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ethanol, 10 ml. of 2 N sodium hydroxide was added. After 20
hr. at room temperature, the solution was chilled, diluted with
an equal volume of water, and neutralized by the addition of 10
ml. of 2 N hydrochloric acid. The crystalline product was
removed by filtration and dried to give 2.4 g. (83%) of anti-IX
melting at 186-186.5°. Recrystallization from methylene
chloride did not alter the melting point. The product was
identical with material prepared by the reaction of 2-amino-5-
chlorobenzophenone anti-oxime with acetyl chloride as described
below for the syn form.
Anal. Caled. for CisHyCIN,Os:
C, 62.56; H, 4.29.
2'-Benzoyl-4’-chloroacetanilide syn-Oxime (syn-IX) and 2’-
Benzoyl-4’-chloroacetanilide syn-Oxime Acetate (XV).—A
solution of 24.6 g. (0.1 mole) of 2-amino-5-chlorobenzophenone
syn-oxime in 500 ml. of ether was stirred with 100 ml. of water
and cooled to 0-5°. Acetyl chloride (14.2 g., 12.9 ml., 0.18
mole) was added dropwise over 40 min. while keeping the re-
action slightly alkaline by the simultaneous addition of 10%
sodium hydroxide. The ether layer was separated and washed
with water. An insoluble crystalline material (XV) was sepa-
rated by filtration of the ether layer. The crude product (5.4

C, 62.40; H,4.54. Found:
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g., m.p. 155-164°) was crystallized several times from chloro-
form to give colorless rods of XV, melting at.171-172.5°.

Anal. Caled. for CiyH;sCIN,O5:  C, 61.72; H, 4.57; N, 8.46.
Found: C, 61.93; H, 4.61; N, 8.50.

The ether filtrate was dried over sodium sulfate and, on con-
centration, 16.8 g. of a mixture of syn-IX and XV melting at
152-176° crystallized. Recrystallization from chloroform gave
mainly syn-IX (m.p. 179-182°, 6.9 g.). Further recrystalliza-
tion from acetonitrile gave colorless plates of syn-IX melting at
182-184°. A mixture melting point with anit-IX showed a
slight depression.

Anal. Caled. for CisH;3CIN,O,: C, 62.40; H, 4.54; N, 9.70.
Found: C, 62.69; H, 4.47; N, 9.65.
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technical assistance.
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Studies of zine bromide catalyzed isomerization of a-pinene oxide resulted in formation of principally 2,2,3-
trimethyl-3-cyclopentene-1-acetaldehyde in accordance with the report of Arbusow in 1935. Epoxides of esters
of 2,2,3-trimethyl-3-cyclopentene-1-ethanol obtained from reduction of the aldehyde moiety were rearranged
readily by acids to esters of 4-hydroxy-2,3,3-trimethyl-1-cyclopentene-1-ethanol.

In studies on isomerization of a-pinene epoxide (I)
Arbusow? reported better than 909, yield of a-campho-
lene aldehyde, 2,2,3-trimethyl-3-cyclopentene-1-acetal-
dehyde (IT) by action of zinc bromide on the oxide.
King and Farber noted the presence of 2,2,4-trimethyl-
3-cyclopentene-1-acetaldehyde in addition to the 2,2,3
isomer 1I when the epoxide I was treated in quinaldine
solution with p-toluenesulfonic acid (see Chart I).
Hartshorn and collaborators® have recently reported
on the acid-catalyzed rearrangement of I using boron
trifluoride, zinc bromide, and hydrogen fluoride. With
each catalyst they report a substantial yield of the 2,2,4
isomer. In reactions of the aldehyde 1I, no one ap-
parently has observed rearrangement of this aldehyde
by methyl group migration from the C-2 to the C-3
positions although Tiemann® reported such a rearrange-
ment in the synthesis of a-campholenic acid, 2,2,3-
{rimethyl-3-cyclopentene-1-acetic acid (VII) from
camphoroxime or campholenonitrile. The 2,2,3-tri-
methyl analog is readily converted to 2,3,3-trimethyl-1-
cyclopentene-l-acetic acid (VIII). In fact, in repeat-
ing this work, it was difficult to avoid transformation
of this sort.

In the course of studies of terpenes in this laboratory,
an investigation on reactions of aldehyde II was under-

(1) Presented at the Southeastern Regional Meeting of the American
Chemical Society, Charleston, W. Va., Oct. 1964.

(2) One of the laboratories of Southern Utilization Research and Develop-
ment Division, Agricultural Research Service, U. 8. Department of Agri-
cul(g;relé. Arbusow, Ber., 68, 1430 (1935).

(4) L. C. King and H. J. Farber, J. Org, Chem., 26, 326 (1961).

(5) M. P, Hartshorn, D. N. Kirk, and A. F. A. Wallis, J. Chem. Soc.,

5494 (1965).
(8) F. Tiemann, Ber., 80, 243 (1897).

taken to find new uses for turpentine. In order to
duplicate the results of Arbusow,® this research in-
volved a study of the reaction of zinc bromide on a=-
pinene epoxide (I). An important phase was the char-
acterization of the reaction product or products since
the results of earlier workers suggested three possible
isomeric cyclopentene derivatives represented by ITI,
IX, and XII (see Chart II). The aldehyde function
of the principal product, 2,2,3-trimethyl-3-cyclopen-
tene-l-acetaldehyde (I1I), wasreduced to 2,2,3-trimethyl-
3-cyclopentene-1-ethanol (III). For the purpose of char-
acterization, alcohol 11T was compared with IX and XI1.
The alcohol IIT was considered an attractive interme-
diate since esters of mono- and polybasic acids might
yield useful mono- and polyepoxides. In reactions of
the epoxide XIII, formed by epoxidation of the acetate
III, molecular rearrangements resulted in XIV and
XVI" The structural relationship of the cy¢lopentene
compounds were confirmed by n.m.r. and infrared
spectral analyses.

The reaction of a-pinene epoxide with freshly fused
zine bromide proceeded essentially in accordance with
the results reported by Arbusow. Examination of the
aldehyde by gas-liquid partition chromatography
(g.l.p.c.) indicated it to be 969, pure. A second ma-
terial was present to the extent of about 4. Meer-
wein—Ponndorf and lithium aluminum hydride reduc-
tions of the aldehyde gave principally 2,2,3-trimethyl-
3-cyclopentene-l-ethanol (ITI). G.lp.c. analyses indi-
cated the presence of two alcohols in a ratio of about

(7) While this paper was being reviewed for publication, an article ap-

peared which described essentially the same rearrangement: see D. J.
Goldsmith and C. J. Cheer, J. Org. Chem., 80, 2264 (1965).
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96:4., When this mixture was compared by gl.p.c.
and infrared spectral analyses with the 2,2,4-trimethyl
and the 2,3,3-trimethyl derivatives, differences in the
aleohols III, IX and XII and the minor component
were discernible. It was therefore concluded that the
reaction of pinene epoxide with zinc bromide had not
given any of the 2,2,4-trimethyl nor the 2,3,3-trimethyl
materials, and that aleohol ITI and its esters had not
rearranged to IX. The n.m.r. spectra of II, III, and
IV confirm that these all have the 2,2,3-trimethyl
structure. All spectra contained three three-proton
singlet bands, two near § = 0.95 p.p.m., indicative of
a geminal dimethyl group with a viecinal substituent,
and the third in the allylic region at § = 1.6 p.p.m.
In each case the olefinic proton appeared as an un-
resolved multiplet at § = 5.2 p.p.m. with the proper
area. The chemical structure of the minor component
has not been established. The two alcohols IX and
XII were prepared by LiAlH, reduction of the corre-
sponding acids X1® and VIIL.®

Hartsborn, et al.,’ state that the reaction of the ox-
ide and zinc bromide was carried out by the method of
Arbusow.? The discrepancy between the results of
these authors and that reported here is believed due to
catalyst preparation which was not well described by
Arbusow.

The 2,2,3-trimethyl alcohol IIT was acetylated and
the ester IV was epoxidized with m-chloroperbenzoic
acid (MCPA) by the usual procedure. Some of the chem-

8) J. D. Park, R. L. Settine, B. A, Parkin, Jr., and G. W. Hedrick,
J. Org. Chem., 27, 898 (1962).
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istry of the epoxide XIIT has been delineated. The epox-~
ide XIII was stable to refluxing aleoholic potassium hy-
droxide. With aqueous sulfuric acid the bulk of the
crude reaction product was 4-hydroxy-2,3,3-trimethyl-
1-cyclopentene-1-ethanol acetate (XIV).

The n.m.r. spectrum of XIV in CCl; confirms the
assigned structure. As in the case of the 2,2,3-tri-
methyl isomers, three singlet bands of three-proton
areas are observed, one in the allylic region, but no
band attributable to an olefinic proton was present.
The hydroxyl proton appeared as a band at 6 = 3.76
p.p-m. poorly resolved from the triplet centered at
4 = 3.78 p.p.m. owing to the C-4 methine proton split
by the adjacent methylene group. The band at § =
3.76 p.p.m. disappeared on DO exchange or on acety-
lation to XV. The methine proton in XV showed the
expected shift to lower field. Both XIV and XV have
a four-proton band centered at § = 2.3 p.p.m. and con-
sisted of a triplet superimposed on an unresolved mul-
tiplet in accord with the presence of two similar but
nonidentical allylic methylene groups. The infrared
spectrum of XIV confirmed the absence of olefinic
protons and presence of both hydroxyl and ester groups.
As expected from such a structure, XIV absorbed ozone
readily but was resistant to hydrogenation. Products
from the ozonization have not been characterized.

Infrared spectral analyses of the material obtained
by saponification of XIV gave very little, if any,
absorbance at 5.76 u for ketonic materials and was
principally XVIII. Organic acids with XTII produced
varying amounts of what is believed to be esters
of ketone 4-0x0-2,2,3-trimethyleyclopentane-1-ethanol
acetate (XVI). The principal products obtainable
by g.1.p.c. from reaction of XIIT with glacial acetic acid~
sulfuric acid or acetic acid-acetic anhydride were the
esters XIV, XV, and XVI.

The epoxide XXI of the decanoic acid ester, 2,2,3-
trimethyl-3-cyclopentene - 1 -ethanol decanoate (XX
Chart IIT), was treated with octanoic acid and saponi-
fied. The crude reaction products obtained from
saponification, when examined by infrared spectral
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analyses, contained both carbonyl and hydroxyl groups.
Acetylation of the mixture gave, in addition to other
materials, XV and what was believed to be the ketone
XVI (R = acetyl).

In reactions of VII with permanganate, Tiemann®
isolated a ketonic material which was obtained from
the glycol formed as a result of the oxidation. Komppa
and Beckmann?® reinvestigated the subject and isolated
4-0x0-2,2,3-trimethyleyclopentane-1-acetic acid from
the distillation of the glycol obtained from perman-
ganate oxidation of VIL

In a reaction similar to that of Komppa and Beck-
mann, III was oxidized with permanganate. Distilla-
tion of the resulting glycol XVII gave a mixture con-
taining XVIII and an impure ketone which probably
was XIX. The mixture containing the ketone had the
same retention time by g.l.p.c. analyses and infrared
absorption as the ketonic materials resulting from acid-
catalyzed isomerization of the epoxide XTII.

From the products obtained from reactions of the
epoxide with acid, rearrangement of the compound had
occurred as a result of methyl-group migration in one
case and isomerization or rearrangement of the epoxide
to a ketone in the other.

There seems to be no record of an epoxy compound
having a structure like XIII. The reactions of XIII
with acids are believed to be normal and occur in two
steps. The first step involves breaking the carbon-
oxygen bond producing & carbonium ion at the C-3
position of the cyclopentane ring. With a carbonium
ion in this position, methyl-group migration by the
Whitmore mechanism!! would be expected. Migra-
tion of hydrogen from the C-4 to the C-3 position
would have resulted in a condition which could have
produced the ketone XV1I.

(9) F.Tieman, Ber., 27, 3015 (1896),
(10) G. Komppa and 8. Beckmann, tbid., B69, 2783 (1938).
(11) F. C. Whitmore, J. Am. Chem. Soc., 54, 3274 (1932).
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Parker and Isaacs!? have arbitrarily assigned strue-
tures A and B in the following equation as normal and
abnormal products.

SOSEEE OIS
Y ShE T

In order to obtain compound XIV, the reaction could
have proceeded by normal addition with ultimate elim-
ination of A, producing the carbonium ion C which re-
arranged. The methyl group rearrangement is un-
doubtedly the same as that observed by Tiemann®
when he treated VII with dilute acid. The migratory
tendency of one of the methyl! groups on the 2-carbon
atom must be very great. This tendency exists when
the acid function of VII is replaced by nitrile or acid
amide.® This same rearrangement must have occurred
when the XVII was distilled as evidenced by formation
of XIV.

In the rearrangement of epoxides XIIT and XXIT and
glycol XVII to ketones there appears to be nothing
unusual. Winstein and Henderson®® and Wheland!4
adequately explain rearrangement of glycols and epox-
ides to ketones as suggested here. The acid moiety
in VII was obviously sufficiently strong to bring about
the rearrangement observed by Tiemann® and later by
Komppa and Beckmann.’® The rearrangement of the
glycol XVII without benefit of acid catalysis to give
the ketone is a little strange.

Experimental Section

All temperature readings given are uncorrected. Microanaly-
ses were performed by Galbraith Laboratories, Knoxville, Tenn.
Infrared spectra were recorded on a Perkin-Elmer Model 21
spectrophotometer with NaCl optics; solids were run as mulls in
mineral oil. N.m.r. spectra were determined with a Varian
Associates A-60 spectrometer using 10~209 solutions in carbon
tetrachloride with tetramethylsilane as an internal standard.

2,2,3-Trimethyl-3-cyclopentene-1-acetaldehyde (II).—a-Pi-
nene oxide (I), commercial grade, n®p 1.4697, b.p. 65° (10
mm.), [e]* % +42.37° (neat, 10 em.), prepared from commercial
a-pinene (82 g., 0.54 mole), and 200 ml. of benzene were heated
to a reflux to remove traces of water in the system. The cata-
lyst, approximately 1 g. of reagent grade zinc bromide, was
heated to a boil in a small tube, boiled until distillate reached
the top of the tube, and added rapidly while molten to the ben-
zene solution at 60-65°. Freshly fused (melted) catalyst gave a
sluggish reaction and poor yield of product. After a few seconds
the reaction became very vigorous and lasted about 1 min.
The batch was heated to a reflux for about 1 hr. and then cooled.
A number of batches was combined and washed with water
until free of zinc bromide, and the benzene was removed by
distillation. Bulb-to-bulb distillation with water aspirator vac-
uum gave 1432 g. of crude product (87.6% yield)and 170 g. of pot

(12) R. E. Parker and N, 8. Isaacs, Chem. Rev., §9, 7373 (1959).

(13) 8. Winstein and R. B. Henderson, '‘Heterocyclic Compounds,"”
Vol. 1, R. C. Elderfield, Ed., John Wiley and Sons, Inc., New York, N. Y.,
1950, p. 29.

(14) G. W. Wheland, “Advanced Organic Chemistry,”” 2nd Ed., John
Wiley and Sons, Inc., New York, N. Y., 1951, p. 465.
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residue from & charge of 1638 g. (10.75 moles) of epoxide. Frac-
tionation of the crude distillate using a 45-cm. column packed
with protruded stainless steel helices gave a 100-g. forecut which
contained 809, aldehyde and 1295 g. of product (79.2%, yieid):
b.p. 85° (14 mm.); n*p 1.4645; [a]**®D —3.71° (neat, 10 c¢m.);
§°Ck == 0.90 (3H, s), 1.00 (3H, 8), 1.63 (8H, m), 5.22 (1H, m),
9.75 (1H, t) p.p.m. Gas-liquid partition chromatographic
analysis of the large fraction using 309, Carbowax on Chromosorb
W column gave two peaks in a ratio of about 96:4. The minor
peak had a retention time about 1 min. longer than the major
peak.

2,2,3-Trimethyl-3-cyclopentene-1-ethanol (III).—The alde-
hyde II (304 g., 1.95 mole), freshly distilled aluminum isoprop-
oxide (70 g., 1.03 equiv.), and 2250 ml. of dry, peroxide-free
isopropy! alcohol!® were heated to a reflux and the reaction was
carried out by the usual procedure, removing by-product acetone
as it formed with an adequate distilling system. The alcoholate
was decomposed with 150 ml. of 509 sodium hydroxide solution.
After distilling the isopropyl aleohol, the residue was mixed with
benzene and the product was isolated by washing to remove
alkali, stripping of benzene, and finally by bulb-to-bulb distilla-
tion, b.p. 130° (25 mm.). The yield was 267 g. (87%,). There
was 8 g. of still residue which was subsequently identified as the
Tischenko ester, 2,2,3-trimethyl-3-cyclopentene-1-ethanol 2,2,3-
trimethyl-3-cyclopentene-1-acetate (V).

The crude alcohol was distilled through a 45-cm. column
packed as above: b.p. 105° (8 mm.); n®p 1.4710; §Ck = 0.86
(3H,8),0.97 (3H,8),1.60 (3H,m),3.8(1H, m),5.19(1H, m)p.p.m.
Gas-liquid partition chromatographic analyses using a column
described above gave two peaks. The minor peak, about 49,
appeared at 3 min. ahead of the major product peak.

Anal, Caled. for CiH;30: C, 77.87; H, 11.76. Found:
C,77.61; H, 11.78.

Lithium Aluminum Hydride Method.—The aldehyde (304 g.,
1.95 moles) was dissolved in dry diethyl ether and treated with
22 ¢. (2.3 equiv.) of lithium aluminum hydride. The material
was worked up by the usual procedure.’” There was 290 g. of
product (94%), n®p 1.4710, which was identical with the above
alcohol.

2,2,3-Trimethyl-3-cyclopentene-1-ethanol Acetate (IV).—The
alcohol III above was converted to its acetate by allowing it to
react with excess acetic anhydride: n%p 1.4564; b.p. 104-106°
(8.0 mm.); 6%k = 0.88 (3H, 8), 0.99 (3H, 8), 1.62 (3H, m), 5.25
(1H, m) p.p.m.

Anal. Caled. for CpHy0.: C, 73.43; H, 10.27; sapon.
equiv., 196.3. Found: C, 73.24; H, 10.16; sapon. equiv.,
198.7.

2,2,3-Trimethylcyclopentane-1-ethanol Acetate (V).—The
acetate IV (10 g., 0.05 mole) dissolved in absolute ethanol was
reduced with 0.5 g. of Adams catalyst at room temperature.
The reduction was quantitative. The product was distilled
through a 12-cm. metal-packed column under water-aspirator
vacuum: b.p. 115° (8.0 mm.), n®¥p 1.4496.

Anal. Caled. for CieHyO2: C, 72.68;

C, 72.83; H, 11.18.

3,4-Epoxy-2,2,3-trimethylcyclopentane-1-ethanol Acetate
(XIII).—The acetate IV (98 g., 0.5 mole) in 500 ml. of diethyl
ether was epoxidized!® by addition of 101 g. (0.50 mole) of 85%,
metachloroperbenzoic acid (MCPB) dissolved in 500 ml. of
diethyl ether at 15-20° with good agitation. Ureacted MCPB
and by-product metachlorobenzoic acid were removed from the
ether solution by washing with dilute aqueous alkali and water.
A negative test for peracid was obtained when analyzed by the
method described in the literature.’” The usual caution was
observed in removing and testing for peracid before continuing
with the isolation of the epoxide. After drying over anhydrous
sodium sulfate and stripping to remove ether, tests for acid and
active oxygen (peracid) were negligible. The material was
distilled through 12-cm. column packed with stainless steel
helices: b.p. 136° (10 mm.), 94 g., 89%, yield of crude epoxide,
95.59, epoxide (dioxane-hydrochloric acid method*®). The
oxirane group had strong absorbance in the infrared spectrum at
11.85 and 12.3 u.

H, 11.18. Found:

(15) A. L. Wilds, Org. Reactions, 3, 178 (1944).

(18) V. E. Tischenko, Chem. Zentr., T7, 1309, 1552 (1906); W. C. Child
and H. Adkins, J. Am. Chem. Soc., 46, 3013 (1923).

(17) W. G. Brown, Org. Reactions, 6, 469 (1951).

(18) Technical Data Sheet, m-Chloroperbenzoic acid, FMC Corporation,
Inorganic Division, Product Promotion Department, New York, N. Y.,
1962.
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Anal. Calcd. fOI‘ CmHnqu:
C, 67.92; H, 9.29.

Epoxide XIII (2 g., 0.0094 mole) was heated on a steam bath
with 300 ml. of 0.1 N potassium hydroxide for a few hours.
After standing a few days, the alcohol was removed and the
product was extracted with ether. After stripping, 1.8 g. of
residue was obtained. Infrared spectra had strong bands at
11.85 and 12.3 u as a result of the epoxide group which obviously
had not reacted to any extent.

4-Hydroxy-2,3,3-trimethyl-1-cyclopentene-1-ethanol Acetate
(XIV).—Epoxide XIII (20 g., 0.094 mole) was mixed with 100
ml. of 0.2 & sulfuric acid and agitated for 8 hr. at room tempera-
ture. After standing overnight the acid was neutralized and the
product was extracted with diethyl ether. The ether solution
was washed and dried over anhydrous sodium sulfate, and the
solvent was removed by stripping. The product was distilled
through a 12-cm. column packed with protruded stainless steel
helices: b.p. 154° (8.6 mm.), 1009 yield. Analysis of the
distillate by g.l.p.c. using a 15-ft., 309, Carbowax column
(above) indicated the material was at least 969, pure: n%p
1.4759; [«]%p —6° (¢ 109, ethanol, 10 cm.); 6°°l« = 0.86 (3H, s),
0.92 (3H, s), 1.54 (3H, m), 2.30 (4H, t, m), 3.76 (1H, s), 3.78
(1H, t) p.p.m. Infrared spectral analyses gave strong absorb-
ance for hydroxy! group at 2.95 x and no absorbance in the 12.5-p
region for a double bond.

Anal. Calcd. for CmHzoOaZ
C, 68.02; H, 9.69.

Epoxide XIII (23 g., 0.108 mole) was allowed to react with 65
g. (1.08 moles) of glacial acetic acid and 1 drop of concentrated
sulfuric acid at 60° for 4 hr. Diluting with water, extracting
with ether, and washing gave 27.6 g. of material, b.p. 130° (3.0
mm.). The distillate had strong infrared absorbance at 2.95
and 5.76 u. Saponification of a portion of the ester and exami-
nation of the alkali-insoluble material by infrared spectral
analyses gave strong absorbances at 2.95 and 5.75 u attributable,
respectively, to hydroxyl and carbonyl groups. The spectrum
had absorbancies at the same wave lengths as the material ob-
tained from the octanoate-decanocate ester and the distillate
from the triol XVII below. Separation by g.l.p.c. established
that the principal components of the material were XVIII and
probably XIX. These, however, accounted for only about 60%
of the total.

The use of acetic acid-acetic anhydride mixture without the
sulfuric acid gave a mixture which contained XVIII and a ketonic
substance much the same as the mixture from acetic acid-sul-
furic acid reaction product.

The product XIV was ozonized using the procedure of Eschi-
nasi?® wherein the ozonide was subjected to reductive cleavage.
For this, 10.6 g. of ester XIV (0.05 mole) was dissolved in 60 ml.
of methanol and 30 ml. of water, cooled by an ice-water bath,
and ozonized. After 4 hr., the ozone absorption ceased. Ben-
zene (25 ml.), water (250 ml.), zinc dust (13 g.), and 32 g. of
629, sulfuric acid were added to reduce the ozonide. After
boiling a few minutes, evaporation of benzene, and cooling, zinc
sulfate was removed by addition of barium hydroxide to precipi-
tate sulfate ion and oxalic acid to remove the zinc ion. The
solvent and water were stripped under water-agpirator vacuum
leaving a few grams of product which gave a negative test
for methy! ketone and a positive test for olefin. In the infrared
there was a strong absorbance at 2.95 « as a result of the hydroxyl
group and a strong carbonyl absorbance at 6.05 u, prob-
The ester had undoubtedly
hydrolyzed since there was no absorbanceat 5.75 4 in the infrared.
A hydrogenated sample had a carbonyl absorbance at 5.75 u.
In the ultraviolet spectrum, maximum absorbance was at 237.5
mu (20 mg./l. of ethanol) (e 56). G.l.p.c. analyses of the
hydrogenated and unreduced materials on a Craig polyester
column gave two major peaks which accounted for 909, of the
material in about equal amounts. The data indicated cyclization
as a result of aldol condensations. Two possibilities for such
condensations exist, XXII and XXIII.

Since degradation studies (ozonolysis) gave a mixture which
appeared to be complex, a more direct method for proof of struc-
ture such as n.m.r. was examined.

C, 67.89; H, 9.50. Found:

C, 67.89; H, 9.50. Found:

(19) J. L. Junknickel, E. D. Peters, A. Polgar, and F. T. Weiss, ‘‘Organic
Analysis,” Vol. I, Interscience Publishers, Inc., New York, N. Y., 1953,
p. 135.

(20) E. H, Eschinasi, U. 8. Patent 3,023,244 (Feb. 27, 1962).
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4-Acetoxy-2,3,3-trimethylcyclopentene-1-ethanol Acetate
(XV).—A portion (10 g., 0.047 mole) of the distillation product
from the 4-hydroxy compound XIV was acetylated by refluxing
with a few milliliters of acetic anhydride. Acetic acid and excess
anhydride were removed by distilling at atmospheric pressure.
The product was taken up in ether, washed, and finally distilled
bulb-to-bulb: b.p. 128° (2.0 mm.); »n¥p 1.4616; §°C4 = 0.91
(3H, s), 1.00 (3H, s), 1.54 (3H, m), 2.34 (4H, t, m), 4.89
(1H, q) p.p.m.

Anal. Caled. for CraHzOy:

C, 66.14; H, 8.90.

2,3,3-Trimethyl-1-cyclopentene-1-ethanol (IX).—2,3,3-Tri-
methyl-1-cyclopentene-1-acetic acid (VIII),® m.p. 50-52° from
1:1 methanol~water (48 g., 0.048 mole), was reduced with lithium
aluminum anhydride (2.5 g.) in ether. After working up in the
usual manner, 6.5 g. of alcohol was obtained, 889, yield. Analy-
ses by g.l.p.c., using an alkaline Carbowax column, indicated the
alcohol was pure. Furthermore, under the conditions employed,
this alecohol could be distinguished for identification from 2,2,3-
trimethyl-3-cyclopentene-1-ethanol and the minor component of
III. There was no absorbance in the infrared spectrum in the
12.5-x region because of the double bond.

2,3,3-Trimethyl-1-cyclopentene-1-ethanol Acetate (X).—

Alcohol IX (6.5 g., 0.42 mole) was converted to the acetate by
refluxing in 25 g. of acetic anhydride. After working up, 6.4 g.
of ester was obtained in the middle fraction: b.p. 118° (20
mm.); n%® 1.4554; §°Ck = 0.98 (6H, s), 1.51 (3H, m), 2.32
(2H, t) p.p.m.; sapon. equiv. 198.68 (caled. 196.28).

2,2,4-Trimethyl-3-cyclopentene-1-ethanol (XII).—2,2,4-Tri-
methyl-3-cyclopentene-l-acetic acid® (XI) was reduced with
lithium aluminum hydride by the same procedure as used in
reduction of the 2,3,3-trimethyl derivative IX. The crude alco-
hol had strong absorbance in the infrared spectrum at 2.9 and
12.2 4 as the result of the hydroxyl and a trisubstituted double
bond. G..p.c. analyses, Castorwax on Chromosorb W, es-
tablished that the 2,2,3-trimethyl derivative III was not con-
taminated with the 2,2,4 isomer and that thisisomer was different
from the minor component of III.

Angl. Caled. for CypHO: C, 77.87;

C, 78.00; H, 11.85.

3,4-Dihydroxy-2,2,3-trimethylcyclopentane-1-ethanol (XVII).
—The alcohol III (61.6 g., 0.4 mole), was added in 1 hr. at 2-4°
to 500 ml. of 1.5%, potassium permanganate (7.5 g., 0.19 mole)
with agitation. After disappearance of color the manganese
dioxide was removed by filtration and washed well with water.
The filtrate and wash water were combined. The triol was
extremely soluble in water and was not extractable by solvent.
Water was removed by azeotropie distillation following the addi-
tion of chloroform. At the end, salts appeared which were
removed by filtration. The chloroform was stripped n vacuo.
The product crystallized, 75.3 g., 1009, yield, m.p. 114-116°
for analytical sample (from chloroform).

Anal. Caled. for CiHuOz: C, 63.79; H, 10.71.
C,63.96; H, 10.74.

A small portion was distilled bulb-to-bulb at atmospheric
pressure, b.p. 280-290°. Infrared spectral analysis of the crude
distillate gave strong absorbances at 2.95 and 5.76 u, thus es-
tablishing the presence of hydroxyl and carbonyl groups. Sepa-
ration by g.l.p.c. using a Carbowax column gave three major
peaks which accounted for 609, of the total. The third, the
largest, was the only peak that showed an infrared spectrum hav-
ing strong absorbance at 5.76 u. The bulk of the material was
acetylated and the crude acetates were separated by g.l.p.c.
using again a Carbowax column. The first, which accounted
for 109, of the crude pyrolysate, had an infrared spectrum
identical with that of IV. The second peak, 10% of the crude
product, had an infrared spectrum identical with that of XV,
The third peak was believed to be a mixture containing the
acetate of XIX.

2,2,3-Trimethyl-3-cyclopentene-1-ethanol Decanoate (XX).—
The aleohol IIT (308 g., 2.0 moles), n-decanoic acid (688 g., 4.0
moles), and p-toluenesulfonic acid (2 g.) were dissolved in 1310
ml. of benzene and refluxed until no more water was trapped in a

C, 66.11; H, 8.72. Found:

H, 11.76. TFound:

Found:

REACTION OF o-PINENE OxI1pE WITH ZIiNc BrOMIDR

4275

Dean-—Stark decanter. After washing with dilute alkali to re-
move acid and with water, the ester was distilled bulb-to-bulb,
b.p. 200° (8-9 mm.), 586 g., 959, yield. The material was
distilled through a 30-cm. column packed with stainless steel
packing, b.p. 132° (10 mm.), 553 g. (89.6%,) yield, n®p 1.4575.
Isolation and examination of the alecohol after saponification of
the ester established that the alcohol was identical with alcohol
II1.

Anal.
nation equiv., 308.49.
nation equiv., 305.

3,4-Epoxy-2,2,3-trimethylcyclopentane-1-ethanol Decanoate
(XXI).—The decanoate ester XX (161 g., 0.5 mole) was epoxi-
dized with 101 g. (0.5 mole) of MCPB by the procedure used
above for X. After stripping ether (80° and 1 mm.) there was
obtained 168 g. of residue, 939, yield. This was distilled bulb-
to-bulb, b.p. 160° (1 mm.), 140 g., 82.5% yield, 919, epoxide,®
n®p 1.4593.

The epoxide XXT (27 g., 0.09 mole) and n-octanoic acid (13.5
g£., 0.09 mole) were heated at 230°. The disappearance of acid
was followed by titration of aliquots with standard alkali.
After 8 hr., about 509, of the acid had disappeared and the rate
of decrease had diminished. The material was taken up in
diethyl ether and washed free of acid with alkali and finally
with water. After removing the ether, the residue was distilled
through a 12-em. column packed with glass helices, b.p. 170-210°
(0.1 mm.). The fraction of material, 19.5 g., that boiled over
200° (0.1 mm.) was saponified with alcoholic sodium hydroxide.
From this 5 g. of alkali-insoluble material (caled. yield, 7 g. if the
ester saponified was the octanoate-decanoate ester) was obtained
which, by infrared analyses, contained hydroxyl and carbonyl
groups as a result of absorbancies at 2.95 and 5.76 u. Separation
of crude alcoholic materials or the acetates therefrom, from sapon-
ified acetates by preparative-scale g.l.p.c. using a Carbowax
column gave three peaks which accounted for 779, of the total.
The first peak, 7% of the original, gave the same infrared spec-
trum as XVIII. The second peak, 209, of the original, had a
very strong absorbancy in the infrared at 5.76 u. The infrared
spectrum had the same bands as peak 3 from pyrolysis of the
triol XVII and was probably essentially XIX. This particular
gpectrum was identical with the spectrum of the material from
the triol except for the intensity of absorbance at 11.5 p.
Further examination of peak 3 by g.l.p.c. showed that a second
component was present which accounted for the 11.5-u absorb-
ance. Neither of the materials could be isolated in the pure
state.

2,2,3-Trimethyl-3-cyclopentene-1-ethanol 2,2,3-Trimethyl-3-
cyclopentene-l-acetate (VI).—2,2,3-Trimethyl-3-cyclopentene-1-
acetaldehyde (I1) (152 g., 1 mole) was added slowly to 30 g. of a dry
solution of distilled aluminum isopropoxide (5.1 g.) in 40 ml.
of benzene at 25°. The reaction was worked up by diluting
with diethyl ether and washing with dilute hiydrochloric acid and
finally with water. After stripping the ether, the product was
distilled through a 45-cm. column packed with protruded stain-
less steel packing, b.p. 172° (3.0 mm.). The total crude material
recovered, 122.4 g., contained 100.2 g. of ester product, 67.5%
yield, n®p 1.4821, and 22.2 g. of low-boiling material which was
principally alcohol ITI. Saponification of a portion of the ester
and examination by comparison of the resulting alcohol and acid
with known materials by infrared spectral analyses established
that the ester had the proposed composition.

Anal. Caled. for CyHz0.: C, 78.89; H, 10.60; sapon.
equiv., 304.46. Found: C, 79.03; H, 10.64; sapon. equiv.,
308.9.

Caled. for CyHis0.: C, 77.86; H, 11.77; hydroge-
Found: C, 78.02; H, 11.96; hydroge-
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