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PREFACE

In the course of the last century, hundreds of organic compounds have
been identified among the natural compounds of essential oils. Some of
these compounds are extremely rare, having been found in only one oil;
others are common, and have been observed in a number of oils.

The task of the scientist in the field, whether he be a rescarch worker or
a laboratory analyst, has naturally increased in difficulty as the number of
such compounds has mounted and information about them has swelled the
literature on the subject. More and more of the chemist’s time must now
be spent on preliminary scarches of such literature before he can undertake
his own creative work.

The present volume, the second in a series on THE ESSENTIAL OILS, repre-
sents an attempt to eliminate at least some of the tedious ‘‘spade-work”
necessarily performed by the essential oil chemist. To this end, data on
several hundred of the most important natural constituents of essential oils
have been assembled into one volume, in the form of monographs, and brought
as nearly up-to-date as possible. The structural formulas, occurrence,
methods of isolation and identification, and physico-chemical properties of
these compounds have been described. Succeeding volumes of this series
will deal with individual essential oils and their chemical composition, and
frequent reference will be made to the monographs contained in this volume.

A secondary aim of the present work is to stimulate further research in
the field, particularly on essential oils of which the chemical composition is,
so far, either only partially elucidated or entirely unknown.

The task of writing this book has been a complicated one, requiring years
of work—a result, among other things, of the confusion existing in older
literature, particularly in regard to stercoisomeric compounds. The difhi-
culties of compiling material for the volume were further increased by the
fact that during the Second World War scientific literature from continental
Europe, the U.S.S.R., Japan and other parts of the world was not available.
Even today much of it is accessible only in abstract form—through ‘“Chemical
Abstracts,” for example.

For some of the older data presented in this work, the authors are indebted
to Gildemeister and Hoffmann’s classical work, “Dic Atherischen Ole,”
Third Edition, as a point of departurec. Even where this is so, however,
original references quoted in their work have been verified, and the material
has been carried up-to-date.

v



vi PREFACE

Chemical research in scientific and industrial laboratories goes on without
interruption, so that there is, unfortunately, no particular moment at which
an author may lay down his manuscript with a happy sense of having covered
every important aspect of his field right up to that moment. The printing
of such a work as the present one has alone required more than a year, during
which time new discoverics have been made, some of them of fundamental
importance. The authors have endeavored, where it was possible, to in-
corporate such new material into their work. Some deadline had finally to
be set, however!

ErNEST GUENTHER
DARRELL ALTHAUSEN
September, 1948
New York, N. Y.
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NOTE

All temperatures given in this work are expressed in degrees Centigrade
unless otherwise specified in the text.
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INTRODUCTION

The treatises on essential oils published by Semmler in 1907, Wallach in
1914, Parry in 1919, Simonsen in 1931,* and Gildemeister and Hoffmann in
the years 1928-1931, for a long time composed an invaluable source of informa-
tion on the constituents of these oils, and on numerous synthetic aromatic
compounds.

The chemical literature of the last two decades has added much material
to that mentioned above, however, and has enriched our knowledge of the
structural formulas and properties of essential o1l constituents, with the result
that a more up-to-date presentation—such as that undertaken in this work—
is indicated.

It has been the authors’ aim to be as comprehensive as possible; to present
both old and new data where they appear to be reliable and important. Some
editing has been necessary, of course, for chemical literature abounds with
references to compounds which are either of obvious impurity or derived from
oils of dubious botanical origin. Where such has been the case, the authors
have preferred to do no more than briefly describe the compound, with
indicative reference to the original literature in which it is more fully dis-
cussed.

In this volume, special emphasis has been laid upon the natural constituents
of essential oils. Nevertheless, a limited number of synthetic products struc-
turally related to certain natural isolates, and of interest to the essential oil
chemist, have been added.

In the main, the nomenclature followed here is that employed in “Chemical
Abstracts.” In certain instances, however, well-established common names
have been preferred for compounds, since they may serve to identify such com-
pounds more easily both in the trade and in the literature.

The following abbreviations have been used (the reader should bear in
mind that temperatures given are in degrees centigrade, unless otherwise
specified) :

m. Melting point.

cong.pt. Congealing point.

f.p. Freezing point.

b. Boiling point at atmospheric pressure (about 760 mm.); for exam-

ple: b. 150° would mean that a liquid boils at 150° C., at atmos-
pheric pressure.

* A new edition of volume I of this work was published in 1947.
1



2 INTRODUCTION

bx Boiling point at “x’’ mm. pressure; for example: b;o 100° would
mean that a liquid boils at 100° C. if the pressure is reduced to
10 mm. Hg.

d Specific gravity, without indication of temperature. Wherever pos-

sible, the temperature of measurement is recorded as given in the
original literature. For example: dj° would mean a specific
gravity determined at 15° C. and referred to water at 4° C.

In most cases the older literature omits the temperature of the
water; for instance, d;5 would mean that the specific gravity of
the compound was determined at 15° C., without indicating the
temperature of the water. Often this is written as d'S,

ap Optical rotation of a compound in a 10-cm. tube and in sodium
light. ofy would mean that the measurement was made at a
temperature of 20° €. In most cases (except for certain citrus
oils) the temperature does not exercise a marked influence upon
the optical rotation of an essential oil. *

[a]p Specific optical rotation.* In many instances the literature—and
especially the older literature—does not distinguish clearly be-
tween optical rotation and specific optical rotation. Where no
clear distinction has been made, the authors have copied the
symbol as originally reported.

np Refractive index as determined for the D-line of the sodium spec-
trum. n3y would include a temperature of 20° C. at which the
determination was carried out in this example.*

With a view to aiding the research worker by presenting him with the most
reliable old and recent data on essential oil constituents, the authors have
adopted the following scheme of arrangement:

(a) Occurrence

(b) Isolation

(¢) Identification

(d) Propertics

(e) Use.

Wherever it has been established, or postulated upon good authority, the
structural formula for a compound is included. This may be followed by a
brief introduction, before the section on “Occurrence.” In most cases, the
authors have not listed all the oils in which a constituent is known to occur,
as such listing would have carried the monographs to inordinate length. Only
the most important sources are cited, in certain cases including very recently
discovered ones. It should be remembered that these compounds will be
further discussed in succeeding volumes, in the monographs on individual oils.

* For further information see Vol. I, Chapter 4, “The Examination and Analysis of Essen-
tial Oils, Synthetics, and Isolates.”
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Detailed procedures on ‘“‘isolation’ are included where the data lend them-
selves to the separation of a pure isomer or where special precautions must be
exercised due to sensitivity of the compound.

Whereas the older works in the field did not pay too much attention to
identifying a particular stereo form by characteristic derivatives, a definite
attempt has been made in the following text to describe these isomers in their
purest form.

In respect to the derivatives of compounds enumerated in this work: for
purposes of identification, derivatives of high-melting point are in general
preferable to those of low-melting point. Wherever possible, derivatives dis-
tinct for each form, and special methods of characterizing sterecoisomers are
included. In some cases a state of dynamic equilibrium may exist between
stereo forms in the fraction isolated, or the fraction may consist merely of a
mixture of isomers.

Color tests have, in the main, proved unreliable; they have, therefore, been
largely excluded from this text.

Not much emphasis is placed in this work upon spectro-photometric data
as they are still too meager to be of much practical use. However, the reader
will find numerous literature references to publications in this field, whlch deal
with the elucidation of structure.

Wherever possible, data and references have been checked against the
original literature. This has resulted in the correction of many errors carried
in previous works.

Quantitative methods of assaying the more important constituents of essen-
tial oils are given in Vol. I, Chapter 4, “The Examination and Analysis of
Essential Oils, Synthetics, and Isolates.”
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A. ALTPHATIC HYDROCARBONS

(a) Paraffins.—The lowest member of the paraffin group C,Hg, . identi-
fied so far in essential oils, according to Gildemeister and Hoffmann,! is n-hep-
tane C;Hyg, b. 98.5°-99°, d;5 0.6880, which has been found in a few pine
needle oils.*

The higher members of the paraffin and probably also of the olefin series
occur quite frequently in plants, usually in the form of wax-like secretions or
coatings of leaves, flowers, and seeds. Because of their low solubility, and
low volatility, these waxes are rarc in essential oils as obtained by steam dis-
tillation. In the case of some oils, the wax content, usually a mixture of
homologues, is so high that the oil congeals at room temperature as, for
example, in the case of rose and chamomile oils. Waxes occur also in the
evaporation residues of expressed citrus oils and, in large percentages, in the
concrete natural flower oils, as obtained by extracting flowers with volatile
solvents such as petroleum ether or benzenc.

When purified, these waxes consist of odorless, white, often laminated,
crystalline masses, almost insoluble in cold alcohol but readily soluble in hot
alcohol and other organic solvents. They are highly resistant to concen-
trated acids and oxidizing agents.

(b) Olefins.—The only olefinic hydrocarbon, C,H,,, so far found in vola-
tile oils (in lemon oil and in bergamot oil), according to Gildemeister and
Hoffmann,? is octylene, b. 123°-124°, d 0.7275, n;; 1.4060. Octylene probably
occurs also in linaloe oil.

The hemiterpene isoprene CsHg, genetically related to the terpenes, has
been observed as a decomposition product of natural rubber and turpentine
oil. According to several authorities, the terpenes, sesqui-, di-, and triter-
penes, also natural rubber, originate in plant metabolism by a joining of iso-
prene molecules.

Ac) Olefinic Terpenes.—Open-chain hydrocarbons of the general formula
C,H,,_4, and containing three ethylenic linkages, occur in some essential
oils. Although complying with the empirical molecular formulas of alicyclic
(hydroaromatic) hydrocarbons as cyclic terpenes, these open-chain olefinic
terpenes may be distinguished from the former by their lower specific gravity
and refractive index. The olefinic terpenes, as they were named by Semmler,
are very prone to resinify, especially on distillation at atmospheric pressure.
1 “Die Atherischen Ole,” 3d Ed., Vol. I, 301.

2 Jbud.

* Haagen-Smit, Redemann and Mirov [J. Am. Chem. Soc. 69 (1947), 2014] recently
identified heptane, nonane and n-undecane in the gum turpentine from Torrey pine.

7



8 HYDROCARBONS

SUGGESTED ADDITIONAL LITERATURE

Arthur I. Vogel, “Physical Properties and Chemical Constitution. Aliphatic Hydro-
carbons,” J. Chem. Soc. (1946), 133. Chem. Abstracts 40 (1946), 3390.

v B-Myrcene
CioHis Mol. Weight 136.23
2-Methyl-6-methylene-2,7-octadiene

H3C
—"—-'—‘CH . CH2 . CH2 . C . CH"—-—"‘CHz
/ |
H3C CH2

Myrcene possesses the same carbon skeleton as linalo6l. The structural
formula of B-myrcene was definitely established by Ruzicka and Stoll,! and
by Dupont and Desreux.?

Occurrence—Power and Kleber 3 found substantial quantities of myrcene
in bay oil (Myrcia acris D.C.); myrcene occurs also in oil of hops,* verbena
oil (Lipptia citriodora),’ galbanum oil, Formosan and West Indian lemongrass
oil, ete.

Isolation.—According to Power and Kleber,® bay oil is treated with sodium hydrox-
ide solution and the remaining undissolved portion repeatedly fractionated tn vacuo.

Identification.—(1) Reduction with sodium and alcohol yields dihydromyrcene
Ci10H1s which is identical with linaloolene, only two hydrogen atoms thus being taken
up. According to Semmler 7 and Enklaar;® dihydromyrcene on bromination gives
tetrabromodihydromyrcene m. 88°. For the hydrogenation of 8-myrcene with hydro-
gen and platinum as catalyst to tetrahydromyrcene, see Dupont and Desreux.?

(2) By heating to 250°-260° in a sealed tube, myrcene is converted into a diter-
pene CqoHsg, viz., a-camphorene, which occurs also in blue camphor oil. a-Camphorene
tetrahydrochloride melts at 129°-130°, according to Semmler and Jonas.!°

For this purpose, myrcene is heated for 4 hr. and the content of the sealed tube
fractionated in vacuo. The fraction bg 175°-195° is dissolved in absolute ether and
saturated with dry hydrogen chloride at low temperature. The separating crystals of
a-camphorene tetrahydrochloride after several hours are filtered off under suction,
washed with cold alcohol, rubbed on a clay plate and recrystallized from absolute
alcohol.

(3) Myrcene forms an addition compound with a-naphthoquinone, m. 80°-81.5°,
according to Arbusov and Abramov.!

(4) Diels and Alder,? Ruzicka 13 and Lindsay, Briggs and Sutherland * prepared
the adduct of myrcene and maleic anhydride and described the melting points of
several derivatives of this addition compound:

Adduct 34°— 35° 12, 13
Dicarboxylic acid 122°-123° 12, 13, 14
Dicarboxylic acid anhydride 206°-207° 2 and 215° 18

(5) Sulfone di- and tetrabromides have been prepared by Backer, Strating and
Kool;  the sulfone dibromide (C1oH16Brs02S) m. 105°, the tetrabromide m. 131°.
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Properties.—Due to the ease of polymerization of this unsaturated hydro-
carbon, variations in the physicochemical data recorded to date are not to
be considered too seriously. The most definitive constants seem to be those
reported by Palkin and Wells,’®* and Dupont and Desreux 7 as listed here.
However, myrcene has also been characterized by Semmler and Mayer,®
Lebedev,”® Chapman,?® Enklaar,? Eijkman,?? Schimmel & Co.,2 and Petrov
and Chel’tsova.*

b. 166°-167° 16 dz° 0.791 17

bas 72°- 73° 17 2P 0.7966 16

bao 65°— 66° 16 nZ 1.470'"
n% 1.4650 18

Myreene, in general, is considerably more stable than its isomer ocimene.
On standing myrcene undergoes polymerization both to a dimyrcene Cqgol3,
and also to a polymyrcene (CioH;g)x. According to Harries,?® both these
polymerides form nitrosites, the latter melting at 163°.

When treated with aqueous potassium permanganate, myrcene is oxidized
to succinic acid, according to Power and Kleber.2¢

Polymerization of myrcene causes a lowering of its solubility in alcohol;
this is the chief reason that, on aging, West Indian lemongrass oils lose their
originally good solubility in alcohol. East Indian lemongrass oils contain no
myrcene and retain their solubility better.

Delaby and Dupin # oxidized myrcene with selenium dioxide to myrcenol,
myrcenal, and myrcenic acid.

Use.—(3-Myrcene has not found any noteworthy use in the perfume and
flavor industries.

1 Helv. Chim. Acta T (1924), 272.

2 Bull. soc. chim. [5], 4 (1937), 422.

8 Pharm. Rundschau New York 13 (1895), 60.

4 Chapman, J. Chem. Soc. 83 (1903), 506. J. Inst. Brew. 36 (1929), 247. Semmler and
Mayer, Ber. 44 (1911), 2009.

§ Barbier, Bull. soc. chim. |3], 26 (1901), 691.

8 Pharm. Rundschau New York 13 (1895), 61.

7 Ber. 34 (1901), 3126.

8 “Over Ocimeen en Myrceen,” Inaug. Diss. Utrecht (1905).

¥ Compt. rend. 203 (1936), 733.

10 Ber. 46 (1913), 1566.

11 Ber. 67 (1934), 1944.

12 Izebigs Ann. 470 (1929), 81.

18 Hely. Chim. Acta 19 (1936), 423.

1 J. Organic Chem. T (1942), 397.

18 Rec. trav. chim. 68 (1939), 783.

186 J. Am. Chem. Soc. 66 (1933), 1554.

17 Bull. soc. chim. [5], 4 (1937), 425.

18 Ber. 44 (1911), 2009.

¥ J. Russ. Phys. Chem. Soc. 46 (1913), 1324.

2 J. Chem. Soc. 83 (1903), 506.
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2 Rec. trav. chim. 26 (1907), 166.
2 Chem. Weekblad 3 (1906), 653, 685, 701; 4 (1907), 41.

2 Ber. Schimmel & Co., April (1895), 11.
2% Bull. acad. sci. U.R.8.8S. Classe sci. chim. (1940), 267. Chem. Abstracts 36 (1941), 4730.

2 Ber. 36 (1902), 3264.
2 Pharm. Rundschau New York 13 (1895), 60.
27 Atti X congresso intern. chim. 3 (1939), 120. Chem. Abstracts 33 (1939), 8194.

SUGGESTED ADDITIONAL LITERATURE

W. J. Runckel and L. A. Goldblatt, “Inhibition of Myrcene Polymerization During
Storage,” Ind. Eng. Chem. 38, No. 7 (1946), 749.

" Ocimene
Clon MOI Weight 136.23
2,6-Dimethyl-1,5,7-octatriene
H,C

N
/ |
H3C CH;

According to Dupont and Desreux,! this structural formula of a-ocimene,
established by Enklaar,? does not apply to ocimene as it occurs in nature.
Studying the Raman spectrum of an ocimene of van Romburgh,? these au-
thors suggested the following structural formula of B-ocimene:

2,6-Dimethyl-2,5,7-octatriene
H3C

C=CH-CH;-CH=C-CH=CH,

e |

The divergent configurations of the a- and 8- structure of this hydrocarbon,
however, might possibly be a result of the method of isolation.

Occurrence.—First isolated by van Romburgh ¢ from the Javanese oil of
Ocimum bastlicum L. var. Selasth besar, ocimene occurs also in Octmum gratis-
stmum.® Lahey and Jones ¢ reported it in Evodia littoralis, Huzita 7 in oil of
Orthodon lLinalooliferum Fujita, and Penfold ® in the ethereal oil from the
leaves and twigs of Eriostemon myoporoides D.C. It also occurs in a few other
oils, probably in estragon oil. Crabalona ° reported the presence of ocimene
in the first fractions of French lavender oil.

Isolation.—The essential oil distilled from the fresh leaves of Octmum bastlicum var.
Selasth besar is treated with sodium hydroxide solution, whereby the eugenol (309, to
469 of the oil) is removed. From the undissolved portions of the oil, and by repeated
vacuum fractionation, van Romburgh 1° thus obtained ocimene as a main constituent.
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Identification.—QOcimene does not yield any characteristic crystalline compounds.
Identification is, therefore, accomplished:

(1) By reduction with sodium and alcohol to dihydromyrcene, and bromination.
Tetrabromodihydromyrcene m. 88° (Iinklaar).

(2) By hydration with sulfuric acid (50%) in glacial acetic acid solution, according
to Bertram and Walbaum, an alcohol, viz., ocimenol, is obtained. Ocimenol phen-
ylurethane m. 72° (Enklaar).

(3) Oxidation of ocimene with potassium permanganate either in alkaline or in
acetone solution results in very complete degradation and in the formation of acids,
the lead salts of which crystallize in rhombic form; whereas myrcene, if treated in the
same manner, yields a lead salt crystallizing in needle form. Myrcene can thus be
identified in the presence of ocimene.

Properties.—Van Romburgh 2 and Fnklaar 3 reported the following
properties:

b. 176°-178° 2 (with decomposition) dso 0.794 12
bso 81°13 dis 0.8031 13
ber  73°-74°12 n;y  1.485713

These properties have been confirmed in the recent work of Asahina 4 on
an a-ocimene obtained from the fruit of Evodia rutaccarpa Hook.

Ocimene oxidizes most readily and, on short exposure to air, forms a yel-
low resin. In the absence of oxygen, however, ocimene can be preserved
unaltered.

Enklaar 15 found that, on heating for a few hours in a neutral atmosphere,
ocimene is converted into an isomeric hydrocarbon, viz., allo-ocimene.

I13C

C=CH.-CH=CH-C=CH-CHs

/ |
IT;C CH;

Allo-ocimene

byo 81°
dys 0.8182
ns 1.5296

Enklaar’s structural formula for allo-ocimene was confirmed by Dupont
and collaborators !¢ through Raman spectra determinations.

Two of the four possible stereoisomers of allo-ocimene have been described
by Hopfield, Hall and Goldblatt 17 as follows:

m. b2() dio n%)
—21°to —20.6° 89.0° 0.8060 1.5446
—35.4° to —34.0° 91.0° 0.8118 1.5446

Both yield an adduct with maleic anhydride melting at 83°-84°.
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Use.—Ocimene has not found any noteworthy use in the perfume or flavor
industries.

! Bull. soc. chim. [5], 6 (1938), 337.
2 Rec. trav. chim. 26 (1907), 157; 27 (1908), 422; 36 (1917), 215; 45 (1926), 337.
3 Proc. K. Acad. Wetensch. Amsterdam 3 (1900), 446. Ber. Schtmmel & Co., April (1901), 11.

4 Ibid.

5 Roberts, J. Soc. Chem. Ind. 40 (1921), 164 T. Chiris, Parfums France T (1929), 186.
8 Univ. Queensland Papers, Dept. Chem. 1, No. 13 (1939). Chem. Abstracts 34 (1940), 2133.
1 J. Chem. Soc. Japan 62 (1941), 424. Chem. Abstracts 36 (1942), 6743.

8 J. Proc. Roy. Soc. N. S. Wales 69 (1925), 208.

9 Recherches 2 (1938), 155. Chem. Abstracts 33 (1939), 4374.
10 Proc. K. Acad. Wetensch. Amsterdam 3 (1900), 446. Ber. Schimmel & Co. April (1901), 11.

n J, prakt. Chem. [2], 49 (1894), 1.

2 Proc. K. Acad. Wetensch. Amsterdam 8 (1900), 446. Ber. Schimmel & Co. April (1901), 11.
B Rec. trav. chim. 26 (1907), 161; 27 (1908), 422; 36 (1917), 215; 456 (1926), 337.

U Acta Phytochim. Japan 1 (1922), 67. Chem. Zentr. 111 (1923), 248.

5 Rec. trav. chim. 26 (1907), 157; 27 (1908), 422; 36 (1917), 215, 45 (1926), 337.

16 Bull. soc. chim. [5], b (1938), 322.
7 J. Am. Chem. Soc. 66 (1944), 115.

" Cryptotaenene
CioHs Mol. Weight 136.23

The structural formula of this terpene remains uncertain, and further re-
search is indicated before any formula may be acceptable. Investigations in
the past suggest either 2-methyl-2,4,8- or 2,6,8-nonatrienc as a tentative
structure.

Occurrence.—First observed by Hirano ! in the steam-distilled oil of Crypto-
taenia japonica Hassk. fam. Umbelliferae.

Properties.—

bis  67°-68° []y® 42040
d¥® 08128 n3y 1.47476

Use.—Cryptotaenene has not found any use in the perfume or flavor in-
dustries.

1 J. Soc. Chem. Ind. Japan 29 (1926), 48. Chem. Abstracts 20 (1926), 1070.

B. AROMATIC HYDROCARBONS

Naphthalene
CioHsg Mol. Weight 128.16

Occurrence—Naphthalene has been found in oil of clove stems, orris root,
and styrax.
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Isolation.—By fractional distillation. (See also next section.)

Identification.—Naphthalene forms molecular addition compounds with a large
number of compounds. These are useful as a means of identifying this hydrocarbon
and include the following recommended derivatives:

(a) 1,1-Complex with 3,5-dinitrobenzoic acid, m. 182° (Sinomiya !).

(b) 1,3-Complex with a-dinitroaniline, m. 154° (Sinomiya ?).

(¢) Complex with 3,5-dinitro-o-cresol, m. 94° (Dermer and Smith 3).

(d) Complex with ethyl-3,5-dinitrosalicylate, m. 78° (Dermer and Smith ¢).

(e) Complex with 2,4,6-trinitrobenzaldehyde, m. 136.5° (Dermer and Smith 5),

(f) Complex with styphnic acid, m. 168°-169° (Ma, Hsia and Sah ¢).

(g) Complex with picric acid, m. 150.5° (Huntress and Mulliken 7).

(h) Complex with sym-trinitrobenzene, m. 155.2°-155.8° (Jones and Neuworth ).

These and similar addition compounds are also quite often useful as a means of
isolating and purifying naphthalene.

Properties—The following properties have been reported in the course of
careful studics on naphthalene by Burriel, Timmermans and Burriel,!°
Michel,"* Mortimer and Murphy,'? Marti,!* deBeule,!* IEppley,!® von Steiger,!®
and Deffet and Vlerick: 17

m. 80.06° *
80'100 10,11,12,13
80.21°-80.23° 4 (from ether)
b. 217.96° %10.13
217.973° 15
P83 0.9757 10
a8t  0.97865 V7 (liquid)
(variation per degree 82° — 115° 0.000811)
d¢° 1.141 == 0.004 17 (solid)
n$-3 1.58996 16

The values recorded by Eppley '® for ¢ over a wide range of vapor pres-
sures were determined from this equation: log t, = 0.20248 log p + 1.755102.

Illari ' reported the initial temperature of sublimation at 762 mm. as 50°
and that at 7 mm. as 22°.

Naphthalene is easily volatile with steam. According to Mitchell,?® 0.022
g. of the hydrocarbon will dissolve per 100 g. of water at 15°. The solubility
in hexane is reported by Ward 2 as

0.2 g. in 2.035 g. of hexane at 8.7°,
3.0 g. in 0.367 g. of hexane at 72.5°.

Naphthalene is sparingly soluble in cold petroleum ether; moderately sol-
uble in methyl alcohol and in cold ethyl aleohol; and readily soluble in most
other organic solvents.

Use.—Naphthalene as such is not used in the perfume or flavor industries.
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1 J. Chem. Soc. Japan 69 (1938), 922. Chem. Abstracts 33 (1939), 563.

2 Ibid.

3 J. Am. Chem. Soc. 61 (1939), 748.

4 Ibud.

8 Ibid.

6 Science Repts. Natl. Tsing Hua Univ. 2 (1933), 151. Chem. Abstracts 28 (1934), 3692.

7 “Identification of Pure Organic Compounds,” Order I, 507. See also Mulliken “Iden-
tification of Pure Organic Compounds,” Method I (1904), 201.

8J. Am. Chem. Soc. 66 (1944), 1499.

% Anales soc. espafi. fis. quim. 29 (1931), 89.

10 Chimie & industrie, Spce. No. 25 (1931), 196.

1t Byll. soc. chim. Belg. 48 (1939), 135.

2 I'nd. Eng. Chem. 15 (1923), 1140.

138 Bull. soc. chim. Belg. 39 (1930), 591.

14 I'bid. 40 (1931), 195.

15 J. Franklin Inst. 206 (1928), 392.

16 Ber. 656 (1922), 1972.
17 Bull. soc. chim. Belg. b1 (1942), 237. Chem. Abstracts 38 (1944), 4500.

18 J. Franklin Inst. 206 (1928), 391.

¥ Ann. chim. applicata 21 (1931), 127.
20 J. Chem. Soc. (1926), 1336.

2t J, Phys. Chem. 30 (1926), 1326.

SUGGESTED ADDITIONAL LITERATURE

Iserman, ‘“The Relationship of the Chemistry of Perfumes to Other Branches of the
Organic Chemical Industry,” Prog. Perfumes and Cosmetics (1938), 37.

Styrene
CsHg Mol. Weight 104.14

Styrol. Styrolene. Vinylbenzene. Phenylethylene
CH=CH.

Occurrence.—This simple aromatic hydrocarbon probably originates in es-
sential oils by the degradation of cinnamic acid. It occurs in various styrax
oils and in the oil from Honduras balsam.

Isolation.—By fractional distillation in vacuo.

Identification.—By the preparation of the dibromide CéH;CHBr-CH,Br, m. 74°-75°
(from 809, alcohol), according to van Duin,! and Reed and Reid.?

In order to prepare this dibromide, Evans and Morgan,® using a modified Zincke 4
method, recommended:

“To a solution of 48.5 g. (1 mol.) of freshly distilled styrene in 400 cc. of pure
ether were added 126.8 g. of bromine dissolved in 600 cc. of ether. The solution of
styrene was placed in an open beaker surrounded by ice water and it was kept in
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constant motion by a mechanical stirrer. The rate of flow of the bromine solution
was regulated by the discharge of color, from red to a very light yellow. The whole
operation was most advantageously carried on in direct sunlight.”

The crude product obtained by distilling off the ether is purified by recrystallization
from alcohol.

Steinkopf and Kiihnel 8 prepared the pseudonitrosite m. 133° by action of nitrosyl
chloride on styrene. Alder, Pascher and Vagt ¢ condensed styrene with dimethyl ester
of acetylene dicarboxylic acid. These authors report that a tetramethyl ester m.
107°-108° is derived from this reaction, and a dianhydride m. 260°.

Properties.—Styrene is a colorless, strongly refractive liquid possessing a
characteristic and peculiar odor, reminiscent of illuminating gas.

The properties of a highly reliable sample of styrene have been reported
by Waterman and deKok.”

fp. —33° d3° 0.9090
m. —33° ny%®  1.54633
b. 145°-145.8°

beo ~ 48°

A publication by Wood and Higgins 8 at the U. S. National Bureau of
Standards summarizes reliable data recently gathered on this hydrocarbon.
These authors report:

fp —30.60 d20 0.9056 *
b. 145.2° n 1.51443

On storing outside the refrigerator and especially on heating or on contact
with acids, styrene polymerizes to metastyrene (CgHg),, a transparent, color-
less, and odorless mass. According to Stobbe,® an equilibrium is finally

—_

reached: styrene = metastyrene.
Use.—Styrene is not much used in the perfume or flavor industries.

1 Rec. trav. chim. 46 (1926), 354.

2J. Chem. Soc. (1928), 1488.

3J. Am. Chem. Soc. 35 (1913), 56.

4 Liebigs Ann. 216 (1883), 288. Radziszweski, Ber. 6 (1873), 493.

5 Ber. T6B (1942), 1327.

6 Ber. T6B (1942), 1514.

" Rec. trav. chvm. 63 (1934), 1134.

8 India Rubber World 107 (1943), 475. Sce Letter Circular I.C-710 U. S. Dept. of Commerce,
National Bur. Stds., Washington, D. C.; Dec. 9, 1942.

9 Ber. 47 (1914), 2701.

SUGGESTED ADDITIONAL LITERATURE

Rolf E. Schneider (to the Lummus Co.), “Styrene Distillation,” U. S. Patent No.
2,385,235, September 18, 1945. Chem. Abstracts 40 (1946), 359.

* Values for d are given from 0° to 145° C. Cf. Patnode and Scheiber, J. Am. Chem.
Soc. 61 (1939), 3449.
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Agropyrene
CI2H12 Mol. Weight 156.22

@—cﬂz-CH=0H .C==C-CH;

Occurrence.—Agropyrene is the first hydrocarbon with an ethylenic and an
acetylenic linkage observed in nature. According to Treibs ! the volatile oil
derived from the root of Agropyrum repens (Triticum repens) consists almost
entirely (95 per cent) of agropyrene.

Isolatron.—By fractional distillation in vacuo.
Identification.—By determination of the physicochemical properties, and by hy-
drogenation to hexahydroagropyrene Cioll;s (= n-phenylhexane).

Properties.—
b1o 140°-143°
dzo 0.9744
ns 1.5695

When freshly distilled, agropyrene is a light-yellowish liquid, which on
standing and on exposure to light, rapidly assumes a deep yellow color. The
odor is characteristic, lasting and sweetish, reminiscent of methyl chavicol
and isochavibetol. When heated to boiling temperature at atmospheric pres-
sure, agropyrene polymerizes rapidly to a viscous brown mass.

Use.—Agropyrene is not used in our industries.

1 Chem. Ber. 80, No. 2 (1947), 97.

v p-Cymene

‘lemOI”
CioHi4 Mol. Weight 134.21

1-Methyl-4-isopropylbenzene
CHs

H
/\
HsC CH;
Occurrence.—p-Cymene occurs in numerous volatile oils—for example, in

Swedish and Russian turpentine oil, in oil of lemon, sage, thyme, origanum,
savory, coriander, ajowan, angelica, cumin, olibanum, nutmeg, star anise,
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cinnamon, etc. In many cases where p-cymene has been reported in an oil,
it may have been formed by conversion from cyclic terpenes such as pinene,
terpinene, or from terpene derivatives, for instance, carvone, dihydrocarvone,
carvenone, thujone, citral, sabinol, cuminyl alcohol, etc.

The so-called commercial ‘“‘thymene” consists mainly of p-cymene.

Isolation.—By fractional distillation. The p-cymene fraction can be freed from
terpenes of similar boiling point by oxidation with dilute potassium permanganate
solution in the cold, p-cymene being quite resistant to this oxidizing agent. Any
cineole present in the same fraction is removed through its hydrobromide.

Identification.—p-Cymene may be characterized by several methods:

(1) Oxidation with a hot and concentrated solution of potassium permanganate
yields p-hydroxyisopropylbenzoic acid m. 155°-156°. Wallach ! recommended this
procedure:

“Reflux on the steam bath 2 g. of the purified hydrocarbon with a solution of
12 g. of potassium permanganate in 330 g. of water and shake frequently. After
completion of the oxidation, evaporate the solution, freed from MnO,, to dryness
and extract the salt residue with boiling alcohol. Decompose the alcohol-soluble
potassium salt with dilute aqueous sulfuric acid and recrystallize the separating acid
from alcohol.”

Meyer and Rosicki 2 found that, on heating with dilute hydrochloric acid, the
p-hydroxyisopropylbenzoic acid loses water and forms p-isopropenylbenzoic acid m.
160°-161°,.

(2) Schorger 3 reported that p-cymene, when treated with fuming sulfuric acid,
yields siumultancously 1,2,4- and 1,3,4-cymenesulfonic acid and a disulfonic acid.
From the 1,2,4-sulfonic acid isolated first from the reaction mixture, a sulfamide
m. 115°, may be prepared and carvacrol on melting with alkali. The 1,3,4-sulfonic acid
gives a sulfamide m. 149.9°, and on melting with alkali, thymol, according to Phillips.4

Properties—p-Cymene is a colorless liquid, optically inactive, possessing
an odor typical of the aromatic hydrocarbons.
Bert ® reported for a pure p-cymene prepared from thymol:

b. 175°-176°
d3®  0.857
n? 1.4917

International Critical Tables ® report b. 175.9°.
Richter and Wolff 7 prepared p-cymene by various methods and observed
these properties:

p-Cymene from m. b. (corr.) d3’ ngy
Camphor —72.3° 177.3°-177 4° 0.8570 1.4904
Finnish cellulose (—67.7°) 177.3° 0.8570 1.1904
German cellulose . 177.4°-177.6° 0.857 1.4894

Ajowan oil . 177.4°-177.5° 0.856 1.4899
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The cymene from camphor is to be regarded as the most nearly pure.?

On treatment with dilute nitric acid and with chromic acid mixture, p-cy-
mene is oxidized to p-toluic acid and finally to terephthalic acid.

Use.—p-Cymene is widely used for the scenting of soaps and all kinds of
technical preparations where it serves to overcome undesirable odors. p-Cy-
mene also forms an important constituent in the compounding of certain
imitation essential oils.

1 Liebigs Ann. 264 (1891), 10.

2 Ibid. 219 (1883), 282.

3J. Ind. Eng. Chem. 10 (1918), 258. Cf. Claus, Ber. 14 (1881), 2140.
4+ J. Am. Chem. Soc. 46 (1924), 686.

5 Bull. soc. chim. [4], 37 (1925), 1251.

8 Vol. III, 347.

7 Ber. 63 (1930), 1721.
8 Refer also to the statement of Timmermans, Bull. soc. chim. Belg. 30 (1921), 65; Perkin,

J. Chem. Soc. 69 (1896), 1194; and Karvonen, Ber. 56 (1923), 1824.

SUGGESTED ADDITIONAL LITERATURE

E. Boedtker, “Cymene, a By-product in the Manufacture of Sulfite Cellulose,”
J. pharm. chim. [8], 9 (1929), 417. Chem. Abstracts 24 (1930), 78.

Irvin W. Humphrey (to Hercules Powder Co.), “Cymene,” U. S. Patent No. 1,746,-
532, February 11, 1930. Chem. Abstracts 24 (1930), 1653.

C. E. Senseman and J. J. Stubbs, “Catalytic Oxidation of p-Cymene in the Liquid
Phase,” Ind. Eng. Chem. 24 (1932), 1184. Chem. Abstracts 26 (1932), 5924.

Yasuji Fujita and Saburo Ohashi, “Oxidation of p-Cymene with Hydrogen DPer-
oxide,” J. Chem. Soc. Japan 63 (1942), 93. Chem. Abstracts 41 (1947), 3174.

Brun, “Preparation of Cymenes,” Bull. soc. chvm. 12 (1945), 452. Chem. Abstracts
40 (1946), 847.

Washington Hull (to American Cyanamid Co.), “Preparation of p-Cymene by the
Vapor-Phase, Dehydrogenation of Monocyclic Terpenes,” U. S. Patent No. 2,388,359,
November 6, 1945. Chem. Abstracts 40 (1946), 1879.

Chas. T. Lester and Carroll F. Bailey, “Studies in p-Cymene. The Saponification
Rate of Isomeric Benzoates Derived from p-Cymene,” J. Am. Chem. Soc. 68 (1946),

375.

C. CYCLIC TERPENES

(a) MonocycLic TERPENES.

Introduction.—Structurally, these terpenes have as their parent substances
homologues of cyclohexane from which they are derived by varying degrees
of dehydrogenation. Usually, a methyl-isopropylcyclohexanol is described
as the parent molecule, and the monocyclic terpenes are thus theoretically
derived from one of the threc isomeric menthanes (ortho, meta or para).
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(|?H3 (|3H3 (|3Ha
CH CH CH CH,
VRN VRN VRN /
H,C ?Hz /CH3 H,C (lJHz H2(|3 (IJH—CE
| |
H,C CH—CH H,C CH, H,C CH, CHj;
N S AN N/ N 7
CH, CHj3 (I3H CH,
CH
7\
H3C CHj;
m-Menthane p-Menthane o-Menthane

(1-Methyl-4-isopropylcyclohexane)

For convenience, our description will be confined to the p-isomer, as it is
architecturally related to several important natural terpenes. However, par-
allel conclusions may often be drawn for the ortho and meta compounds,
which are primarily synthetic.

Theoretically, then, various degrees of dehydrogenation of the para men-
thane will yield the menthenes, the menthadienes and p-cymene or rare tri-
enes, some of which, either in themselves or as derivatives, are found as im-
portant ingredients in many natural products. Several skeletal isomers are
illustrated here.

@
p-Menthane

(1-Methyl-4-isopropylcyclohexane)

PYYLRk

I
/
A4® ARO AD
p-Menthenes

* Although the use of “A” to illustrate the existence of a double bond in the carbon system
is still recognized, and pictured here only for convenience, this practice is lately generally
discouraged, and thus will not be further encountered in these pages on the monocyclic
terpenes.
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All members of this group have been synthetically characterized but the
most important, as related to the essential oils, is A3-menthene which is a
natural constituent of thyme oil and closely related to menthol, principal
constituent of peppermint oil.

The second degree of dehydrogenation of p-menthane produces the di-
hydro-p-cymenes or p-menthadienes. Only a few of the many theoretically
possible isomers have been encountered in natural products but these few
belong to some of the most important constituents of essential oils. More-
over, many of their derivatives, too, are of major importance—for example,
the menthols, terpineols, and piperitols. The following represent plane figure
compounds of this group, illustrating isomers by shifting of the double bonds:

I 1I 111 IV \"/
T I: |
/\ A / RN
Al3 AlD.3 Al ALS Al .2
(a-Terpinene) (B8-Terpinene) (v-Terpinene) (e-Phellandrene)  (B-Phellandrence)
VI VII VI1II IX X
: I
,
/; ; / /)
ALA®) ALS®) AB8® AL 89) AZ4
(Terpinolene) (Limonene) (¢-Limonene)
XI XIII
I
I
Al .89 A24®) A2 8(9)
p~Menthad1enes

Of this group, a- and vy-terpinene, o- and g-phellandrene, terpinolene, and
limonene are most frequently encountered in essential oils. They will be
described in detail later for purposes of identification in essential oils.
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One important feature should be considered in any diagnostic study under-
taken in connection with monocyclic terpenes, i.e., some configurations allow
for the existence of isomers. Such molecules theoretically permit several
forms.

‘(Chair” OI' tlZ” “Boat” Ol‘ l‘C”
form form
C‘Ha
; ; C
0N
H.C \CH
, |
R R R H.C_ _CH:
H R’ HUH *iﬂ
¥ S
H3C/ CH3
I. Strainless ring isomers IT. Stereo-
isomers
d-, l-, and dl-
CH: sHzr Hs H

H H H CsH;

c1s- trans-

ITI. Geometric isomers

The worker, therefore, should ever be on the alert for complications that
may beset his work of identifying menthanes, menthenes, or menthadienes.

Although cyclic hydrocarbons are generally more stable than the corre-
sponding acyclic substances, the monocyclic terpenes isomerize, oxidize, and
polymerize quite readily,! especially when distilled at atmospheric pressure.
Thus, it remains questionable whether any of these terpenes have ever been
prepared in absolutely pure form.

! In this connection, scc Dupont, Ind. chim. belge 11 (1940), 3. Chem. Abstracts 34 (1940)
2353.
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Abstracts 41 (1947), 5175.
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¥ Limonene
C10H16 Mol. Welght 136.23

1,8(9)-p-Menthadiene. 1-Methyl-4-isopropenyl-1-cyclohexene
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Occurrence.—Limonene is one of the most widely distributed terpenes, oc-
curring in many volatile oils, in some as the main constituent, especially in
the citrus oils.

d-Limonene (formerly called carvene or citrene) has been identified in oil
of orange (about 90 per cent), lemon, mandarin, lime, grapefruit, bergamot,
neroli, petitgrain, elemi, caraway (40 per cent), dill, fennel, celery (60 per
cent), erigeron, orthodon oils, etc.

l-Limonene occurs in several pine needle oils, the cone oil of Abies alba,
Russian turpentine oil, star anise, American wormseed, peppermint, spear-
mint, cajuput, Eucalyptus statgeriana, Congo copal resin, etc.

In many cases in which limonene has been recorded as a constituent of
essential oils, the optical rotation is not given.

Isolation.—Limonene may be isolated from volatile oils by fractional distillation
and by redistillation over metallic sodium. The crude limonene is finally purified,
according to Godlevski,! by the preparation of its tetrabromide and by the reduction
of the tetrabromide with zinc dust in alcoholic solution.

Another method for bromination is that of Gaponenkov 2 (see below), whereas for
reduction the technique of von Braun and Lemke 3 with metallic magnesium in ether
may be employed. This latter procedure has been used by Rule and Chambers ¢ to
prepare a pure sample of limonene.

Where the isolation is complicated by the presence of conjugated dienes, the tech-
nique of Johnston 5 may be helpful through a fumaric acid reaction at 160°-185°.
Conjugated hydrocarbons are thereby removed from the nonconjugated products.

An entirely different method, but yielding only 359, limonene, is that of Peleato ¢
which treats the limonene fraction in ether solution with mercuric acetate for 48 hr.
The precipitate formed is then decomposed with aluminum and sodium carbonate,
and the limonenes fractionated.

Identification.—In order to identify limonene, Wallach 7 suggested preparing its
tetrabromide. However, only oily products are obtained if the reagents used are not
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completely anhydrous. Baeyer & obtained crystalline tetrabromides by brominating
the terpene fraction in a solution of equal parts of amyl alcohol and ether and by
evaporating the ether slowly. Godlevski ® recommended adding the solution of the
terpene fraction in a mixture of equal parts of amyl alcohol and ether, drop by drop, to
an ice-cold solution of bromine in ether. The mixture must be kept ice-cold throughout
the reaction. Gaponenkov !° has recently stated that the reaction is best carried out
by reversing this order of addition, using the same solvents.

The optically active tetrabromides m. 104°-105° crystallize best from ethyl acetate;
[a]p £73° 0’ (in chloroform solution). The tetrabromide is either dextro- or laevorota-
tory, depending upon the optical rotation of the parent hydrocarbon.

Limonene gives a positive reaction with Bezssonoff’s reagent 1 [Mo0QO3- WO3- (P205)17
-2H,0 dissolved in 59, H2SO4], whereby a blue color results in the presence of very
small concentrations and serves to differentiate this terpene from many others.

The nitrosochlorides are also useful and have been amply described.

With organic primary or secondary bases the limonene nitrosochlorides yield mono-
molecular crystalline nitrolamines which are very well adapted for the identification
of limonene. There exist six nitrosochlorides of limonene, viz., d-, I-, dl-a-nitroso-
chloride and d-, -, dl-B-nitrosochloride. Thus each corresponding nitrolamine should
also exist in six modifications. A number of these suitable derivatives are summarized
below (Wallach,'> Wallach and Conrady,'®s Wallach,'4'®* DuPont and Barraud,!s
Wallach,!7.18.19 Hell and Ritter,2° Baeyer,? Wallach,?2 and Hultzsch 23):

Properties.—Apparently it has been difficult to prepare limonene free from
isomers, for which reason the observations made by several authors are not
always in good agreement. Limonene has been the subject of several im-
portant investigations, having their inception in the Born-Gans theory,24 25
relative to the determination of rotatory power.262%28 Naves and Angla 2°
have already applied the principle of solvent effect on rotation in a method
aiming at identifying terpenes, in particular limoncne.

Properties listed below have been reported, after careful studies of both
natural and synthetic isolates, by Lecat,*® von Braun and Lemke,3! Pigulev-
ski,?? Padmanabhan and Jatkar,?? Staudinger and Geiger,3* Pickett and Peter-
son,®® Timmermans,3® Auwers, Roth and Eisenlohr,3” Richter and Wolff,38
von Rechenberg,?®® Perkin,*® Bruhl,# Godlevski and Roshanovitch,? Rule
and Chambers,*? and Peleato.*4

After experimenting on the oxidation of limonene with ozone, Escourrou 4°
expressed the opinion that limonene always contains some terpinolene and
a-terpinene; in other words, that limonene is a mixture of isomeric hydro-
carbons difficult to separate. Thus the product examined by Escourrou con-
sisted of 80 per cent limonene, 12 per cent terpinolene, and 8 per cent a-ter-
pinene. The later work of Richter and Wolff,*6 however, would seem to in-
dicate that, after elimination of the terpinolene contaminant, a limonene of
high purity can be prepared.

Limonene is a colorless oil possessing a pleasant orange-like odor. When
protected against access of air and light, limonene is comparatively stable;
otherwise it oxidizes readily. It can be distilled at atmospheric pressure
without decomposition.
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Constant, [ d dl
b. breo L 177.6°=178° 30,36,37 177.6°-178° 38.39.44
brss 177.6°-177.8° 38 177.6°-177.8° 3
bao L 71° 33 L
b1s 64.4° 38 64.4° 38 64.4° 38
bis L 60.5°—61° 43 L
bio L L 54.5°-55.5° 34
d d2%6  0.8417 dad 0.8409 33
d3%®  0.8407 30 0.8403 43 deoss  0.8402 ¢
dit 0.8472 38 dis 0.8498 did 0.848] 36
di® 0.8526 32
di 0.8576 40
do 0.8584 42
[a]D (]2 —122°6'% | [«]®  +126°8 #
[a]D —121° 38 [al  4125°6" «
np n2)-5 1.47468 4 n3p 1.4725 33
niy2 1.4727 38 n2} 1.47428 41 L
nly 1.4740 38 n%? 1.4750 2 nid 1.4727 8
nly 1.473 38 ni 1.4750 44

Mixing of d- and l-limonene yields the optically inactive dipentene. The
latter is formed also if optically active limonenes are heated or treated with
acids. Thus, limonene or dipentene, when treated with hydrogen chloride
in the presence of moisture, yields dipentene dihydrochloride m. 50°-51°
(from methyl alcohol). This dihydrochloride is best prepared by saturating
a well-cooled solution of the terpene in glacial acetic acid, with hydrogen
chloride. The action of acids in the cold may cause hydration, and forma-
tion of terpineol and terpin hydrate, but on heating these alcohols may be
dehydrated again to hydrocarbons. On heating with mineral acids, limonene
is converted to terpinene and some p-cymene. Oxidizing limonene with very
dilute potassium permanganate solution, Wagner 47 obtained p-menthane-
1,2,8 9-tetrol (limonetrite), m. 191.5°-192°. Milas and Sussman *® later ob-
tained this same tetraol, in 35 per cent yields, by oxidation with hydrogen
peroxide in tertiary butyl alcohol in the presence of perosmic acid. Blumann
and Zeitschel 4 showed that oxidation of limonene by moist air yields dl-
carveol and dl-carvone, and, according to Sword,® 8(10)-p-menthene-1,2-
diol, m. 67.5°.

Autoxidation of limonene to carvone and carveol under the influence of
air and moisture most probably is one of the principal factors in the spoilage
of poorly stored oils that contain a high percentage of limonene—citrus oils,
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for example. This is particularly noticeable in old orange oils by a peculiar
caraway-like by-note, whereas in lemon oil this off-note is masked by an odor
of p-cymene originating perhaps from the oxidation of isocitral (see “Citral’’).*

Stronger oxygen concentrations, e.g., ozone, yield a solid ozonide m. 60°-65°,
according to Neresheimer,% but Spencer and co-workers 2 find both mono-
and diozonides of d-limonene and dipentene to be liquids.

Use.—Limonene is widely employed for the scenting of cosmetics, soaps
and all kinds of technical goods, as well as for the flavoring of pharmaceuti-
cals. A very important use is in imitation citrus oils, and generally in imi-

tation essential oils.
In any contemplated use of limonene, however, the manufacturer should

be aware that certain preliminary investigations are recommended since this
product has been reported as the cause of dermatitis 535 and should be

handled and compounded properly.
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-~ Dipentene
(dl-Limonene)

Occurrence.—Dipentene, the optically inactive (racemic) form of limonene,
does not seem to be as widely distributed in nature as limonene. Also di-
pentene, wherever reported in an essential oil, may not be present as such,
but may have been converted, by heating, fractionating, or by chemical ac-
tion, from limonene or pinene.

Dipentene occurs in the following essential oils: in turpentine oils of various
origin, in Siberian pine necdle oil, and in oil of lemongrass, citronella, palma-
rosa, cardamom, pepper, cubeb, star anise, nutmeg, cinnamon leaves, cam-
phor, bergamot, neroli, myrrh, olibanum, elemi, coriander, cumin, fennel, and
many others.

Isolation.—When trying to separate dipentene from a mixture with limonene by the
preparation of derivatives, it should be kept in mind that the dipentene derivatives
usually separate first. When fractionating a mixture of hydrocarbons, or a volatile
oil, dipentene, according to Wallach,! will be found in the fraction boiling slightly
higher than limonene.
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Dipentene can be isolated—for example, from Manila elemi oil—by fractional
distillation. A good grade of dipentene is obtained by heating dipentene dihydro-
chloride with aniline or by treating dipentene tetrabromide with zinc dust and glacial
acetic acid. For this purpose Wallach 2 suggests heating 10 g. of dipentene dihydro-
chloride with 20 g. of aniline above a low flame until the reaction starts and, at the
most, 2 or 3 min. longer. Add 20 cc. of glacial acetic acid and steam distill the mixture.
Free the distillate from aniline by shaking repeatedly with oxalic acid solution and
by steam distillation. Dry the product over anhydrous potassium carbonate and
rectify over metallic sodium.

Other findings relevant to the isolation of this compound will be found in connection
with limonene.

Identification.—The compound most suitable for the identification of dipentene is
its (optically inactive) tetrabromide m. 124°-125° which may be prepared as de-
scribed under limonene tetrabromide. Characteristic also is the nitrosochloride 3 m.
78° which, on further heating, may solidify and melt again at 103°-104°. When
treated with alcoholic potassium hydroxide, the nitrosochloride yields dil-carvoxime
m. 93°. When treated with benzylamine and alcohol, the nitrosochloride gives a-
nitrolbenzylamine m. 110°.¢ For details, see ‘“Limonene.” The derivatives of
dipentene are optically inactive; they differ from those of limonene by a slight variation
in the melting points.

Properties.—In regard to its physicochemical properties, dipentene differs
from limonene only by its optical inactivity. The odor of dipentene is or-
ange- lemon-like.

Comparative summary of the propertics of dipentene may be observed in
connection with limonene. Those reported by Richter and Wolff ® are given
here and represent a carefully prepared sample:

b. 178°
b;s  64.4°
ne 1.4727

Dipentene is relatively stable but heating causes polymerization. When
heated with sulfuric acid in aleohol solution, dipentene is converted into ter-
pinene. The action of 55 per cent sulfuric acid (1 part dipentene plus 6
parts sulfuric acid) at —6° yields terpin; whereas concentrated sulfuric acid
gives p-cymene. When acted upon with halogen acids, dipentene and li-
monene form the same dihydrohalide compounds. (For the preparation, see
““Limonene.”) Dihydrochloride m. 49°-50°, dihydrobromide m. 64°, dihy-
droiodide m. 77°-81°. By removal of hydrogen halide, dipentene may be
regenerated. When shaking the dihydrohalide compounds with dilute al-
kali solutions, a-terpineol and terpin hydrate are obtained.

Use.—The use of dipentene is similar to that of limonene.

1 Liebigs Ann. 286 (1895), 138. Ber. 40 (1907), 600.
2 Ber. 40 (1907), 603.
38 Liebigs Ann. 246 (1888), 267; 270 (1892), 175.

4 Ibid. 262 (1889), 126.
5 Ber. 63 (1930), 1724.
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Isolimonene
ClOHIG Mol. Welght 136.23

2,8(9)-p-Menthadiene. 1-Methyl-4-isopropenyl-2-cyclohexene

H,C CH

Occurrence.—This laevorotatory terpene was first observed in American
wormseed oil Chenopodium ambrosioides var. anthelminticum by Kremers ! and
later investigated by Nelson,? and by Henry and Paget.?

Isolation.—By fractional distillation.
Identification.—By the preparation of the tetrabromide m. 117° which is optically
inactive.

Propertiecs—The wide difference in the physicochemical characteristics as
noted below indicates that the terpene has not been obtained in pure form
by some of the workers. This compound has been studied by Henry and
Paget,* Slobodin,® Tschugaev,® Mereshkovski,” Pigulevskii, et al.® The var-
iant properties recorded by these authors follow:

b. 177°-178° ¢ [e]p —140° 35’ 8
b. 173°-174° 8 []p —5° 55" 8
b. 172.5°-173.5° ¢ [a]ly —57°0 4
brss.6 171°-173°7 nf 1.484 ¢

d3° 0.8230 7 nd 1.4606 7

d3° 0.8370 ¢ nd 1.46693 ®
dig s 0.8390 ® nf 1.47043 ©
dis 0.847 ¢ ny?®  1.47508

Use.—As such, isolimonene has not found any use in the perfume or flavor
industries.

! Pharm. Rev. 26 (1907), 155.

2J. Am. Chem. Soc. 42 (1920), 1204.

8J. Chem. Soc. 119 (1921), 1714; 127 (1925), 1649.
4 Itnd., 1723.
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Terpinolene
CIOHIG Mol. Welght 136.23

1,4(8)-p-Menthadiene. 1-Methyl-4-isopropylidene-1-cyclohexene

RN
I;C CII,

Occurrence—In Manila elemi oil, according to Clover;?! probably in cori-
ander oil; in orange oil (?); and in the oil derived from Monterey cypress
(Cupressus macrocarpa, Hartweg [syn. C. Lambertiana, Carr]), according to
Briggs and Sutherland.?

Isolation.—By fractional distillation.

Identification.—(1) According to Wallach,3 terpinolene on treatment with bromine
yields a dibromide m. 69°-70°, and a tetrabromide, viz., 1,24, 8-tetrabromo-p-men-
thane m. 116° (119° and 122°, according to Henry and Paget ¢).

(2) Wallach & found that terpinolene, on cautious oxidation with ice-cold potassium
permanganate solution, is oxidized to an erythritol, viz., p-menthane-1,2,4,8-tetrol
m. 149°-150°. These findings have been confirmed by Briggs and Sutherland.s

For the preparation of the erythritol 7 g. of the hydrocarbon are shaken in a copper
still with 33 g. of crystalline potassium permanganate, 14 g. of potassium hydroxide,
400 g. of ice, and 400 cc. of water. The undigested hydrocarbon is distilled off, the
oxidation liquid filtered from MnOs, and on the steam bath evaporated to dryness in
a current of carbon dioxide. The residue is then extracted with alcohol and, after
removal of the alcohol, dissolved in a little water and repeatedly extracted with ethyl
acetate. The ester thereby extracts a neutral product which separates from the
solvent, first in syrup form, but which may be brought to congealing by agitating
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with cold ethyl acetate. After repeated recrystallization from ethyl acetate and water
containing solvents, the product has a melting point ranging from 90° to 100° (with
gas development). If dried slowly at 145°, the product has a melting point ranging
from 149° to 150°.

(3) Hultzsch 7 found that the adduct with maleic anhydride (C14H2004) melts at
182° after numerous recrystallizations from ethyl acetate.

Properties.—The properties of this terpene have been reported by Semmler
and Schossberger,® Krestinski and Szolodki,® Pickett and Peterson,!® Baeyer,!
Wallach 2 and Zelinsky and Lewina: 13

b. 186°-187° 9 ds° 0.8628 13
b. 183°-185° 11 ni: 1.4802 13
b4 750 813 n%d 1.4809 10

blO 67°-68° 8

At atmospheric pressure, terpinolene cannot be distilled without polymeri-
zation to high boiling compounds and, therefore, without considerable losses.

In the presence of mineral acids, terpinolene is very unstable and isomerized
to terpinenc; when trecated in the cold with halogen acids in glacial acetic
acid, dipentene dihydrohalides are obtained, according to Wallach.!4

Use.—As a mixture with other terpenes, synthetic terpinolene, a secondary
product in the manufacture of terpineol, is used for the scenting of all kinds
of technical preparations.

1 Am. Chem. J. 39 (1908), 613.

2 J. Org. Chem. T (1942), 399.

3 Liebigs Ann. 227 (1885), 283.

1 J. Chem. Soc. (1931), 25.

5 Liebigs Ann. 368 (1909), 10, 13.
6 J. Org. Chem. T (1942), 397.

7 Ber. 72 (1939), 1182.

8 Ber. 42 (1909), 4644.

8 Zhur. Prikladnot Khim. 2 (1929), 337. Chem. Zentr. 1T (1929), 2383.
10 I'nd. Eng. Chem. 21 (1929), 325.
11 Ber. 27 (1894), 448.

2 Liebigs Ann. 291 (1896), 361.

13 Ber. 62 (1929), 341.

1 Iiebigs Ann. 239 (1887), 24.
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" Sylvestrene

(dl-Sylvestrene = Carvestrene)

CIOHlﬁ Mol. Welght 136.23
1,8(9)-m-Menthadiene. 1-Methyl- 6,8(9)-m-Menthadiene. 1-Methyl-
3-isopropenyl-1-cyclohexene 3-isopropenyl-6-cyclohexene

T [
C C
/7 N\ 7 "\
H2(|J (|3H /CH3 and H(|J (|3H2 CH;
H,C CH—C H,C CH—C
N/ N N N
CH2 CI’Ig CI‘I2 CH2

The numerous investigations of several workers, especially Haworth and
Perkin,! prove conclusively that sylvestrene must be regarded as a mixture
of the two hydrocarbons described above, in which either the one or the other
form predominates. Sylvestrene exists in a dextro- and laevorotatory modi-
fication. The optically inactive (dl-) form is also called carvestrene.

Occurrence.—Sylvestrene was formerly believed to occur in Swedish pine
needle oil, in Finnish oil of turpentine, in the oil from the roots of various
pine species, and in cypress oil. Later Rao and Simonsen 2 proved that syl-
vestrene, as such, did not exist in nature, but that it is formed from either
A3- or A*-carene during the process of isolation through the dihydrochloride.
When passing gaseous hydrochloride through carene or a carene-containing
fraction, sylvestrene dihydrochloride is formed. Sylvestrene, therefore, can
no longer be regarded as a natural plant product.

Isolation.—According to Wallach,3 sylvestrene may be isolated in fairly pure form
by preparing the dihydrochloride from a carene-containing fraction and by decompos-
ing the dihydrochloride through boiling with aniline, with diethylaniline, or with
sodium acetate and glacial acetic acid. For this purpose the fraction should first be
diluted with an equal volume of anhydrous ether and saturated with absolutely dry
gaseous hydrogen chloride. After two days of standing, the ether is driven off and the
residue brought to crystallization at low temperature. The crystalline mass may be
freed from adhering oil on porous clay plates. After recrystallization in the same
weight of alcohol, the dihydrochloride is submitted to fractional crystallization. It
is less soluble in ether than the corresponding dipentene compound. Dihydrochloride
m. 72°. It should be kept in mind, in this connection, that the presence of dipentene
or other terpenes yielding dipentene dihydrochloride with gaseous hydrochloride causes
the formation of dihydrochloride mixtures. Their melting points will be lower, the
higher the content of dipentene dihydrochloride. The sylvestrene separated through
its dihydrochloride closely resembles limonene in regard to physicochemical properties.
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Identification.—Sylvestrene forms, with solutions of glacial acetic acid—hydrogen
halides, the following compounds:
Melting Points, Isomers

Derivative d l dl
Dihydrochloride 72° 72° 52°
Dihydrobromide 72° - 48°-50°
Dihydroiodide 66°-67°

Unlike dipentene dihydrochloride, which is optically inactive, the dihydrochloride
of sylvestrene shows dextrorotation. On elimination of hydrogen chloride, the re-
generated sylvestrene is optically active. The dihydrobromide cannot be obtained
readily in crystalline form if other terpenes are present.

On addition of a drop of concentrated sulfuric acid, the terpene dissolved in acetic
acid anhydride gives a very characteristic and intense methylene blue coloration.

The nitrosochloride m. 106°-107° which, according to Wallach,* can be obtained
by the action of amyl nitrite and hydrochloric acid on pure sylvestrene, is bimolecular,
like limonene nitrosochloride, and dextrorotatory.

Properties.—Sylvestrene is a colorless mobile oil possessing an agreeable
limonene-like odor. The following table summarizes properties of the dif-
ferent stereoisomeric forms as reported by Wallach,> and Haworth, Perkin
and Wallach; ¢ for d-sylvestrene regenerated from its hydrochloride by Schim-
mel & Co.,” all applying to the dextroisomer. The laevo- form has been in-
vestigated by Haworth and Perkin,® and a particular type regenerated from
its dihydrochloride by Schimmel & Co.? The dl-isomer or carvestrene has
been the subject of work by Baeyer.!°

Constants of the Isomers

r Rl

Property d [ dl
b. - 172°-180° *? 178° 10
b. 178°-182° 7 176°-178° 8
b7s1 175° 6
dso 0.848 ® -
dio - 0.848 8
di2 0.8659 7 0.8604 °
ap e —(68° 12’8
[a]p +66° 19’ 5 (in CHCly)

[a]p +83° 11’8 .
np 1.47936 7 1.47838 *

Sylvestrene is one of the most stable terpenes; when heated to 250° it
polymerizes but is not isomerized by heating or by the action of alcoholic
sulfuric acid.
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Use.—Sylvestrene, as such, has not found any noteworthy use in the per-
fume or flavor industries.
1 J. Chem. Soc. 103 (1913), 2225. Cf. Bacycr, Ber. 27 (1894), 3490.
2 [bid. 127 (1925), 2494.
3 Liebigs Ann. 230 (1885), 241; 239 (1887), 25.
¢ Ibid. 246 (1888), 272.
5 Ibid. 2562 (1889), 149.
8 Ibid. 399 (1913), 159.
7 Ber. Schimmel & Co., April (1914), 48.
8 J. Chem. Soc. 103 (1913), 2234.
9 Ber. Schimmel & Co., April (1914), 48.
10 Ber. 27 (1894), 3491.

The Terpinenes
CioHis Mol. Weight 136.23

The term ‘“‘terpinene’’ refers to three monocyclic terpenes which, on treat-
ment with hydrogen chloride, yield 1,4-dichloro-p-menthane (terpinene di-
hydrochloride). It is true that sabinene and thujene, too, give terpinene
dihydrochloride but these terpenes are bicyclic and can easily be distinguished
from the terpinenes. Of the three terpinenes, viz., a-, 8-, and y-terpinene
only the a- and v- isomer have been found in nature. Neither the a- nor
the y- form has been isolated in absolutely pure form as any terpinene frac-
tion consists of a mixture of a- and vy-terpinene which are very difficult to
separate.

Terpinene can be obtained artificially with great ease and by a multitude
of reactions, from cyclic terpenes such as pinene, dipentene, phellandrene,
sabinene, etc., or from oxygenated compounds like geraniol, linalodl, ter-
pineol, terpinenol, terpinene terpin, terpin hydrate, dihydrocarveol, cineole,
etc. The resulting terpinene is always a mixture of several (usually o- and
v-) isomers, the composition of which varies with the method of preparation.

Terpinene possesses a great similarity to dipentenec—for example, in re-
gard to their halogen derivatives. Of the existing cis- and trans- modifica-
tions, only the latter are useful for identification, the former being liquid.

Isolation and Identification.—The fraction best suited for the identification of
terpinene is that boiling from 175°-185° at 760 mm. The presence of terpinene sug-
gests itself by the formation of terpinene dihydrochloride m. 52° when gaseous hydro-
gen chloride is passed into the hydrocarbon dissolved in glacial acetic acid. Thujene,
sabinene, terpinenols, and terpinene terpin yield the same hydrochloride, but the
boiling points of these compounds are partly lower, partly higher than those of the
terpinenes. :

Use.—The terpinenes are used in the compounding of certain synthetic
essential oils, and in conjunction with other aromatics for the scenting of all
kinds of technical preparations.

No comment .about the use of the terpinenes would be complete without
mention of the interest displayed by industry in its polymers formed with
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a- and B- unsaturated compounds. Numerous patents! have been granted

on the use of complexes, from ‘“‘terpinene’” and maleic anhydride or fumarie

acid, etc., for plasticizers, rubber substitutes, lacquers and varnishes, resins,

and many other technical products.

1 For example sec: Hercules Powder Co., German Patent No. 625,903, Feb. 20, 1936.
Hercules Powder Co., German Patent No. 633,420, July 27, 1936. Hercules Powder Co.,
German Patent No. 627,783, Mar. 23, 1936. Hercules Powder Co., U. S. Patent No.

1,993,025, Mar. 5, 1935. E. I. duPont de Nemours, U. S. Patent No. 2,144,464, Jan.
17, 1939.

a-Terpinene

C10H16 Mol. Welght 136.23
1,3-p-Menthadiene. 1-Methyl-4-isopropyl-1,3-cyclohexadiene
CIJHg
C
7N\
H2(|3 CH
H,C CH
N 7
]
CH

N
H,C CH;

Occurrence.—ca-Terpinene is the main constituent of ‘“terpinene.” It oc-
curs in oil of savin, American wormseed, coriander, Octimum viride, Ceylon
cardamom, etc.

Isolation.—a-Terpinene can be isolated by fractional distillation—for example,
from Ceylon cardamom oil—and by the preparation of terpinene dihydrochloride m.
52°, This is obtained, according to Wallach,! by treating the fraction b. 170°-220°
with hydrogen chloride in ether solution. The dihydrochloride may be decomposed
by heating with aniline as follows:

Heat 10 g. of terpinene dihydrochloride with 20 ce. of aniline until the reaction
starts. Add 20 cc. of glacial acetic acid and steam distill the mixture. Shake the
distillate, which contains considerable quantities of aniline, with oxalic acid solution.
Drive off the hydrocarbon from the acid solution by steam distillation, shake the dis-
tillate once more with oxalic acid, and repeat the process until the distillate is abso-
lutely free from aniline. Separate the hydrocarbon, dry, and distill over metallic
sodium. The product thus obtained will also contain some y-terpinene.

Another method of isolation that has yet to be tested upon a diverse number of
mixtures but seems to be worthy of careful consideration is recommended by Tish-
chenko and Bogomolov 2 who report that the adduct of a-terpinene and maleic anhy-
dride may be converted to the barium salt and decomposed by heating to recover all
but 79, of the original hydrocarbon; the residue is lost as p-cymene. These authors
suggest that this reaction be used to separate a-terpinene from other mixtures and
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other terpinenes. They have pointed out also the possibilities of the acrolein addition
product by 116°-119°, d3° 0.9691, which is decomposed completely into the original
substances by distillation at ordinary pressures.

Gascoigne 2 has further confirmed the usefulness of the diene synthesis as a means
of separation. He observed that the a-terpinene-maleic anhydride reaction proceeds
quantitatively at room temperature, and thus may be used specifically to detect and
characterize this hydrocarbon.

Alder and Richert ¢ earlier suggested the acetylene dicarboxylic acids as a general
method of analysis of conjugated cyclohexadienes.

Identification.—(1) Treatment of a-terpinene with nitrous acid yields a nitrosite
m. 155°. In fact, the designation a-terpinene is reserved for that terpene which gives
this nitrosite. The percentage of a-terpinene present in a mixture can be estimated
approximately by the yield of the nitrosite which, however, may fail to form if the
percentage of a-terpinene is low, or in mixtures with vy-terpinene. In such cases, the
presence of a-terpinene can be proved by oxidation (see below), as the substituted
adipic acid may be isolated and readily identified.

Modifying the procedure of Wallach,’ the nitrosite can be prepared as follows:

Mix 3 cc. of the corresponding hydrocarbon fraction b. 175°-185° with 1.5 cc. of
glacial acetic acid and 4.5 cc. of water. Add to this mixture a concentrated aqueous
solution of 1.5 g. of sodium nitrite in small portions and at a low temperature. A
reddish-yellow color will appear when the nitrous acid has been completely absorbed.
Inoculate with a small crystal of pure nitrosite. Wash the crystals, which separate after
a short time, with petroleum ether and water, and finally recrystallize from alcohol.

Treatment of the terpinene nitrosite with bases such as piperidine and benzylamine
yields nitrolamines: nitrolpiperidine m. 153°-154°, nitrolbenzylamine m. 137°. The
benzoyl derivative of the nitrosite melts at 77°-78°.

(2) A positive method of distinguishing a-terpinene from y-terpinene is by oxidation
with potassium permanganate to a,a’-dihydroxy-a-methyl-o/-isopropyladipic acid m.
188°-189°. The lactone of this acid melts at 72°~73°. Wallach ¢ suggested the follow-
ing procedure:

Place a mixture of 7 g. of the hydrocarbon, 33 g. of potassium permanganate, 14 g.
of potassium hydroxide, 400 g. of ice, and 400 cc. of water in a copper flask and shake
on a machine for an hour. Distill off the excess of hydrocarbon, separate the man-
ganese oxide by filtration, and saturate the filtrate with carbon dioxide while it is
being evaporated to dryness. Extract the residue with alcohol, evaporate the alcoholic
filtrate to dryness, dissolve this residue with a small quantity of hot water, and set
the solution aside for crystallization. Separate the crystalline mass, wash with a
little cold water, dry on porous plates, and recrystallize from 15 to 20 times its weight
of 25% alcohol. The erythritol CiHs(OH)s thus formed by the oxidation of 4-
terpinene melts at 235°-236°, or at 237°-238° if heated rapidly. The erythritol is
sparingly soluble in ether, ligroine, ethyl acetate and chloroform; not readily soluble
in cold alcohol or water, but more readily in hot alcohol or water. In order to identify
a-terpinene, the mother liquor from the erythritol is extracted with ethyl acetate and
supersaturated with sulfuric acid at low temperature. Extract this acid liquid once
with ether and exhaust it by extracting with ethyl acetate. This will take up an acid
which crystallizes on proper concentration of the solvent. After recrystallization from
about 6 times its own weight of water, the a,a’-dihydroxy-a-methyl-a’-isopropyladipic
acid will melt at 189° with elimination of water.

Recently Diels, Koch and Frost 7 questioned this oxidative step with potassium
permanganate as a method of structure proof for a-terpinene, and attempted the use
of the diene synthesis as a corroborative reaction. However, they found the action
with maleic anhydride complex and, according to Alder,® unnecessary.
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A characteristic of a-terpinene which distinguishes it from <-terpinene is the fact
that, upon oxidation with Beckmann’s chromic acid reagent, brown resinous flakes
separate immediately, whereas with vy-terpinene this is a delayed reaction. This
feature was first observed by Baeyer ? and later confirmed by Richter and Wolff.1o
The capability of complete oxidation in the cold with Beckmann’s chromic acid mix-
ture may be used to remove terpinene from a mixture with pinene, camphene, limonene,
terpinolene, cineole, and pinol, as these compounds are quite resistant against the
action of Beckmann’s chromic acid mixture in the cold.

Elson, Gibson and Simonsen !' obtained 1,4-oxido-A%-p-menthene and 309, p-
cymene by action of benzoyl hydroperoxide on a-terpinene.

(3) With halogen acids a-terpinene, according to Wallach,!? readily forms crystalline
derivatives:

Dihydrochloride m. 51°-52°
Dihydrobromide = m. 58°-59°
Dihydroiodide m. 76°

These melting points are somewhat higher than those of the corresponding dipentene
derivatives.

(4) The adduct with maleic anhydride should be a characteristic derivative; this
is true also of the derived acid compounds. However, the variant properties thus far
reported suggest that the nature of starting products remains questionable. (Litt-
man,!3 Diels, Koch and Frost,'4 Sfiras,!® Goodway and West,'® Gascoigne,!” Briggs
and Sutherland,!® and Ipatieff and Pines.!?)

Adduct with Derived Dicarboxylic
Maleic Anhydride Acids
m. 60°-61° 17 158° (ces) 1 203° (trans) 14
61°-62° 18 147°-148° 18
62° 18 134° 16
(64°-65° 19 127°-128° 19

65°-66° 15
66°-67° 14

b12 195° 14

bs 155°-165° 18
by 152°-154° 13
d¢7 1.100 13

n7 1.4913 13

(5) An addition compound with benzoquinone in alcohol is formed in 2 hr. Gas-
coigne 2° reports m. 87°-88°.

Properties.—a-Terpinene is a colorless oil possessing a somewhat lemon-
like odor. As stated, a-terpinene has probably never been obtained in ab-
solutely pure form, as it always contains at least a small portion of the y-
isomer. Thus, the observed properties of a-terpinene have naturally varied.

Wallach 2! reported these properties:

b. 174°-179° and 179°-181°
das 0.842
dso 0.846

np 1.4719 and 1.4789
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Schimmel & Co.22 found the following properties for a fraction of coriander
oil, consisting of a- and v-terpinene:

b. 177°-178°
di2 0.8485
n? 1.47650

Auwers 23 recorded for a carefully prepared a-terpinene:

b. 180°-182°
ds® 0.8484
nj;-¢ 1.48133

Richter and Wolff 2¢ prepared a-terpinene by the action of aniline on ter-
pinene dihydrochloride and found these somewhat different properties:

b755 173.50‘—174.80
% 0.8375
nid? 1.477

a-Terpinene resembles dipentene in many ways—for example, in regard to
the hydrogen halide derivatives. It polymerizes and resinifies quickly, es-
pecially when exposed to air and sunlight. o-Terpinene is easily converted
into p-cymene—for instance, by dehydrogenation with sulfur, according to
Ruzicka, Meyer and Mingazzini.?®

1 Liebigs Ann. 360 (1906), 148.

2 Byull. Vsesoyuz. Khim. Obshchestra im. D. I. Mendeleeva (1939), No. 3-4, 35. Khim.
Referat. Zhur. (1939), No. 7, 26. Chem. Abstracts 34 (1940), 4386.

3 J. Proc. Roy. Soc. N. S. Wales T4 (1010), 353.

4 Ber. T0B (1937), 1364.

8 Liebigs Ann. 239 (1887), 35.

8 Ibid. 362 (1908), 297. Scc also Henry and Paget, J. Chem. Soc. 123 (1923), 1878.

7 Ber. T1B (1938), 1163.

8 Ber. TIB (1938), 2210.

° Ber. 27 (1894), 815.

10 Ber. 60 (1927), 477.

1 J. Chem. Soc. (1929), 2732.

12 Irebigs Ann. 360 (1906), 145; 366 (1907), 198.

18 J. Am. Chem. Soc. T (1935), 586.

14 Ber. T1B (1938), 1168.

15 Recherches (Roure-Bertrand fils and Jules DuPont) 2, No. 7 (1938), 111. Chem. Abstracts
36 (1941), 8210.

186 J. Chem. Soc. (1940), 702.

17.J. Proc. Roy. Soc. N. S. Wales T4 (1940), 363.

18 J. Org. Chem. T (1942), 402.

B J. Am. Chem. Soc. 66 (1944), 1120.

2 J. Proc. Roy. Soc. N. S. Wales T4 (1940), 357.

A Liebigs Ann. 360 (1906), 149; 362 (1908), 301.
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2 Gildemeister and Hoffmann, “Die Atherischen Ole,” 3d Ed., Vol. I, 332.
23 Ber. 42 (1909), 2428.

24 Ber. 63 (1930), 1720.

2 Helv. Chim. Acta b (1922), 356.

“ B-Terpinene
CioHie Mol. Weight 136.23

1(7),3-p-Menthadiene. 1-Methylene-4-isopropyl-3-cyclohexene

CH,
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Occurrence.—This terpene has not been found in nature.

Identification.—B-Terpinene differs from both a- and <v-terpinene in yielding a
crystalline tetrabromide which is formed on addition of bromine to a well-cooled ether-
alcohol solution of the terpene. The tetrabromide crystallizes from ethyl acetate in

prisms m. 154°-155°.

Properties.—Wallach ! reported these physicochemical properties for
B-terpinene:

b. 173°-174°
doo 0.838
n2 1.4754

The molecular refraction of g-terpinene, as can be expected from its con-
stitution, shows a marked exaltation (observed 45.72, calculated 45.24).

B-Terpinene oxidizes very easily and, on exposure to air and sunlight,
forms dihydrocuminaldehyde and cuminaldehyde.

1 Liebigs Ann. 367 (1907), 69; 362 (1908), 288, 292,
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vy-Terpinene
C]OHIQ Mol. Welght 136.23

1,4-p-Menthadiene. 1-Methyl-4-isopropyl-1,4-cyclohexadiene

Occurrence.—vy-Terpinene forms a minor constituent of ordinary ‘‘terpin-
ene.” (See “a-Terpinene.”)

v-Terpinene has been found in oil of coriander, lemon, cumin, and Octmum
viride. Probably free from admixture with its o- isomeride, vy-terpinene oc-
curs in oil of ajowan, thyme, Eucalyptus dives,! Crithmum maritimum (oil of
samphire or seafennel), and Mosla japonica.

When first observed in the two last-named oils, y-terpinene was not iden-
tified as such, but was mistaken for other terpenes, and named crithmene and
moslene, respectively. However, Richter and Wolff 2 proved conclusively
that both crithmene and moslene are identical with vy-terpinene. Richter and
Wolff also showed that the terpene fraction from ajowan oil, commercially
known as ‘“‘thymene,”’ consists mainly of y-terpinene.

This hydrocarbon is reported to predominate in the earlier stages of de-
velopment in Trachyspermum copticum,® and a small percentage has recently
been identified in orthodon oils,* and those from Cupressus macrocarpa.®

Isolation.—By fractional distillation.

Identification.—(1) According to Richter and Wolff,¢ «-terpinene may be charac-
terized by the preparation of a nitrosate m. 116°, a nitrosochloride m. 111°, a nitrol-
piperidine m. 149°, a crystalline tetrabromide m. 128°, a dihydrochloride m. 52°.

(2) In the presence of other terpenes, especially a-terpinene, y-terpinene can be
identified more definitely by the oxidation with potassium permanganate to the
erythritol C,oH,s(OH),, p-menthantetrol (1,2,4,5), m. 237°-238°, according to Wal-
lach 7 (see “a-Terpinene”). In case vy-terpinene is present in quantity, the identifica-
tion through the nitrosate or nitrosochloride should prove more convenient.

Most of these derivatives have been confirmed in the recent work of Briggs and
Sutherland.s
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Properties.—y-Terpinene has not yet been obtained in absolutely pure form.
Richter and Wolff ? reported these properties for a characteristic y-terpin-
ene isolated from ‘“thymene’:

b. 183° dz° 0.849
big  72.5° di® 0.853
niyo 1.4765

v-Terpinene oxidizes very easily on exposure to air, with accompanying
liberation of hydrogen peroxide and formation of p-cymene.

Beckmann’s chromic acid solution reacts upon vy-terpinene only slowly,
thus differentiating it from its a- isomer.

1 Ber. Schimmel & Co. (1930), 42.

2 Ber. 60 (1927), 477; 63 (1930), 1714.

3 Nilov, Bull. App. Bot. Genetic Plant Breeding, U.S.S.R., Ser. 11, No. 13 (1936), 5. Chem.
Abstracts 31 (1937), 3102.

¢ Huzita, J. Chem. Soc. Japan 61 (1940), 729. Chem. Abstracts 36 (1942), 6753.

5 Briggs and Sutherland, J. Organic Chem. T (1942), 397.

¢ Ber. 60 (1927), 477; 63 (1930), 1719.

7 Liebigs Ann. 362 (1908), 297.

8 J. Organic Chem. T (1942), 397.

® Ber. 63 (1930), 1714.

a-Phellandrene
CIO}IIG Mol. WElght 136.23

1,5-p-Menthadiene. 1-Methyl-4-isopropyl-1,5-cyclohexadiene
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Occurrence.—d-a-Phellandrene occurs in oil of cinnamon, gingergrass,
Manila elemi, bitter fennel, Schinus mollé, Spanish dill herb (wild growing),
etc.

Its optical enantiomorph l-a-phellandrene has been found in oil of Eucalyp-
tus dives, E. phellandra, star anise, pimento, bay, pepper, etc.

Isolation.—A fraction containing principally a-phellandrene may be isolated from
essential oils—for example, from FEucalyptus dives oil—by fractional distillation n
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vacuo. The fractions so obtained are most often contaminated with closely related
isomers whose removal is not readily effected by distillation. Thus it seems unlikely
that absolutely pure a-phellandrene has so far been isolated from essential oils. A
crystalline derivative from which this terpene may be regenerated unchanged is as
yet unknown. Moreover, the nitrosites, ordinarily used in the past to characterize
a-phellandrene, have been shown to have dubious value as criteria of purity.

Identification.—Wallach and-Gildemeister ! developed a rapid test for determining
the presence of phellandrene:

Dissolve 5 cc. of the oil or of the fraction in question in 10 cc. of petroleum ether.
At the same time, prepare a solution of 5 g. of sodium nitrite in 8 cc. of water. Care-
fully layer the second solution beneath the first one in a test tube, and add gradually
with shaking the quantity (5 cc.) of glacial acetic acid necessary for the development
of nitrous acid. Under suction, filter off the precipitated voluminous crystalline mass
consisting of a mixture of both a- and B-nitrosites, wash first with water, then with
methyl alcohol, and finally purify by repeatedly dissolving in chloroform and pre-
cipitating with methyl alcohol. However, by this method the most soluble of the
nitrosites is lost.

Modified methods for detecting the presence of phellandrene, by the nitrosite
formation, have also been offered by Baker and Smith,2 Smith, Hurst and Read,? and
the U.S.P. XIII (p. 217). All of these tests, however, arc concerned merely with the
demonstration of the presence or absence of nitrosite crystals, not with the separation
and characterization of the a- and 8- forms of the nitrosite.

Wallach ¢+ himself suggested a method of differential separation of these isomers
by means of acetone and water. Smith, Carter and Read ® also developed a technique
of distinguishing these a- and S-nitrosites by taking advantage of their marked differ-
ence in solubility in carbon bisulfide. It is, however, only recently that the proper
procedure for isolation of the untransformed a- and B- forms has been published by
Berry, Macbeth and Swanson.® This method is based upon the fact that the 8- form
1s thermo-sensitive.

The a- and B-nitrosites of a-phellandrene were early described by Schreiner,” and
Wallach.® Read ° and collaborators studied their preparation and mutarotatory char-
acteristics in some detail. It remained, however, for Berry et al.’® to show that the
B- compound is sufficiently labile to undergo transmutation into the a- compound,
under conditions ordinarily used for purification in the past. Irom these imvestiga-
tions, it appears that the propertics of the nitrosites of d- and l-a-phellandrene, isolated
under conditions of maximum stability and purity, are:

d-a l-a
(c) (8) («) )
m. 119° 10 100° 10 120°-121° o 06O 10
[a]® —133° 48’ 10 +211° 10 +142° 3¢’ 8.0 —260° ¢ 10
in CHCl;  (c¢=1.265) (c=1.15) (c=1.25) * (c=1.25)

[a]3 for d- and l-a-Phellandrene-a-nitrosites
wn Different Solvents
——d-a 10 s l-o 910 N
Chloroform —133°48" (¢ = 1.265) +142°36' (c = 1.25) +141°36' (¢ = 1.264)
Acetone  —168°24' (c = 1.253) +165°54' (c = 1.25) +175° 36’ (¢ = 1.247)
Benzene —217° (¢ = 1.255) +234°24" (¢ = 1.25) +240°48' (¢ = 1.171)

* Wallach reported [a]ly + 142° 36’ (c =12.2, chloroform).

Il
I
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Transmutation of d-a-Phellandrene-B-nitrosite into -a-nitrosite 1°

m. 100° m. 118°
[a]fﬁ’ +200°(0" Refluxed 5 min.\ [a]%? —132° 30/
g (in chloro- in acetone (in chloro-
form) form)

Read and Storey ! (1930) reported the melting point of a-nitrosite of dl-a-phellan-
drene as 113°. Carter !2 (1926) writes ‘““‘the a- and B-nitrosite of dl-a-phellandrene have
melting points almost identical with those of the respective nitrosites derived from
the optically active forms of a-phellandrene.” One may thus conclude that ~113°
and ~105° are the melting points to be assigned to these derivatives. It should not
be overlooked, however, that these findings precede the observation of Berry and co-
workers 13 (1939) regarding the lability of the 8- form.

Unlike terpinene nitrosite, the phellandrene nitrosites cannot be converted, with
bases, to nitrolamines. When treated with sodium alcoholate, a-phellandrene nitrosite
yields nitro-a-phellandrene which, by reduction with zinc and glacial acetic acid,
gives carvotanacetone and dihydrocarvylamine. Wallach and Lauffer 14 showed that
both nitrosites are bimolecular.

A new method for identifying a~phellandrene by means of its maleic anhydride
adduct has been developed in the last few years. Diels and Alder !¢ first prepared this
addition compound (m. 126°-127°) from the active isomers. Birch ¢ utilized this
reaction to develop a neat method for the determination of relative amounts of d-
and [- isomers as well as to establish the presence of the racemic form by means of
mixed melting points of the adduct.

dl

z , , d
9% d 0 20 40 50 60 80 100
% 1 100 80 60 50 40 20) 0
m. ° 127 113 100 93 100 113 1.7

Kaufman, Baltes and Josephs,!” and Goodway and West 18 describe the determina-
tion of the ‘“diene number” for the phellandrenes, which may be a most useful index
of purity, as it has been found that this figure and the optical rotation are linear
variants.!?

Goodway and West 20 also determined the proper conditions under which only the
a-phellandrenes would react with maleic anhydride while the 8- compound would not;
they were thus able to prepare separative derivatives for this terpene. These authors
recommend:

Reflux 10 g. of l-a-phellandrene with 5 g. of maleic anhydride in 20 ce. of ether for
30 min. Recrystallize the adduct from methyl alcohol, m. 126°, [a]}¥ —8° 54’ in
CHCIl; (¢ = 12.59).

The d-a- compound is prepared in the same way, m. 126°, [a]?2 4+9° 24’ in CHCl;
(¢ = 8.655).

The racemic mixture melts at 91°-94°,

A characteristic gold complex m. 158°~163° has been prepared by Nakatsuchi 2
from the sulfur derivative of a-phellandrene.

Fawsitt 22 developed an empirical equation in terms of specific constants for mix-
tures of cineole, pinene, and l-a-phellandrene that may be useful in analyzing mixtures
of these components where they are known to occur as impurities in a solution with
[~a-phellandrene.

Where §-phellandrene may be a contaminant, and for purposes of removing this



44 HYDROCARBONS

isomer from a phellandrene system, West 22 recommends a method for preparation of
the nitrosochloride wherein the a-phellandrene does not form; the conditions are:

Dissolve the mixture in methyl alcohol and ethyl nitrite, cool to —5° C., add drop-
wise, over a period of 40 min., a well-cooled mixture of 5N HCI in methyl alcohol. The
nitrosochloride of B-phellandrene forms under these conditions and may be removed.

A compound of the formula CgoHz00, m. 139°-140°, unique to a-phellandrene, has
been prepared by Salfeld 2¢ who condensed B-naphthol with this terpene. This con-
densate yields a characteristic p-nitrobenzoate m. 164°-165°.

Properties.-—~a-Phellandrene is a colorless mobile oil possessing a somewhat
peculiar, but not unpleasant, odor.

As pointed out, a-phellandrene has been observed in the dextro- and laevo-
rotatory, and also in the optically inactive forms. Gildemeister and Hoff-
mann 2% recorded the following properties for. l-a- and d-a-phellandrene:

l-a-Phellandrene (from oil of Eucalyptus amygdalina and E. dives)

brse  173°-175° [l —112° 46’
bas 67°-68° [a]p —140° 25’ 26
bs 50°-52° ni 1.4725

dz’ 0.8425 n}y 1.4769

di; 0.8480

These characteristics were, in a large measure, confirmed in the work of
Smith, Hurst and Read ?” on a very carefully purified l-a-phellandrene ob-
tained from Fucalyptus dives oil.

A sample of this type of oil was exhaustively fractionated by Ilancox and
Jones 28 to obtain an optically pure product for which they report:

dao 0.8324 ny 1.4724
[a]3) —177° 24 Diene No. found 186.3
Diene No. cale. 186.6

d-a-Phellandrene (from oil of gingergrass and elemi) as reported by Gilde-
meister and Hoffmann does not secem to have been obtained in as high a state
of purity as l[-a-phellandrene.

b754 175°-176° dig 0.844
by, 61° 12 0.8565, 0.847 29
by 44°—45° [ali) +115° 0" 29

nj, 1.4732

dl-a-Phellandrene is described by Wallach,?® and by Read and Storey 3! as

follows:
b. 175°-176° 3¢ doo 0.841 3°

biss  63°—65° 3 n% 1.4760 30
nhs-? 1.4772 &



CYCLIC TERPENES 45

The molecular refraction of a-phellandrene shows little exaltation (observed
45.61, calculated 45.24), which quality tends to confirm the accepted constitu-
tion of this terpene.

Phellandrene is a rather unstable compound, except when stored under
conditions that exclude air and light. It polymerizes and resinifies readily,
especially when heated to its boiling point at atmospheric pressure. On ex-
posure to air its rotatory power diminishes rapidly. With acids, phellandrene
is converted into optically inactive isomers; with hydrogen halides into di-
pentene; with alcoholic sulfuric acid into terpinene.

Investigating the terpenes contained in oil of FEucalyptus cneorifolia,
Berry # observed that on treatment with bromine a-phellandrene formed a
heavily brominated mixture of unknown composition, but containing con-
siderably more bromine than was required to form the dibromide. Simul-
taneously cymene was formed, together with large amounts of hydrogen
bromide, the latter accounting for about 25 per cent of the bromine used.

Use.—a-Phellandrene is used in scents which serve to overcome objection-
able odors in technical products. It is also employed for the compounding
of artificial essential oils or oil imitations.

1 Liebigs Ann. 246 (1888), 282.

2 “A Research on the Eucalypts,” 2d d., Sydney (1920), 413.

3J. Chem. Soc. 123 (1923), 1657.

4 Liebigs Ann. 336 (1904), 13.

5J. Chem. Soc. 126 (1924), 930.

¢ Ibid. (1939), 466, 1418.

7" Pharm. Arch. 4 (1901), 90. Ber. Schimmel & Co., April (1901), 66.

8 Liebigs Ann. 336 (1904), 9.

9 J. Chem. Soc. 123 (1923), 1657 (Smith, Hurst and Read). [7bid. 126 (1924), 930 (Smith,
Carter and Read).

10 J. Chem. Soc. (1939), 466, 1418 (Berry, Macbeth and Swanson).

1L J. Chem. Soc. (1930), 2781.

12 Dissertation St. Andrews (1926).

18 J. Chem. Soc. (1939), 466, 1418.

1 Liebigs Ann. 287 (1895), 384; 313 (1900), 345.

15 Liebigs Ann. 460 (1928), 98.

18 J. Proc. Roy. Soc. N. S. Wales T1 (1937), 54; T1 (1938), 261.

17 Ber. T0 (1937), 908.

18 J. Soc. Chem. Ind. 67 (1938), 37T.

19 Hancox and Jones, Univ. Queensland Papers, Dept. Chem. 1, No. 14 (1939). Proc. Roy.
Soc. Queensland 650 (1938), 14.

20 J. Soc. Chem. Ind. 58 (1937), 472T.

2 J. Soc. Chem. Ind. Japan 38 (1935), Suppl. bind. 617. Chem. Abstracts 30 (1936), 1372.

2 J. Chem. Soc. 116 (1919), 790.

23 J. Soc. Chem. Ind. 68 (1939), 122T.

% Ber. 73 (1940), 382.

2% “Die Atherischen Ole,” 3d Ed., Vol. I, 338.

26 Ber. Schimmel & Co. (1930), 165.

27 J. Chem. Soc. 123 (1923), 1657.

B Univ. Queensland Papers, Dept. Chem. 1, No. 14 (1939). Proc. Roy. Soc. Queensland

60 (1939), 14.

2 Ber. Schimmel & Co. (1930), 165.

% Jiebigs Ann. 369 (1908), 283. 3L J. Chem. Soc. (1930), 2781.

2 Australian Chem. Inst. J. and Proc. 14 (1947), 373.
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'B-Phellandrene
CioHi6 Mol. Weight 136.23

1(7),2-p-Menthadiene. 1-Methylene-4-isopropyl-2-cyclohexene

CHg
[

C
7\
H,C' CH
H2(|3 (”JH
N\
CH

|
CH
7N\
H,;C CH,

Occurrence.—Like a-phellandrene, g-phellandrene occurs in dextro- and
laevorotatory form: d-g-phellandrene in oil of star anise, water fennel, an-
gelica, African ginger, etc.; I-3-phellandrene in Japanese pepper oil, in the
turpentine o1l of Pinus contorta, Canada balsam, etc.

B-Phellandrene of unknown rotation has been observed in oil of lemon,
Seychelles cinnamon, Schinus mollé L., Eucalyptus amygdalina, and Italian
seafennel; it may occur also in coriander and cumin oil, etc.

Isolation.—By fractional distillation in vacuo.

I dentification.—B3-Phellandrene may be characterized by the preparation of various
derivatives:

(1) The nitrosites occur in two (a- and 8-) crystalline forms and may be prepared
according to the method described under a-phellandrene. Investigating the nitrosite
reaction of B-phellandrene, Gaponenkov ! obtained the best yields in the cold, with
petroleum ether and ether (1 + 1) as solvent, and without an excess of glacial acetic
acid. Thus, 2.0 g. of B-phellandrene dissolved in 4.0 cc. of the petroleum ether-ether
mixture, and treated with 2.0 g. of sodium nitrite in 4.0 cc. of water and 1.65 cc. of
glacial acetic acid, after cooling to —10°, yielded 0.95 g. of nitrosite.

B-Phellandrene-a-nitrosite m. 102°, [a]i}® —159° 18’ (in chloroform solution).
B-Phellandrene-B-nitrosite m. 97°-98°, optically almost inactive.

Berry, Macbeth and Swanson 2 reported that, unlike the mutarotation of e-phellan-
drene nitrosite, that of d-8-phellandrene-a-nitrosite is not wide. Similar observations
were made by Smith and West 3 who reported for I-8-phellandrene-nitrosite (3.859, sol.
in CHCl;3) an original rotation of +157° 54’; after one day +110°; after three days
+83°; and after four days 460°.

When treating either the a- or B-nitrosite of B-phellandrene with sodium ethylate
at 30°-40°, Wallach ¢ obtained nitro-3-phellandrene. This on reduction with zinc
dust in glacial acetic acid solution yielded the nitro compound of dihydrocumaldehyde
and dihydrocuminylamine, whereas reduction with sodium and alcohol gave tetra-
hydrocuminylamine and cuminylamine.
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(2) According to Francesconi and Sernagiotto,® 8-phellandrene, on treatment with
ethyl nitrite in alcoholic solution and in presence of alcoholic hydrochloride, gives a
nitrosochloride, the yield percentage of which is inverse to the rotatory power of the
terpene. By fractional crystallization the nitrosochloride, ap —206° 0, can be sepa-
rated into two isomers:

a-nitrosochloride ~ m. 101°-102°, ap —175° 0’;
B-nitrosochloride m. 100°, ap —285°0'.

The discovery of the nitrosochloride has provided a valuable method for distinguish-
ing between a- and B-phellandrene, the former yielding a liquid nitrosochloride; the
latter, crystalline compounds as described above. West ¢ was able to use this deriva-
tive to differentiate between the a- and 8- forms. This author reported that B-phellan-
drene, methyl alcohol, and ethyl nitrite mixed and cooled below —5° and a 5 normal
solution of hydrochloric acid in methyl alcohol, added dropwise with constant stirring,
yielded a crystalline nitrosochloride, whereas no crystalline material could be obtained
under the same conditions from a-phellandrene.

(3) According to Wallach,” B-phellandrene on oxidation with a 19}, potassium per-
manganate solution at 0° yields a viscid glycol byg 150°. When heated with dilute
sulfuric acid, the glycol gives dihydrocumin alcohol and tetrahydrocumaldehyde
(phellandral). This aldehyde may be identified by the preparation of its semicarbazone
m. 204°-205°.

(4) According to Goodway and West,? the Kaufman method may be employed to
characterize the phellandrenes which yield a particular diene value when heated in a
sealed tube with maleic anhydride dissolved in toluene, followed by addition of potas-
sium iodide and potassium iodate, and titration of the liberated iodine with sodium
thiosulfate.

(56) The active tetrabromides, according to Berry and Macbeth.?

l-3-Phellandrene yields d-tetrabromide (recrystallized from ethyl alcohol):
m. 118°-119°, [a] +54° (in ethyl acetate)
d-B-Phellandrene yields I-tetrabromide:
m. 118°-119°, [a] —53°.

Properties.—@-Phellandrene is a liquid possessing a peculiar, but not dis-
agreeable, odor. Wallach ' and Pesci " reported the following properties for
the d- modification:

bree  171°-172°1 [elp  +14° 45’ to 4+18° 3210
b11 57° 10 [a]p 417°38' 1

dzo 0.8520 10 n} 1.4788 10

dis 0.848 10 ny 1.4759 10

djo 08558 1

Francesconi and Sernagiotto 12 expressed the opinion that pure g-phellan-
drene has an optical rotation of about ap + 65°0’, the much lower values
usually reported being caused by admixture of dl-8-phellandrene.
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Smith and West !® reported [-8-phellandrene derived from Canada balsam
oil as having the following properties:

brss 178°-179° [a]) —50° 36’
b4 78° nd 1.480
di2 0.8497

Berry,! investigating the terpenes contained in the oil of Eucalyptus cneo-
rifolia, debrominated the tetrabromide of g-phellandrene and prepared this
terpene in a state of purity higher than previously obtained:

b. 172°-174°
153 0.843
[a]® —74° 24
n% 1.4826
46.3 (Obs.

Mol. refr. 45.24{ Cale. This marked exalta-
tion was to be expected.

The nitrosochloride m. 109° exhibited mutarotation.

On distillation under atmospheric pressure, the g-phellandrene underwent
polymerization which was accompanied by inversion of the optical activity.

B-Phellandrene is quite unstable; on prolonged boiling and even on distill-
ing at atmospheric pressure, it polymerizes to diphellandrene. On aerobic
oxidation in the presence of sunlight, 8-phellandrene gives 4-isopropyl-2-cyclo-
hexen-1-one. When acted upon with hydrogen chloride in aleoholic solution,
B-phellandrene, according to Francesconi and Sernagiotto,'® is converted in-

to terpinene dihydrochloride.
Use.—Not being easily available, 8-phellandrene is rarely used in the per-

fume and flavor industry.

1J. Gen. Chem. U.S.S.R. 6 (1935), 1485. Chem. Abstracts 30 (1936), 3587.
2 J. Chem. Soc. (1937), 1448.

3J. Soc. Chem. Ind. 66 (1937), 300.

¢ Liebigs Ann. 336 (1904), 44; 340 (1905), 1; 343 (1905), 39.
5 Gazz. chim. tal. 46, 1 (1916), 119.

8 J. Soc. Chem. Ind. 68 (1939), 122T.

7 Liebigs Ann. 340 (1905), 12.

8 J. Soc. Chem. Ind. 67 (1938), 38T.

% Nature 166, No. 3954 (1945), 175.

10 Liebigs Ann. 340 (1905), 2; 336 (1904), 43.

1 Gazz. chim. ital. 16 (1886), 225.

1 Ibid. [2], 44 (1914), 456; 46, I (1916), 119.

B8 J. Soc. Chem. Ind. 56 (1937), 300T.

U Australian Chem. Inst. J. and Proc. 14 (1947), 388.

18 Gazz. chim. ital. 44, I1 (1914), 456; 46, T (1916), 119.
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SUGGESTED ADDITIONAL LITERATURE

P. A. Berry and A. K. Macbeth, “8-Phellandrene Tetrabromide,” J. Chem. Soc.
(1947), 1039.

(b) Bicycric TERPENES.

Introduction.—This group of hydrocarbons comprises some of the most im-
portant terpenes—for example, o~ and B-pinene. The bicyclic monoterpenes
have a tendency to undergo molecular rearrangement; shifting of the double
bonds may take place; oxidation, dehydrogenation, and hydrogenation occur
quite readily; treatment with acid may open the rings. - and 8-Pinene may
thus pass, by ring fission, into dipentene and, by molecular rearrangement,
into borneol.

A3-Carene
Cl()Hlﬁ Mol. Welght 136.23
Isodiprene

CHj

S
AN
/

CH.

HZ /CH /CH3
C C

H \CH3

Occurrence.—The investigations of Simonsen and collaborators ! have shown
that Indian turpentine oil (Pinus longifolia Roxb.) does not contain d-sylves-
trene, as formerly believed, but a bicyclic hydrocarbon, d-A3-carene, which,
when treated with hydrogen chloride, yields a mixture of d-sylvestrene dihy-
drochloride and dipentene dihydrochloride. Later Joffre 2 contributed fur-
ther to this information by the report that A*-carene not only constitutes 38
per cent of Indian oil of turpentine from Pinus longifolia but that it is a mix-
ture of a- and - isomers with the following formulas:

(llHa ﬁHz
H. C=—————=CH H.C C CH:
/(IJ (CHz): /T(CHs)z I
HC C CH. HC C CH;
H H
a-A%-Carene B-A3%-Carene

(Sce “Sylvestrene’)
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d-A%-Carene has been identified in many volatile oils—for instance, in
Swedish and Finnish turpentine oils, in German pine needle oils such as Pinus
pumilio, P. sylvestris, etc.

I-A%-Carene has been identified in galanga root oil (Kaempferia galanga),
in oil of Pinus sylvestris, and other pinus oils.

The 5,6-epoxide of the [- isomer has been recognized in oil from Zieria
smithie.3

Isolation.—By fractional distillation.

Identification.—A3-Carene may be identified by the following means:

(1) The preparation of the sparingly soluble carene nitrosate m. 147.5° (with de-
composition). This compound readily forms and separates even if A3-carene is present
only in small quantities.

(2) Its nitrosochloride m. 101°-102° (with decomposition). Lagache ¢ suggested
that the nitrosochloride be prepared by adding, drop by drop, 4 to 5 ce. of hydro-
chloric acid to a cooled (45°) mixture of 5 cc. of carene, 5 cc. of acetic acid, 5 cc. of
95%, alcohol, and 10 cc. of ethylnitrite. The very instable nitrosochloride will separate
after 1 to 2 hr. The nitrosochloride can be further characterized by the preparation
of the nitrolmethylamine m. 180°, the nitrolethylamine m. 155° and the nitrolaniline
m. 143°-144°. When heated on the steam bath with sodium carbonate and 959
alcohol, the nitrosochloride is converted into nitrosocarene m. 89°-90°,

(3) A characteristic adduct has been prepared by Diels, Koch and Frost,® with
maleic anhydride in the ratio of 1:1 of the hydrocarbon and acid anhydride. The
boiling point recorded by these authors at 10 mm. is 195° and the derived dicarboxylic
acid has a melting point of 184°. Hultzsch ¢ reported a maleic anhydride addition
product of m. 183° and formula C14H004. Goodway and West 7 point out, however,
that addition products at variance with these findings may be due to differences in
the isomeric nature of the products investigated by different workers.

Properties.—A3-Carene is a colorless oil possessing a peculiar, sweet odor.
Simonsen,® Lagache,® Dupont,'® and Panicker, Rao and Simonsen !! reported
these characteristic properties:

d- Isomer l- Isomer
b. 170° 10
bros 168°-169° 8
bess 166°-167° 1
b20o 123°-124° 8
b10 700 10
d3o 0.8586 8 0.8606 1
dos 0.8635 *
dys 0.8668 10
op +7°41’ 8
[a]s7s +17°6" ®
[a]3) —5°43' 1
n 1.469 8 1.4684 11

n% 1.4678 ®
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A3-Carene oxidizes with remarkable ease and resinifies quite rapidly on ex-
posure to air.!?  Oxidation may be inhibited, at least for a time, by the addi-
tion of a trace of pyrogallol.

According to Simonsen and Rau,'® oxidation of A®-carene with potassium
permanganate in acctone solution or with Beckmann’s chromic acid mixture
yields a complex mixture of acids, among them cis- and trans- caronic acids
m. 174°-175° (with decomposition) and 213° respectively, and a dibasic
acid Cgll;150y4, viz., cts- homocaronic acid m. 136°-137°.

When treated with anhydrous hydrogen chloride, A3-carene yields sylves-
trene dihydrochloride, but when treated with aqueous hydrochloric acid,
A3-carcne gives dipentene dihydrochloride.

Usc.—Due to the difficulty of preparing quantities of A3-carene, this ter-
pene, as such, has not found any noteworthy use.

LJ. Chem. Soc. 117 (1920), 570; 121 (1922), 2292; 123 (1923), 549; 127 (1925), 2494; (1928),
359; (1929), 305.

2 Bull. inst. pin [2], 13 (1931), 79.

3 Penfold, Ramage and Simonsen, J. Chem. Soc. (1939), 1496.

4 Bull. inst. pin (1927), 233, 255.

5 Ber. TIB (1938), 1163.

6 Ber. 72B (1939), 1173.

7J. Chem. Soc. (1940), 702.

8 Ihid. 117 (1920), 570; 127 (1925), 2494.

9 Bull. inst. pin (1927), 233.

0 Ann. chim. [10], 1 (1924), 268.

w J Imdian I'nst. Sei. [A], 9 (1926), 137. Chem. Zentr. T (1927), 653.

12 See also Owen and Simonsen, J. Chem. Soc. (1931), 3001,

1B J. Chem. Soc. 123 (1923), 519. Sce also Gibson and Simonsen, J. Chem. Soc. (1929), 305,

909.

A*-Carene

(A%-(C'arenc)
C1oHye Mol. Weight 136.23

Pinonene

CH;

C
7\
H. CH
H.C CH
N\ __~CHs
C————C\
H CH;

Occurrence.—d-A*-Carene occurs in many volatile oils, for example, in
Swedish and Finnish turpentine oil, also in German pine needle oil (Pinus
sylvestres L.). Simonsen ! found that the oil distilled from the grass Andro-
pogon twarancusa contains about 24 per cent A*-carene. This hydrocarbon
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has also been reported by Rao, Shintre and Simonsen 2 in the ethereal oil
from the fruit of Piper cubeba L.

Neither the laevo-rotatory nor the optically inactive A*-carenc has been
detected in plant oils. On the other hand, both have been synthetically de-
rived and characterized. The compound suggested as I-A*-carcne was ob-
tained by Menon and Simonsen ? in the distillation of l-caryl methyl xan-
thogenate. This work was questioned by Ruzicka * and needs further study.
The dI- isomer was prepared by the Wolff-Kishner reduction of piperitenone
hydrazone and described by Naves and Papazian.®

Isolation.—By fractional distillation.

Identification.—(1) When oxidized with potassium permanganate in acetone solu-
tion, A‘-carene, according to Simonsen,® gives in good yield a liquid ketonice acid
Ci10H1603, viz., d-1,1-dimethyl-2-y-ketobutyleyclopropane-3-carboxylic acid. This acid
can be characterized by the preparation of its oxime, m. 124°-125° and its semi-
carbazone m. 119°-120°,

(2) Oxidation with Beckmann’s chromic acid mixture, according to Gibson and
Simonsen,” yields mainly [-trans-caronic acid m. 202°-203°.

(3) By the action of hydrogen chloride in glacial acetic acid, A*-carcne is converted
into dipentene dihydrochloride m. 48°-50°, and sylvestrene dihydrochloride m. 72°

the cyclopropane ring undergoing fission.
If present only in small quantities, A-carene is somewhat difficult to identify, as it

yields no crystalline derivative.

Properties.—d-A*-Carene is a colorless mobile oil possessing a rather pleas-
ant odor suggestive of p-cymene. Simonsen ® reported these propertics:

broy  165.5°-167° o]y 462°12
di 0.8552 n 1.474

A*-Carene shows a marked exaltation (40.5) due to the conjugation of
the ethylenic linkage with the cyclopropane ring.
By oxygen or on exposure to air, A*-carene is much more slowly oxidized

than A3-carenc.
Use.—Due to the difficulty of preparing quantities of A*-carene, this ter-
pene, as such, has not found any noteworthy use.

1J. Chem. Soc. 119 (1921), 1644; 121 (1922), 2292. J. Soc. Chem. Ind. 42, (1923), 29A.
2J. Soc. Chem. Ind. 47 (1928), 93T. Chem. Zentr. I (1928), 2414.

8J. Indian Inst. Sci. [A], 10 (1927), 2, 4. Chem. Zentr. 11 (1927), 1473.

$ Helv. Chim. Acta 16 (1932), 957.

5 Ibid. 26 (1942), 984. Chem. Abstracts 37 (1943), 1709. i

8 J. Chem. Soc. 119 (1921), 1644; 121 (1922), 2292. J. Soc. Chem. Ind. 42 (1923), 29A.

7J. Chem. Soc. (1929), 909.

8 Ibid. 121 (1922), 2292,
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“Thujane
CioHis Mol. Weight 138.24
Sabinane
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Years ago, Seyler ! isolated from sage oil a terpene b. 142°-145° which he
named “‘salvene’’; he assigned to it the formula now known to be that of thu-
jane. The actual constitution of Seyler’s “‘salvene’” has not been elucidated.

d-Thujane (tanacetanc or dihydrosabinene) was first prepared syntheti-
cally by Tschugaev and Fomin.? More recently Guha and co-workers 3
have cffected a total synthesis of this terpene.

Occurrence.~—In oil of sage (?).

Isolation.—By fractional distillation.
Identification.—The identification of thujane is difficult as this hydrocarbon yields
no characteristic crystalline derivatives from which it may be regenerated.

Properties.—d-Thujane is a colorless, mobile oil possessing a faint odor.
Tschugaev and Fomin * reported these properties for d-thujane prepared
from d-a-thujene and d-g-thujene by catalytic hydrogenation:

Derwed from d-a-Thujene Derived from d-B-Thujene
brss  157° brse  157°
d3’ 0.8139 d;° 0.8191
d;° 0.8161 [a]D +34° 43’
[a]p +62° 2’ njy 1.44102
nyy 1.43759

In other literature on this compound, similar discrepancies regarding opti-
cal rotation appear, depending on the source of the production. Products
obtained by the reduction of sabinene seem to be particularly erratic. These
have been critically investigated by Richter, Wolff and Presting,® who recom-
mend care in drawing conclusions as to the nature of the compound obtained
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by catalytic reduction. Tschugaev and Fomin ¢ and the above-mentioned
authors observed for the dihydrosabinenes:

b. 157°-158° ¢ ol 412°40’ 5
bigs  50.4°-50.7° 5 [e]p  +18°34’¢
di®  0.8150 5 nis 1.4409 5
di”  0.8190 ¢ ng 1.44393 ¢

Thujanes produced from g-thujone by Kishner,” Richter, Wolff and Prest-
ing,® and Guha and Nath ? yielded these characteristics:

b. 155°-156° 9 [l +48° 0’ ®
brse  157.2°-157.7°8 +42°3" 7
brss  157°7 [y +49°24 9
bis 46.2°-46.8° 8 ngy 1.4435 *
dg° 0.81717 1.440 7
0.8120 ° nyy 1.442 8

dy’ 0.820 &
The completely synthetic preparation of Guha and Nath had these prop-

erties: 00
b. 156°-157° [a] +8° 29/
d3? 0.8140 n3y 1.4410

Use.—Thujane is not used in our industries.

1 Ber. 36 (1902), 550.
2 Compt. rend. 161 (1910), 1058. See also Richter, Wolff and Presting, Ber. 64 (1931), 876.

3 Ber. TOB (1937), 931, 2112.

4 Compt. rend. 161 (1910), 1060.

5 Ber. 64 (1931), 876.

8 Compt. rend. 161 (1910), 1061.

7J. Russ. Phys. Chem. Soc. 43 (1911), 586; 44 (1912), 1760.
8 Ber. 64 (1931), 876.

9 Ber. 70 (1937), 935.

a-Pinene
C1oHie Mol. Weight 136.23

(st
C
H < \CH
TH;;C-C*CH:;
H:zC\ ’ / H,

C
H

This parent hydrocarbon occupies a focal position among the terpenes and
has been the subject of many investigations, the discussion of which would
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lead too far for our purpose. «-Pinene is also of great commercial interest
as it forms the starting material for synthetic camphor, borneol, terpineol,
etc. However, we shall confine ourselves, in these pages, to only the most
important reactions connected with the isolation and identification of this
hydrocarbon. The reader interested in further details is referred to Simon-
sen’s treatise: “The Terpenes,” Vol. 11 (1932), p. 88.

Occurrence.—Several stereoisomeric forms of this terpene are found in
natural products. o-Pinene is present in many oils distilled from leaves,
barks, and woods. It forms the principal constituent of the turpentine oils
distilled from the olcoresin of several genera and species belonging to the
family Pinaccac.

d-a-Pinene occurs in Greek turpentine oil (Prnus halepensis Mill.) (about
95 per cent), in Russian turpentine oil (Pinus sylvestris) (about 81 per cent),
in hinoki wood oil (about 70 per cent), in the oil distilled from the wood of
Chamaecyparis lawsontana Parl. (about 60 per cent); smaller quantities are
found in American turpentine oil, and in numerous other essential oils.

l-a-Pincne occurs in Spanish turpentine oil (Pinus laricio monspeliensis
Hort.) (about 90 per cent), in Austrian turpentine oil (Pinus laricio var.
austriaca ndl.) (about 96 per cent), in I'rench and American turpentine oil,
in Pinus pumilio oil, in the leaf oil from Abies alba, and in many other cssen-
tial oils.

dl-a-Pinene has been found in oil of lemon, olibanum, coriander seed, cu-
min sced, American peppermint, cte.

a- and B-Pinene probably occur as mixtures in many pinene-containing
oils, the rotatory power of the fractions most likely being determined by the
preponderance of the d- or [- modification. This feature is important in the
isolation of the optically active forms from essential oils or from their fractions.

Isolation.—a-Pinene can be isolated from essential oils by fractional distillation and
subsequent further purification. .

d-a-Pinenc may be obtained, for example, from Greek turpentine oil by first warming
the oil with solid potassium hydroxide, steam distilling, and then refractionating the
terpene over metallic sodium.

l-a-Pinene may be obtained from French turpentine oil by treating the oil with
alkali carbonate, and then further purifying it by fractional distillation, collecting the
main fraction that distills near 156° at 760 mm.

a-Pinene is one of the few terpenes which can be obtained in relatively, but not
optically, pure form. To obtain the inactive a-pinene resort should first be made to
the nitrosochloride derivative (cf. Tilden'). This dI- product can be decomposed,
according to Wallach,? by boiling with aniline in aleoholic solution, whereby the ter-
pene is regenerated. Yor this purpose, reflux 10 g. of pinene nitrosochloride, 30 cc. of
aniline, and 80 cc. of alcohol and steam distill after the violent reaction has subsided.
Free the cold distillate from aniline by repeated extraction with an excess of aqueous
acetic acid. The a-pinene thus obtained will always be optically inactive.

Optically inactive a-pinene can also be prepared by decomposition of the methyl-
pinocamphylxanthate m. 60.5°-61°, through heating to 170°-190°, ageording to
Tschugaev.3
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Methods for the preparation of the active nitrosochlorides of this terpene and sub-
sequent isolation of the active forms of the hydrocarbon have been successfully worked
out. As several details influence the success and yield of the reaction, the final pro-
cedure adapted by Thurber and Thielke ¢ is described below:

“To 40 cc. of l-a-pinene, 40 cc. of methyl alcohol (containing 10 per cent water
by volume) and 40 cc. cthyl nitrite were added. The mixture was placed in a wide-
mouthed bottle closed with a stopper bearing thermometer and mechanical stirrer,
and was kept at a temperature of —20° during the addition of the theoretical
amount of hydrochloric acid. The hydrochloric acid solution was prepared by pass-
ing hydrogen chloride gas into 90 per cent methyl alcohol until an approximately
5N solution was obtained. It was found to be advisable to introduce the cold
alcohol-acid solution below the surface of the liquid and to cool the addition tube
through which the acid flowed in order to prevent local superheating. A period of
approximately two and one-half hours was required for the addition. After all of
the acid had been added the reaction mixture was allowed to stand for a short time
and was then filtered to remove the inactive derivative which had precipitated.
The filtrate was immediately cooled to —20° and another 200 cc. of cold 90 per cent
methyl alcohol added to it. The mixture was then allowed to stand for twenty-four
hours, the temperature being maintained at —20°, to insure complete precipitation
of the active nitrosochloride. Some crystals usually appeared almost immediately
after the addition of the cold 90 per cent alcohol. The crystals were removed by
filtration and purified by recrystallization from 1:2 mixture of chloroform and
methyl alcohol.”

The dextro compound was obtained by a similar type of reaction. These authors
obtained the following constants on the nitrosochlorides of the a-pinenes:

dl- d- l-
m. 115° 89.5° 090°
[af3) (in benzene) 0° +396° 12’ —366° 48/

Lynn 5 had earlier investigated these products and reported the d- and I- modifica-
tions with m. 81°-81.5° and ap £322° 0’ (in chloroform solution). These variations
may be explained if an analogy is drawn from the findings of Berry, Macbeth and
Swanson ¢ relative to the effect of heat and solvent on the a- and 8- forms of the
nitrosochlorides of a-phellandrene. In this latter case, solution in benzene yields a
much higher optical rotation than solution in chloroform. Furthermore, certain
methods of purification used serve to separate an unstable and stable form. Other
peculiarities in connection with a-pinene nitrosochloride preparations have been
observed by many authors besides those cited above, among them Kremers,” Tilden,8
Schimmel & Co.,?* Gildemeister and Kohler,!® and Fuzita.!t Much study is still neces-
sary to interpret the significance of the data on these compounds and their derivatives,
in the opinion of Earl and Hazelwood,!? Leach,®3 Wallach,!4 Lynn,!s Briggs and Suther-
land,!® and Earl and Kenner.!”

The method of Tilden 18 or Wallach 19 serves for regenerating the d- and l-a-pinene
from these optically active nitrosochlorides.

In order to isolate the optically active modifications of a-pinene, it is advisable to
start with an a-pinene fraction possessing a high optical rotation, taking into considera-
tion, however, the possibility that the high rotation may be caused by the presence of
camphene. The portions boiling below 160° at 760 mm. are purified by fractional
distillation over metallic sodium until the boiling point and the other properties of
the hydrocarbons thus obtained coincide with those of optically inactive a-pinene.
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For the purification of this terpene from S-pinene as a contaminant, the worker is

referred to the data of Austerweil 20 who recommends the use of differential solubility
in alcohol, in addition to rectification as a means of separating the @-icsomer.

Solubility wn 100 Volumes Ethyl Alcohol

9% Alc.
Concentration Volumes Soluble
B- a-
95 35.8 30.4
90 13.0 9.75
85 8.25 5.1
80 6.0 2.3
70 1.6 0.2
60 0.5 trace

Identification.—a-Pinene can be characterized by several methods:

(1) The preparation of the optically inactive nitrosochloride.

Wallach 2t suggested the following method for preparing the optically inactive
nitrosochloride:

Cool a mixture of 50 g. each of turpentine oil (dextro- or laevorotatory, but not
with too high a rotation), 50 g. of glacial acetic acid and 50 g. of ethyl nitrite (or
preferably amyl nitrite) in a freezing mixture and gradually add 15 ce. of crude, 339
hydrochloric acid. The nitrosochloride soon separates in crystalline form and may be
obtained in a fairly pure state by filtering it off with a suction pump and by washing
it thoroughly with alcohol. TFrom the filtrate more nitrosochloride separates on
standing in the cold.

Tilden 22 also prepared this compound later and found a melting point of 115° for
an apparently stable form after a thorough washing with alcohol and recrystallization
from chloroform. This has been confirmed by subsequent investigators.

The ethyl nitrite necessary for this reaction is easily obtained by allowing a mixture
of 200 g. of concentrated sulfurie acid, 1.5 liters of water, and 100 g. of alcohol to flow
into a solution of 250 g. of sodium nitrite in 1 liter of water and 100 g. of alcohol. The
ethyl nitritc which forms and volatilizes at once during this reaction must be con-
densed in a well-cooled receiver. In order to obtain a good yield of nitrosochloride, it
1s advisable to work with small quantities only. It will thus be possible to keep the
temperature low, a feature important for the success of the reaction. As a by-product,
large quantitics of pinol Cyoll160 are formed.

A better yield of nitrosochloride is obtained, according to Ahlstrom and Aschan,?3
if the mixture of turpentine oil, glacial acetic acid, and ethyl nitrite is saturated, at
very low temperature, with a current of dry hydrochlorie acid.

Another method well suited for the preparation of terpene and sesquiterpene nitroso-
chlorides is that of Ehestidt.2* A quantity of oil of turpentine is diluted with an equal
volume of petroleum ether, glacial acetic acid, or ether. The nitrosyl chloride gases
are conducted into this solution, well cooled with a freezing mixture. Prepare them
by permitting a concentrated sodium nitrite solution to drop slowly into (329,) crude
hydrochloric acid. The quantity of hydrochloric acid should be 114 times the theo-
retically necessary quantity. The hydrochloric acid must not flow into the sodium
nitrite solution as this will give a very low yield. After about one-third of the sodium
nitrite solution is consumed, the pinene nitrosochloride will separate in the form of
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crystals, but toward the end of the reaction the mixture will consist of a mash. The
contributions by Thurber and Thielke 2¢ may also be helpful in this connection. (See
previous section.)

(2) A further confirmatory derivative is the chloride. The preparation of the d-, I-,
and dl- compounds with normal behavior has been reported by Thurber and Thielke.2¢
They noted these properties:

m. °C. []3Y

(corr.) (19 alcohol solution)
dl-a-pinene hydrochloride 132 0°
d-a-pinene hydrochloride 132 +33° 31’
l-a-pinene hydrochloride 132 —33° 14/

(3) a-Pinene forms a crystalline adduct with maleic anhydride that Hultzsch 27
describes as m. 169°.

(4) The presence of a-pinene may be established by oxidation of the terpene with
potassium permanganate to pinonic acid.

For this purpose Thurber and Roll 22 recommend an economical and convenient
method:

“An emulsion of 50 g. of pinene in 300 cc. of water was gradually added to 120
g. of potassium permanganate contained in a liter of water. The mixture was cooled
in an ice bath and stirred continuously during the addition. After completion of the
oxidation the manganese sludge was removed by filtration; the filtrate saturated
with carbon dioxide gas and distilled with steam to remove unoxidized products.
The liquid was evaporated in a current of carbon dioxide to a volume of 400 ce. and
then extracted with two 50 ce. portions of ether. The pinonic acid was set free
from the potassium salt by the addition of dilute sulfuric acid. After extraction
with ether and rcerystallization from petroleum ether the acid melted at 68° C.”

Oxidation of d- and l-a-pinene thus yiclds the optically active pinonie acids m. 67°-
69°, [ +89° 0" and [a]fy —90° 33’ (in chloroform solution), according to Barbier
and Grignard 2¢9; whereas the oxidation of di-pinene, according to Dupont and Brus,s3°
yields dl-pinonic acid in very good yield. The di- acid m. 103°-104° (Briggs and Suther-
land 3*m. 104°-105°, by 155°-161°) 1s the c¢zs- acid, while the liquid acids that are always
obtained simultaneously arc a mixture of the cis- and trans- modifications, according
to Perkin and Simonsen.32 Komppa and Beckmann 33 expressed the opinion that
pinonic acid is actually a-campholonic acid.

For the definite identification of the pinonic acid, it is advisable to prepare the
characteristic semicarbazone which was first described by Tiemann and Kerschbaum.34
The d- and l-semicarbazone melts at 204°, the dl-semicarbazone at 206°-207°.

For the identification of a-pincne, it suffices to oxidize the terpene to pinonic acid
and to prepare the semicarbazone of the latter. But if optically active and inactive
a-pinene must be identified side by side, it will be necessary to fractionate the acids
i vacuo, biz 168°, to isolate them in pure form, and to characterize the isomers as
described above.

(5) For the identification of small quantities of a-pinene, Agnew and Croad 3¢ sug-
gested oxidizing it with mercuric acetate to sobrerol m. 131°, and to 8-hydroxy-
carvotanacetone, which may in turn be characterized by the preparation of its semi-
carbazone m. 175°,

Lead tetracetate on pinene also gives dl-sobrerol (pinol hydrate) m. 130°-130.5°,
according to Ward.s¢ The active forms: m. 150°, [a]p 2=150° 0'.
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Properties.—a-Pinene is a colorless, mobile oil which, like most terpenes,
partly resinifies on exposure to air.

This hydrocarbon has a tendency to isomerize under the influence of heat,
acids, or catalysts. Certain data of Thurber and Johnson,3” and Brus *® in-
dicate that varied natural sources yield a-pinene fractions of varied physical
propertics. These factors may in part account for the inability of investi-
gators to obtain concordant results in measurements made on preparations
of a-pinene. Nevertheless the following properties of a-pinene appear to
have been substantiated in recent investigations. The pinenes were ob-
tained by fractionation over sodium in some cases, and by regeneration from
the nitrosochlorides in others, and from various sources (Thurber and Roll,?3?
Schorger,*® 4 Thurber and Thielke,*? Frankforter and Frary,*® Conant and
Carlson,** Brus,*® Darmois,*® Waterman, van’t Spijker and van Westen,*
Austerweil,*® and Ross and Somerville 4%):

d ! dl
b. 156°—156.5° 39 40, 44 156°-157° 4 156.2° 47
155°-156° 42 155°-156° 42 155°-156° 42
m. —57° 45,48 —55° 46 —120.2° 49
dog  0.8584-0.8600 39 42 44 0.8590-0.8508 41 42,43 L
di® ... L 0.8582-0.8592 42 47
dis 0.8631 4 o
[a]fy  +51°8 4 —51°17 4 ..
nd  1.4658-1.4663 4244 1.4662-1.4670 4142 1.4658-1.4664 4247

nj;  1.4684 4

Although higher optical rotations on pincnes from American sources rang-
ing up to +53°55" and —54° 2’ have been reported by Lynn,*® Thurber
et al.,® and Schorger,®? nevertheless there remains a question whether these
exalted values for [a]p may not be due to solvent effects. It has been shown
in the work of Thurber and Thielke,*® and of Naves,® that solutions of pi-
nene in certain solvents display higher rotations than the homogeneous com-
pound. This apparent exaltation is especially true of alcohols, the type of
solvent reported to have been used in several of the above determinations.
These optimum optical values appear to have been obtained from pinenes of
varied natural origin and by diverse methods of purification. Competent
workers abroad continue to record values near +48° 0’, the maximum figures
reported on several natural a-pinenes being of similar magnitude (Brus %°
for a-pinene from Greek turpentine oil 448° 51’ and Smith ¢ for a-pinene
from Australian eucalyptus oil [a])y —48° 38").

Like other bicyclic terpenes, a-pinene shows a marked tendency toward
molecular rearrangement leading to substances with a different ring structure,
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this may be caused by oxidation, hydrogenation, hydration, or by the action
of acids, catalysts, or heat, etc. These reactions have become of great tech-
nical importance in the synthesis of borneol, camphor, and other products.
Interesting as they are, unfortunately they cannot be discussed in these re-
stricted pages. A number of literature references to them, however have
been appended to this section.

U/se.—The principal use of a-pinene is in the manufacture of synthetic
borneol, camphor, and terpineol. «a-Pinene also serves as an important con-
stituent in many artificial (imitation) essential oils.

Fractions containing a- and B-pinene are widely used as solvents, and as
odor adjuncts in many technical preparations—bath salts, room sprays, dis-
infectants, insecticides, ete. ILately a- and B-pinene are being used for the
synthesis of artificial white pine oil.
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B-Pinene

(Nopinene)

C10H15 Mol. Weight 136.23

CH.

Occurrence.—(-Pinene often accompanies a-pinene in turpentine oils, al-
though usually only in small quantities. French turpentine oil is especially
rich in B-pinene, which occurs also in other essential oils—for example, lemon,
nutmeg, hyssop, coriander and cumin seed, etc.

d-B-Pinene has been identified in sulfaturpentine oil and in the oil distilled
from the ripe fruit of Ferula galbaniflua.

[-B-Pinene is present in Oregon balsam, in the needle oil of the Douglas
fir (48 per cent) and of various abies and pinus species, in the oil of petitgrain,
ete.

dl-8-Pinene has been reported by Rutovskii and Vinogradova,' as associ-
ated with the racemic form of the a- isomer, in Ferula galbaniflua.

Isolation.—Fractional distillation continues to be the recommended method of
separation from a-pinene. Dupont 2 prepared very pure -pinene by fractionating
French turpentine oil in a column 2 m. high.

Austerweil 3 suggested separating B-pinene from a-pinene by taking advantage of
the greater solubility of 3-pinene in alcohol. One hundred volumes of alcohol of 809,
strength dissolve only 2.3 volumes of a-pinene, but 6 volumes of S-pinene. In alcohol
of 709, strength, the solubility is 0.2 and 1.6 volumes, respectively, at 15°.
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Otherwise, B-pinene resembles a-pinene closely in its general reactions, for which
reason the separation of the two hydrocarbons is difficult.

Identification.—The methods developed so far for the identification of B-pinene
cause a substantial change in the molecule, and do not lend themselves to small quan-
tities. Low yield and the separation of numerous by-products increase the difficulties
connected with the chemical identification of this terpene. The worker may be faced
with products of oxidative degradation such as pinocarvone, nopinic acid, myrtenols,
etc. (Dupont,* Rutovskii and Vinogradova,® Lipp,® Dupont, Allard and Dulou,?
Dupont, Zacharewicz and Dulou,® and Schmidt.?) Therefore, it is preferable, for
qualitative identification simply to isomerize the hydrocarbon and to characterize it
by derivatives of the isomer. FYor instance, the isomerization of 38.5 g. of 8-pinene
brss 164.5°-165.8°, ap —21° 36’, n%) 1.4790, by a palladium catalyst and hydrogen,
gives 37 g. of the a-isomer brg 156.6°-156.8°, ap —40° 0/, n2Y 1.4647 (Richter and
Wolff 19), The a-pinene yields several derivatives in which contaminants are not so
frequent, nor the yields so low as is the case in chemical treatment of the 8-compound
per se. (See “a-Pinene’” and Addenda to this section.)

Gasopoulos 1 suggested distinguishing (-pinene from a-pinene by the following
reaction:

If a- or B-pinene is added to an alcoholic solution of mercuric acetate, the mixture
containing B-pinene will remain clear even after 2-3 days, whereas the mixture con-
taining a-pinene will separate mercurous acetate, with oxidation of a-pinene to sobrerol
and hydroxyhydrocarvone.

Properties.—Dupont et al.!? characterized [-8-pinene obtained by frac-
tional distillation of French turpentine oil:

m. —50° ap —922° ¢’
b. 164° n? 1.4872
dis  0.8740

Isolating I-B-pinene from hyssop oil, Schimmel & Co.!® found the following

properties:
b. 164°-166° ap —19° 29’

s 0.8650 n2  1.47548

The d-B-pinene of Rutovskii and Vinogradova 14 was observed to boil at
162°-163°, confirming findings of both Austerweil '» and Wallach ¢ on the
l- isomer. The di-8- form has not been characterized.

Use.—(See ‘“‘a-Pinene.”’)
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s Ber. 63 (1930), 411.

7 Bull. soc. chim. [4], 63 (1933), 599.

8 Compt. rend. 198 (1934), 1699.

% Ber. Schimmel & Co. (1941), 70. Chem. Abstracts 37 (1943), 4715.
10 Ber, 59 (1926), 1736. See also Lipp, Ber. 63 (1930), 411.

1t Ber. 59 (1926), 2184.
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12 Byll. soc. chim. [4], 63 (1933), 602. Sce also Bull. inst. pin (1932), 110.
B Ber. Schimmel & Co., April (1908), 119.

4 Trans. Sci. Chem. Pharm. Inst. Moscow, No. 22 (1930), 72.

15 Chimie & industrie Spec. No. 603, Scpt. (1926).

16 Liebigs Ann. 363 (1908), 10.
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des Acides I’Etat naissant,” Bull. soc. chvm. [4], 47 (1930), 1157.

Sabinene
CioHie Mol. Weight 136.23
CH:

Occurrence.—d-Sabinene occurs as the main constituent (about 30 per cent)
in oil of savin (Juniperus sabina 1..). 1t is present also in Ceylon cardamom,
marjoram, and orthodon oils.

[-Sabinene is found in the oil distilled from the seeds of Xanthoxylum bu-
drunga Wall., in savin oil, and Vitex negundo, Linn.

dl-Sabinenc occurs in cubeb oil, and in the oil from the leaves of Murraya
koenigit Spreng.

Isolatton.—By fractional distillation—of savin oil, for example.

Identification.—Sabinene cannot be purified through any crystalline derivative. It
is best characterized by:

(1) Its very low specific gravity.

(2) Oxidation with potassium permanganate, in the presence of free sodium hy-
droxide, yielding the sparingly soluble sodium salt of sabinenic acid. According to
Wallach,! the free acid melts at 57° and can be oxidized to sabinaketone CoH;,0, the
semicarbazone of which melts at 141°-142°.

According to Semmler 2 d-sabinene glycol C10H;302, too, may be used for the char-
acterization of sabinene. This dextrorotatory glycol m. 54°, bys 148°-150°, is obtained
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by the oxidation of sabinene with potassium permanganate under carefully controlled
conditions.

(3) Formation of a hydrate, characterized by Semmler 2 and Wallach 3 as follows:
m. 38°-39°, b. 195°-201°, [a]}s +53° 40’ (in ether).

Properties—The physical properties of sabinene, as recorded in literature,
vary considerably. Simonsen * recorded the following average values:

d-Sabinene

b. 163°-165° [a]p +80° 10’
dso 0.842 n 1.465

I-Sabinene
bros  161.5°-163° [alp  —46° 11’
d3d 0.8407 ny  1.465

Subsequent publications by Huzita,® and Padmanabhan and Jatkar ¢ note
certain comparable propertics for the active forms and report as optima:

bso 66° ¢ [e]D +89°4’ ¢
bag 57°-58° 5 ny 1.4460 ¢
d3° 0.8430 ©

The exaltation of the molecular refraction (41.34) is one of the highest ob-
served in the terpene group. It must be ascribed to the conjugation of the
exocyclic bond with the cyclopropane ring.

Sabinene has a tendency to pass into derivatives of a-terpinene; for ex-
ample, on shaking with dilute sulfuric acid in the cold, sabinene is transformed
into optically active terpinen-4-el and 1,4-terpin. On boiling with dilute
sulfuric acid, sabinene passes into terpinene. With hydrohalogens, sabinene
forms terpinene dihalogenides.

Use.—Sabinene, as such, is not used in our industries.

1 Liebigs Ann. 369 (1908), 270. Cf. Semmler, Ber. 33 (1900), 1465.

2 Ber. 33 (1900), 1463.

3 Liebigs Ann. 367 (1907), 64, 77.

4 “The Terpenes,” Vol. IT (1932), 17, Cambridge, The University Press.
5J. Chem. Soc. Japan 62 (1940), 431. Chem. Abstracts 36 (1942), 6754.
6 J. Am. Chem. Soc. 67 (1935), 336.
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“Camphene
CioHi6 Mol. Weight 136.23
H
H:C le C=—=CH:
J%Hz
CH;
H:C C cl
: | CHs
H

Camphene is the only C,oI;¢ crystalline hydrocarbon found so far in es-
sential oils. Due to its crystalline nature it has been obtained in pure form
and free from isomers, which cannot be claimed of other hydrocarbons. How-
ever, in only a few cases has it been possible to isolate camphene from cssen-
tial oils in crystalline form—for example, from Siberian pine needle oil.

Camphene is a bicyclic terpene of considerable interest and capable of
many reactions as it tends to undergo intramolecular rearrangements. Cam-
phene, therefore, has been the subject of numerous investigations, the dis-
cussion of which would lead too far in these pages. Suffice it to mention
only that camphene can be prepared synthetically by the elimination of hy-
drogen chloride from bornyl chloride, or from isobornyl chloride, or even
more conveniently by dchydration of isoborneol with zine chloride. ITow-
ever, In this case a mixture of several hydrocarbons will be obtained.

Occurrence.—d-, I- and dI-Camphene occur in nature quite widely distrib-
uted:

d-Camphene has been identified in Siberian pine needle oil, in oil of cypress,
camphor, lemon, orange, spike lavender, Eucalyptus globulus, nutmeg, gin-
ger, etc.

I-Camphene is also found in Siberian pine needle oil, in the oil distilled from
the needles of Abies concolor, of Pinus palustris, in American and Russian
turpentine oll, in Ceylon citronella oil, valerian oil, ctc.

dl-Camphene, too, has been found in numerous volatile oils.

Isolation.—As pointed out, the isolation of camphene from essential oils by mere
crystallization has been possible only in a few instances. In most cases it will be
necessary to resort to fractional distillation, or to employ an indirect method of isola-
tion from the corresponding camphene fraction of an essential oil by converting the
hydrocarbon into its chloride (with the theoretical amount of hydrogen chloride in
ethereal solution), and by regenerating the camphene with alkali (see “Identification”).

Identification.—Camphene may be identified by several methods.

(1) If the essential oil contains sufficient quantities of camphene, this terpene may
be separated in crystalline form, the crystals melting at 51°-52°. It is, however,
always advisable to confirm the identity of camphene by hydrating it to isoborneol
m. 212°, whereby some borneol is also formed. The isoborneol can be further character-
ized by the preparation of its bromal compound m. 71°-72°, its phenylurethane m.
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138°-139°, and its p-nitrobenzoate m. 129°. (See ‘“Isoborneol” and “Borneol,” and
their identification.)

For the hydration of camphene to isoborneol, Bertram and Walbaum ! recommended
the following procedure:

Heat 100 parts of the camphene fraction for 2 to 3 hr. and at 50°-60° with 250 parts
of glacial acetic acid and 10 parts of 509, sulfuric acid, and shake frequently. The
mixture will first separate into two layers but finally become homogeneous and develop
a slightly reddish color. After completion of the reaction add water, separate the
acetate, wash it repeatedly with water, and saponify the acetate by heating with a
solution of 50 g. of potassium hydroxide in 250 g. of alcohol. Remove the alcohol and
add water. The isoborneol will precipitate as a crumbly mass. Purify by recrystalliza-
tion from petroleum ether. The determination of the melting point of isoborneol
(about 212°) must be undertaken in a sealed capillary tube, as otherwise the isoborneol
would sublime.

When following Bertram and Walbaum’s procedure, it should be kept in mind
that, in addition to isoborneol, some borneol is formed. According to Aschan,? the
isoborncol prepared by this reaction contains about 209, of borneol. The phen-
ylurethanes of both borneol and isoborneol melt at 138°-139°; therefore other deriva-
tives should be used for their identification (see above). :

(2) Mecerwein and van Emster 3 found that, on treatment with the theoretical quan-
tity (but no excess) of hydrochloric acid in methyl alcoholic or ethereal solution, cam-
phene forms true camphene hydrochloride in the form of snow-white crystals m.
125°-127°. The true camphene hydrochloride possesses a strong, menthol-like odor
and is extremely unstable: it cannot be recrystallized without profound change.

If camphene is further treated with hydrochloric acid, in other words, with excess
hydrochloric acid, the resulting product will be isobornyl chloride m. 150°-158°, in
somewhat impure form.

Camphene can be regencrated from true camphene hydrochloride and from isobornyl
chloride by the action of alkali. Both true camphene hydrochloride and isobornyl
chloride are optically active in the opposite sense to the camphene from which they
had been prepared. This method of identifying or isolating camphene will be successful
only if the corresponding fraction of the oil contains a high percentage of camphene.

(3) If only small quantities of camphene are present in an essential oil, its identifica-
tion may be difficult. The best method in this case 1s to oxidize the hydrocarbon with
potassium permanganate solution in acetic acid to camphenilone CoH14,0 which can
be characterized through its semicarbazone m. 224°. (See “Camphenilone.”)

(4) Lipp,* and Hiickel et al.5 have used the w-nitrocamphenes satisfactorily to char-
acterize this hydrocarbon. Lipp reported the dl-w-nitrocamphene as m. 64° and the
l- as m. 84°-85° [a]p —146° 24’ (in benzenc), whereas Hiickel and co-workers in their
studies on an optically homogeneous camphene recently prepared d-w-nitrocamphene
with these properties (after recrystallization from petroleum ether): m. 85°; [a]38
+153° 24’ (in benzene), [a]fs® +184° 24’ (in alcohol); a sample (purified in methyl
alcohol) m. 85°-86° gave rotational values of +149° 36’ (in benzene) and +176° 07
(in alcohol).

Properties.—Camphene is a white, crumbly, crystalline mass possessing a
faint camphoraceous odor. It sublimes and is more resistant against the
influence of air and light than the other terpenes.

As camphene may be obtained crystalline and free from adhering impuri-
ties by solution in alcohol and precipitation with water, this hydrocarbon
should lend itself to isolation in a high state of purity. However, inspection
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of the several widely variant physical properties reported by many authors
(including Pariselle,® Lecat,” Ross and Somerville,® Kachler and Spitzer,?
Tschugaev,'® and Eijkman ) for this hydrocarbon encourages a disbelief in
the purity as well as optical homogeneity of most of the compounds studied.
Although the d-, -, and dI- stereoisomers derived from various sources have
been described, the constants reported on the natural isolates are not as high
as those observed on the synthetically derived hydrocarbons. In the table
below the optical rotation of the isomers exhibits a fair degree of homogeneity.
The other properties may, therefore, also be considered optima.

PROPERTIES
Isomers
Constants
d l dl
b. 160° 8.14 150°=160° 16,16 158°-160° 7,20.18
158.5° 12
b74s 157.6° 13 O
b712 - 156.3°-156.7° (corr.)1?
by7 LYAR o o
m. 51.2° (corr.)? 51°-5H2° 50° 14.18,19
50° 14 49)°-50° 18 .
dzs . . 0.8223 1
ds* . 0.84224 2
d3° 0.8486 12 .
dso . 0.8555 14
[a]® +107° 42’ 17 (in —95°34' 10 (¢ = 17.87
benzence) in tolucune)
+99° 36’ 17 (in alcohol) .
[a]1 —02°24’15 (¢ = 2.2in
alcohol)
[a]] +103° 54’ 14 (p = 9.67
in ether)
[a]D C. —04° 37" 18
nd} .. 1.45514 2
nY 1.46048 12 L
ngy L 1.46207 14

Aschan 2 studied the properties of d-camphene derived from American
turpentine oil, while Tsakalotos and Papaconstantinou !* gave constants on
the hydrocarbon from Greek turpentine; the l-camphene reported by Wallach
and Gutmann,'* Golubev,!® and Schindelmeiser !® were obtained from Siberian
pine needle oil. The sample of hydrocarbon examined by Hiickel et al.'?
was described as optically homogeneous. This is proved by its high optical
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rotation as workers have reported [a]p values on the optical enantiomorphs
from +52° to +104°, and melting points from 39° to 52°. dI- Products of
Bertram and Walbaum,'® and Lipp !* were derived from isoborneol; those of
Langlois 2° from w-camphene carbonic acid, and the I- isomer of Briihl %
from I-bornyl chloride.

When calculated upon a temperature of 20°, the value of d would be about
0.870, and that of np about 1.470.

As pointed out, camphene shows a marked tendency to undergo intramo-
lecular rearrangements. Although camphene contains an ethylenic linkage
it does not react easily or smoothly with chlorine or bromine. The action of
halogen acids, especially hydrochloric acid, has been discussed under ‘‘Iden-
tification.” Hydration under usual conditions yields the secondary alcohol
isoborneol and some borneol, an intermediate product of the hydration being
the tertiary alecohol camphene hydrate m. 150°-151°, b. 206°-207.5°, phenyl-
urethane m. 89°.

According to Wagner,?? the oxidation of camphene with dilute potassium
permanganate yiclds camphene glycol C;oH;6(OH)o, m. 199.5°-200°, and
several acids, among them camphenic acid C;oH ;604 (dibasic and isomeric
with camphoric acid), and an e-hydroxy acid, viz., camphenylic acid, m. 170°-
172°, this acid giving on further oxidation camphenilone CoH40. For de-
tails, see Simonsen’s “The Terpenes,” Vol. 11 (1932), 240.

One of the most interesting of the properties of this terpene is its tendency
to form azeotropic binary mixtures with numerous compounds, which char-
acteristic may be used to advantage in connection with identification (cf.
Vol. V, Beilstein E 11, 106).

Use.—Synthetic camphene and camphene-containing fractions of essential
oils are quite widely used in low-priced mixtures serving for the scenting of
all kinds of technical preparations.

1J. prakt. Chem. 11, 49 (1894), 1.

2 Ber. 40 (1907), 4923.

3 Ber. 63 (1920), 1824; 656 (1922), 2500.

4 Liebigs Ann. 382 (1911), 296; 399 (1913), 241; 402 (1914), 343.
5 Jbid. 649 (1941), 186. Chem. Abstracts 37 (1943), 1907.

6 Compt. rend. 180 (1925), 1832.

7 Rec. trav. chim. 46 (1927), 243.

8 J. Chem. Soc. (1926), 2775.

9 Liebigs Ann. 200 (1880), 350.

107, physik. Chem. 76 (1911), 471.

1t Chem. Zentr. TT (1907), 1210.

12 Iiebigs Ann. 398 (1913), 301.

B Chem. Zentr, I1 (1916), 1015. J. pharm. chim. [VII], 14 (1916), 97.
U [iebigs Ann. 367 (1907), 80.

15 J. Russ. Phys. Chem. Soc. 36 (1904), 1107; 41 (1909), 1004.

16 [bid. 836 (1903), 76. Chem. Zentr. 1 (1903), 835.

17 Liebigs Ann. 649 (1941), 186. Chem. Abstracts 37 (1943), 1907.
18 J, prakt. Chem. 11, 49 (1894), 8.

1 Iiebigs Ann. 382 (1911), 282.
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2 Ann. chim. [9], 12 (1919), 334.

2t Ber. 26 (1892), 147, 162.

2 Ber. 23 (1890), 2311. Sce Tiemann, Ber. 29 (1896), 124. Aschan, Liebigs Ann. 376
(1910), 336; 383 (1911), 52.
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The Fenchenes
CioH16 Mol. Weight 136.23

The occurrence of fenchene in nature has been reported but not definitely
proved, although it may be present in some essential oils. Bouchardat and
Tardy ! claimed that they isolated from o1l of Eucalyptus globulus a terpene
which, on heating with benzoic acid, yiclded fenchyl alcohol. Later Auster-
weil 2 showed that o- and G-pinene, too, on heating with organic acids give
fenchene and fenchene derivatives. Both «- and B-pinene on hydration
yield fenchyl alcohol. It is, therefore, quite possible that the formation of
fenchyl alcohol, as observed in the above-mentioned case of Eucalyptus glob-
ulus oil, was due to - and B-pinene and not to fenchene.

The chemistry of fenchene and its isomers, especially their nomenclature,
is quite complicated and confused. Since space does not permit a discussion,
the reader is referred to the excellent account of Simonsen in his work “The
Terpenes,” Vol. II, page 437, Cambridge, The University Press, 1932.

It is possible to prepare from fenchone four isomeric bicyclic hydrocarbons
and a tricyclic hydrocarbon:

I. a-Fenchene (Wallach’s D-I-fenchene or I.-d-fenchene).

II. B-Fenchene (Wallach’s D-d-fenchene or L-I-fenchene).
III. v-Fenchene.
IV. é-Fenchene.

V. Cyclofenchene (Aschan’s 8-pinolene).
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The fenchenes can be prepared by three general methods, viz.:

(a) Direct dehydration of fenchyl or isofenchyl alcohol.

(b) Distillation of methyl fenchyl or isofenchylxanthates.

(¢) Cleavage of hydrogen chloride from fenchyl or isofenchyl chlorides.

The reactions, however, do not proceed smoothly and are accompanied by
molecular rearrangement which results in the formation of several hydro-
carbons. Thus it seems quite possible that none of the fenchenes has ever
been obtained in pure form. According to the method of preparation, var-
ious isomers will be formed which possess different physicochemical prop-
erties.

L Compt. rend. 120 (1895), 1418.
2 Chem. Ztg. 50 (1926), 5, 33.

I. a-Fenchene
CIOHIG Mol. Welght 136.23

H
H.C C CH:
' Hi;C—C—CHs

H.C C=—CH:

C
H

a-Fenchene is known both in the dextro- and lacvorotatory forms and is
probably the fenchene originally prepared by Wallach.!

Identification.—a-Fenchene can be characterized:

(1) According to Wallach and Virck,2 by the preparation of its erystalline dibromide.
The d- and {- forms melt at 87°-88°, [a]p +42° 50 (in ethyl acetate). The dI- form
melts at 62°.

(2) According to Bertram and Helle,3 a-fenchene, on hydration with glacial acetic
acid and sulfurie acid, yields isofenchyl acetate. The free alcohol melts at 61.5°-62°,
its phenylurethane at 106°-107°.

Properties—a-Fenchene possesses a camphor-like odor. The following
properties have been reported:

l-a-Fenchene (prepared from [-fenchyl alcohol), according to Ruzicka and
Liebl: *

broo  153°-154° []b —38° 0/
d? 0.870 n3 1.4750

d-a-Fenchene (prepared from d-fenchylamine), according to Wallach and
Virck: 8
b. 155°-156°

oy +29° 0/
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dl-a-Fenchene [Isopinene] (dehydration of 3,7,7-trimethyl-bicyclo-[2,2,1]-
heptan-3-ol), according to Komppa and Roschier: ¢

b. 154°-156°
d®  0.8660
nzy 1.4705

The hydrochloride melts at 35°-37°. This product isomerizes, according
to Komppa and Nyman,? to the 8- and - form when heated with potassium
bisulfate for a few minutes.

Use.—a-Fenchene, as such, is not used in our industries.

1 Liebigs Ann. 263 (1891), 129.

2 Ibid. 362 (1908), 182, 190. Cf. Quist, <bid. 417 (1918), 299.

3 J. prakt. Chem. 11, 61A (1900), 293. Ber. Schimmel & Co., Oct. (1898), 55; April (1900), 57.
¢ Helv. Chim. Acta 6 (1923), 270.

5 Liebigs Ann. 362 (1908), 199.

8 Chem. Zentr. 1 (1917), 751.

7 Liebigs Ann. 543 (1940), 111.

II. B-IFenchene

C]()Hm Mol. Weight 136.23
HC IC{ C/CHs
| CH;
T
H2C:C ?{ CH:

d-B-Fenchene was first prepared by Bertram and Helle ! by dehydration of
l-isofenchyl alcohol.

Identification.—d--Fenchene can be characterized by the preparation of its crystal-
line dibromide m. 81°-82°, or its nitrosochloride m. 120°, according to Quist.2

Properties.—When prepared by the cleavage of hydrogen chloride from [-
isofenchyl chloride with o-toluidine, d-8-fenchene had these properties ac-
cording to Quist: 3

b. 150.5°-153.5° oy +62°27
d?’  0.8599 ny  1.4645

On hydration g-fenchene yields isofenchyl alcohol.

The racemic form has also been prepared but its purity remains question-
able inasmuch as it has been derived by destructive distillation methods
(Komppa and Roschier 4):

b. 151°-153°
di°  0.8596

n% 1.4658

Use.—B-Fenchene, as such, is not used in our industries.
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1 J. prakt. Chem. 11, 61 (1900), 303.

2 Liebigs Ann. 417 (1918), 315.

3 Ibid.

4 Ibid. 470 (1929), 139. Chem. Zentr. 1 (1918), 622.

III. ~y-Fenchene

He g o <CHa
| CHs
. (i}Hz
H:C—C C CH:
H

Identification.—According to Komppa and Beckmann,! y-fenchene yields a nitro-
sochloride m. about 150°, and a nitrosate m. 146°-147° (with decomposition).

One of the most useful derivatives for diagnosing the - or é-fenchenes in mixtures
is that of the phenylazide. With this reagent Alder et al.2 have reported:

a-fenchene fails to react

B-fenchene ?

v-fenchene adducts: T m. 148°-149°, II m. 177°
o-fenchene adducts: I m. 122°, IT m. 128°-129°

Properties.—On dehydrating a-fenchyl alecohol with potassium hydrogen
sulfate, a hydrocarbon fraction b. 145°-147°, d}’ 0.8547, njj 1.46072, is ob-
tained which contains y-fenchene as main constituent.

Use.—y-Fenchene, as such, is not used in our industries.

1 Liebigs Ann. 503 (1933), 130.
2 [bid. 601 (1933), 28; 516 (1935), 177.

1V . é-Fenchene

(Fenchylene or Isofenchenc)

Ciollia Mol. Weight 136.23
H _CHs
HC C C\
. CH;
?Hz
HC C CH:

b

6-Fenchene is also known as fenchylene and isofenchene. It has not been
prepared in pure form.

Identification.—6-Fenchene can be characterized by the preparation of a nitroso-
chloride m. 142°, and a nitrosate m. 163°. (See ‘“y-Fenchene’’ re phenylazide.)



74 HYDROCARBONS

Properties—When obtained by the distillation of [-isofenchylxanthate,
é-fenchene had these properties, according to Nametkin and Ruschentzev:?!

b. 139°-140° [a]p —68° 46" (in alcohol)
d3° 0.8381 n% 1.4494

Use.—é-Fenchene, as such, is not used in our industries.
1J. prakt. Chem. 11, 106 (1923), 35.

V. Cyclofenchene

CIOHIG q CH Mol. Weight 136.23
e 3
H.C C C
CH;
CH:
HC CH
CH;

Cyclofenchene (Aschan’s B-pinolene) is usually found in the lowest boiling
fractions of the fenchene mixture obtained by any of the methods mentioned
in the introduction to this section on fenchenes.

Identification.—When treated with bromine, cyclofenchene yields a-fenchene di-
bromide m. 86°-87°; with hydrogen chloride cyclofenchene forms a hydrochloride m.
26°-29° which is somewhat unstable.

Propertics.—Cyclofenchene is the only one of the fenchene isomers which
has been prepared in pure form because it is very slowly attacked by potas-
sium permanganate. By shaking it with this oxidizing agent for several
hours, at 60°-80°, cyclofenchene may thus be freed from unsaturated hydro-
carbons.

According to Namectkin and Bryusov,! cyclofenchene has these properties:

b7s4 143.0°-143.5°

di’ 0.8603

np 1.4515
On hydration, cyclofenchene yields isofenchyl alcohol.
Use.—Cyclofenchene, as such, is not used in our industries.

! Liebigs Ann. 469 (1927), 166. J. Russ. Phys. Chem. Soc. 60 (1928), 290.
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Gust. Komppa and R. H. Roschier, ‘“Fenchene Series. Ozonization and Constitution
of the Fenchenes,” Liebigs Ann. 470 (1929), 129. Chem. Abstracts 23 (1929), 3693.
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32 (1938), 8396.

N. J. Toivonen, V. Alfthan, L.. H. B66k, M. I. Erich and E. K. Heino, “Chemistry of
Synthetic Diterpenes. Dimerization of Fenchene with Clay Catalysts: 8-Difenchene,”
J. prakt. Chem. 169 (1941), 70. Chem. Abstracts 3T (1943), 4064.

W. R. Littlejohn, ‘“The Fenchenes,” Perfumery Essential Oil Record 39 (1948), 220.

a-Thujene

CIOHIG CH Mol. Welght 136.23
3

/é\

HC CH

2

H. CH
/
N (f

Q

AN
HsC CH

3

Occurrence.—According to Simonsen,! d-a-thujene is the main constituent
in the terpene fraction of the oil distilled from the gum-oleoresin of Boswellia
serrata Roxb., and in the oil from the leaves of the Formosa Hinoki tree. It
has also been reported by IHuzita 2 in orthodon oils. Birch and Earl ® proved
that the “origanene’” found by Birch * in oil of Eucalyptus dives is actually a
mixture of d- and dl-a-thujene.

Isolatton.—By fractional distillation.

Identification.—a-Thujene may be characterized:

(1) By its low specific gravity.

(2) By its conversion into terpinene dihydrochloride through the action of hydrogen
chloride.

(3) According to Wallach,5 and Kondakov and Skvorzov,® a-thujene, on oxidation
with potassium permanganate (and depending upon the conditions), yields either
a-thujaketonic acid m. 75°-76° (semicarbazone m. 182°-183°, oxime m. 174°-176°),
the stable d-a-thujadicarboxylic acid m. 141°-142°, or d-B-thujadicarboxylic acid m.
116°-118°. On oxidation with dilute permanganate solution and at low temperature,
only a-thujaketonic acid is obtained (but this in quantitative yield).

Propertics.—d-a-Thujene is a colorless oil possessing a somewhat sharp
odor, quite different from that of a-pinene.
According to Simonsen,” natural d-a-thujene has these properties:

bego 152.0°-152.5° [a]? +37° 41’
d3d 0.8314 nd 1.4502

These observations confirm the earlier findings of Tschugaev and Fomin,?
and Ostling.?
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The laevorotatory form has also been derived from decomposition of cer-
tain synthetic thujyl derivatives, according to Tschugaev.!?

The cyclopropane ring of a-thujene is unstable and readily undergoes fis-
sion. The action of hydrogen chloride and hydrogen bromide in acetic acid
solution yields the corresponding terpinene dihalogenides. a-Thujene is only
very slowly attacked by oxygen.

Use.—a-Thujene is not used in our industries.

1 Indian Forest Records 9 (1923), 289.
2 J. Chem. Soc. Japan 61 (1940), 729. Chem. Abstracts 36 (1942), 6753.

3J. Proc. Roy. Soc. N. S. Wales 72 (1938), 55.

¢ Ibid. T1 (1938), 330.
§ Liebigs Ann. 360 (1906), 166. See also Tiemann and Semmler, Ber. 30 (1897), 431.
8 J. prakt. Chem. I1, 69 (1904), 181. Sece also Thomsen, J. Chem. Soc. 97 (1910), 511. Tschu-

gaev, Ber. 37 (1904), 1484.
" Indian Forest Records 9 (1923), 298.
8 Ber. 46 (1912), 1297.
9 J. Chem. Soc. 101 (1912), 471.
10 Ber. 34 (1901), 2279; 37 (1904), 1482.

CroHye Mol. Weight 136.23

B-Thujene was described by Tschugaev,! and by Kondakov and Skvorzov.? '

Occurrence.—B-Thujene has not yet been reported to occur in nature, but
Huzita 3 recently identified the a- isomer in oil of Orthodon hirtum Hara and
75 per cent “thujene” in Orthodon punctulatum Ohwi. Therefore, the pres-
ence of S-thujene in the orthodon oils seems likely.

Properties.—Tschugaev and Fomin ¢ reported these properties:

b739 1470 [a]D + 1 100 47,
dz° 0.8208 n% 1.44708

On oxidation, g-thujene yields di-homothujadicarboxylic acid C;oH;404,
m. 146°-147°,
Use.—pB-Thujene is not used in our industries.
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1 Ber. 37 (1904), 1483.

2 J. prakt. Chem. 11, 67 (1903), 574; II, 69 (1904), 176.

3J. Chem. Soc. Japan 61 (1940), 729; 62 (1941), 134. Chem. Abstracts 36 (1942), 6752.
* Ber. 45 (1912), 1297.

“Bornylene

"10H16 on Mol. Weight 136.23
3

H.C C CH
H:C—C—CH;

H.C C CH
H
This unsaturated bicyclic hydrocarbon was prepared synthetically by Wag-
ner and Brickner,! and by Tschugaev.?
Occurrence.—Bornylene does not occur in nature. However, it is an im-
portant isomerization product in diagnostic reactions of the borneols (cf.
Shavrygin 3 and Kharasch, Engelmann and Urry *).

Identification.—According to Henderson and Heilbron,® bornylene can be char-
acterized by its nitrosite m. 163°, prepared by the action of nitrous acid on bornylene.

Achmatowicz ¢ has prepared the halogen acid addition products of bornylene.
These are best obtained, according to this author, by reaction of the hydrohalide with
the hydrocarbon in chloroform at 0° C.

C10H17Cl m. 1490—149.50 [a]D +15° 26/
CioH17Br m. 124°-125° [a]p +6° 31
CloH17I m. 220—250 [a]D +55° 11
Properties.— Although crystalline, bornylene is readily volatile. The fol-

lowing properties have been reported:
d-Bornylene, according to McAlpine: 7

m. 113°
bzs0 146.5° (T'schugaev and Budrick ?)
[y +23° 56’ (in benzene, ¢ = 8.23)

l-Bornylene (Bredt and Hilbing )

m. 113°
b745.5 146°
[]Dy —23° 56’ (in benzene, ¢ = 8.23)

dl-Bornylene does not seem to have been described in literature.
Use.—Bornylene, as such, is not used in our industries.
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1 Ber. 33 (1900), 2121.

2 J. Russ. Phys. Chem. Soc. 32 (1900), 332.
3J. Gen. Chem. U.S.S.R. 10 (1940), 807.

4 J. Am. Chem. Soc. 66 (1944), 365.

8 J. Chem. Soc. 99 (1911), 1896.

8 Rocznikit Chem. 8 (1928), 55.

7J. Chem. Soc. (1932), 545.

8 Liebigs Ann. 388 (1912), 288.

9 J. prakt. Chem. [2], 84 (1911), 782.

SUGGESTED ADDITIONAL LITERATURE

Stotherd Mitchell and S. B. Cormack, “Rotation Dispersion and Circular Dichroism
of Bornylene Nitrosite,” J. Chem. Soc. (1932), 415. Chem. Abstracts 26 (1932), 3729.

Orthodene
CioHie Mol. Weight 136.23
H

H.C

~ / X
cZ® >CH, S C—CH

HJC/ \(5)/ i4) / 3

H

@ \JH2

Occurrence.—Fujita ! found that the oil distilled from the herb Orthodon
lanceolatum Kudo (fam. Labiatae) contains 7 per cent of a dicyclic terpenc
which Fujita named orthodenc.

Isolation.—By fractional distillation.

Identification.—Through its properties. Oxidation with permanganate gave a keto
acid CioH1603 m. 129°-130°, semicarbazone m. 116°-118°; further reaction with
sodium hypobromite yielded bromonorpinic acid m. 76°-77°. Guha and Ra0,2 in the
course of investigating Fujita’s acid, concluded that this product was the cis- com-
pound.

Properties.—Fujita 3 reported these properties of orthodene:

bysz  168°-170° (corr.) o) +32°36
d3° 0.8430 n3 1.4670

Use.—Orthodene is not used in our industries.

vJ. Chem. Soc. Japan 64 (1933), 1181.
2 Ber. 71 (1938), 1591.
3J. Chem. Soc. Japan 64 (1933), 1184.
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‘Camphane
CIOHIS Mol. Welght 138.24
(10)(l:‘,Hg
H.Ce Co (2)CH2
®) Hac—C&)—CHa @ J
H.C™ c——2¢,
H

Being the parent hydrocarbon of the camphor group, this saturated bi-
cyclic terpene merits a brief description in these pages.

Camphane has been prepared synthetically by several workers, among
them Semmler,! Aschan,? Kishner,? and Wolff.

Occurrence.—Camphane does not occur in nature.

Properties—Camphane possesses a faint odor similar to that of borneol,
and is very volatile even at room temperature. Optically inactive, m. 156°-
157°, b. 157°-159° (Biilmann, Jensen and Bak °). Camphane is extremely
resistant to the action of reagents, except to dilute nitric acid at 145°-150°
whereby nitro derivatives are formed, according to Konovalov and Kikina,®
and Nametkin.”

Use.—Camphane has not found any practical use in our industries.

1 Ber. 33 (1900), 777, 3424.

2 Ber. 33 (1900), 1009; 46 (1912), 2395. Liebigs Ann. 316 (1901), 234.
3J. Russ. Phys. Chem. Soc. 43 (1911), 582.

4 Liebigs Ann. 394 (1912), 95.

5 Ber. 69B (1936), 1947.

6 J. Russ. Phys. Chem. Soc. 34 (1902), 935.

7 [bid. 47 (1915), 409.

(¢) Serirs oF Lowrr TrerreNE HoMOLOGUES.

Santene
(Norcamphene)
CoH 4 Mol. Weight 122.20
H
H.C (|3 C-CH3;
CH,
H.C (LJ C-CH;3;
H

Occurrence.—Santene occurs in East Indian sandalwood oil, also in Siberian,
German and Swedish pine needle oil, in the oil distilled from the needles of
Abies alba and a few other volatile oils.
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Isolation.—By fractional distillation.

Identification.—Santene can be identified, according to Miiller,! and Aschan: 2

(1) By the preparation of its a-nitrosochloride which crystallizes in the form of
blue needles m. 109°-110°. On exposure to the air the a- form passes into the colorless
B- form. The latter is possibly bimolecular since, on heating to 90°, it is converted
into the blue a- modification.

(2) By the preparation of the nitrosite which crystallizes in the form of blue prisms
m. 123°-126° and which, according to Deussen,? with alcoholic potassium hydroxide
yields the colorless form m. 104°.

(3) With hydrogen chloride in ethereal solution, santene forms a crystalline hydro-
chloride m. about 80°. On digestion with aniline, santene may be reconverted from
this hydrochloride. When treated with milk of lime at 70°-80°, the hydrochloride
yields santene hydrate CoH140 (see “Santene Hydrate”).

(4) On treatment with bromine, santene yields a tribromide m. 62°-63° according
to Miiller,* but m. 77°-78° according to Aschan & who expressed the opinion that the
melting point of the tribromide varies according to the origin of the santene.

(5) On careful oxidation of santene with potassium permanganate in acetone solu-
tion, Semmler and Bartelt ¢ obtained a diketone CgHy40;, byg 119°-124°; disemicar-
bazone m. 216°.

(6) Santene, according to Deussen,” reacts with mercury salts to form characteristic
derivatives. With the acetate, a hydroxy mercuric acetate m. 126°-127° is obtained,
while the iodide yields the corresponding derivative melting at 130°-131°.

(7) Deussen 8 reports that catalytic reduction yields a dihydro derivative boiling
at 150°-152°, dys.5 0.8712, 0¥ 1.4636.

Properties.—Santene is an oil of somewhat unpleasant odor. Tt is difficult
to obtain in pure form and resinifies quite readily.

Aschan,? Semmler,!® Schimmel & Co.,'t and Miiller 1* all appear to be in
good agreement on the following range of properties reported for santene:

bz 140°-141°1 an +0°

b. 139°-140° 12,9 n39 1.46436 1
b1s 35°-37° 12 ny>  1.46960 °
by 31°-33° 10 np 1.46878 °
dao 0.863 10 1.46658 10

diz 0.869 1
dis 0.8710 12
d}’ 0.8735 ¢

Santene is not affected by the action of alkali, but it can easily be hydrated
either with acetic acid-sulfuric acid (Bertram-Walbaum method), by treat-
ment with formic acid, or with sulfuric acid in ethereal solution. The product
of hydration will be santenol CoH;50 (see “Santenol”).

Use.—Santene as such is not used in our industries.

1 Arch. Pharm. 238 (1900), 369, 380.
2 Ber. 40 (1907), 4920.
3J. prakt. Chem. 114 (1926), 116.
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4 Arch. Pharm. 238 (1900), 372.

5 Ber. 40 (1907), 4920.

§ Ber. 41 (1908), 128. Cf. Semmler, Ber. 40 (1907), 4596.
7J. prakt. Chem. 114 (1926), 112, 114.

8 Ibid.

 Qversikt Finska Vetenskaps-Soc. Forh. 63A, 8 (1910-11), 5.
10 Ber, 40 (1907), 4595.

1 Ber. Schimmel & Co., Oct. (1910), 98.

2 Arch. Pharm. 238 (1900), 369, 380.

D. SESQUITERPENES

Introduction.—Many essential oils contain in the fractions b. 250°-280°
hydrocarbons of the empirical molecular formula CysHs4 which have been
named sesquiterpenes. Hundreds of sesquiterpenes are described in litera-
ture but only in the case of relatively few has it been possible to declare them
homogeneous substances and to identify them by derivatives. Being un-
saturated hydrocarbons, the sesquiterpenes form halogen compounds, hydro-
gen halides, nitrosochlorides, nitrosites and nitrosates, some of them crystal-
line and therefore helpful in the identification of the parent sesquiterpene.
Most of these hydrocarbons are of faint odor, more viscous than the terpenes,
sparingly soluble in alcohol, b. 250°-280°, d 0.84-0.93 (usually above 0.90).
Like the terpenes Col g, they resinify quite readily.

Semmler,! and Schreiner and Kremers ? classified the sesquiterpenes into
four main groups, each group characterized by considerable constancy in the
specific gravity of its members.

dis ni [RLlp
Acyclic (four ethylenic linkages) 0.84 1.53 69.5
Monocyclic (three ethylenic linkages) 0.89-0.87 1.51-1.49 67.8
Bicyclic (two ethylenic linkages) 0.92-0.90 1.51-1.50 66.1
Tricyelic (one ethylenic linkage) 0.935-0.91 1.50-1.49 64.4

The first general formula for the sesquiterpenes was advanced by Wallach 3
who suggested that a sesquiterpene molecule is composed of three isoprene
nuclei, but real progress in the chemistry of the sesquiterpencs was made
only about twenty-five years ago when Ruzicka and collaborators 4 provided
an experimental basis for work on the elucidation of the structure of the ses-
quiterpenes. In the course of their investigations Ruzicka and Meyer 5 were
able to show that cadinene, on dehydrogenation with sulfur, yields a naph-
thalene hydrocarbon, viz., cadalene (1,6-dimethyl-4-isopropylnaphthalene).
The same is true of calamene, zingiberene, isozingiberene, and a few other
sesquiterpenes. Ruzicka, Meyer and Mingazzini ¢ proved that selinene on
dehydrogenation with sulfur yields another naphthalene hydrocarbon, viz.,
eudalene (1-methyl-7-isopropylnaphthalene). The same is true of eudesmol,
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eudesmene, and a few other sesquiterpenes. These reactions take place ac-
cording to the following equation:

CisHos + 38 — Cy5Hys + 3HoS

Cadalene

Cl5H24 + 38 — Cl4H16 + 2H28 -+ CII3SI{

Eudalene

The formation of cudalene thus entails tle cleavage of one methyl group
from the parent sesquiterpene molecule.

L
C CH CII CH
7 N/ N 7 N\_/
HC C CH H;C HC C CH
| I | NI I |
HC C C—CHj; C—C C CH
NS N A AR NV AN 4
(IJ cH H;C CH (I)
CH CHj;
7\
H;C CHj
Cadalene Eudalene

These two naphthalene hydrocarbons have the following properties:
Mol.
b d no Refr.

Cadalene broe  291°-292° di® 0.9792 ny 1.5851 67.7
Eudalene breo 280°-281° di’ 0.9734 nly  1.5847 63.31

Both cadalene and eudalene can be characterized by the preparation of
crystalline addition compounds: picrates may be prepared by adding the
naphthalene hydrocarbon to a hot saturated alcoholic solution of 1 mol of
picric acid. Styphnates precipitate in the form of yellow needles if an alco-
holic solution of 1 mol of trinitroresorcinol is added to the naphthalene hy-
drocarbon.

Cadalene picrate m. 115°
Itudalene picrate m. 90°-91°
Cadalene styphnate m. 138°

Eudalene styphnate  m. 119°-120°

Cadalene and eudalene are the only naphthalene hydrocarbons obtained
by dehydrogenation of sesquiterpenes and sesquiterpene derivatives. This
reaction, however, does not represent a general method of determining the
ring structure of the sesquiterpenes. It is of limited use with monocyclic
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and bicyclic sesquiterpenes, and useless with tricyclic sesquiterpenes and ses-
quiterpene derivatives. In these cases other methods have to be resorted to
in order to determine the ring structure of the parent sesquiterpene.

1 Ber. 36 (1903), 1037.

2 “The Sesquiterpenes,” Milwaukee, 1904. Cf. Simonsen, ‘“The Terpenes,” Vol. IT (1932),
486.

3 Liebigs Ann. 238 (1887), 78; 239 (1887), 49.

4 Sce Ruzicka, ‘“Uber Konstitution und Zusammenhiinge in der Sesquiterpenreihe” (1928).

§ Helv. Chim. Acta 4 (1921), 505, 508.

6 Ibid. 6 (1922), 345, 363.

SUGGESTED ADDITIONAL LITERATURE

Pl. A. Plattner, A. Furst und K. Jirasek, “Zur Kenntnis der Sesquiterpene. Uber
das Bicyclo-[0,3,5]-decan,” Helv. Chim. Acta 29 (1946), 730.

Pl. A. Plattner, A. First, and J. Hellerbach, “Sesquiterpenes. The Stereochem-
istry of 1,3-Dimethyl-2-Cyclohexanols,” Helv. Chim. Acta 30 (1947), 100 (in German).
Chem. Abstracts 41 (1947), 3768.

(a) ALIPHATIC SESQUITERPENES,

Sesquicitronellene
CisHos CH Mol. Weight 204.34
g
|
C CH,

N N
IT,C CII  CH

| |
H,C  HyC C—CHj
N
”3H CH
C
7N\
H,C CH,

Sesquicitronellene is an acyclic sesquiterpene containing four ethylenic
linkages. This type of structure suggests the hydrocarbon to be one of the
four possible geometric isomers of the farnesenecs.

Occurrence—In the sesquiterpene fraction of Java and Ceylon citronella
oil, according to Schimmel & Co.,! and Semmler and Spornitz.?

Isolation.—The fraction b. 268°-270° of Java citronella oil is extracted several
times with 60-709, alcohol (in order to remove the isoeugenol), and repeatedly frac-
tionated over metallic sodium at reduced pressure.

Identification.—Reduction with sodium and alcohol yields dihydrosesquicitronellene
CISH26, bis 1310_1330’ dso 0.8316, ap :I:Oo, np 1.4800.
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Although the original workers did not prepare further derivatives of this dihydro
compound, subsequent investigators have obtained dihydrogenated farnesenes that
yield characteristic derivatives. Jones and Haenke ?® obtained a hexabromide m. 131°
from the dihydrofarnesene isolated from the nerolidol fraction in Queensland oils,
whereas Farmer and Sutton * obtained a trihydrochloride salt m. 52° from a synthetic
dihydrofarnesene. However, this hydrocarbon did not yield a crystallizable bromide.
The physical properties of the dihydrofarnesenes thus far isolated do not agree with
those observed by Semmler and Spornitz. However, the two types of derivatives, i.e.,
the hexabromide and trihydrochloride, are recommended for diagnostic purposes in
the case of sesquicitronellene.

Properties.—The following properties have been reported by Semmler and

Spornitz:
by 138°-140° [a]D +0° 36’

dgo 0.8489 np 1.53252

On digestion with concentrated formic acid, sesquicitronellene yields a mono-
cyclic compound bys 129°-132°, dgg 0.8892, apy +56° (0, np 1.5069, which
should consist mainly of bisabolene, if sesquicitronellene is actually identical
with farnesene. However, literature does not mention that a crystalline tri-
hydrochloride was prepared.

Use.—Sesquicitronellene, as such, is not used in our industries except as
part of certain high boiling citronella o1l fractions which serve as fixatives in
the scenting of soaps and technical preparations.

L Ber. Schimmel & Co., Oct. (1899), 19.
2 Ber. 46 (1913), 4025.

3 Proc. Roy. Soc. Queensland 48 (1937), 44.
4J. Chem. Soc. (1942), 116.

(b) MoNOCYCLIC SESQUITERPENES.

Bisabolene
(Limene)
(315H24 Mol. Welght 204.34
CHjy (”3I{>
|
¢ Cl ¢ CH
7 N\x/ "\ RNV ERN
HC (|TH ('H, Hz(|3 Cl (Ifllz
| | |
IH,C CH, (|‘~—(YII3 IL,C Cll, C—CHj;
ANV 4 ANV
(“‘« H ('H (IJH CH
|
C C
RN /
H;C C'Hj, H;C CHj

a-Bisabolene B-Bisabolene
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CHj;

|
C CH,
N N
Pbﬁf ﬁf C'H,
|
H,C CHy (—CHjs

N N7
CH  CH

I
C
RN
IL,C CI,

v-Bisabolene

According to Ruzicka and van Veen,! this monocyclic sesquiterpene con-
taining three ethylenic linkages consists of a mixture of three isomers—viz.,
a-, 8- and y-bisabolene, the latter largely predominating. All three isomers
can be transformed into the same trihydrochloride. This applies to the
natural as well as to the synthetic bisabolene.

Occurrence.—Bisabolene occurs widely distributed in nature. It is present
in oil of Bisabol myrrh (opopanax), lemon, iime, bergamot, camphor, in Si-
berian pine needle oil, Chinese star anise, cardamom, sandalwood oil, ete.

I'solation.—Bisabolene can be isolated from Bisabol myrrh oil, for example, by
fractionation, by twice redistilling the fraction by 110°-140° over metallic sodium,
and by converting the scsquiterpene in ethereal solution into its trihydrochloride
Cislz4-3HCL  On boiling with sodium acetate and glacial acetic acid, the trihydro-
chloride is decomposed and the bisabolene regenerated.

Jackson and Short 2 have found in certain instances, as in star anise oil, that the
oxygenated compounds are eliminated only by treatment with metallic potassium and
that careful recrystallization of the trihydrochloride is necessary to eliminate cadinene
which occurs with the bisabolene.

Ldentification.—Bisabolene can be characterized by the preparation of several
derivatives:

(1) The trihydrochloride m. 79°-80° (recrystallized in alcohol) is most conveniently
obtained by passing gaseous hydrogen chloride into an ethereal solution of the sesqui-
terpene.

(2) The trihydrobromide melts at 84°, according to Wallach.?

(3) The hexabromide melts at 154°, according to Schmidt and Weilinger.4 It is
prepared with bromine in the presence of sodium acetate and acetic acid and purified
from acetone. Asahina and Tsukamoto § also isolated two other isomers from this
same reaction, m. 142° and 130°-132°.

Properties.—Bisabolene is a colorless viscid oil.
When regencrated from its trihydrochloride, bisabolene has these charac-
teristic properties, according to Gildemeister and Miiller,® and Ruzicka and

Capato: 7
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b751 2610—2620 6 ap :.{:0o 6
by 133°-134° 7 n2 1.4923 7
d3! 0.8717 7 n®  1.4901 ¢

di2 0.8759 ¢

Several bisabolene fractions of varying optical activity have thus far been
isolated. The rotatory power displayed by the regenerated bisabolenes is
regarded by Jackson and Short ® as a measure of the content of a- and B-
isomers. The v- product, believed to predominate in nature, is inactive,
whereas that of the original isolate may be to a degree a function of con-
taminants.

Gildemeister and Miiller * reported a laevo-bisabolene fractionated from
lemon oil:

by 110°-112° ap —41° 31’
di2  0.8813 njy  1.49015

The trihydrochloride therefrom and the bisabolene regenerated from this
product, however, were found to be optically inactive. On the other hand,
Short et al.!® isolated a dextrorotatory sesquiterpene fraction ([a]p +7°16’ to
+9° 53’) from star anise oil that yielded an inactive trihydrochloride and yet
regenerated a laevorotatory bisabolene with these properties:

bys 138.5°-139.5° (corr.) [a]i$ —14° 56’
d3* 0.8727 nsy 1.4937

On dehydrogenation with sulfur, bisabolene does not yield a naphthalene
derivative. By heating of this reaction product with sodium dichromate and
sulfuric acid, Ruzicka and van Veen !! obtained terephthalic acid.

Use.—Bisabolene, as such, is not used in our industries.

1 Liebigs Ann. 468 (1929), 133, 143.

2J. Soc. Chem. Ind. 65 (1936), 8T

3 Liebigs Ann. 368 (1909), 20.

4 Ber. 39 (1906), 657.

5 J. Pharm. Soc. Japan 46 (1926), 98. Chem. Zentr. 1 (1927), 1843.

8 Ber. Schimmel & Co., Oct. (1909), 50. Wallach Festschrift, Géttingen (1909), 448.
" Helv. Chim. Acta 8 (1925), 274.

8 J. Soc. Chem. Ind. 66 (1936), ST.

9 Ber. Schimmel & Co., Oct. (1909), 50. Wallach Festschrift, Gottingen (1909), 448.
10 J. Soc. Chem. Ind. 60 (1931), 410T; 66 (1936), 8T.

1 [iebigs Ann. 468 (1929), 136, 137.

SUGGESTED ADDITIONAL LITERATURE

L. Ruzicka and M. Liguori, ‘Polyterpenes and Polyterpenoids. A New Synthesis of
Bisabolenes,” Helv. Chim. Acta 16 (1932), 3. Chem. Abstracts 26 (1932), 4592.
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Zingiberene

CI5H24 Mol. Welght 204.34
T
CH CH,

4N
H,C CH,

We owe our knowledge of the constitution of this monoeyeclic sesquiterpene
chiefly to the work of Ruzicka and van Veen.! The natural hydrocarbon
isolated from oil of ginger root is actually a mixture of zingiberene and some
bisabolene; nevertheless, in this description the name zingiberene will be re-
tained for the natural product. More recently, Soffer et al.,? studying the
structural formula of isozingiberene in connection with that of cadinene,
arrived at the conclusion that zingiberene possesses the configuration pic-
tured above, and not that originally proposed by Ruzicka and van Veen.

Occurrence.—Zingiberene is the main constituent of ginger root oil (Zing:-
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