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L X  1 .-The Constituents of It idian Turpentine fq-orn 
Pinus longifolia, Roxb. Part I. 

By JOHN LIONEL SIMONSEN. 

TIIE manufacture of turpentine in India from the oleo-resin of 
~ ’ L ’ I I Z C S  !o?2gif01in7 Rosb., is now an eistablisheld industly, and large 
quantities of the oil are distilled in the Govelrnmelnt factoriee a t  
Jallol in the Punjab and Barelilly in the1 United Provinces. The1 
oil, whilst quite suitable for the majority of technical purpoweB, is 
regarded as inferior to Anmrican turpentine, owing t o  the residue 
which itt leaves on evaporation and to its pronenws to  oxidation. 

The constituents of Indian turpentine have already formed the 
subjelct of several investigations (Rahak, Pharm. Rev., 1905, 23, 
229; Sahimmel’s Bem‘cht, April, 1906, 66; Octobelr, 1911, 93; 
Bull. Imp.  Inst., 1911, 9, 8;  Robinson, P., 1911, 27, 247; Singh, 
Ind. F o r .  Bee. ,  1912, 4, P t .  I), which have elstablished the presence 
of I-a-pinene, P-pinenel, a teirpene yielldiiig sylvestrene hydrochloride 
when treated with hydrogen chloride, and a sesquiterpene. 
Although in the literature) it is definitely stateld that sylveetrenei is 
present (compare Parry, “Essential Oils,” Vol. I, p. IS), yelt 
Robinson (Zoc. c i t . ) ,  to  whom we owe the most careful investigation 
of the oil that  has been made up to1 the present, drew the con- 
olusion that the fraction previously assumed to contain sylvelstrene 
in all probability contained some isomeric terpene, which on treat- 
ment with hydrogen chlolride yielded sylvestrene hydrochloride. 
He1 also suggested that dipentenel was probably preseat. 

I n  view of the above results, i t  appeared to the author desirable, 
that a careful rekexamination of the constituents of Indian turpen- 
tinel should be made, and the results so far obtaineld form the 
subject of this communication. 

The oil useld was distilled at  the Government turpentinel factory 
at  Jallo, and was spelcially collelcteld under the, supervision of Mr. 
A .  J. Gibson, Indian Forest Service(, the officer in charge od the 
factory. It was carefully sealed up immediately after distillation 
in five]-gallon drums, and prior to usel it was drield f o r  some, days 
over anhydrous magnesium sulphate. 

On careful fractional distillation, the presence of the f ollolwing 
cocstituelnts was definitely proved : Z-a-pinene, P-pinene, a new 
bicyclic terpene, f o r  which the name d-cn~ene is proposeld, and a 
tricyclic sesquiterpene, longifo7ene. 

The hydrocarbon, d-carene, which is without, doubt idejntical 
with the hydrocarbon described by Robinson (toe. c i t . ) ,  is an oil 
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TURPENTINE FROM PINUS LONGIFOLTA, ROXB. PART I. 571 

boiling a t  168-169°/705 mm., and possessing a characteristic and 
curious, sweet odour. The constitution of this nelw teirpenel was 
delt\elrmined by inveetigating its behaviour on treatment with 
hydrogen chloride1 and on oxidation with potassium pelrmanganate. 
When treated in ekhereal solution with hydrogen chloride, an oily 
hydrochloride, was obtained, which partly solidified on cooling in a 
freezing mixture. The! solid was found to be pure d-sylvestrene 
hydrochloride melting at 7 2 O ,  whilst the1 tarpens obtaineld from the 
liquid hydrochloride on removal of the hydrogen chloride in the 
usual manner (see p. 575) was found to  be a mixture of sylvestrene 
and dipentenel. The 1att)er was identifield by melans of the teltra- 
bromide after removing the greater part of the sylvedrene by 
treatment with potassium dichromah and sulphuric acid in the 
manner suggeaitd by Baeysr (Ber., 1894, 27, 810, 3485). The 
formation of a mixture of sylvestrene and dipentene hydrochlorides 
is mmt simply explained i f  it, is assumed that the new terpenei is 
represented by one of the, three following formulae (I, 11, or 111), 
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CH, UH 

CH-CMe, 

since i t  is obviolus that  a biaydic terpene pweasing one of thelse 
stiructures would, on fission of the cyclopropane ring, yield a mix- 
ture of the hydrochlorides of the monocyclio brpenw. 

Further evidenoe in support of the) above view was furnished 
by a study of the products formed on oxidation with pot'assium 
permanganats. When oxidised in the presence of alkali in ice- 
cold solution, the, main product od tqhel oxidation was found to be1 
a glycol,  CloHls02, melting a t  69-7OU. This glycol does not 
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57 2 SIMONSEN THE CONSTITUENTS OF INDIAN 

appear to contain a primary alcohol group, since, in benzelne solu- 
tion, it does not relact with phthalic anhydride, and it follows, 
therefore), that  d-carelnet cannot be1 represented by f orinula 111, and 
that the glycol must have either formula IV or V. All attempts 
to convert the glycol into a ketone1 by oxidation with chromic acid 
weirel unsuccessful, the1 reaotion proceleding apparently abnolrmally 
with the formation olf olils of high boiling point, from which nothing 
crystalline coald be isolated. The alkaline liquid from which the 
glycol had beeln selparated was acidifield, and tlhel acids formeld 
during the oxidation carefully examined. The main product was 
a viscous oil, but two crystalline acids were olbtained. Owing to 
the small yield, one of these, melting a t  1 3 7 O ,  could not be 
identified, but thel second aaid was found to be dimethylmalonic 
acid, hhus proving definibly the preselncet of the grouping 

in d-caxene. 
I n  tlhe light of these obselrvations, it appeared desirable1 to 

attempt t o  isolate caronic acid, and d-carene was therefore oxidised 
with potassium permanganate in the manner adopted by Baeyer 
and Ipatiev (Ber., 1896, 29, 2796) for the preparation of this acid 
from carom. The product of the oxidation was a viscous oil, from 
which nothing mystlalline separated, and evidently did not contain 
any cis-caronic acid, but, on conversion into the ammonium salt, 
a small quantity of a crystdline salt was. obtained, which was only 
sparingly soluble in co'ld watler, and crystallised in glistening 
prisms. On acidification, an acid crystallising in prisms and melt- 
ing a t  212-213° was osbtained, and there can be no dolubt that  
this was trains-caronic acid, which is stated by Baeyer and Ipatiev 
to mellt atl this temperature (see p. 577).  

So far  as the  author is awarel, d-carene is the first naturally 
occurring terpene which has been found to contain the aarane ring, 
and is therefore of more than usual interestl. It has not been 
found possible to decide whether formula I or I1 corre&ly repre- 
sents the structure of this terpene, and it doe6 not appear unlikely 
that, as is assumed to be the case with sylvestlreae, the1 hydroarbon 
may be a mixture of the two isornerides. The m o l m l a r  refrac- 
tion was found to be 44-22, which agrees well with that  calculated 
(44.19) for a compound oontaining a cychhaane and a cyclo- 
propane ring. The fact tlhat the molecular refractlion is p r a d c -  
ally normal points to the absenoe of conjugation olf a double bond 
wihh the cyclopropame ring and renders it probable that d-carene 
is reprwented by formula I (d-~~-aarene). It is hoped ta prepare 
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TURPENTINE FROM PINUS LONGIFOLIA, ROXB. PART I. 573 

syntheltioally the hydrooarbon represented by f ornula I1 
(A4-carene), and experiments in this direction are in progress. 

The1 sesquiterpene for which the name Zomgifolene is proposed 
has up t o  the present only been cursorily elxamineld. It yields 
very beautiful derivatives with hydrogen chloridel, hydrogen 
bromide, and hydrogen iodide', and from a consideration of its 
molecular refraction (M = 64.15) it is evidently tricydic. 

E X P E R  I M E N  T A L .  

The oil used for these experiments was reddish-brown, and, after 
drying over magnwium sulphate, had the1 following constant6 : 

0.8717, m3$ 1.4725, a, -2*38O, acid value 2.4. 
A large quantity was submitted to  a careful fractional distilla- 

tion undelr diminished pre~sure, using a twelvepear Young still- 
heiad, when it was readily separateld into the following three frac- 
tions: up t o  118O/200 mm. (31 per cent.), 118-130°/200 mm. 
(47.6 per cent.), 149-155'/36 mm. (10.2 per cent.); loss and 
re&due (by difference), 11.2 per cent. 

The fractions boiling bellow 130°/200 mm. were caredully refrac- 
tionateld under the ordinary premure, and were divided into two 
main fractions, A distilling a t  155-167°/706 mm. (60.8 per cent.) 
and B at 167-171°/706 mm. (14-8 per celnt.). Fraction A con- 
sisted mainly of a- and B-pinenq and a pure fraction of I-a-pinene 
was isolated boiling a t  153-154°/700 mm. and possessing the 
following constants: DZ 0.8525, ng 1.4625, a, -34O, whioh agree 
well with those usually found for this hydrocarbon. The identity 
was further confirmed by the formation of a-pinonic acid on heat-  
ment with potassium permanganate in the usual manner. The 
prwenw in fraction A of B-pinene was proved by the isolation of 
nopinio acid (m. p. 128') from the1 produots of the oxidation with 
pot<assium permanganate in the usual manner. 

d-Carene (d-A3- OT -A4-Carene). 

The fractioln B (see above) was found on repeated fractionatbon 
tlo yielld an oil, which boileld quite constantly at' 168--169O/ 
705 mm., 123-124°/200 mm. This hydrocarboa, for which the 
name d-carenel is propwd,  was found to have t4het following 
constants: Dig 0.8586, nu 1-469, U, +7.69'. M=44*23, calc. 
for CloHI6Jz =43*5, which, wi th  the incremelnt for the preeence of 
a cychpropane ring (0*69), b e o o m ~  44.19 (compare Eisenlohr, 
" Spektrochmnie der organischen Verbindungen," p. 131). 

Another sample of d-carene from a different sample of turpen- 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
20

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

C
al

if
or

ni
a 

- 
Ir

vi
ne

 o
n 

30
/1

0/
20

14
 1

4:
24

:1
7.

 
View Article Online

http://dx.doi.org/10.1039/ct9201700570


574 SIMONSEN T H E  CONSTITUENTS O F  INDIAN 

tine was folund tot ham the1 following constants: D g  0.8594, 
qt",' 1.47, a, +7.83O. 

Owing to the readinem with which d-mrene is oxidised on 
exposure1 to the1 air, only approximastel figures were obtained on 
analysis. A spe,cimen distille,d three1 t'imes over sodium under 
diminished prefjsurel aad a,na,lysed immediately gave t'he f ollowing 
figures : 

0.1019 gave 0.327 CO, and 0.107 H,O. 

6-Carene is a cololurless oil possmsing a very cha,ra.cterist.ic, some+ 
wha.t sweet odoar. Wheln dissollve'd in sue& anhydride1 a,nd treateld 
with a drosp of coacentra#te,d sulphuric acid, a. t'ransient,, green 
coloration wa,s observeld . Unlike sylvestrelne and terpinelne, it' was 
foand not. t,o be a,ct*ed on by a mixture of pota.ssium dichrommatem 
a,nd sulphuric! acid. The! e8a.se with which it undergoes oxidation 
was shown by the fact t'hatt wheln 1 C.C. was pla.celd in a. dosed 
vessell, i t  absorbed all t,he oxygen prelsent in thres da,ys. 

I n  chloroform solution, (2-carenei resdily abaorbetd brojminel, but 
aft,elr t.he a#ddition of one moleoula,r prolpostion, the1 absorpt,ion 
beca,mel valry slow and hydrogeln bromide! commelnceld to be1 elvolveld. 
Itl was not found po'ssiblel to  obtain a solid bromo-delrivativel, whilst' 
the1 nit,rosochloridel and the nitrositel could also o,nly be obt'aine'd 
as oils ; itl yiellde'd, howevelr, a. crystalline' ni t rosate.  The1 terpeae 
(5 grams) was mixed with aoet'io acid (2 c.c.) and amyl nitrite 
(4 gmms), and nitric acid (D 1.4) (3.5 grams') was t'l1e.n a,ddeld very 
slowly t'o~ the, well-co&d mixture. A solid was slowly delposit.eld, 
and, aftelr an hour, al.lcoho,l was a,ddeld and t,hel solid collected. I t  
was purified by crysta1lisa.tio.n fr0.m a mixture! of chlotro40irm and 
light petroleum, whea it, was obtaineld in glistening prisms which 
decomposed at, 141.5' : 

C=87*5; H=11*7. 
C,,H,, r q u i r m  C=88.2; H=11*8 per centl. 

*0*089 gave 11 C.C. N, a,t 34O and 741 mm. 
C,,,H,,O,N, requims N = 13.2 pes oent. 

d-Caren,e nitrosate is very sparingly soluble1 in met,hyl and ethyl 
alcohols or light petrole:um, more rea.dily so in acetone or chlo,ro- 
form. 

d-Caselnel showed no tendeacy to undelrgol hydration when t,related 
with dilut3el sulphuric acid. I n  one elxperiment, the! hrpene 
(20 grams) was belated at. 100° for selven days with dilute. sulphuric 
acid (5 pelr oenti.) (100 c.c.) in a cloeejd velssell fro'm which the! air 
had bean displa,ce,d by carbosn dioxide#. The1 telrpe,nei dist.illeld com- 
pletely at, 123-124°/200 mm., and t$hat, it' was quitel una$ect'ed 

* I wish to thank Prof. €3. K. Singh for this analysis. 

N=12-8. 
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TURPENTINE FROM PINUS LQNGIFQLIA, ROXB. PAST 1. 37s 

by the t r ea tmed  is indicated by the! following const’ants: 
DZ 0-8595, rtg 1.469. 

Actiolt of Hydrogen C’lzloride on d-Carene. 

As has alrelady besn mentioneld, 6-carene on trcatmeiit with 
hydrogen chloride gives a mixture! of d-sylvestrene and dipentelne 
hydrochlorides. I n  one expelriment, the terpene (30 grams) was 
dissolveld in dry elthelr (60 c.c.), and dry hydrogen chloride passsd 
into the well-cooled solution until i t  was saturated. After two 
days, the1 ether was removed in a vacuum, and the residual brown 
oil cooleld in a freezing mixture, when it partly solidified. The 
crystals were rapidly collected, and, after draining on porous 
porcellain, were found t o  melt a t  71° (yield, 6 grams). O n  re- 
crystallisation from methyl alcohol, the hydrochloride wparatzd 
in glist,ening neeldles melting a t  7 2 O ,  and evidelntly consisted o l  
sylvestrens hydrochloride. I n  chloroform solution, [a], had the  
value + 20*31° (Found : C1= 33-7. C,,,H,8C1, requires C1= 33.9 per 
Gent.). A quantity of the hydrochloride was converted into the 
terpene, which was found to  posse6s all the properties ascribed to 
tl-sylvestrene. 

The1 liquid hydrochloride (40 grams) from which the d-sylvestreiic 
hydrochloride had belen separated was mixed with acetic aci:l 
(80 grams) and sodium acetate (40 grams) and heateld f o r  thirty 
minutes on the sand-bath. Thel hydrocarbon was distilled in a 
current of stetam, separated, and, after boiling for  a short time 
with potassium hydroxide1 solution, extractleld with ether, the1 ether 
dried and evaporated, and the residual oil distilled a t  200 mni., 
when 1 2  grams of an oil were! obtained distilling betweeln 120° and 
140°. The hydrocarbon, which had a pleiasant odour of lemons. 
gave, wheln dissolved in amtio acid, an intense sylvestrene color- 
ation with sulphuric acid. In order t o  remove the greateir por- 
tion of the sylvestreins, the mixture of terpenee was repeatedly 
shaken (twenty times) with small quantities of dilute1 potassium 
clichromata solution (compare Baeyer, Zoc. cit.). Aftelr drying 
ovelr potassium carbonatel, the remaining oil was distille,d Over 
soldium, when the greater portion passed ovelr a t  about 13OC/ 
200 mm. (yield, 5 grams). The brpene, which still gave the 
sylvelstrene reaction, although much l e a  markedly than belf ore, was 
dissolved in  chloroform and treated with a chloroform solution cf 
bromine until a permanent straw coloration was obtained, the 
chlorotform removed in a vacuum, and the residual viscid oil cooled 
in a frelezing mixture, when it rapidly crystalliseld. After drain- 
ing on porous porcelain, the bromo-derivative was purified by 
m-ystallisatim from ethyl acetatel, when itt was found to melt a t  
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576 SIBIONSEN THE CONSTITUENTS OF INDIAN 

123-124O, and this rnelt,ing point, was not delpremeld on admixture 
wit,h a specimeln of dipentene tejtrabromidel from anot'her source 
(Found : Br = 70.6. C,,H,,Br, requires Br = 70-2 per celnt.). - 

Oxidation of d-Cmene: I. d-Carene Glycol (IV or V). 

The, terpene (50 grams) was mixeld with sodium hydroxide solu- 
tion (500 c.c.; 50 grams of NaOH), and, after the addition of ice, 
potassium permanganate solution (1.5 litrm; 116 grams of 
KMnO,) was gradually addeid with colnstant shaking, the solution 
beling kept a t  Oo during the addition. The olxidation, which pro- 
cee8ded rapidly a t  first, became very slow towards tlhe end. When 
the colour of the potassium permanganate had disappeared, steam 
was passed into the solution to remove the unchanged terpene 
(20 grams), the solution filteired, and concentrated on the water- 
bath, carbon dioxide being passed into the liquid during evapora- 
tion. The alkaline solutJori was extracted ten times with ether to 
remove the neutral products formed during the oxidation, the 
ethereal extract dried over potassium carbonate, the1 ether evapor- 
ated, and the residual oil distilled under diminished pressure, when 
practically t8he whole passed over a t  166---167O/42 mm. On keep- 
ing, the viscous oil rapidly crystallised in long needles melting a t  
69-70' : 

0.1402 gave 0.361 CO, and 0.131 H,O. 

d-Carene ylycol is readily soluble in all the ordinary organic sol- 
vents, and it was not found possible t o  recrystallise it. I n  chloro- 
form solution it, has [aln + 16.05. d-Carene glycol does not react 
with phthalic anhydride when heated in benzene solution on the 
water-bath, and i t  is therefore extremely unlikely that  i t  contains a 
primary alcohol group. When mixed with sulphuric acid (D 1-25> 
it readily dissolved, and on keeping a viscid oil separated which 
could not, however, be obtained crystalline. It reacted readily with 
hydrogen bromide, but the product could not be obtained solid. In 
acetic acid solution it was oxidbed by chromic acid with the forma- 
tion apparently of a complex mixture, from which, owing to the 
omall quantity of material a t  the author's disposal, nothing definite 
could be isolated. 

The alkaline liquid from which the glycol had been separated was 
acidified with dilute sulphuric acid and repeatedly extracted with 
ether. On removal of the ether a viscid oil remained which had a 
strong odour of butyric acid. As the oil showed no tendency to 
crystallise it waq mterified in the usual manner with alcohol and 
sulphuric acid, and the reoulting mixture of esters carefully frac- 

C=70*2; H=10*4. 
C,,H,,O, requires C = 70.6 ; H= 10.6 per cent. 
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TURPENTINE FROM PINUS LONQIFOLIA, ROXB. PART I. 577 

tionated under diminished pressure (44 mm.). A small quantity 
distilled below 160°, and three main fractions were collected: A at 
160-170°, B at 17O-18fj0, and C a t  180--2OOO. 

Fraction A ,  which was a pleasanbsmelling oil, was hydrolysd 
with alcoholic potassium hydroxide solution in the usual manner, 
and after removal of the alcohol and acidification the aqueous solu- 
tion was repeatedly extracted with washed ether, the ethereal 
extract dried and evaporated, when an oil was obtained which 
rapidly solidified. After draining on porous porcelain, the acid was 
recrystallised from water, when it separateld in small plates which 
decomposed a t  186-187O and evidently consisted of dimethyl- 
malonic acid (Found, C = 45.2 ; H = 5.8. C,H,04 requires C = 45'4 ; 
H=6*1 per cent.). 

The view that- this acid was dirnethylmalonic acid was confirmed 
by the fact that  when mixed with a specimen of dimethylmalonic 
acid from another source no depression of the decolmposition point 
was observed. 

Fraction B, which was a somelwhat viscous, unpleasantrsmelling 
oil, was hydrolysed with alcoholic potassium hydroxide solution, 
and the acrid obtained in this way was isolated by elxtraction with 
ether in tlhe usual manner. The acid was a very viscous, unpleasant- 
smelling oil, which on tr i turatim with a little water partly solidi- 
fied. The solid was separated, drained on porous porcelain, and 
purified by crystallisation from dilute methyl alcohol, when i t  
crystallised in long, prismatic needles melting at 136-137O. On 
analysis it gave the following figurw: 

0.1349 gave 0.3537 CO, and 0*1008 H,O. C=71*5; H=8*3. 
This result agreels best with the fosrmula C,,H,,O, (C=72.3; 

H=8*4 per cent.), but owing t o  the very poor yield of this acid it 
was not found possible to dataermine its constitution. 

Fraction C on hydrolysis gave a viscous oil smelling strongly of 
fatty acids. It could not be obtained crystalline, and was not 
further investigated. 

11. trans-Caronic Acid. 

The method adopted for the preparation of trans-caronic acid 
from d-carene was identical with tha t  used by Baeyer and Ipatiev 
(Zoc. cit.) for the preparation of this acid frotm carone. The oily 
mixture1 of acids obtained from the oxidation (no trace of the cis- 
acid could be detected) was wnverted into the ammonium salt when 
after concentration the ammonium hydrogen salt of trans-caronic 
acid separated. This was recrystallised from a little water, in 
which it was only sparingly solublc Then i t  was obtaine'd in small 

Y C  
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prisms. The free acid v7as purified by crystallisation from hot 
watelr, when it separated in prisms melting at 212-213°. This acid 
possessed all the properties ascribed to tmns-caronic acid, and the 
melting point was not depressed on admixture with a specimen of 
truns-caronic acid specially prepared for comparison. 

Thel silver salt was obtained as a crystalline precipitate1 (Fonnd, 
Ag = 57.7. C7H,0,Ag, requires Ag = 58.1 per cent.). 

d-longif olene. 
The fraction of the original oil boiling at 149-151°/36 mm. was 

repeatedly distilled over sodium, when the sesquiterpenel d-lonyi- 
fo lene  was obtained as a colourless, somelwhat viscous oil with a 
faint and not unpleasant odour. It distilled a t  254--256O/706 mm., 
150-151°/36 mm., and had the following colnstants : Di: 0.9284, 
ng 1.495, M =  64.15, a, + 42.73O. 

d-longifolenel does not yield a solid nitrosochloride, nitrosate, or 
nitrositle. 

The hydrocldoridc was best prepared by saturating an ethereal 
solution of the hydrocarbon with hydrogen chloride and allowing it 
to remain overnight. On removing the ether under diminished pres- 
sure, tho hydrochloride separated as a crysta.lline solid which crystal- 
lised from methyl alcohol in long prisms olr prismatic needles melt- 
iiig a t  59--6Uo and having, in chloroform solution, [aID + 7 . l 0  : 

0.1866 gave 0.1109 AgC1. C1=14*7. 
C,,H,,Cl requires C1= 14.7 per cent. 

The hydrobromide was best prepared by dissolving the brpene in 
an acetic acid sollution of hydrogen brolmide (saturated a t  0.) when, 
ori keeping, the hydrobromide separated in prisms which after 
crystallisation from alcohol melted at 69-70° : 

0.1672 gave 0.111 AgBr. Br=28'2. 
C,,H,,Br requires Br = 28.0 per ceat. 

The liydriodide which wits prepared in a similar manner to the 
hydrobromide crystallised from alcohol in magnificent prismatic 
needlea which melted at 71O: 

0.119 gave 0.0838 AgI. 1=38.2. 
C,,H,,I requirw I=38*0 per cent. 

I n  conclusion, the authoa wishes to thank his assistant, Mr. T. P. 
Ghose, folr help in  the experimental work, and Mr. M. Gopal R ~ L I  
for many of the analyses and fo r  kindly undertaking the prepara- 
tion of the diniethylinaloiiic acid and trans-caronic acid required 
for  the purpose of colmparison. 
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