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The nitrosochloride of d-a-thujene is described. From it are prepared the
nitrolpiperidide and the nitrolbenzylamine, Nitrosobromide of a-thujene
and nitroso «-thujene are also described. Nitrosylchloride, besides producing
the solid addition product, also causes oxidation of «-thujene to p-cymene and
oarvacrol.

The action of nitrosylchloride on d-a-thujene (I) obtained from an
essential oil, of which it forms the chief and undoubted component, does not
seem to have been described :
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Pickles (1908) described the nitrosochloride of a terpene which he named
‘Origanene’ as it was obtained from Cyprus Origanum oil. Birch (1938)
isolated a terpene from commercial phelandrene derived from Eucalyptus
dives oil and considered it identical with origanene on account of the
cloge agreement of their physical properties and the melting points of the
corresponding derivatives. In a later paper Birch and Earl (1939)
expressed that the terpenes were identical with d-a-thujene as on oxidation
they yielded a-thujaketonic acid (II) identical with the acid derived from
d-thujone.

Simonsen (1923) showed that the essential oil derived from the gum-
oleo-resin of Boswellia serrata (Roxb.) consists mostly of d-a-thujene. The
physical constants of origanene, Birch and Earl’s terpene and d-a-thujene
recorded by the respective workers are shown in Table I. The melting points
of the derivatives described are also shown.
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The figures shown in brackets in Table I are for the terpene prepared by
Birch (1945) by reduction of sabinol (III) by sodium and aleohol in liquid
ammonia. He considers that this terpene also is identical with a«-thujene.
No closeness of the physical constants of (i), (ii) and (lii) is indicated in Table I.

A point which must be considered about the terpenes (i) and (ii) is that
they were derived from sources in which they occur only in minute proportions.
This makes their isolation and purification difficult. The origanum oil
contains over 80 per cent phenolic components; and in the rest there are other
hydrocarbons besides origanene. On the other hand, Simonsen observed that
the bulk of the essential oil he obtained from the gum-oleo-resin at Dehra Dun
consisted of d-ax-thujene, which, as will be seen from Table I, is conspicuous by
its low density and high optical rotation. The somewhat low optical rotation
recorded for this terpene derived from the same source by Fowler and
Malandkar (1921) at Bangalore is attributed by Simonsen to partial racemi-
zation. Simonsen has not described his own preparation of any derivative of
this terpene, but has merely referred to the work of others.

We obtained the essential oil from the same source collected at Sheopur
(former Gwalior State) and observed for the thujene fraction, which constitutes
about 70 per cent of the oil, the following physical constants: b.p. 149°-152°/
705 mm, d 0-8307, ny, 1-4507, [a]p+41-1. A higher optical rotation than
that recorded by Simonsen made us carry out further fractionation of this
fraction with an efficient fractionating column. The maximum values for
the rotation were obtained with [x]p+47-5, b.p. 149°-150°/705 mm. This
constituted about one-third of the thujene fraction. The remaining was
collected at [a]p 440, b.p. 150°-151° and [«],+37-5, b.p. 151°-152°. The
physical constants of these fractions are recorded in Table II.

TasLe II
Physical constants of d-a-thujene

b.p. d n, [a]y
25
At 705 mm d;s At 26° C. At 25° C.
Observed by us—
i .. .. 149°.150° 0-8283 1-4600 +47-56
() .. .. 150°.151° 0-8314 1-4506 +40
(i) .. .. 151°-152° 0-8324 1:45156 +37-6
At 609 mm dgo
Observed by Simonsen .. 152° 0-8314 n; 14502 +37.7

It will be seen that the constants of fraction (iii) closely agree with those
recorded by Simonsen.
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That the higher optical rotation and slightly lower boiling point of fraction
(i) are not on account of some other terpene, followed from the fact that
all the three fractions behave alike towards hydrochloric acid in glacial acetic
acid, giving terpinene dihydrochloride (Wallach 1906) in almost the same
proportion. Moreover cold dilute potassium permanganate oxidized (i) to
1-a-thujaketonic acid (IT) (m.p. 62°; semicarbazone m.p. 186°). Simonsen
obtained this acid as a liquid which could not crystallize out even on long
standing at low temperature; and he had to prove its identity by preparation
of its semicarbazone which melted at 197°. The semicarbazone of d-a-thuja-
ketonic acid is stated by Wallach (1897) to melt at 184°, while according to
Seyler (1902) it melts at 198°.

We also obtained the 1-a-thujaketonic acid initially as an oil, but after
standing for a week at 0° C. it crystallized out. The crystallization could be
hastened by the application of Girard’s reagent with which the keto acid forms
a water-soluble complex. Crystallized from ether or chloroform it melts at
62° and does not change on further recrystallization. The d-z-thujaketonic
acid which Wallach obtained by oxidation of d-thujone is stated to melt at
75°. The 1-a-thujaketonic acid as a solid does not seem to have been described. -

Fraction (ii) also gave this acid in crystalline form. But the crystallization
required a longer time.

Each of the fractions (i), (ii) and (iii) in Table II must therefore be
d-a-thujene. The difference in their optical rotations must be due to the
corresponding amount of their racemization which also causes a correspond-
ingly small difference in their boiling points.

Action of nitrosylchloride on d-a-thujene—With ethyl nitrite and hydro-
chloric acid in glacial acetid acid, fraction (i) readily yielded the nitrosochloride
(IV) (m.p. 68°-69°, [xlp4-269-4, ¢ 6-18 in chloroform). Fraction (ii) with a
lower rotation also gave the nitrosochloride but in smaller yield. Fraction
(iii) with still lower rotation did not give the nitrosochloride. The observa-
tion that with progressive fall in the optical rotation of a-thujene the yield
of its nitrosochloride diminishes is contrary to what is observed with d-«-pinene,

CHs C},HB
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HC \CH—N =0 HC‘\ Cl—N =
Hg(IJ‘\ Cng H2C\ CH2

N\ N

C C

(gH / (l)H\
CEg/ \GH3 HSC CH2



184 . R. D. SHRIVASTAVA & 8. 8. DESHAPANDE

in whose case the yield of its nitrosochloride falls with increase in the optical
rotation of the terpene. This is attributed by Lynn (1919) to the greater
solubility of the optically active pinene nitrosochloride.

Using hydrobromic acid in place of hydrochloric acid d-z-thujene nitro-
sobromide (m.p. 71°) was obtained in poor yield. With hydriodic acid under
these conditions no solid derivative was obtained.

Nitrosothujene.—The usual methods of preparing a nitrosoterpene from its
nitrosochloride by removing from the latter the elements of hydrochloric
acid failed in the present case. When, however, the nitrosochloride was added
in instalments to an ethereal solution of diazomethane at 0°C., the yellow colour
of diazomethane disappeared in four days; and on evaporation of the solvent
the nitrosothujene (m.p. 137°) was obtained. Structure (V) is tentatively
suggested for it, although the fact that it dissolves in alkali, from which it is
precipitated on adding acid, suggests the isonitroso structure.

Oxidation of d-a-thujene by wnitrosylchloride.—Besides adding at the
double bond of a terpene, this reagent is also known to cause its oxidation
(Wallach and Otto 1889). Thus with d-x-pinene it produces pinene nitroso-

-chloride and also pinol. In the preparation of a-thujene nitrosochloride from

fraction (i) in Table II the filtrate left after removing the solid nitrosochloride
was subjected by us to steam distillation. An oil free from halogen was
obtained after ether extraction of the steam distillate. On repeated frac-
tionations it gave two main fractions (a) b.p. 172°-178° and (b) b.p. 230°-233°.
Fraction (z) was identified as p-cymene by its oxidation to p-(x-hydroxy-
isopropyl) benzoic acid (m.p. 155°), identical with the acid prepared from
authentic p-cymene. Fraction (b) was phenolic and was identified as carvacrol
by preparation of the characteristic 4-nitroso carvacrol (Klages 1899).

Results like the above were also obtained in the case of fraction (ii) in
Table II. In fraction (iii), where no solid nitrosochloride was formed, the
whole liquid was subjected to steam distillation. In the steam distillate
p-cymene and carvacrol were identified.

Although no reaction was visible with d-a-thujene, ethyl nitrite, hydriodio
acid and acetic acid, steam distillation of the liquid gives an oil containing
p-cymene but not carvacrol.

EXPERIMENTAL

By steam distillation of the gum-oleo-resin from Boswellia serrata the

oil was obtained in 7 per cent yield with the following physical constants :
X dzs 0-8385, n’? 1-4565, [«]p 36-3.

Initially the oil was distilled at 256 mm. The thujene fraction which was col-

lected at 54°-58° at this pressure constituted 70 per cent of the oil and had

[«]p+41. Separation of this into fractions with maximum rotation, and those
with lower rotation, was effected with an efficient partial take-off type column.
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Their physical constants are shown in Table II. Fraction (i) was analyzed.
(Found C, 87-4; H, 11-3; C,,H,, requires C, 88-2; H, 11-8 per cent.) In a
perbenzoic acid titration 0-984 mol of the per-acid was absorbed by 1 mol
of the terpene.

1-a-thujaketonic acid (II).—The thujene fraction (i) in Table II was
oxidized by aqueous neutral potassium permanganate at 0°C. Simonsen
used powdered permanganate in acetone. On working as usual a thick oil
was obtained. Part of it, which was allowed to remain at 0°C., deposited
crystals after one week. The rest was treated with Girard’s reagent P under
experimental conditions described by Guenther (1952). The ketonic acid
generated from the water-soluble complex after acidification with hydrochlorie
acid was taken up with ether. The oil recovered from the solvent deposited
crystals after standing”at 0° C. for three days. The crystals were drained on
porous plate and recrystallized from ether or chloroform when they separated
as plates melting at 62°C. (Found C, 64-8; H, 8-8, equivalent 182-5; C;,H 403
requires C, 65-2; H, 87, equivalent 184); [a];,—164° (c, 4:29 in ether); [a]p—
167° (c, 4-41 in methanol). The semicarbazone, after crystallization from
alcohol, melted at 186°C. The same 1-a-thujaketonic acid was obtained from
the thujene fractions of lower optical rotation.

d-o-thujene mnitrosochloride.—Thujene fraction (i) in Table II (15 c.c)
was dissolved in methanol (30 c.c), and glacial acetic acid (3 c.c) was added.
On cooling, ethyl nitrite (21 c.c) was added, the mixture was cooled to —15°
and concentrated hydrochloric acid (9 c.c) was added with stirring during
one hour. After stirring for another hour at the same low temperature the
nitrosochloride separated as crystalline solid which was filtered at the pump :
yield 4g. After crystallization from methanol chloroform mixture it melted
at 68°-69°C. (Found N, 6-8; Cl, 17-1; C,;oH;40NCl requires N, 6-9; Cl, 17-5
per cent); [a]p-}-269-4° (c, 6-18 in chloroform). The nitrosochloride is
unstable. It can, however, be preserved for a fortnight if kept at 0°C. Its
chloroform solution darkens on standing due to decomposition.

By replacing hydrochloric acid in the above preparation by hydrobromic
acid, the nitrosobromide was obtained in low yield. Crystallized from chloro-
form it melted at 71°. (Found Br, 31-9; C,,H,(ONBr requires Br, 32-5 per
cent); [a]p -181:6° (¢, 6-22 in chloroform).

The nitrolpiperidide was prepared from the nitrosochloride and piperidine.
It crystallized from methanol and melted at 181°. (Found C, 72-1; H, 11-0;
N, 11-1; C,;;H,,ON,; requires C, 72-0; H, 10-4; N, 11-2 per cent.)

The nitrolbenzylamine was prepared from the nitrosochloride and
benzylamine. It crystallized from methanol and melted at 232°. (Found
C, 74-3; H, 8-8; N, 10-2; C,;,H,,0N; requires C, 74-9; H, 8-8; N, 10-3 per cent.)

Nitrosothujene (V).—To the cold ethereal solution of diazomethane
generated from 8g of nitrosomethylurea, «-thujene nitrosochloride (3 g) was
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added in instalments with shaking. The mixture was kept at 0°C. for four
days with occasional shaking. The yellow colour of diazomethane almost
disappeared and the solid went into solution. A small amount of suspended
matter, which was found, was removed by filtration. On evaporation of
ether from the clear filtrate the nitrosothujene separated in long white needles;
crystallized from benzene it melted at 137°-138°. (Found C, 72-3; H, 9-5; N,
9-0; C;oH;50N requires C, 72-7; H, 9-1; N, 8-4 per cent.)

The substance dissolves in cold caustic soda solution from which it can
be precipitated by adding acid. Its solution in chloroform absorbs bromine,
but no solid bromine addition product could be obtained after evaporation
of the solvent.

Ozxidation - of d-a-thujene by matrosylchloride ; formatton of p-cymene and
carvacrol.—The filtrate from the solid nitrosochloride was allowed to remain
at 0°C. for one day and then steam distilled. The oil obtained by ether
extraction of the steam distillate was free from halogen. It was fractionated
at reduced pressure when two fractions (@) b.p. 65°-85°/30 mm and () b.p.
100°-120°/30 mm were obtained. Fraction (b) showed behaviour of a phenol
and advantage was taken of this property in its purification by dissolving
in alkali and then acidifying. The fractions after repeated fractionation at
atmospheric pressure boiled at 171°-174° and 230°-233° respectively. The
former was identified as p-cymene by its oxidation to p-(¢-hydroxy isopropyl)
benzoic acid, m.p. 155°-156°; undepressed by mixing with acid prepared by
oxidizing authentic cymene under identical condition. (Found equivalent
of the acid 179-7; C,oH, 03 requires equivalent 180.) The latter was identified
as carvacrol by formation from it of 4-nitrosocarvacrol, and comparing it
with the product prepared from an authentic sample of carvacrol. The latter
was obtained from p-cymene through sulphonation, separation of 2-sulphonic
acid from 3-sulphonic acid through their barium salts and finally fusion of
the former with alkali.
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