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Oxidation of Alpha-Pinene

INTEREST in the esters of pinic
acid (2,2-dimethyl-3-carboxycyclobutyl-
acetic acid) for uses. as lubricants' and
plasticizers (8) has led to a search for
economic methods for producing pinic
acid from eo-pinene. The method of
Delépine (2) involving oxidation with
buffered potassium permaganate to pi-
nonic acid (2,2-dimethyl-3-acetylcyclo-
butylacetic acid), followed by oxidation
with calcium hypochlorite to yield
pinic acid, has been utilized on a small
pilot plant scale by Loeblich, Magne,
and Mod (6). The yield of pinonic acid
reported was 44.59, and the over-all
yield of pinic acid was 25%,. Attention
has recently been given to the ozonolysis
of a-pinene. Fisher and Stinson (4),
using low temperatures and low con-
centrations of ozone in acetic acid,
methanol, or nitromethane, obtained
after decomposition of the ozonides
yields of pinonic acid of about 40 to 60%.
Holloway, Anderson, and Rodin (5),
. working with both diluted and highly
concentrated ozone, obtained yields of
pinonic acid ranging from 14 to 68%.

Work was undertaken under a Research
and Marketing Act Contract to study
the use of peroxides and nitrogen-
containing compounds as oxidants in
the conversion of a-pinene.

The first portion of this article sum-
marizes the screening experiments car-
ried out under phase I of the project.
The oxidants studied weré hydrogen
peroxide, sodium peroxide, calcium per-
oxide, zinc peroxide, nitric oxide, nitro-
gen dioxide, dinitrogen trioxide, nitro-
gen pentoxide, nitrosyl chloride, and
nitric acid. The peroxide oxidations
were liquid-phase reactions, whereas
" the nitrogen oxide oxidations were car-
ried out in the vapor phase.

As a result of the screening experi-
ments, hydrogen peroxide was selected
for further study. The second part of
this article describes the work done with
hydrogen peroxide oxidation of a-pinene
and with further oxidation of neutral
products to acids.

Products from the reactions were sep-
arated into neutral and acidic portions
by ether extractions of alkaline and
acidic solutions. The neutral portions
were fractionated and the fractions sub-
jected to classification tests. The acid
portions were subjected to chromato-
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graphic analyses for the estimation of
known acidic constituents.

Oxidation with Peroxides and
Nitrogen-Containing Oxidants

Hydrogen Peroxide. The experi-
ments with hydrogen peroxide as the
oxidant for a-pinene were based upon
the Milas reaction (7). Tert-butyl aclo-
hol was used as the reaction solvent in
which the a-pinene and 909, hydrogen
peroxide were dissolved. The catalysts
used were either dissolved or dispersed in
the reaction mixture.

The general method for carrying out
the oxidations is described for Experi-
ment 5. )

Five hundred milliliters of fers-butyl
alcohol were used to dissolve 174 grams
of 889, hydrogen peroxide (approxi-
mately 4 moles). Five grams of anhy-
drous sodium carbonate were added to
neutralize the phosphoric acid stabilizer
for the peroxide and to remove water.
The liquid was filtered through a plug
of glass wool into a reaction flask
equipped with a condenser and stirrer.
To the flask were added 68 grams (0.5
mole) of a-pinene and 0.67 gram of
chromium trioxide. The solution had
a deep blue color due to the presence
of perchromate ion.

The temperature was maintained
while stirring at around 30° C. for
18.5 hours, at which time the deep blue
color had changed to purple. Heating
was continued for 4 hours at 55° C.
The color of the solution became green,
indicating that all of the peroxide had
been consumed.

After distilling out the fert-butyl
alcohol, the product was made alkaline
and extracted with ether to remove
neutral material. The aqueous residue
was acidified and again extracted with
ether to recover the acidic products.

The reaction conditions employed for
the various runs are indicated in Table I.
The temperatures were not strictly
controlled 'during the reaction period
because of the erratic behavior caused
by the exothermicity of the reactions.

The crude acidic products were
analyzed by the partition chromato-
graphic method described by Baldwin,
Loeblich, and Lawrence (7). Although
up to ten or more acids were found to
be present, only the percentages -of
pinic, pinonic, and pinononic acids in the
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crude product are given in Table L.
None of the other acids were present in
predominant amounts. The vyields of
neutral and acid products are also given
in Table I.

The neutral products were fractionally
distilled and the fractions subjected to
classification tests for hydroxyl, glycol,
carbonyl, and methyl ketone groups.
The neutral fractions were not examined
in detail, but a study of several of the
fractions indicated the presence of
hydroxypinocamphone, pinene glycol,
and, in case of the tungstic oxide cata-
lyzed reactions, pinol glycol.

One of the neutral fractions from
Experiment 5 was oxidized with neutral
potassium permanganate and yielded a
mixture of acids containing 27.5%
pinonic acid and 7.9%, pinic acid.
This indicated that the neutral products
did indeed contain precursors of pinic
and pinonic acids.

Referring to Table I, in all cases
except with the selenium dioxide cata-
lyst the proportion of neutral products
formed was greater than that of the
acids. Even with large excesses of
hydrogen peroxide (Experiments 5 and
17) . the neutral products were pre-
ponderant.

The acidic products which were re-
covered contained little and in several
cases no pinic acid (2,2-dimethyl-3-car-
boxycyclobutylacetic acid). In all cases
pinonic . (2,2-dimethyl-3-acetylcyclobu- -
tylacetic acid) and pinononic (2,-
2 -dimethyl-3-acetylcyclobutanecarbox-
ylic acid) acids were present. The
major portion of the acids, however,

consisted of a mixture of unknown
acids.
Metallic Peroxides. Those used were

sodium peroxide (Baker’s a.p.), zinc
peroxide (Becco 55%), and calcium
peroxide (Becco 60%). The use of
each of these oxidants involved a hetero-
geneous reaction. The reaction prod-
ucts were worked up and examined
as described under hydrogen peroxide.
The conditions of reaction and the re-
sults obtained are summarized in Table
II. A variety of acids, mostly unidenti-
fied, other than those listed, were
present in the crude acidic products in
small percentages of each.

With sodium peroxide and sodium
hydrogen peroxide, aqueous solutions
of the reagents were agitated with 0.5
mole of a-pinene in the reaction flask.

1831



Table .  Oxidations with Hydrogen Peroxide

Ezxpt. Catalyst? Molar Ratio Time, Temp., Yield, 9 Ratio Acid Content of Crude Acids, %
No. Kind Conen., %  Hs0::Pinene Hr, °C. Neutrals  Acids  Neutrals:Acids  Pinic Pinonic  Pinononic
4 CrOQ; 0.12 1 1 15,0 28 50 8.3 6 1 1.3 16.4 2.4
5 CrO; 0.99 8 1 18.5 30 45.6 13.7 3.3 1 2.0 13.5 6.3
4.0 55
17 CrQ; 0.45 9 1 48 20-30 60.0 30.6 2.0 1 6.9 8.4 5.9
3 50-60
16 WO, 0.18 2 1 2 28 59.5 16.4 3.7 1 0.0 8.8 3.2
13 85
18 WO, 0.18 1 1 1.5 80 48.8 13.1 3.7 1 0.0 8.9 2.9
20.0 85
15 Se0, 0.37 4.5 1 24 85 50.7 55.1 0.9 1 0.0 8.3 1.7

@ Based on amount of pinene not actually recovered and which presumably entered into reaction.
¢ Per cent catalyst based on weight of pinene used.

In these reactions, no recoverable acidic responded to classification tests for The rate of flow of a-pinene through
products were produced. In both cases, glycols, methyl ketone, and carbonyl the reactor was controlled by adjusting
809, of the original pinene was recovered groups, indicating the presence of pos- the voltage input to the boiling flask
unchanged. sible precursors of pinic and pinonic heater. Rates of flow of the a-pinene
In the reaction with zinc peroxide, acids, ranged from 4.8 to 14.5 grams per
275 grams of the finely divided powder Nitrogen-Containing Oxidants, The minute for the various experiments.
were suspended in 400 grams of o- vapor-phase oxidations of a-pinene with The gaseous oxidants were metered
pinene in a 1I-liter round-bottomed the nitrogen-containing oxidants. were from the cylinders through Flowrators
flask. The mixture was heated at 130° carried out in a specially constructed and entered the reaction chamber at room
to 140° C. for 45 hours. After working borosilicate glass apparatus. temperature. The gas flows varied
up the reaction products, it was found The reactor consisted of a piece of from 160 to 380 cc. per minute. For
that only 69, of the a-pinene underwent 40-mm. i.d. tubing, 45 cm. in length. the nitric acid experiments, nitrogen
conversion. Neither pinic nor pinonic It was maintained in a position slightly gas was bubbled through hot fuming
acid appeared in the recovered acid inclined from the horizontal with the nitric acid (specific gravity of 1.50)
products. The neutral product con- inlet end being higher than the outlet to carry vapor to the reaction zone.
t‘ained dipentene, indicating isomeriza- end. At each end of the reactor 'tL.lbe For several experiments at higher
tion Probably caused by the presence of was a thermometer well for measuring temperatures, the pinene boiler was
the zinc coxppounds. . o inlet and o.utlet temperatures. Just replaced by a train of three gas-washing
The calcium peroxide oxidation was beyond the inlet thermometer was a b . .
. . : . . ottles immersed in a temperature-
carried out by forming a slurry of 180 tube for introducing the oxidant vapor. . . .
Py . . controlled heating bath of 0il. Nitrogen
grams of peroxide in 750 ml. of water Preceding the inlet end, the reactor .
and adding 68 grams of a-pinene. The was attached through an adapter to a gas was passed through ,t},le train of
mixture, vigorously stirred, was heated beiling flask for vaporizing a-pinene. gas-was}.nng bottles containing  piene,
at 90° C. for 32 hours by which time all  The outlet end of the reactor tube was  thus picking up pinene vapor and
the peroxide had been consumed. While attached to a condenser which discharged carrying it to the reaction zone.
a better over-all conversion was ob- into a collection flask. The condensed product stream was
tained with this oxidation, high yields The inlet adapter tube served as a passed directly into an aqueous solution
of neutrals and acids were not obtained. pinene-vapor preheater. Both it and of sodium bicarbonate or sodium hy-
The acid fraction contained pinic and the reactor were heated by wrapped droxide in order to neutralize quickly
pinonic acids, and the neutral material coils of Nichrome wire. the acids formed,
Table Il.  Oxidation of a-Pinene with Metallic Peroxides
Yields Based on
EBxpt. Molar Ratio Pinene Consumed, % Ratio Acid Content of Crude Acids, %
No. Peroxide Ouwidant:Pinene Experimental Conditions Neutrals Acids Neutrals: Aeids  Pinic Pinonic  Pinononic
6 NaHO; 4 1 Heterogeneous reac- vl 0.0 ‘oo st een cen oee

tion. Aqueous solu-
tion of oxidant
12 Hr, at 28-29° C.
4 Hr. at 50-60° C.
7 Na,0, 4 1 Heterogeneous reac- 21.4¢ 0.0 s cee e Ve e
tion. Aqueous solu-
tion of oxidant
24 Hr, at 28° C.
8 Zn0, 1 2 Heterogeneous reac- 117.0% 10.2 11.4 1 0.0 0.0 4.9
tion, Solid ZnO,
suspended in pinene
45 Hr. at 130-140° C,
12 CaO; 3 1 Heterogeneous reac- 40.0¢ 6.0 6.7 1 4.7 13.6 9.6
tion. Aqueous slurry
of oxidant 32 hr. at
90° C.

@ 809, of original pinene recovered unchanged.
b 9049, of original pinene recovered unchanged.
¢ 26.49, of original pinene recovered unchanged.
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Table lll. Oxidation of a-Pinepe with Nitrogen-Containing Oxidants

Eapt Molar Ratio
No. Oxidant Pinene:Oxidant
10 NO 8.2 1
11 NO 8.2 1
13 NO, 6.6 1
24 NO,; 8.2 l(Nz)“
14 N;O; 5.6 1
25 N:O; 13.0 1(N,)=
19 N2O; 7.0 1
21 N:O; 17.0 1 (Ng)“
37 NOC1 3.7 1(N,)e
38 NOC1 3.7 1(Ny)e
39 HNO; 2.7 1(Ng)e
40 HNO; 2.7 1(INp)e

e N, signifies nitrogen-diluted vapor,

Yield Based on

Temp., Pinene Consumed, %, Ratio Acid Content of Crude Acids, %
°C. Neutrals Acids Neutrals: Acids Pinic Pinonie Pinononic
150 29.0 0.8 - 35 1 0.0 3.5 0.0
230 6.0 0.5 12.5 1 0.9 3.2 5.0
155 9.8 1.8 5 1 4.3 2.2 3.9
215 2.5 5.5 0.45 1 5.1 5.5 0.0
160 16.5 2.0 8.5 1 4.9 0.0 0.0
200 4.1 1.2 3.4 1 14.3 6.7 0.0
165 0.0 2.0 3.8 4.7 3.8
235 2.0 7.6 0.3 1 3.6 7.3 0.0
150 3.1 4.1 8.1 2.3
250 . 3.7 .. 1.5 9.9 3.0
175 2.5 0.3 0.0 4.0
195 0.75° 0.9 1,5 3.9

¢ Yield based on total pinene through reactor.

The neutral products obtained di-
rectly through ether extraction were
too unstable to distill or fractionate.
It was necessary to reflux the product in
sodium hydroxide solution in order to
. stabilize the neutrals, presumably
through the hydrolysis of nitrate or
nitrite groups. Refluxing in methanol
solution was effective only for nitric
. oxide reaction products.

Data obtained for these experiments
are presented in Table III.

The yields of neutral and acidic prod-
ucts, which were calculated on the
assumption that all of the unrecovered
pinene had entered into reaction, were
very small. However, because of some
loss of unreacted pinene, these values
may be somewhat too low.

From the values for the ratio of neu-
tral to acid products, it appears that,
in general, the higher temperatures

~ acid

favor the formation of increased pro-

portions of acids. In all cases except
one, the percentage of pinic acid in
the acidic products was low, being less
than 7%. In the exceptional case,
the dinitrogen trioxide run at 200° C.,
the pinic acid content was 14.39,.

With nitrosyl chloride, 8 to 109,

pinonic acid, and 1.5 to 4.09%, pinic acid
were found in the crude acids. While
the crude acid products obtained with
the other nitrogen-containing oxidants
containing a variety of unknown and
known acids derived from rearrange-
ment and degradation of the pinonic
structure, the nitrosyl chloride
oxidation vyielded surprisingly low
amounts of these materials.

The neutral products contained nitro-
gen-containing compounds, but these
appeared in the higher boiling fractions.
The main (largest) fractions from the
several oxidations did not contain nitro-
gen.  Many of the fractions gave posi-
tive tests for alcohol and carbonyl groups,
but only a few showed a positive glycol
test. -

In the nitrogen oxides oxidations, the
molar ratios of pinene to the oxidants
were- high. Runs using an excess of
oxidant were not made.

Hydrogen Peroxide
Oxidations of o-Pinene

The hydrogen peroxide oxidations
were carried out essentially as described
in the first portion of this article. Inmost

cases, fert-butyl alcohol was used as the
reaction solvent in which the «-pinene
and 909, hydrogen peroxide were dis-
solved. The catalysts used—chromium
trioxide, "tungstic oxide, sodium tung-
state, sodium vanadate, and osmium
tetroxide-—were either dissolved or dis-
persed in the reaction mixture. Ap-
proximately 0.5 gram of catalysts—as
metallic oxide—was wused per mole
(136 grams) of a-pinene. For 1 mole
of a-pinene, the reaction volume was

" approximately 600 ml.

The experimental data for the hydro-
gen peroxide oxidations are shown in
Table IV. The reaction products were
separated into acid and neutral fractions.
The acid fractions were analyzed .by
the chromatographic method of Bald-
win, Loeblich, and Lawrence (7).
Analyses of the acid products are pre-
sented in Table V.

Uncatalyzed oxidations at two dif-
ferent temperatures were carried out
(Experiments 26 and 27). The dif-
ferent temperatures were achieved by
using different alcohols—fers-butyl and
tert-amyl—at the reflux temperature.
Increasing the temperature from ap-
proximately 85° C. to around 100° C.

Table V.
Expt.
No. Catalyst Solvent
26 None {-Butyl alcohol
27 None t-Amyl alcohol
28 CrO; t-Butyl alcohol
29 CrO; {-Butyl alcohol
30 WO, - t-Butyl alcohol
31 WO, Heterogeneous
Aqueous pi-
nene
32 WO, Heterogeneous
Aqueous pi-~
nene :
33 Na,WO, {-Butyl alcohol
34 CrO; t-Butyl alcohol
35 NasVO,. t-Butyl alcohol
H:0 .
36 0s0, t-Butyl alcohol

Experimental Data on Hydrogen Peroxide Oxidations
Yield Based on
Temp., Time, Mole Ratio Pinene Reacted, 9 Ratio Unreacted
°C. Hr. Peroxide:Pinene  Neutrals Acids Neutrals:Acids  Pinene, %
82-87 112 1 1 59.9 6.2 9.6 1
100-104 21.3 1 1 69.0 9.6 7.2 1
5 287 1 1 83.7 6.5 12.9 1 32.3
30 28 1 1 62.7 8.9 7.0 1 46.6
30 374 1 1 92.0 1.9 48.4 1 20.1
70 70 1.5 1 41.3 12,4 3.3 1 66.1
70 13 2.5 1 15.5 6.2 2.5 1 52.5
70 14 1 1 72.8 12,2 5.9 1 42,9
27.5 19.75 2 -1 71.7 7.3 9.8 1 57.0
2640 54.75 1 1 60.2 7.5 8.0 1 ..
24 15 2 1 62.9 22,5 2.8 1 .
36-37 439
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Table V. Analyses of Acid Products from Hydrogen Peroxide Oxidations
Composition of Crude Acids, T,

Eapt.

No. Pinonic  Nopinic Pinic
26 5.6 5.6
27 4.4 6.2
28 18.9 6.1 1.7
29 15.8 5.5 2.6
30 12.1 3.9 0.7
31 5.5 5.0
32 4.9 4.6
33 12.3 4.2 0.7
34 10.0 0.9 1.6
35 7.4 0.4
36 30.4 . 0.3

e P,E.V. = peak efluent volume (7).

Hydroxy-
Terpenylic Norpinic — pinic  P.E.V.* 430

2.1 e ces 4.6
3.0 aee v 8.3
1.3 0.6 ces 4.8
2.9 v .. 13.9
1.8 vee cen 4.6
9.3 ces 1.9 19.4
7.0 . 16.7
3.0 ces ‘e 10.6
3.7 2.7 7.7
2.9 0.3 ce ..

0.6 v Ve

b Percentage calculated assuming unknown acid had molecular weight of pinonic acid.

decreased the time of reaction (disap-
pearance of peroxide) from 112 to 21
hours. The increased temperature also
resulted in a lower ratio of neutral to
acid products—i.e., a greater proportion
of acids was produced. The values for
the vyields are probably too low since
only a part of the unreacted pinene was
accounted for, and the calculations were
made on the basis that all of the re-
mainder had reacted. Pinic acid was
not found in the acidic products and
the amounts of pinonic acid were low.
Experiments 28 and 29 were designed
to show the effect of temperature on the
rate of reaction and the products formed
using a fixed amount of chromium
trioxide catalyst. At the relatively low
temperature of 5° C., a combined yield
of neutrals and acids of 90.29, was ob-
tained in a reaction time of 287 hours.

The acids contained 18.99, pinonic
acid, 1.79, pinic acid, and 4.89, of
the P.E.V. (peak effluent volume) 430
(unknown) acid. At the higher tem-
perature, the reaction proceeded much
more rapidly, but the total yield of prod-
ucts was less (71.69%). The higher
temperature also increased the proportion
of acidic material formed, but the dif-
ferences in pinonic and pinic acid con-
tents were not great. However, there
was a significant increase of the P.E.V.
430 acid from 4.8 to 13.99.

The effect of increasing the ratio of
hydrogen peroxide to pinene is shown in
Experiment 34 which is comparable to
Experiment 29. With the higher ratio
of peroxide (2:1), the combined yield
of neutrals and acids was somewhat
greater, but the percentages of pinonic
and pinic acids in the crude acids were

less, having dropped from 15.8 to 10.09,
and from 2.6 to 1.69, respectively.

Experiments 30 and 33 represent
homogeneous reactions with a tungsten
compound catalyst. The catalyst in
Experiment 30 was added as tungstic
oxide, but that in Experiment 33 was
added as a water solution of sodium
tungstate. In spite of the long reaction
period of Experiment 30, an apparent
yield of 929 neutral products and 1.9%
acids was obtained, with only 20%
of pinene unreacted. At the higher
temperature of 70° C. (Experiment 33),
the combined vyield was lower (859),
the vield of acids was higher and the
amount of unreacted pinene was greater,
This seems to follow the pattern of the
chromium trioxide—catalyzed oxidations
at different temperatures. The pinonic
and pinic acid contents of the acids
from the two experiments are similar,
whereas the amount of P.E.V. 430 acid
was more than doubled at the higher
temperature.

Experiments 31 and 32 were attempts
to carry out a heterogeneous reaction
using hydrogen peroxide in the aqueous
phase at two different concentrations.
The total vields of products were low
in both cases, more than half of the pinene
was unreacted, and the proportions of
acids formed were greater than in the
other  tungsten-catalyzed  reactions.
Pinic acid was absent from the acidic
products in both cases, and the amount
of P.E.V. 430 acid was 19.49, in one
case and 16.79 in the other.

The use of sodium vanadate as cata-

Table VI.  Acid Dichromate Oxidations—Experimental Conditions and Yields
Fraction of Detected Acids, %
Grams of . Containing
Ezpt. NaxCr:0: . 2H0 Amount of HiSOs per Material Recovered Jour-membered With
and Ozidation per Gram Gram Neutrals® Total Acids carbon ruptured Of unknown

No. Neutrals Vol., ml. Conen., % Yield, 9, detected, 9, ring? ringe structure
Ad 1.78 4.70¢ 63 92.0 65.8 71.87 9.0 19.2
B4 1.78 4.70 63 92.0¢ 91.7 64.8" 8.5 26.7
Ccé 1.78 4.70 50 108.5 78.0 85.3°¢ 7.7 7.0
18/-1 1.75 4.66 63 89.1 34.8 14, 5% 48.7! 36.8
27-1 3.55 8.00 50 42.0 56.1 27.1 25.7 47.2
28-1 1.75 4,70 63 17.00 92.8 20.9 35.0 44,1
28-2 3.55 8.00 50 46.0 49.7 20.9 36.7 42.4
28-3 1.78 4.50 50 74.0 26.6 290.6 33.7 36.7
29-1 1.78 4.70 50 132.0 36.8 36.2 16.3 47.5
20-2 3.55 8.00 50 76.0 47.0 28.0 32.2 39.8
30-1 1.78 4.70 50 71.5 14.1 12,2 34.5 53.3
30-2 3.55 4.70 50 88.5 11,7 13.3 33.5 53.2
30-3 3.55 8.00 50 71.0 52.2 10.1 35.1 54.8
33-1 3.55 8.00 50 80.0 39.0 20.3 41.3 38.4
34-1 3.55 8.00 50 76.0 17.4 45.0 22.5 32.5
34-2 1.78 4.5 50 106.0 21.4 48,1 22.8 20.1

¢ Diluted with 5 ml. of water per gram of neutrals, .
® Except as noted these acids consisted of varying quantities of pinonic, pinononic, pinic, and norpinic, none of which was present in

predominating amounts.

¢ Except as noted, the major acid was found to be terpenylic.

¢ Hydroxypinocamphone.
¢ Acid added over period of 1.5 hr.
/ Pinonic content = 33.6; pinic = 8.0.

¢ Acidic material only, with neutrals removed. Yields of neutrals: A = 0.59,; 28-1 = 52.59.

* Pinonic content = 46.8; pinic = 5.4.
! Pinonic content = 59.7; pinic = 1.4,
/ Fraction boiling 118°-120° C, at 4 mm.
* Mainly pinononic acid.

! Main acid was terebic.
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lyst did not lead to any better results
than those obtained using the chromium
trioxide catalysts. ‘

As a final experiment with hydrogen
peroxide oxidation, osmium tetroxide
was used as a catalyst. The crude
acids obtained contained 30.429, of

pinonic acid. This is the highest pinonic

acid content of the acids obtained from
an experiment. Also the crude acid mix-
ture contained fewer other detectable
acids, and these were present in very
small amounts.

Oxidation of Neutral Products

Acid-Dichromate. The neutral prod-
ucts obtained from the hydrogen per-
oxide oxidations were presumed to be
precursors of the desired pinic and
pinonic acids on the basis of previous
experiments involving fractionation and
characterization of the fractions. Rather
than to subject the neutral products ob-
tained to fractionation, it was proposed
to oxidize these materials to acids.
The acid analyses could then be utilized
as criteria for the occurrence of easily
oxidizable pinic and pinonic acid pre-
cursors in the neutral products.

The oxidation of hydroxypinocam-
phone with sodium dichromate and
sulfuric acid has been reported to yield
75% of pinonic acid (3). Hence this
oxidation was applied to samples of
neutral .product as well as samples of
hydroxypinocamphone.

In a typical oxidation experiment, a
20-gram sample of the neutral material
and 100 ml. of water containing 35.6
grams of crystalline sodium dichromate
were placed in a reaction flask fitted
with a reflux condenser and a dropping
tube. The mixture was heated to boiling
and 94 ml. of 509 sulfuric acid solution
were added over a period of 2 hours to
the refluxing mixture.

Using this oxidation method, the
yield of pinonic acid from hydroxy-
pinocamphone fell far short of 759,
the best yield obtained being roughly
609 (Table VI). In all cases, the
products from the dichromate oxidation
of the neutral products from the hydro-
gen peroxide oxidations of a-pinene
contained only small percentages of
pinonic acid (0.3 to 7.89,). Further-
more, the amounts of open-chain acids
such as terpenylic (3.4 to 26.9%)
were in most cases several times that of
pinonic. From these results, it would
seem that a great part of the neutral
products-had already become rearranged
through opening of the four-membered
ring during the peroxide oxidations.

Neutral Permanganate., Oxidation
with a neutral potassium permanganate
solution was applied to a sample of neu-
tral product (Experiment 28) which had
also been oxidized by the acid-dichro-
mate method. Of the recovered acids,
there were included 16.09% pinonic

acid, 4.09, pinic acid, 18.09, pinononic
acid, and 18.39, terpenylic acid. Al-
though 16.0%, of pinonic acid appeared
in the crude acids, the weight ratios of
pinononic and terpenylic acids to pinonic
were both 1.1:1. The comparatively
high ratio for terpenylic acid would
indicate that the neutral product from
the hydrogen peroxide oxidation already
contained considerable quantities of
rearranged neutral material. Hence,
the high yields of terpenylic acid from
the dichromate oxidations were not
entirely due to acid degradation during
this oxidation.

Hypochlorite. Since . pinonic acid
can be oxidized with sodium hypochlorite
to produce pinic acid, the use of this
oxidant with neutral materials was
studied. Two runs were made with
hydroxypinocamphone. In the first run,
the detected acids in the acidic material
recovered were pinonic 10.99, pinic
2.0%, pinononic 19.49,, and norpinic
2.6%. In the second run with a
greater excess of hypochlorite, pinonic
acid was not found, but pinononic, pinic,
and norpinic acids were present in
10.6, 4.5, and 3.89,, respectively. These
results indicate that, with the hypo-
chlorite, chlorination takes place on the
a-methylenic group as well as on the
methyl group in hydroxypinocamphone.

Hypochlorite oxidation of neutral
material from a sodium tungstate-
catalyzed hydrogen peroxide oxidation
(Experiment 33) was carried out. Pi-
nononic, pinic, and norpinic acids (7.5,
10.0, and 10.8%, respectively) were
formed, but no pinonic acid was found.
Any. pinonic acid formed during the
oxidation was apparently further oxidized
to pinic acid.

Conclusions

Oxidations of a-pinene with sodium
peroxide, sodium hydrogen peroxide,
zinc peroxide, and calcium peroxide
yielded either no or very small amounts
of pinic and pinonic acids.

The acidic products from the oxida-
tions with nitrogen oxides as performed
are complex mixtures of acids with
neither pinonic acid nor pinic acid
predominating. With the possible ex-
ception of dinitrogen trioxide at 200° C.,
oxidations with nitrogen- oxides under
the conditions reported do not yield
enough pinic or pinonic acids to be
useful.

The vapor-phase oxidation of a-pinene
with nitrosyl chloride yields pinic and
pinonic acids in low yields, but with
surprisingly small amounts of rearranged
and unknown acids, .

The oxidation of a-pinene with hydro-
gen peroxide in tert-butyl alcohol cata-
lyzed with the compounds of chromium,
tungsten, vanadium, and osmium yields
a greater proportion of neutral products
than acid products. The mixture of

acidic products from hydrogen peroxide
oxidation contained pinonic, pinononic,
and pinic acids, with the amount of
pinonic acid being the greatest of the
three.

The osmium tetroxide catalyst yields
a less complex mixture of acid products
than the other catalysts used. Pinonic
acid was the main acid produced.

None of the catalyzed hydrogen per-
oxide oxidations studied appears to be
capable of yielding pinonic and pinon-
onic acids in sufficient quantities to be
economically feasible.

Further oxidation of the neutral prod-
ucts with permanganate results in a
mixture containing pinonic, pinononic,
pinic, and norpinic acids, with the
pinonic acid predominating. The neu-
tral products from the peroxide oxida-
tions while containing considerable
amounts of materials retaining the four-
membered ring also contain rearranged
neutral products yielding open-chain
acids upon further oxidation. The
acid-dichromate oxidations under the
conditions described are not satisfactory
for converting neutral products to pinonic
and pinic acids in high yields. Sodium
hypochlorite oxidation of hydroxypino-
camphone and of neutral products
from hydrogen peroxide oxidation give
high yields of pinononic and norpinic
acids due to a~methylenic chlorination,
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