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

Structurally Related Compounds’
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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-
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tained after recrystallization from 95% ethanol.®
M.p., 188.0-189.5°C. Amnal. Caled. for Ci5Hpe0.: C,
76.88; H, 947. Found: C, 76.15; H, 9.44. Two and
three-tenths grams of 3,5-di-fert-butyl-4-hydroxyben-
zaldehyde and 1.4 g. of isonicotinoylhydrazide were
mixed in 35 ml. of 95% ethanol and refluxed for 40
min. in the presence of about 100 mg. of sodium
acetate as a catalyst. Toward the end of this period
fine needle-like crystals began to separate. The mix-
ture was then allowed to stand at room temperature
for about 24 hrs., and the precipitate was collected.
After washing with ether and water, recrystalliza-
tion was effected from pyridine-water. Yield: 2.7 g.
M.p., 300.0°C. Anal. Caled. for C21H27N302: C, 7135;
H, 7.70. Found: C, 71.74; H, 7.82.

Test for Antiozidative Activity. The antioxidative
activity of various N-alkyl-p-aminobenzoates, isonico-
tinoylhydrazones, and other preparations was com-
pared at 37°C. and at 80°C., using ‘‘Stripped Lard’’*
as a substrate. ‘‘Stripped Liard’’ was prepared from
prime steam lard from which most of the tocopherols
had been removed by molecular distillation. The
fresh ‘‘Stripped Lard’’ had a peroxide value of less
than 1 and an iodine value of 62.0.

Twenty grams of the lard were placed in a shallow
beaker (inside diameter: 59 == 1 mm.), and the test
compound was added as a solution in 3 ml. of ethanol,
in most cases, at a level of 1 pmole per gram of the
substrate. Three ml. of ethanol without antioxidant
were added to 20 g. of lard to serve as a blank control.
The hydrochlorides of ethyl N-pyridoxyl-p-aminoben-
zoate and N -vanillyl- 8-phenylethylamine originally
prepared were treated with sodium carbonate, and the
free amines thus liberated were used for the test.
After thorough mixing, the solvent was removed on a
water bath. When no further odor of aleohol was
apparent, the beakers were transferred to an incu-
bator kept at 37°C. or 80°C.

The antioxidative potency was compared on the
basis of a peroxide value, which was determined at
proper intervals of time according to the procedure
of Lundberg ef al. (13) and expressed as millimoles
of peroxide per kilogram of fat. Throughout this
study, comparison was made within a set of groups
which were run concurrently. To test the effect of
metallic ions on antioxidant activity, cupric acetate
or ferric chloride dissolved in ethanol was used as a
source of metallic ions at a level of 10 p.p.m. ag Cu*
or Fet.

Results

Ethyl N-anisyl- and N-salicyl-p-aminobenzoates
showed no or little antioxygenie activity; ethyl N-(p-
hydroxybenzyl)- and N-pyridoxyl-p-aminobenzoates 2
possessed some activity, and N-vanillyl-p-aminobenzo-
ate was the strongest oxidation inhibitor among the
N-alkylaminobenzoates tested (Figure 1). N-vanillyl-
B-phenylethylamine was also found to be an anti-
oxidant although the potency was weaker than the
p-aminobenzoate (Figure 1).

Under identical conditions pyridoxine 5-monopal-
mitate (5) was completely lacking in antioxygenic

3 This procedure was originally reported for ortho-formylation of
phenols. Since no ¢rtho-position was available in 2,6-di-tert-butylphenol,
formylation took place at the pare-position to give 3,5-di-tert-butyl-4-
hydroxybenzaldehyde. When an ethanolic solution of the reaction prod-
uct was treated with ethanolic potagsium hydroxide, no yellow color was
developed, indicating that an ortho-hydroxybenzaldehyde was not pres-
ent in the reaction product. This aldehyde has also been prepared from
butylated hydroxytoluene through oxidation with bromine (27).

4+ Kindly supplied by Distillation Products Industries, Rochester, N. Y,
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Fra. 1. Stability of lard containing (A) mnone, (B) ethyl
N-anigyl-p-aminobenzoate, (C) ethyl N-salieyl-p-aminobenzoate,
(D) ethyl N-pyridoxyl-p-aminobenzoate or ethyl N-(p-hydroxy-
benzyl)-p-aminobenzoate, (E) ethyl N-vanillyl-p-aminobenzoate,
(¥) N-vanillyl-B-phenylethylamine, (G) vanillin isonicotinoyl-
hydrazone or vanillin nicotinoylhydrazone, and (H) ascorbyl
palmitate. The test compound was added at a level of 1 wmole
per gram of the substrate, and the test was conducted at 37°C.
The peroxide value was expressed as millimoles of peroxide per
kilogram of fat.

properties. It was also found that pyridoxine 5-mono-
palmitate as well as ethyl N-pyridoxyl-p-aminobenzo-
ate at a level of 0.01 m mole per gram in a vitamin A
preparation (Myvax*) failed to inhibit the oxidation
of the vitamin when tested according to the pro-
cedure reported by Spruyt (14) at 37°C.

Various N-benzylidene and N-pyridoxylidene 2 com-
pounds were tested in the presence of cupric and fer-
rie ions in lard (Figure 2). In the presence of 10
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Fi1g. 2. Stability of lard containing (A) mnone, (B) Cu™ or
Fe**, (C) Cu' plus isonicotinoylhydrazide, (D) Cu™ plus
salicylaldehyde isonicotinoylhydrazone, (E) Cu** plus pyridoxal
isonicotinoylhydrazone, (F) Cu™ plus vanillin isonicotinoylhy-
drazone or Cu' plus vanillin nieotinoylhydrazone, (G) Fe**+
plus vanillin nicotinoylhydrazone, and (H) Fe*** plus vanillin
isonicotinoylhydrazone. The level of the metallic ion was 10
p.pam.; the test compound was added at a level of 1 umole per
gram of the substrate, and the test was condueted at 37°C.
The peroxide value wag expressed as millimoles of peroxide per
kilogram of fat.

p.p.m. of Cu* salicylaldehyde isonicotinoylhydrozone,
pyridoxal isonicotinoylbydrazone, and free isonicotin-
oylhydrazide failed to prevent oxidation. Strong
protection from oxidation was however noted when
vanillin isonicotinoylhydrazone or the nicotinoylhy-
drazone was used. These two compounds were also
capable of preventing oxidation in the presence of
Fet~, In this case better protection resulted with
isonicotinoylhydrazone than with nicotinoylhydra-
zone. Vanillin isonicotinoylhydrazone also served as
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an antioxidant in the absence of metallic ions (Fig-

ure 1). Free vanillin as well as free ethyl p-amino-

benzoate were inactive in the presence or absence of
metallic ions.

The activity of butylated hydroxytoluene (BHT)
and 3,5-di-fert-butyl-4-hydroxybenzaldehyde isonico-
tinoylhydrazone (BHB-INH) was compared at 80°C.
(Figure 3). In the absence of Cu**, BHB-INH pre-
vented oxidation of lard more efficiently than BHT
on a molar basis, indicating that an isonicotinoylhy-
drazonomethyl group potentiated the phenol better
than a methyl group. Because of accelerated decom-
position of peroxide by the metallic ion, lard showed
a maximum peroxide value (millimoles of peroxide
per kilogram of fat) of only 40-45 in the presence
of 10 p.p.m. of Cu™ at 80°C. Even in the presence
of BHT at a level of 1 umole per gram of substrate,
when 10 p.pm, of Cu* was present, lard became
strongly rancid within 10 hrs. of incubation, and the
oxidation pattern was essentially identical with that
of the sample containing the metal but no antioxi-
dant. On the other hand, BHB-INH significantly
depressed oxidation of lard containing copper at the
initial stage, possibly through removal of the metallic
ion by chelation; and, as observed in the control
group, while oxidation proceeded, the peroxide value
increased beyond the level of 40-45 (Figure 3). The
results thus indicated that, under the experimental
conditions, the effect of BHT was totally masked by
the pro-oxidative nature of copper whereas BHB-INH
eliminated the metallic ion from the oxidation system
and behaved as an antioxidant.

The activity of BHT and BHB-INH was also tested
at a level of 1/6 wmole per gram of lard in the pres-
ence of 10 p.p.m. of Cu™ at 37°C. The sample con-
taining BHT took 135 hrs. to reach a peroxide value
of 50, and the sample containing BHB-INH required
180 hrs. to reach the same peroxide level.

Discussion

In the present study pyridoxine 5-monopalmitate
(5) was found to be totally lacking in antioxidant
activity in lard as well as in a vitamin A preparation
at 37°C. although pyridoxine has been shown to pos-
sess antioxidative activity in fish oil (4). During the
course of studies on various N-pyridoxylamines? (6)
it was noted that ethyl N-pyridoxylaminobenzoates
were readily oxidized to the corresponding N-pyri-
doxylideneaminobenzoates,®> which are deeply yellow
compounds. This reaction is analogous to the one
which takes place at the similar linkage in the
molecule of folic acid (16, 17) and in N-benzyl-p-
aminobenzoie acid (16) upon oxidation. When ethyl
N-pyridoxyl-p-aminobenzoate was dissolved in autoxi-
dized ethyl linoleate which had a peroxide value of
approximately 600 and incubated at 37°C. for a few
days, a distinctive yellow color developed. This sug-
gested that ethyl N-pyridoxyl-p-awminobenzoate and
structurally related compounds could form the cor-
responding aldimines under these econditions. "1f
ready disposal of hydrogen atoms is involved in
the oxidation-inhibiting mechanism of an antioxidant,
the N-pyridoxyl-p-aminobenzoate might also serve as
an antioxidant. The experimental results however
failed to support this assumption (Figure 1).

Ethyl N-vanillyl-p-aminobenzoate was a relatively
strong antioxidant despite the fact that ethyl N-pyri-
doxyl-p-aminobenzoate showed little antioxidative ac-
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Fic. 3. Stability of lard containing (A) mnone, (B) Cu**
plus butylated hydroxytoluene (BHT) (I), (C) Cu** plus 3,5-di-
tert-butyl-4-hydroxybenzaldehyde isonicotinoylhydrazone (BHB-
INH) (II), (D) BHT, (E) BHB-INH, and (F) an equimolar
mixture of BHT and BHB-INH. The oxidation pattern of the
lard containing no antioxidant but Cu** was essentially identical
with (B). The level of the metallic ion was 10 p.p.am.; the
test compound was added at a level of 1 pmole per gram of the
substrate, and the test was condueted at 80°C. The peroxide
value was expressed as millimoles of peroxide per kilogram of
fat. ' :

tivity. The substituted groups between these two
compounds are similar. They have a hydroxyl group
at an ortho or para position to the N-(p-carbethoxy-
phenyl)-aminomethyl group, and they contain a
methyl or methoxyl group at an ortho position to the
hydroxyl. It is known that the antioxygenic property
at a phenolic hydroxyl group is imparted by a methyl
group more efficiently than a methoxyl group located
at an ortho position to the hydroxyl (18). As ob-
served with ethyl N-salieyl-p-aminobenzoate and the
N-(p-hydroxybenzyl)-p-aminobenzoate (Figure 1), it
appears conceivable that a compound possessing a
hydroxyl group at the pare position to the substituted
aminomethyl group may show somewhat stronger
antioxidative activity than an ortho analogue. Thig
difference however would not be sufficient to explain
the marked difference in the potency between ethyl
N-pyridoxyl-p-aminobenzoate and ethyl N-vanillyl-p-
aminobenzoate. Upon comparison of the effect of the
trimethyl analogue of pyridoxine, 24 5-trimethyl-3-
pyridinol (19), and the corresponding benzene deriva-
tive, 2,3,6-trimethylphenol in lard, it became clear
that the absence or nearly absence of antioxidative
activity in the pyridoxine derivatives would, at least
in part, result from the nature of the pyridine ring
{Figure 4).
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Fie. 4. Stability of lard containing (C) none, (I-A, I-B)
2,4,5-trimethyl-3-pyridinol (I) at a level of 1/3 and 1 umole
per gram of the substrate respectively, and (II-A, II-B) 2,3,6-
trimethylphenol (II) at a level of 1/3 and 1 umole per gram
of the substrate, respectively. The test was conducted at 37°C.,
and the peroxide value was expressed as millimoles of peroxide
per kilogram of fat.
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Under the experimental conditions free vanillin
failed to show antioxygenic potency. Conversion of
vanillin to N-vanillyl-B-phenylethylamine, ethyl N-
vanillyl-p-aminobenzoate, vanillin isonicotinoylhydra-
zone, or the nicotinoylhydrazone eliminated the elec-
tron-withdrawing nature of the formyl group, thus
these derivatives were active antioxidants (Figures
1, 2) (e.f. 20). The data presented by Bickoff indi-
cate that the replacement of the formyl group of
vanillin with a hydroxymethyl or a methyl group im-
proved its antioxygenic nature for carotene (21).
When ingested, ethyl N -vanillyl-p-aminobenzoate
would probably be cleaved to vanillin and p-amino-
benzoate in vivo (c.f. 6).

Although it is known that isonicotinoylhydrazide,
salicylaldehyde isonicotinoylhydrazone, and pyridoxal
isonicotinoylhydrazone form a chelate complex with
a metallic ion, such as copper (8, 22, 23, 24), a lard
which eontained Cu™ and these compounds was even
less stable than plain lard (Figure 2). The lard
which contained 10 p.p.m. of Cu** and the one with
10 p.p.m. of Fe* were unstable to an equal degree
under the experimental conditions (Figure 2). When
vanillin isonicotinoylhydrazone was added, the former
became more stable than the latter. It was also found
that vanillin isonicotinoylhydrazone reversed the effect
of Fe** more efficiently than vanillin nicotinoylhy-
drazone. These results appear to indieate that vari-
ous isonicotinoylthydrazones and nicotinoylhydrazones
would form chelate complexes with the metallic ions
of differing degrees of stability and that such chelate
formation may play a part in their antioxidative
mechanism in lard.

It thus becomes evident that an isonicotinoyl- or
nicotinoylhydrazonomethyl group has two desirable
properties as an ortho or parae substituent for a phe-
nolic antioxidant; one is the property to activate
phenols, and the other is the property to combine
with pro-oxidative metallic ions. An attempt was
therefore made to synthesize 3,5-di-fert-butyl-4-hy-
droxybenzaldehyde isonicotinoylhydrazone (BHB-
INH), a struetural analogue of butylated hydroxy-
toluene (BHT). The results proved that BHB-INH
was an excellent antioxidant in the presence as well
as in the absence of copper in lard (Figure 3). It
was of interest to note that an equimolar mixture of
BHT and BHB-INH behaved more like BHB-INH
than BHT or an antioxidant of intermediate strength
(Figure 3). Further study is necessary to demon-
strate the possible synergism between BHT and BHB-
INH conclusively.

The disadvantage of BHB-INH is its limited solu-
bility in organic solvents such as ether, chloroform,
dioxane, ethyl acetate, methanol, ethanol, and isopro-
pylaleohol. BHB-INH is however soluble in pyridine.
Replacement of an isonicotinyl group by a more lipo-
philic aeyl radical may inerease its solubility in fat
since a general arrangement of ‘‘acyl-NH-N = CH-
(phenol) ”” appears to be responsible for the activation
of phenols. For chelate formation, an isonicotinoyl
group would not be essential. The antioxidative po-
tency of the resnltant compound would however par-
tially depend on the type of acyl groups combined
(c.f. Figure 2).

Vor. 35

Isonicotinoylhydrazide is used for the treatment of
tuberculosis, and its toxicity has been reported. In
a strain of mice the amount of free isonicotinoylhy-
drazide which is 100% lethal by oral administration
is reported to be 300 mg./kg. (25). It is known that
isonicotinoylhydrazide dissolved in glycerine or pro-
pyleneglycol and the hydrazide present in the form
of a hydrazone are much less toxic (c.f. 25). Isonico-
tinoylhydrazide has also been reported to act as a
physiological antioxidant in rats (26).

Summary

Fat-soluble derivatives of vitamin Bg including
ethyl N-pyridoxyl-p-aminobenzoate, pyridoxal isoniec-
otinoylhydrazone, and pyridoxine 5-monopaimitate
showed little or no antioxidative activity for lard as
well as for vitamin A at 37°C. The structurally
related compounds, ethyl N-vanillyl-p-aminobenzoate,
vanillin isonicotinoylhydrazone, and the nicotinoylhy-
drazone were found to be antioxidants although free
vanillin was Inactive. The removal of the electron-
withdrawing nature at the formyl group in a vanillin
molecule might be functional in the development of
antioxygenic properties.

Evidence was obtained to show that an isonicotin-
oylhydrazonomethyl group not only activated a phe-
nolic compound as an antioxidant but also removed
pro-oxidative metallic ions from lard through chela-
tion. For example, 3,5-di-tert-butyl-4-hydroxybenzal-
dehyde isonicotinoylhydrazone (BHB-INH), a strue-
tural analogue of butylated hydroxytoluene (BHT),
stabilized lard more efficiently than BHT on a molar
basis in the presence as well as in the absence of Cu**.
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