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of potassium hydroxide in 5 cc. of water was added to a
solution of 1.84 g. of histamine dihydrochloride in 5 cc. of
water. The resulting solution was diluted with 100 cc. of
ethyl alcohol, and 1.67 g. of pyridoxal was added. The
initial bright yellow color gradually faded, and a thick,
white precipitate appeared slowly. After a half hour, the
mixture was cooled in ice. The white material was ~ol-
lected on a filter and washed with water until free of salt.
It was then washed with alcohol and finally with ether;
yield, 0.76 g. (29%); m. p. 252-253° (dec.). ‘The
analytical sample was dried at 100° (1 mm.) for four
hours.

Anal. Caled. for C;3H;NO.: C, 59.98; H, 6.20; N,
21.53. Found: C, 60.14; H, 6.10; N, 21.39.
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Summary

Pyridoxal has been condensed with several am-
ines to form Schiff bases. Most of these pyridoxyl-
ideneamines have been hydrogenated, yielding
the pyridoxylamines: pyridoxyltyramine, pyri-
doxyltryptamine, pyridoxyl-8-phenylethylamine,
pyridoxylhistamine, pyridoxylbenzylamine and
pyridoxylisobutylamine. These compounds show
an activity nearly as great as that of pyridoxine in
rats.

Ranway, NEW JERSEY RECEIVED JULY 3, 1948
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Resin Acids.

V. The Composition of the Gum Oleoresin Acids of Pinus Palustris

By GrorGE C. HARRIS

For more than a century an extensive literature
has dealt with the acids of gum oleoresin but only

a limited number of valid results have been ob-

tained. The reasons for this are that resin acids
are unstable substances that easily change and
are isomerized on treatment with heat and strong
acids, and possess a great tendency to oxidize even
with atmospheric oxygen. Especially variable
are the primary acids present in unmodified oleo-
resins. :

Because of their capacity for forming mixed
crystals, the separation of mixtures of them into
pure constituents by simple fractional crystalli-
zation often has been very difficult. It is, there-
fore, not surprising that many investigators work-
ing with oleoresins of different sources and using
different separation methods obtained acids with
different constants and gave them ever different
names. Besides fractional crystallization, the
only other technique available heretofore was the
formation of insoluble sodium salts whereby levo-
pimaric and dextropimaric acids' were isolated.
A large number of “sapinic” (abietic-type) acids,
which do not form crystalline salts have been re-
ported as pure isomers obtained by fractional crys-
tallization. Some of these are a-alepic, a-sapinic,
Dupont’s pineic,? Suzuki's densipimaric,® and
Vocke’s sapinic acid.* All of these were eventually
shown to be mixtures.®

We have been more successful in the isolation of
pure resin acids by applying and further develop-
ing a new technique,® the amine salt method for
the separation of resin acids from non-resin acid

(1) These words have purposely been written as one word since
the compounds are not steroisomers as the prefixes lero- and dexiro-
would imply.

(2) G. Dupont, Bull. soc. chim., 86, 1207 (1923).

(8) S. Suzuki, Chem. Zenir., 96, I, 2383 (1925);
(1935).

(4) F. Vocke, Ann., 508, 11.(1933).

(6) G. Dupont, Bull, soc. chim., 39, 718 (1921). L. Ruzicka, =r.
Balas and Fr. Vilim, Hely. Chim. Acta, T, 458 (1924). K. Kraft,
Ann., 520, 133 (1933). K. Kraft, ibid., 524, 1 (1936).

(6) Fr. Balas, Casopis Ceskosloven. Lékérnictoa, 7. 320 (1927).

106, I1, 234

material and for the isolation of pure resin acids.
With the aid of this technique and others reported
in the literature, it has been possible to deter-
mine fully, for the first time, the composition of
the resin acids fraction of the oleoresin from Pinus
palusiris. In the following, the pertinent ma-
terial reported previously in papers of this series
will be brought together with new work in describ-
ing the composition of the primary resin acids.

For this investigation, as well as for the isola-
tion of resin acids, reported earlier, a large batch
of oleoresin was collected from the ‘‘longleaf”
pine, Pinus palustris, and stored at 0-3° in the
dark, out of contact with air. The acidic material
was first separated from the turpentine as cyclo-
hexylamine salts.” The regeneration of the acids
from the amine salts was carried out using a weak
acid, boric acid, at temperatures of 50° or below in
order to retain the primary resin acids unaltered.
The isolation of 159, of levopimaric acid, I, from
this mixture of acids using butanolamine has been
described.” However, it was not concluded to be

CH: COOH
XA

/CH:
CH
\CH,
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L/ ‘\ j
CH;

)

I
the total amount of levopimaric acid in the mix-
ture because in the isolation of resin acids with the
amine salt technique it was found that the desired
separation was obtained but not always in quanti-
tative fashion. To determine this value, a Diels—
Alder addition reaction modified by Fleck and
Palkin® was used whereby the resin acids in dry -

(7) G. C. Harris and T. F. Sanderson, ““Resin Acids. I,” Tuis
JournNaL, 70, 334 (1948).

(8) E. E. Fleck and S. Palkin, Ind. Eng. Chem., Anal. Ed., 14, 148
(1942).
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pentane were treated with dry, acid-free maleic
anhydride in dry acetone for two hours at room
temperature. The levopimaric acid-maleic anhy-
dride adduct and unreacted acids were separated
by the precipitation of the latter from an alkaline
solution of the mixture by the addition of solid
boric acid at a pH of 6.2. The amount of levopi-
maric acid was determined according to the Biot
formula

= (C—- B)/(4 - B)
Where 4, B and C = the specific rotations of the levo-
pimaric, unreacted and starting acids, respectively.
to obtain values of 30-35%, in complete agreement
with those of Fleck and Palkin® and Wienhaus
and Sandermann.’ In this way, not only agree-
ment with results of other workers, but also assur-
ance of an unaltered starting material was ob-
tained.

The isolation of 5%, of neoabietic acid, II, with
diethylamine following the isolation of levopi-
maric acid with butanolamine was also desecribed.’
Again this was not assumed to be the total amount

CH, COOH
/ \ N

LA
\)L e

\CH,
11

of this acid in the oleoresin. To determine this
value, use was made of the ultraviolet absorption
spectrum technique employing a Beckmann spec-
trophotometer. Since interpretation of results
could be simplified by having as few absorbing
acids as possible in the mixture, the work was done
with the acids from which levopimaric acid was
removed quantitatively with acid-free inaleic an-
hydride. Anultraviolet absorption curve,* Fig. 1,

30

25

20

15

10

Specific absorption coefficient, a.

240 260
Wave length in mu.

Fig. 1.—Ultraviolet absorption spectra: 1, levopimaric
acid-free oleoresin acids; 2, acid-isomerized levopimaric
acid-free oleoresin acids.

(9) W. Wienhaus and W, Sandermann, Ber., 71, 2005 (1938).

(10) The ultraviolet absorption data were determined by Dr.
KEvelyn V. Cook of this Laboratory.
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Curve 1, surprisingly enough showed the absorp-
tion characteristics of abietic acid, III, with an
inflection (usually a maximum for the pure acid)
at 235 mu and a maximum at 241-242 mu wave
length. This, indeed, was the first evidence of the

CHa COOH

CHs
—CH
NcH,
III

presence of abietic acid, per se, in gum oleoresin.
Therefore, it is to be classified henceforth not only
as the transformation product of resin acids but
also as a primary acid. The quantity was deter-
mined as a ratio of the differences of specific ab-
sorption coefficients, Aa, at 241-242 mu between
an arbitrarily defined general absorption (the
broken line, Fig. 1, Curve 1) and the maximum at
that wave length of the curve for this mixture and
that for the pure acid’ (@ = 76.6). It was found
to be between 15-209%, of the total acids. The
presence of neoabietic acid was shown by the
fact that at 250 my, in place of the usual inflection
point at an a lower than the maximum at 235 mu
for pure abietic acid, a decided maximum ap-
peared at an « slightly higher than that of the in-
flection point at 235 mu accompanied by the slight
bulge in the curve at 264 mpu that is characteristic
of the curve for neoabietic acid.” The amount of
neoabietic acid was calculated in the same manner
described for abietic acid using the absorption
maximum and general absorption at 250 mu wave
length and found to be between 15-209, of the to-
tal acids. These values were checked by isomeriz-
ing the neoabietic acid with mineral acid and de-
termining the amount of abietic acid produced,
Fig. 1, Curve 2.

At one time it was believed that a fourth two-
double-bond, abietic-type acid might be present
whose ultraviolet absorption spectrum might be
masked by those of levopimaric, neoabietic, and
abietic acids. To determine whether this was the
case, the butanolamine salts of the levopimaric
acid-free resin acids were prepared and fraction-
ateéd very carefully using the triangular scheme of
fractional crystallization. From the specific rota-
tions and ultraviolet absorption curves of the frac-
tions of salts no new acid was in evidence and only
the separation of isodextropimaric acid as the more
insoluble and neoabietic acid as the more soluble
salt was effected. From the foregoing it was con-
cluded that the maleic anhydride-reactive acids
fraction of gum oleoresin is composed of levopi-
maric, neoabietic, and abietic acids (Table I).

One of the characteristics of two-double-bond
abietic-type acids is that under acid conditions
they are isomerized to abietic acid which under
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TaBLE I
ComposITION oF GuM OLEORESIN ACIDS
Percentag
Acid Harris Other investigators

Levopimaric 30-35 30-35
Neoabietic 15-20
Abietic 15-20
Isodextropimaric 8 Cen
Dextropimaric 8 1-3
Dihydroabietic 4 e
A dihydroabietic 4 4

the same conditions is in equilibrium with a small
amount of levopimaric acid. The latter reacts
with maleic anhydride to give the adduct which
can be separated from the unreactive acids. It
was in this manner that the maleic anhydride re-
active acids, which compose about 759%, of the
oleoresin, were removed for purposes of studying
the remaining 259, of acids, the maleic anhydride
unreactive.!? The total gum acids were treated
with maleic anhydride in dry, boiling benzene
saturated with dry hydrochloric acid and the un-
reacted acids separated at a pH of 6.2. These
acids were found to remain unchanged under
these conditions especially dextropimaric acid
which was treated under identical conditions and
was isolated unaitered.

The composition of this fraction was deter-
mined in the following manner. An ultraviolet
absorption curve (Fig. 2, Curve 1) showed un-
equivocally the presence of dehydroabietic acid,!?
IV (Fig. 2, Curve 2), to the extent of 18% of this
fraction or 49, of the total oleoresin acids. The
butanolamine salts were prepared and fractionally
crystallized to obtain the pure salt of isodextropi-
maric acid,!! V, in 49, yield of the total acids. In
1939, Fleck and Palkin!?® showed that the oleoresin
from Pinus palustris contains about 4%, of a di-
hydroabietic acid which was isolated by meauns of

CH; COOH CH, COOH
\/7 PN
90 |
éHE/\ CH; ANCN
H_C{{ H <CH=
: “\CH; V\/ CH—CH;
I
CH, COOH CHs: COOH
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(11) G. C. Harris and T. F. Sanderson, “Resin Acids,
THis JoUrNatL, 70, 2079 (1938).
(12) L. F. Fieser and W, P. Campbell, THis JoUrRNAL, 60, 2831

(1938).
(13) E. E. Fleck and S, Palkin, sbid., 61, 1230 (1939).
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Fig. 2.—Ultraviolet absorption spectra: 1, maleic anhy-
dride~unreactive acids; 2, dehydroabietic acid.
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its crystallizable, insoluble lactone.!* Since the
other acids of this fraction do not form this dif-
ficultly soluble lactone, a dihydroabietic acid, VII,
must be assumed to be a primary product. From
these results it appears that some disproportiona-
tion may take place even in the tree to result in
the formation of equal quantities of dehydroabie-
tic and dihydroabietic acids. By difference, then,
dextropimaric acid, VI, is present to the extent of
about 8%, of which only 4-5%, can be separated
pure from the early cuts of a distillation of rosin or
by crystallization from the mixture after isodextro-
pimaric acid is removed as an amine salt. There-
fore, the maleic anhydride-unreactive acids frac-
tion of gum oleoresin is composed of isodextropi-
maric, dextropimaric, dehydroabietic, and a dihy-
droabietic acid as in Table I.

Experimental

Determination of Levopimaric Acid Content.—A solu-
tion of 50.0 g. of total oleoresin acids, [a]*p —48°8 in
50 g. of n-pentane was treated with 8.1 g. of triply distilled
maleic anhydride in 6 g. of dry acetone. Upon the addi-
tion of the maleic anhydride a dark color developed with
the simultaneous production of heat. At the end of two
hours of agitation, the solution was poured slowly into a
3% solution of aqueous alkali containing a sufficient
amount of alkali (10.0 g.) to neutralize the acids. The
solution was diluted to a volume of 3 liters and solid boric
acid added during rapid agitation to a pH of 6.2.

Sodium sulfate, 60 g., was added to coagulate the pre-
cipitated resin acids that were filtered and washed well
with water to obtain 30 g. of acids with rotation [«]?D
+60°. Using the Biot law

X =(C-B)/(4 — B)
XA+ (@ -xB=C
X(—276) + (1 — x) 60 = —48

the per cent. of levopimaric acid was calculated as 327.
After several experiments, it was concluded that there is
between 30 and 35%, of levopimaric acid in the oleoresin.

Investigation of the Unreactive Acids.—The 30 g. of
maleic anhydride-unreactive acids with acid number 185
was dissolved in 60 g. of acetone and treated with 9.0 g. of
butanolamine (2-amino-2-methyl-1-propanol; Commer-
cial Solvents, Inc.) in 10 cc. of acetone. The salts were
filtered and fractionated with acetone as solvent using the
triangular scheme of fractional recrystallization. The ro-

(14) R. F. Cox, tbid., 66, 865 (1944).
(15) All rotations are of 1% solutious in absolute ethanol,
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tations of the last few fractions were 0°, +3°, +12°, 4-29°,
+44°, +57° +88° and +102°. From these rotations
and the ultraviolet absorption curves of these fractions it
was concluded that the first fraction was the salt of iso-
dextropimaric acid, the last that of neoabietic acid, and the
middle fractions were mixtures of salts of neoabietic and
abietic acids and acids that do not demonstrate absorption
in the ultraviclet region.

Summary

The composition of the acid fraction of Ameri-
can gum oleoresin from Pinus palustris has been
determined fully for the first time using such tech-

GEORGE C. HARRIS AND JACQUELINE SPARKS

Vol. 70

niques as the amine salt method, ultraviolet ab-
sorption spectrum techmique, and the Diels—Al-
der addition of maleic anhydride. In addition to
the already known levopimaric and dextropimaric
acids and a dihydroabietic acid, the following acids
were shown to be present as primary acids in oleo-
resin: neoabietic, abietic, isodextropimaric and

dehydroabietic acids.
WILMINGTON, DELAWARE RECEIVED! MARCH 10, 1948

(16) Original manuscript received August 9, 1946,
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VI. Kraft’s Proabietic Acid,! a Mixture of Primary Resin Acids

By GEORGE C. HARRIS AND JACQUELINE SPARKS

The purity and homogeneity of Kraft’s proabie-
tic acid was suspected for the following reasons:
(1) its preparation involved only the concentra-
tion of the dextrorotatory constituents in the
oleoresin after removal of as much levopimaric
acid as possible by fractional crystallization, a
technique shown to be inoperable in resin acid
chemistry, (2) the height of the maximum at 243
my, log Kmetar = 3.86, for the substance was too
low for abgorption maxima of pure resin acids in
that region, 243 my, and (3) the irregularities in
the ultraviolet absorption curve between 265 and
278 mu indicated the presence of residual levopi-
maric acid and some dehydroabietic acid. In the
light of the first reason, the isolation of the dextro-
rotatory neoabietic acid,® [¢]?*D +159°, from
oleoresin in 15-209, yield cast further doubt on
the homogeneity of proabietic acid.

The acid prepared in this Laboratory was simi-
lar in physical constants (melting point 159-162°,
and rotation [a]?*p + 10°) to that reported by
Kraft with exception of the position of the intense
band in the ultraviolet absorption spectrum of the
substance. Kraft's acid demonstrated its most
intense band of absorption at 243 mu, a = 24.3,
and ours at 250 mu, @ = 27.0. A discrepancy in
the most intense band of absorption of abietic acid
was also described in an earlier paper.® Kraft re-
ports it as being at 237.5 mu and we have found it
repeatedly to be at 241 mu.? These differences are
not alarming inasmuch as Kraft’s work was done
on a Hilger-type apparatus whereby transmission
was determined by measurements made on a pho-
tographic plate and ours was done with a Beck-
mann spectrophotometer which utilizes a photo-
electric cell and gives accurate determinations be-
low 250 my, the region in which a Hilger-type ap-
paratus is inaccurate.

In working the oleoresin to obtain the crystalline

(1) K. Kraft, Ann,, 524, 1 (1938),

(2) G. C. Harris and T. F. Sanderson, ““Resin Acids,

JournaL, T0, 334 {1048).
(8) K. Kraft, Ann. 520, 138 (1985).

1,” THiS

acids, 80% aqueous acetone was used more effec-
tively than petroleum ether® to obtain the same
type of acid mixture with rotation [a]*D — 95°,
and melting point 140-145°, in better yield. The
ammonium salts were prepared as directed! in 19,
aqueous ammonia solution and filtered. The re-
sulting acids regenerated with carbon dioxide
from the soluble ammonium salts in the filtrate,
with rotation, [a]?D — 24°, were again treated
with 19, ammonia and the unreacted acids re-
generated with rotation, [a]?*p 4+ 10°. This ma-
terial was crystallized from aqueous alcohol with
the same rotation, melting point 159-162°, and
ultraviolet absorption characteristics, Fig. 1,
Curve 1.5 Since the presence of levopimaric acid
was suspected from the ultraviolet absorption
curvel of the mixture, the material was treated
under anhydrous conditions with maleic anhy-
dride at room temperature in the absence of acid
to obtain an unreacted fraction, with rotation
[a] %D +39°, from which can be calculated 9-109,
of levopimaric acid in Kraft’s acid. An ultra-
violet absorption curve, Fig. 1, Curve 2, was de-
termined of the levopimaric acid-free acids to de-
tect the presence and determine more accurately
the amounts of neoabietic acid, with intense band
at 250 mu and slight bulge at 265 my, and abietic
acid with intense band at 241 my. The amounts
were determined according to a method described
in an earlier paper® and found to be 25%, of neoabi-
etic and 109, of abietic acids.

Further attempts to resolve the mixture to pure
constituents consisted of the preparation and frac-
tional crystallization of the butanolamine salts ac-
cording to the triangle scheme. The salt of isodex-
tropimaric acid was obtained as the insoluble frac-
tion, to show the presence of this acid in the mix-
ture, and that of neoabietic acid as the more sol-
uble fraction, to confirm its presence.

(4) F. Vocke, Ann., 508, 14 (1933).

(5) The ultraviolet absorption data were obtained by Dr. Evelyn

V. Cook, of this Laboratory.
(8) G.C. Harris, “"Resin Acids, V,” TRIS JOURNAL, 70, 3671 (1948).
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