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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-octadeeene. The mechanism of these free radical 
reactions can therefore be represented in accordance 
with the concepts of Kharaseh (7), Mayo (23), and 
Waters (26). 

Summary  

01eie 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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[ R e c e i v e d  ,June 6, 1957]  

Positional Isomers Formed During the Hydrogenation of 
Cottonseed Oil I 
M. H. CHAHINE, 2 E. R. COUSINS, and R. O. FEUGE, Southern Regional Research Laboratory, 3 
New Orleans, Louisiana 

~ ARLY in the history of the hydrogenation of glyc- 
erides and their  derivatives one finds reports of 
the migration of double bonds during hydrogen- 

ation. Lewkowitsch (14) claimed that  iso-oleie acid 
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. Later  
Moore (15), Hildi tch and Vidyar th i  (13), and others 
demonstrated the presence of positional isomers in 
part ial ly hydrogenated methyl oleate or oleie 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 at tempt  was made 
to ident i fy  all of the isomers present. 

tCecently with the aid of improved methods of an- 
alysis, the migration of double bonds in several un- 
saturated fa t ty  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 fornmtion of trans 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 
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methyl cis-lO, cis-12-octadecadienoate undergoes hy- 
drogenation to form cis-lO-, tra,ns-11-, and cis-12- 
octadeeenoates. 

Heretofore the inlproved 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 triglyeerides would be 
expected to behave on hydrogenation like methyl 
esters, we have found differences (10, 11). Under 
comparable operating conditions triglyeerides appar-  
ently hydrogenate much less rapidly than do methyl 
esters, and the amount  of trans 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 tra.ns isomers formed. 

Experimental 
Materials. The cottonseed oil used in the experi- 

ments was a commercially refined, bleached, and de- 
odorized product. I t  was fresh oil, being obtained 
from the processor shortly af ter  its production f rom 
seed grown in the current  crop year. In all respects 
the oil was a nornlal product, having the following 
characteristics: 

I o d i n e  v a lu e  ................................................................ 109.7 

F r e e  f a t t y  ac ids ,  s s  oleic, % ..................................... 0.04 

S a p o n i f i c a t i o n  v a l u e  ................................................... 196.4 

U n s a p o n i f i a b l e s ,  % .................................................... 0.48 

C o n t e n t  o f  l inole ins ,  as  t r i l ino le in ,  % ...................... 49.6 

C o n t e n t  of  oieins,  as  t r io lc in ,  % ............................... 27.6 

C o n t e n t  of  s a t u r a t e s ,  a s  t r i s a t u r a t e s ,  % ............... 22.8 
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The hydrogenat ions were carried out with a com- 
mercially available nickel catalyst,  which had  been 
prepared  by electrolytic precipi tat ion and  d r y  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. 

Hydrogenatio~ Apparc~tus a~d Procedure. The hy- 
drogenator  was of the dead-end type and consisted 
essentially of a vertical, cylindrical  vessel of the 
type 316 stainless steel. The inside diameter  was 8 
in. and the inside depth was approximate ly  15 in. 
The vessel was provided with a motor-driven agi- 
ta tor  of the paddle type, which was inserted through 
a stuffing box o.n the top cover, and with baffles to 
prevent  swirling' of the charge and to ensure good 
mixing. Hydrogen  entered through a perfora ted  r ing 
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 hydrogenat ion 
tempera ture  by  circulat ing hot, liquid Dowtherm 
through a jacket covering most of the outer surface 
of the vessel. Af te r  hydrogenat ion commenced, the 
tempera ture  was prevented f rom rising by  circulat- 
ing air  or water  through a loop of 1/s-in. pipe inside 
the vessel. Wi th  this heat ing and cooling arrange-  
ment  the tempera ture  could easily be kept  constant 
to within 1 or 2~ 

Commercial, electrolytic hydrogen was metered into 
the oil f rom a small storage tank;  the pressure drop 
in the t ank  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 la t ter  at  a constant  value. 

At  the beginning of each hydrogenat ion run  the oil 
and catalyst, at room tempera ture ,  were put  in the 
vessel. Air  was removed with the help of a mechan i -  
cal vacuum pump.  With the vacuum p u m p  working, 
the motor-driven agi ta tor  on the hydrogenator  was 
started, and the charge was heated to the operat ing 
temperature.  Then the vacuum p u m p  was discon- 

nec t ed ,  and the hydrogen was introduced. As the 
hydrogenat ion progressed, successive samples were 
wi thdrawn at iodine values of approx imate ly  75, 62, 
and 48. The samples which were wi thdrawn were 
protected f rom oxidation by  keeping them under  a 
protective blanket of ni t rogen unt i l  they had cooled 
to about 80~ at  which t empera tu re  they  were fiL 
tered to remove the catalyst.  I n  all, three hydrogen- 
ation runs  were made. 

Methods of Analysis. The iodine values and  lin- 
olein contents, together with the analyt ical  values 
reported for the original cottonseed oil, were deter- 
mined essentially according to the ~nethods 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 str ict ly applicable. 
A given amount  of iso-linoleic acids, in which the 
double bonds are separated by  several methylene 
groups, m a y  appear  in the calculated composition 
as twice tha t  amount  of oleic acid. However,  under  
the operat ing conditions employed, the product ion of 
such iso-linoleic acid groups was considered to be 
cmite low. The composition of the samples of hy- 
drogenated oil in terms of equivalent amounts of 
trilinolein, triolein, and t r i sa tura ted  glyeerides was 

calculated f rom the iodine values and contents of 
the linoleoyl group. 

Trans isomers were determined as described pre- 
viously (10) ;  the method used was a slight naodifi- 
cation of the in f ra red  spectrophotometric  method of 
Swern et al. (16). 

To determine the positions of the double bonds in 
the unsa tura ted  f a t t y  acid groups,  the hydrogenated  
samples generMly were t reated to obtain the free 
f a t ty  acids, and the lat ter  were ozonized. The free 
f a t t y  acids were prepared  by  the following procedure.  
Ten grams of the sample were saponifled with 2.13 
g. of potassium 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., a f t e r  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 mainta in  a constant volume. The 
ethanol-free soap solution was acidulated with hydro- 
ehloric 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 
f a t ty  acids. 

For  the ozonization step 1 g. of the free f a t t y  acids 
was dissolved in sufficient ethyl acetate (usual ly 75 
ml.) to yield a clear solution when cooled to - 5 ~  
and held at this t empera ture  for  15 rain. Ozone (6 
to 7% in oxygen) was then passed through the sample 
at - 5 ~  unti l  the ozonization was completed. The 
reaction was judged to be completed when the excess 
ozone leaving, the system darkened, or tu rned  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 mix ture  was 
reflnxed for 1 hr. Af te r  the refluxing and while the 
solution was being heated on a steam cone, most of 
the volatiles were removed by  evaporat ion 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. port ion of ethyl acetate was added;  
and the solution was evaporated to dryness. This 
procedure r e m o v e d  any short-chain monobasic acids 
which would have interfered with the subsequent 
chromatographic  analysis of the dibasic acids. The 
residue, usual ly about 0.9 g., lef t  a f te r  the evapora- 
tion to dryness was p repared  for  chromatographic  
analysis by dissolving it in 100 nil. of a 5 % ter t -amyl  
al eohol-in-chloroform solution. 

F o r  those samples of hydrogenated  oil containing 
a sizable proport ion of the linoleoyl group it  was 
found necessary to car ry  out the ozonization step 
before the saponification step. When the procedures 
were reversed, they were basically the same though 
for some samples the proport ions  of solvents used 
had to be changed. Fo r  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 f a t ty  and dibasic acids f rom the water  
solution. 

The chromatographic  methods used for determin- 
ing the content of dibasic acids (C6 through C~4) in 
the ozonized and hydrogen peroxide t reated mixtures  
were modifications of methods developed by  t I iguchi  
et aI. (12) and Coreoran (9). The pr incipal  modi- 
fications were these. The columns were p a c k e d  by  
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s imply pour ing the s lur ry  of silieie acid into the 
column and allowing the s lur ry  to settle under  grav- 
ity. Ai r  bubbles in the column were removed by 
tapping  the sides dur ing settling. Af te r  settling, the 
entire colunm was pressed down thoroughly by  using 
a cap or plug of filter paper  and a glass rod. 

In  the ci trate column used to determine the pro- 
portions of C6-C~o dibasic acids, 18.75 mh instead of 
25 ml. of 1 M citrate buffer (pH,  5.40) per 25 g. of 
silicie acid were used. In  eluting the organic acids 
100 mh of each of the following solutions were nsed: 
pure chloroform, 1.5, 3, 5, 10, and 20% of butanol- 
in-chloroform. Elut iou was completed with 200 ~nl. 
of 35% butanol-in-chloroform. 

In  the glycine colmnn used to determine the pro- 
portions of CI~-C~, dibasic acids, 16.5 ml. of the 2 M 
glycine buffer (pH,  8.50) were used per 25 g. of the 
specially p repared  silieic 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  glycine 
columns were always charged with 5-ml. portions of 
the mixed organic acids in the 5% ter t -amyl  alco- 
hol-in-chloroform solutions described above. In  other 
words, a column was always charged with about  45 
rag. of the whole mixture  of dibasie acids and long- 
ehain monobasic acids obtained by the saponification, 
acidulation, and oxidation procedures. No a t tempt  
was made to separate the monobasic and dibasic acids 
before analysis or to put  a fract ion obtained f rom one 
cohnnn through a second column. Typical  t i t rat ion 
curves obtained with the citrate and glycine columns 
are reproduced in Figures  1 and 2. 
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FIO. 1. Titrat ion etlrve for mixed acids from sample 2-3 on 
citrate column. 

Results and Discussion 

Conditions of Hydrogenc~tivn. The opera t ing con- 
d i t i o n s - t e m p e r a t u r e ,  hydrogen pressure, type of 
catalyst, catalyst  concentration, and  degree of agita- 
t i o n - e m p l o y e d  in the hydrogenat ions were similar 
to the conditions f requent ly  employed in commer- 
cial practice. In  the present  investigation the degree 
of agitat ion was varied by vary ing  the amount  of oil 
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eharged to the hydrogenator ;  the speed of the me- 
chanieal s t i r rer  was kept eonstant at 440 r.p.m. 

A plot on rec tangular  coordinates of t ime vs. iodine 
value of the oil being hydrogenated produced in each 
instance a gent ly  curved liue (,Figure 3), indicating 
that  the reactions were not of zero order. In  Table ] 
there is recorded for  each sample the hydrogenat ion 
t ime to the indicated iodine value and the rate of 
hydrogenat ion at  tha t  iodine value. 

In  an earlier investigation of the hydrogenat ion of 
cottonseed oil under  similar conditions (7) it was 
demonstrated that  the selectivity of the hydrogena- 
tion reaction was inereased by increasing the tem- 
pera ture  and catalyst  concentration and decreasing 
the pressure and agitation, also that  increasing the 
selectivity s imultaneously favored an increase in the 
format ion of iso-olcic acid groups. Scle(~tivity here 
refers, of course, to the preferential  conw~rsion of the 
l inoleoyl group to a mononnsaturated acid group over 
the conversion of the mononnsaturated a('id group to 
the stearoyl group. 

In  the present  investigation samples of oil were 
wi thdrawn at three stages of eaeh hydrogena t ion .  
The first sample was wi thdrawn when the reaction 
was concerned largely with the linoleoyl g roup;  the 
second was wi thdrawn when the linoleoyl group had 
about disappeared,  and the th i rd  was wi thdrawn 
when the hydrogenat ion was concerned ent irely with 
monounsaturated groups. 

Accuracy of Analyses. The method of analysis used 
for  detemnining the position of the double bonds in 
the unsa tura ted  f a t t y  acids is such that  for  diunsatu- 
rated aeids only the position of the bond nearest  the 
earboxyl end of the chain is determined unless the 
two bonds are separated by six or more methylene 
groups. In all probability,  compounds of the lat ter  
type occur only to a very minor extent or not at  M1 
in hydrogenated cottonseed oil. With  this method o f  
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 prooort ion of linoleins had to be ozonized prior  
to saponification. Fai lure  to follow this order appar- 
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FIG. 3. Curves of time v s .  iodine value for the three hydro- 
genation ~uns: (1) nonselective, (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: C6, 6.2; C7, 4.0; Cs, 7.5; C9, 64.0; Clo, 
4.0; Ca, 6.6; C12 , 4.2; C13, 1.8; and C 1 4 ,  1.7. Sur- 
prisingly, the f a t ty  acids which were obtained by 
saponification and which yielded this mixture  were 
quite low in contents of conjugated dicne and trans 
isomers, contents of these components being equiva- 
lent to 1.7% conjugated linoleie acid and 0.72% 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-oleie acids yielded only pelargonie and 
azelaic acids. 

The recovery of mixed aeids f rom the chromato- 
graphic columns was always very  near ly  equal to the 
total fa t ty  acids placed on the columns. For  these and 
other calculations the individual t i trations were cor- 
rected by substraeting the number  of milliliters of 
standard base required for blank titrations, usually 
0.06 to 0.0S ml. Fo r  calculating the relative propor- 
tions of dibasic acids only those areas under  the sev- 
eral peaks of the t i t rat ion 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 I ) .  However the 
percentages of double bonds in the 6 and 14 positions 
generally were low. This degree of scat ter ing is in 
sharp contrast  to the belief generally held several 
years ago that  the linoleoyl group exhibited a stron~ 
tendency to hydrogenate first at the 12:13 double 
bond and leave the 9:10 donble 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 

Kiess (2, 3). They found only 9, 10, 11, and 12 
monoenes in part ia l ly  hydrogenated linoleic acid and 
methyl  linoleate. I a  part ial ly 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 70% of saturated components. 

Boelhouwer et al. (8), on hydrogenat ing 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 lat ter  were not 
fu r the r  identified. However, since the publication of 
their  data, Boelhouwer et al. have p r e p a r e d  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 triglyeerides while the other investi- 
gators hydrogenated free f a t ty  acids or methyl esters. 

F rom the data in Table i 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 
increase in saturated components was slight and that  
the linoleoyl group, which is f rom about 7 to 38 times 
more reactive than is the oleoyl group (5), was pres- 
ent at all times in appreciable amounts. I f  the hydro- 
genation up to the point at which sample 2-1 was 
withdrawn involved only ]inoleoyl groups actually 
undergoing hydrogenation and if  the part ia l ly  hydro- 
genated linoleoyl groups did not have the remaining 
double bond in the 9 position, then the proportion 
of C9 dibasic acid appearing on analysis of sample 
2-1 should have been about 54%, mole basis (abont 
35% from the oleoyl groups present in the original 
oil plus about 19% from the unhydrogenated linole- 
oyl groups).  Actually 50.2% of C9 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 linoleoyl 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. 
I t  is 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 apparent ly  be- 
eame relatively im~)ortant. The proport ion of C9 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 oleoy] groups sufficient to 
yield about 35 mole % of C9 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- 
tanned the equivalent of 11.9% by weight of trilin- 
olein, which if t ru ly  trilinolein, would be sufficient 
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to yield about 16% of C9 dibasic acid. Hence  only 
about eA of the C9 dibasic acid whieh might  he ex- 
pected was found o11 analysis. Obviously a sizable 
proportion of the oleoyl groups originally in the 
cottonseed oil or the residual l inoleoyl  groups or 
both had isomerized when sample 3-1 was taken. 

The pattern of double bond distribution was essen- 
tially similar for all three hydrogenat ion runs when 
the iodine value had been redueed to about 48. At  
this level of hydrogenat ion the positional isomers of 
the oleie acid group ranged from about 78 to 82% 
of the total content of the oleie acid group and its 
isomers. 

Geometr ic  Isomers .  The selectivity of the hydro- 
genation reaction had more effect on the formation of 
tran,s isomers than it had on the formation of posi- 
tional isomers. At  an iodine value of about 75 the 
nonselective hydrogenat ion produced 9.4% of *rans 
isomers, calculated as trielaidin, while the selective 
hydrogenat ion produced 27.3%. 

It is apparent from the data in Table I that the 
27.3% of trc~ns isomers shown for sample 3-1 was 
produced while the content of linoleins, expressed as 
trilinolein, was reduced from 49.6 to 11.9% and the 
content of  saturates was increased from 22.8 to 
25.3%. If  it is assumed that all of  the t rans  isomers 
were formed on partial hydrogenat ion of the linole- 
oyl group, then one mole of this group produced 
about 0.72 mole of t rans  isomers of the oleoyl group. 
On the basis of information obtained in an earlier 
investigation (10) ,  it is l ikely that the tra.ns isomers 
were formed during the half-reduction of the lino- 
leoyl group or by conjugation prior to the half-reduc- 
tion. Even though large proportions of t rans  isomers 
are formed during hydrogenat ion of the oleoyl group 
(11),  it does not seem h)gical that the oleoyl groups 
originally in the cottonseed oil were involved to any  
large extent  in the isomerizatiou at this stage of the 
hydrogenation.  

Summary  

A commercial  cottonseed oil was hydrogenated 
under nonselective, normal, and selective conditions. 
The operating variables used were within the ranges 
of  those ordinarily found in large-scale operations. 
For  each run samples were wi thdrawn at iodine 
values of approximately  75, 62, and 48; and these 
samples were analyzed for the position of the dou- 
ble bonds, content of t rans isomers, and content of 
linoleins. 

Double bonds were found i n  the 6 through 14 
positions of the monounsaturated fatty  acid groups 
resulting from the hydrogenations.  On the basis of 
the percentage distribution of the  double bonds, there 
appeared to be no marked tendency for the ]inoleoyl 
group to form 9- or 12-isomers of the oleoyl group. 
In the early stages of the selective hydrogenat ion the 
rate at which double bonds shifted from the 9-posi- 
t ion was greater than the rate at which double bonds 
were hydrogenated.  

The conditions of hydrogenat ion did not have a 
marked effect on the distribution of the double bonds 
at iodine values of about 62 and 48. 

The eondit ions of hydrogenation did have a marked 
effeet o.n the percentage of t rans  bonds. At  an iodine 
value of approximately  75 the content of t rans  bonds, 
expressed as weight  pereentage of trielaidin, was 9.4 
for the nonselective hydrogenat ion and 27.3 for the 
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selective hydrogenation while at an iodine vMue of 
approximately 48 these values increased to 21.6 and 
37.7, respectively. 
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Antioxidative Activity of Derivatives of Vitamin B o and 
Structurally Related Compounds 
TAKETAMI SAKURAGI and FRED A. KUMMEROW, Department of Food Technology, 
University of Illinois, Urbana, Illinois 

v 
ITA~I~ B6 is believed to serve as a physiological 
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 autioxygenic 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- 
nieotinoylhydrazone (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 
h'om fats. 

In the present study various N-hydroxybenzyl and 
N-hydroxybenzy]idene compounds were synthesized as 
preparations structurally related to vitamin B6 deriv- 
atives, and they were tested for antioxidative activity 
in lard at 37~ and at 80oC. 

Experimental 
Test Compounds. The synthesis of pyridoxine 

5-monopalmitate as well as ethyl N-pyridoxyl-p-ami- 
nobenzoate e 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 anlount 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 platinmn 
oxide catalyst at room temperature for 1 hr. After 
hydrogenation the catalyst was removed bY filtra- 

1 This work  was supported b y  l~esearch G r a n t  No. A-257 f rom the  
National  Ins t i tu tes  of Yctealth, S. Public Hea l th  Service, Department 
of ]:tealth, Educat ion,  and  Welfare.  

The term "pyr idoxyl"  denotes the 2-methyl-3-hydroxy-5-hydroxymethyl- 
4-pyridyhnethyl  radical .  The te rm "pyridoxyl idene" denotes the 2-methyl- 
3 -hydroxy-5-hydroxymethyl-4-pyridy!.methy]en e radical .  

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

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~ Anal. Calcd. for C16H17NO3: C, 70.83; H, 
6.32; N, 5.16. Found: C, 71.18; H, 6.41; N, 5.11. 

Ethyl N-salieyl-p~aminobenzoate was reerystallized 
from methanol. M.p., 146.5-148.0~ Anal. Caled. for 
C16H17NO3: 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 reerystal- 
lized from isopropanol -methanol. M.P., 149.0-150.0 ~ 
C. Anal  Calcd. for C1TH~NOd: C, 67.75; H, 6.36; 
N, 4.65. Found: C, 67.85; It, 6.58; N, 4.85. 

N-Vanillyl-fl-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~ Anal. Caled. for C 1 6 I - I 1 9 ~ O 2 - I ~ C 1 :  C ,  65.41; 
H, 6.86; N, 4.77. Found: C, 65.07; H, 7.08; N, 4.55. 

The isonicotinoylhydrazones and the nieotinoylhy- 
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 
reerystallized from ethanol-water. Pyridoxal isonieo- 
tinoylhydrazone melted at 263.0 ~ (decomposition) 
(7). Salicylaldehyde isonieotinoylhydrazone melted at 
249.0-251.0~ (10). The isonieotinoylbydrazone and 
the nicotinoylhydrazone of vanillin melted at 230.0 ~ 
C. and 213.0-215.0~ respectively (11, 12). 

The synthesis of 3,5-di-tert-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 described by Duff (15). Five grams 
of 3,5-di-tert-butyl-4-hydroxybenzaldehyde were ob- 


