double bonds to be in the 9-position.

As mentioned above, samples containing an appre-
ciable proportion of linoleins had to be ozonized prior
to saponification. Failure to follow this order appar-
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Fie. 3. Curves of time ws. iodine value for the three hydro-
genation runs: (1) monselective, (2) normal, and (3) selective.

ently resulted in a significant shift of double bonds
during the analysis. For example, when the unhydro-
genated cottonseed oil was saponified first and then
ozonized, the following percentages of dibasic acids
were found: Cg, 6.2; Cg, 4.0; Cs, 7.5; Cy, 64.0; Cyy,
4.0; Cyqq, 6.6; Cys, 4.2; Cy5, 1.8; and Ciy, 1.7. Sur-
prisingly, the fatty acids which were obtained by
saponification and which yielded this mixture were
quite low in contents of conjugated diene and trams
isomers, contents of these components being equiva-
lent to 1.7% conjugated linoleic acid and 0.729 ela-
idic acid, respectively.

‘When samples were analyzed in which the unsatu-
rates consisted entirely of oleins, including glycer-
ides of iso-oleic acids, the order of saponification and
ozonization was unimportant. Also oleic acid in the
absence of iso-oleic acids yielded only pelargonic and
azelaic acids.

The recovery of mixed acids from the chromato-
graphic columns was always very nearly equal to the
total fatty acids placed on the ecolumns. For these and
other calculations the individual titrations were cor-
rected by substracting the number of milliliters of
standard base required for blank titrations, usually
0.06 to 0.08 ml. For calculating the relative propor-
tions of dibasic acids only those areas under the sev-
eral peaks of the titration curves were employed.
Using these procedures and taking into consideration
certain other factors, it is estimated that the percent-
ages of dibasic acids found are accurate to within
about three units.

Migration of Double Bonds. In the samples of hy-
drogenated cottonseed oil, double bonds were found
in the 6 through 14 positions (Table T). However the
percentages of double bonds in the 6 and 14 positions
generally were low. This degree of scattering is in
sharp contrast to the belief generally held several
years ago that the linoleoyl group exhibited a strong
tendency to hydrogenate first at the 12:13 double
bond and leave the 9:10 double bond untouched to
yield the oleoyl group. The degree of scattering is
even more pronounced than would be anticipated on
the basis of data recently published by Allen and
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Kiess (2, 3). They found only 9, 10, 11, and 12
monoenes in partially hydrogenated linoleic acid and
methyl linoleate. In partially hydrogenated oleic acid
and methyl oleate only 7, 8, 9, 10, and 11 monoenes
were found in most samples though considerable
amounts of 6 and 12 monoenes were found in one
sample hydrogenated to a point where it contained
about 709% of saturated components.

Boelhouwer ef al. (8), on hydrogenating methyl
oleate and linoleate, found in each case double bonds
in the 8, 9, 10, and 11 positions as well as some bonds
in positions higher than 11. The latter were not
further identified. However, since the publication of
their data, Boelhouwer et al. have prepared another
article claiming that the method of analysis used in
their original work was faulty. Their original data
must now be accepted with some reservations.

Our data indicate a degree of scattering of double
bonds which is greater than that found by other in-
vestigators. One factor in this difference may be that
we hydrogenated triglycerides while the other investi-
gators hydrogenated free fatty acids or methyl esters.

From the data in Table 1 it appears that the lin-
oleoyl group in cottonseed oil did not hydrogenate to
any large degree by simple saturation of either the
9:10 or 12:13 double bond. Consider sample 2-1.
During the hydrogenation of the cottonseed oil up
to the point where this sample was withdrawn, those
linoleoyl groups actually undergoing hydrogenation
should have been about the only ones involved in the
reaction. This belief is based on the facts that the
Inerease in saturated components was slight and that
the linoleoyl group, which is from about 7 to 38 times
more reactive than is the oleoyl group (5), was pres-
ent at all times in appreciable amounts. If the hydro-
genation up to the point at which sample 2-1 was
withdrawn involved only linoleoyl groups actually
undergoing hydrogenation and if the partially hydro-
genated linoleoyl groups did not have the remaining
double bond in the 9 position, then the proportion
of Cy dibasic acid appearing on analysis of sample
2-1 should have been about 54%, mole basis (about
35% from the oleoyl groups present in the original
oil plus about 19% from the unhydrogenated linole-
oyl groups). Actually 50.2% of Cy dibasic acid was
found. Hence the amount of 9 monoene produced by
partial hydrogenation of the linoleoyl groups must
have been relatively small. Simple reduction of the
9:10 bond of the lincleoyl group to yield a 12 mono-
ene could not have been a main reaction because the
proportion of 12 monoene produced was only 9.0%
mole basis when linoleoyl groups equivalent to about
35%, by weight, of trilinolein were hydrogenated.
1t 1s concluded that the 9:10 and 12:13 double bonds
of the linoleoyl group mostly were conjugated before
one of them was hydrogenated. This conclusion seems
reasonable on the basis of earlier work (10).

‘When the cottonseed oil was hydrogenated under
selective conditions, another factor apparently be-
came relatively imvoortant. The proportion of Cy di-
basic acid derived from hydrogenated oil sample 3-1
was found to be only 35.2%, based on the total num-
ber of moles of dibasic acid found. The original
cottonseed oil contained oleoyl groups sufficient to
yield about 35 mole % of Cy dibasic acid, and very
few of these had been reduced to the stearoyl group
when oil sample 3-1 was taken. Sample 3-1 also con-
tained the equivalent of 11.9% by weight of trilin-
olein, which if truly trilinolein, would be sufficient



35
1.
Vo
TY

b))

oc

s

TS

IS

EN

Cu

O

AN

AMERIC
B

TH

OF

JAL

N

UR

Jo

E

Ta

100

only
e X-
Y
id. 1 iz
m%%ﬁ%
dibas Whl'ouS %ly 80
Cy cid ObVl. ina Toup
of sie a-s. g 1 gtaken en-
>% iba S1 S leOy S SS
16 di aly oup ino a S e hen
e G ooyl gr e fon uns W At
0 idua ‘ io n
ield a’f t nd leoy 1du ple ibuti ru 48. f
iel 0 u 0 res m.rl ion t s 0
24 fo he e sa st ti u er
to n as & t th en di na bot om 2%
ou W 0 r wh nd oge to a 18 8 its
abted-n~10 d bo drd al to 1
Id 10 1 -Ze e e e n 8 d
proportir 3mer§ 2l three }izd“%o@%?mt w
S is o o-
Eottolilad lerll Or all be?nn th(;om ?d er hydrof
oth att fo had atio a f'c ac the ion i-
b p lar e n e i £ at 08
o he imi lu oge ang ole ity o rm p e
A= fly s £ hydr 1t of the e %o o
2% 2 ially in o ¢ t iOn7.ﬂ8
oa gﬁv tla‘e 1od el Ofld grent 0 . Selet on rmatboutf .z?"a/ e
b - th. 1e‘f ac ont The ffec fo f a o ectiv
C)E b © L\"dw this leic tal ¢ S. re € the e O 94% sel
g b e omers. had on value the he
] Io on ’Bf the ic Is ha ha ine d“cehile at t ]
s |22 - o mers'etr@"etionn it iod Fhaae I thl wa
Sl ) =3 233 iS()Gr@”mn e thzt anationmidln’ Table le 3- ed he
] =) o — i0 T gt le . SS
2 b ti me ge tri 3% . mp re t
g 20 “A ena 180 ers. dro as 27. . Sa Xp nd o
. i o g ns isom hy d d ata for € a 8
g S G tra 180 e te uce d 1ns, 9% 22. TS
R S35 dua tionaglect](:;]eulaprodom thzhovgliinolfo 1f1r'om jsomoele-
= [ ion 3 S 1
'?g - o9 BB nolllners’natlolent ‘fgmer:eﬂt 0 49‘§Sedhe tT“Z:he l&?lced
- it X g0 e r 18 n m e f .
o = < S 18 0g: a. s co fro iner { t o TO up
e S ©crea dr app Qi e d m 01 n P Tou
© a hy . tra th e 4s 11 io p lg lier
3 Ehde t is £ ile due that a o i s
£ 53 @o = I 0 hi re s W ha gens g ole e ers
£ 2 S 3% d w - ate dt drog his he an om N
£ HELE o= 27. ce w tur me hy £t ft in 18 lino
s 3 Bon 5 du in, a su ial 0 of d s -
z Ng: §2NH © pI:(l)inolte Of.tsis a;artldlnoleomer}italrﬁle t?"af tlgi_edul(js
= ) @ 1 1< O -
s ‘”32 a8 N tf)nten It ld on olleans Eon (inhatctiorile hal isomi}lp
° Erpags 2N 3 . . e 1 r :
3 5 s 32 525_3%f0rm the of tf()rm?ikely redu ot ”ansl gro ps
2 e re f up, ole inf is half- rior of leoy grou y
% ERE e ol ¢ 079 m of ), it the I o ortions the ! oyl to v
g o . 18 ’ 10 \ € the
3 S | ¥ e . Oyout 0 baS (10 ing 'uga‘t Opo_rn Of e o ved ()f t
5| 3 oama < ab the tion dur onj e pr atio tt invo age
g O dew E Onestig?nle%r byhe 1ar§r0g?231 t};&?ere&lis e
3 age o ‘g inv fo P ug hy 0g1 il t
‘B - ™ w0 = re ou tho' g ] D 0‘ n a d
2 39a ] we gr m om ed 10 te
g @ 1 £ 1 en ur se seec at na
P = an® = leoy Evdd t s tons 1Z en: ns.
: ) > ~ = ¢ . N0 t mer rog . 10
2 © Bas S 2 . tloﬂf(ﬂ“m(e}[oeS ;he co isom hydoﬂdltnges
@ o~ 0n 2 ’ 1y 1 1 C . a ine
2 "fwnfﬂ N g (] -na nt Sum 01 ele_ hin )(‘,r. dln
= £ aon ] s 181 xte ion. ed d s 1t s 0] 10 se
3 E;m 0 ~ © or 6@ t1 se 11 w ale t he
i 55| sy S g large sena sotton al, awere i and 1:dou_
g ) SN oo el E hydro 1 Lolorln sed 1al‘ghdraWS- athe of
5 £ b =~ © . g Y P . ’
g o e R =3 e‘-"“lltive," bles ud 1n wit nd 4 of tent
51| £ R S §33 Ommelec arla foun ere62 a'tiond eon 14
2 B Ben 0o kY ¢ se Vé w ’ S1
i = A2 B £z A ons o ily oy 5 PO an oh g
& 55 1es = 3 er n ating ari nple 7 the IS, roug oup.
2| 2 3 3% ol nd per din 841 tely r tl me th 8T of
2 S | oo 4. u op or > 18 fo S0 6 d g S
. o i £ e 3 nat 2 T Thethoseh ru}?roxllrézedtra‘”s 1 thetty a}(f; bas-tlherfl}
a g =t g i<t 52 £ d a £ in a the S
) 2| % e hEN ® o 38 o ea ap an 0 1 f n Tldj’ leoy
5 z s 352 232 ¢ 3 ié’ Foll;les Ofw erg,lte“t fougﬁate?ls_ %18 1;1(; 11ngorou}?é
. — .
- = o5 © 54 va es C re sa 10 on t 1 t )
3 'égg @ O ‘923 % o SaJmplonds, S weﬂourl\genathe d fofoleo}" tion osi-
£ £g : m_::; =8 |22 ble binS' bonds 111‘)hyd¥"°n of 'deneythe ogena 9-pnds
2|5 5 =8 e Hinoleins. £ the tbutior tencens hydr the 97
= e, 28 223 s Dou > From istr ke S ive from ub
- e NS N : %ﬁ ition fro dis ar 1SOM. t1v d do a
: 5% | g 337 L sitio . 124 le“~fte ich ve
- ¢ R2E 3 1l po ltlngnta‘?oe 9 or e select whi e e
- - B = — HE ST e _ d 0
: THES - |5t the cared 10 Sages of {)ondite a’t he dowble b
£ b»az** < es d heare or T . 0
EE i o 1 ot o Stﬁgoublﬁ the i of the d i
A RRS i — £ up ar ich tha en 0 4 m din
(=3 i N @‘4"‘0 = : vg: aro he € hl(/ er rog 'On 8 e 10 S
. : S . 1 v ds,
g}u’: e i HN?.; : %":‘D i’n £ at w reatlatedf hydlbut nd 4 id haAt an b0n9'4
5EE : @ L EE ate s g el 0 ‘strza. d . ns
EE . Ry HEES a 1 n s a 8
s - oSS i| $& I.dn w drog ions he d t 6 atlobond f tr wa the
I AR |24 tio - hy diti nt bou s to idin, for
"lg‘é A _ P 3z We,;;e cogfect :S Off 1ydr§fg ﬁlﬂ?éo%tetrll“ie?l27'3
R - - o8 : Pig [ Tua : he
k2 — - =% d a o oe o n
o P E {ich arke'ne V~ti0nsueﬂtab 75 ttagetion :
B = s %“sﬂ;s at fodi ndi ere tely T ogaca
- "1 iy - .5 at co ep ima er oge
4 S S : §°§ The n th roxi ht Iljlydr
- ° H w0 . 5
R £ HEE ct or app i
] 2 5 “5E effe : e lecti
5 S 2 5 = e V;:11uessedonse
=1 < s 3 .5 r n
F g o E £13 For the
S o =8 o= 2l = = T
4; 'gg — o g O’E
g 55 z 3353
© 3 : 5
] — Bl &
lo g -
3;55.;5 %E =
224 z
=it
?'>=
&5




Avgust 1958

selective hydrogenation while at an iodine value of
approximately 48 these values increased to 21.6 and
37.7, respectively.

Acknowledgment

The authors wish to acknowledge the assistance of
R. T. O’Connor, Elizabeth R. MeCall, Elsie F. DuPré,
and Dorothy C. Heinzelman, who obtained the infra-
red and ultraviolet absorption data used in calculat-
ing the composition of the oil samples.

REFERENCES

1. Allen, R. R., J. Am. Oil Chemists’ Soc., 33, 301-304 (1956).

2, Allen, R, R., and Kiess, A. A, J. Am. Oil Chemists’ Soc., 33,
355-359 (195

3. Allen, R. R, and Kiess, A. A., J. Am. Oil Chemists’ Soc., 32,
400-405 (1955).

CHAHINE ET AL.:

PositioNaL TSOMERS 401

4. American Oil Chemists’ Society, “Ofﬁcial and Tentative Methods,”
2na ed., rev. to 1956, Chicago, 1946-5

5. Bailey, A. E., J. Am. Oil Chemlsts Soc., 26, 644~ 648 {1949).

6. Bailey, A. E\y “Industrial Oil and Fat Produrta 2nd ed., Dp.
721-722, New York, Interscience Publishers Inc. (1951).

7. Bailey, A. E., Feuge R. 0., and Smith, B. A., 0l & Soaps, 19,
169-176 (1942).

8. Boelhouwer, C., Gerckens, J:, Lie, O. T., and Waterman, H. I.,
J. Am. Oil Chemists’ Soc., 30, '59-61 (195

8. Corcoran, G. B., Anal. Chem 28, 168-—- 171 (1956).

10. Feuge, R. O, "Cousing, B. R. Fore S. P, DuPré, E. F,, and
O’Connor, R. T., J. Am. Oil Chemists’ Soc., 30, 434-460 (1953)

11. Feuge, R. O., Pepper, M. B. Jr, OOonnor R. T., and Field,
E. T J. Am. Oil Ohemlsts Soc., 28, 420-426 (1951).

Higuchi, T., Hill, N. C., and Corcoran, G. B., Anal. Chem., 24,

491—493 (1952)

13. Hilditch, P., and Vidyarthi, N. L., Proc., Roy. Soc. London,
4122, 552~ 570 (1929)

14. Lewkowitsch, J., “Chemical Technology and Amnalysis of Oils,
E‘gts?; and Waxes,” 5th ed., Vol 1, p. 192, New York, Macmillan,

13.

15. Moore, C. W, J. Soc. Chem. Ind., 38, 320-325T (1919).

16. Swern, Damel Knight, H. B,, Shreve 0. D.; and Heether, M.
R., J. Am. Oil Chemists’ Soc., 27, 17-21 (1950).

| Received November 6, 1957]

Antioxidative Activity of Derivatives of Vitamin B, and

Structurally Related Compounds’
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University of lllinois, Urbang, lllinois

antioxidant (1, 2, 3) and has also been reported
to serve as an antioxidant for vitamin A in
vitro (4).

Since the 3-hydroxyl group of the vitamin molecule
may be responsible for the reported antioxygenic ac-
tivity, an attempt was made to prepare pyridoxine
5-monopalmitate, which is completely soluble in fats,
contains a free 3-hydroxyl group (5). Similarly ethyl
N-pyridoxyl-p-aminobenzoate? (6) and pyridoxal iso-
nicotinoylhydrazone (7) are of interest as possible
oxidation inhibitors for fats. The latter compound is
also known to form a chelate complex with various
metallic ions, such as copper (8), and this property
might serve to eliminate pro-oxidative metallic ions
from fats.

In the present study various N-hydroxybenzyl and
N-hydroxybenzylidene compounds were synthesized as
preparations structurally related to vitamin Bg deriv-
atives, and they were tested for antioxidative activity
in lard at 37°C. and at 80°C.

VITAMIN Bg is believed to serve as a physiological

Experimental

Test Compounds. The synthesis of pyridoxine
5-monopalmitate as well as ethyl N-pyridoxyl-p-ami-
nobenzoate 2 has been reported previously (5, 6). The
derivatives of ethyl N-hydroxybenzyl-p-aminobenzoate
were prepared according to the following procedures,
using ethyl p-aminobenzoate and the respectively
substituted benzaldehyde via reductive N-alkylation.
Three and three-tenths grams of ethyl p-aminoben-
zoate and an equimolar amount of the properly sub-
stituted benzaldehyde were dissolved in 60 ml. of a
mixture of methanol and dioxane (1:1, v/v). The
solution was then hydrogenated under 20 lbs. of hy-
drogen pressure in the presence of 0.5 g. of platinum
oxide catalyst at room temperature for 1 hr. After
hydrogenation the catalyst was removed by filtra-

1This work was supported by Research Grant No. A-257 from the
National Institutes of Health, U, 8. Public Health Service, Department
of Health, Education, and Welfare.

2The term * py‘rldoxyl denotes the 2-methyl-3-hy dro‘(y 5-hydroxymethyl-
4-pyridylmethyl radical. The term “pyridoxylidene’ denotes the 2-methyl-
3-hydroxy-5-hydroxymethyl-4-pyridylmethylene radical.

tion, and water was added to the filtrate until it
showed slight turbidity. Upon standing, the product
erystallized.

Ethyl N-anisyl-p-aminobenzoate (m.p., 128.5-130.0°
C.) was recrystallized from isopropanol-methanol (9).

Ethyl N-(p-hydroxybenzyl) - p-aminobenzoate was
recrystallized from methanol-water. M.p., 142.0-
142.5°C. Amnal. Caled. for C;¢H1/NOj: C 70. 83; H,
6.32; N, 5.16. Found: C, 7T1.18; H, 6.41; N, 5.11.

Ethyl N-salicyl-p-aminobenzoate was recrystallized
from methanol. M.p., 146.5-148.0°C. Anal. Caled. for
C16H1:NOs: C, 70.83; H, 6.32; N, 5.16. Found: C,
71.04; H, 6.50; N, 5.24.

Ethyl N-vanillyl-p-aminobenzoate was recrystal-
lized from isopropanol-methanol. M.P., 149.0-150.0°
C. Anal. Caled. for C1;HsNO,: C, 67.75; H, 6.36;
N, 4.65. Found: C, 67.85; H, 6.58; N, 4.85,

N-Vanillyl-g-phenylethylamine hydrochloride was
also prepared in a similar manner from vanillin and
2-phenylethylamine. The hydrogenation product was
treated with hydrogen chloride, and the hydrochloride
was recrystallized from ethanol-ether. M.p., 185.5~
186.5°C. Anal. Caled. for C1H1,NO2-HCL: C, 65.41;
H, 6.86; N, 4.77. Found: C, 65.07; H, 7.08; N, 4.55

The isonicotinoylhydrazones and the nicotinoylhy-
drazones of pyridoxal, salicylaldehyde, and vanillin
were prepared by treating the hydrazide with the
proper aldehyde in ethanol-water in the presence of
sodium acetate as a catalyst (7). The products were
recrystallized from ethanol-water. Pyridoxal isonico-
tinoylhydrazone melted at 263.0°C. (decomposition)
(7). Salicylaldehyde isonicotinoylhydrazone melted at
249.0-251.0°C. (10). The isonicotinoylhydrazone and
the nicotinoylhydrazone of vanillin melted at 230.0°
C. and 213.0-215.0°C., respectively (11, 12).

The synthesis of 3,5-di-fert-butyl-4-hydroxybenzalde-
hyde isonicotinoylhydrazone (BHB-INH) was carried
out as follows. Twenty-five grams of 2,6-di-tert-butyl-
phenol were treated with hexamethylene tetramine in
glycerine containing boric- acid, followed by diluted
sulfuric acid as deseribed by Duff (15). Five grams
of 3,5-di-tert-butyl-4-hydroxybenzaldehyde were ob-



