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C'HAPTER-1

OCCURR EMC E OF CYCLOSATIU ENE IN INDIAN 
TURPENTINE OIL (Pinus roxburqhB) , ISOLATION 

Qf (+) -o<-LQNGIP I MENS, (i-)-LQNQ fCYCLENI AND 
(+)-CYC LOSATIV ENE



Abstract

For the present uark, rather large quantities of 

(+■)-&(- longipinane were needed. Careful fractionation 

of a prefraction from industrial production of 

(+)-long ifo1ena (Camonor and Allied Products Ltd., 

Bareilly) lead to isolation not only of (+)-longioinene 

and (i-) - lo ng icy clene, but also a new tetracyclic 

sesouiteroene comoonent, identified as (+■)-cy closatius le. 

This is the first resort of its occurrence in essential 

oil from Pinus roxburgnii.



INTRODUCTION

Pious ionqifolia', Roxb. (Family, pinaceae;

natural order, Pinales) is a 100-110 ft tall tree, more 
or less deciduous, growing on tne Himalayan slopes, at the 
hight of 2,000-7,000 ft. The trunk is usually naked with 
a girth of 12 ft. The bark is reddish brown in colour.
The branches are symmetrically whorled, forming a rounded 
head of light foliage. The leaves are 9'* — 12'* in length 
and slender. The male catkins are cylindrical and 0.33-0.5” 
long. The female cones are on short stiff stalks, spreading 
solitarily in whorls of 2-5. The seeds are unequally sides,
0.5-1” in length, oblong in shape, with a thin membranous 

1wings.

The plant is of immense economic importance, as its
oleoresin (an exudate obtained by wounding the tree)
furnished the turpentine oil (14-2C$) and ro’sin, an
distillation. This is the only worked out source for these

2products in our country.

The essential oil being of high economic imoortance 
has been the subject of various investigations, which date 
back to 1905. rtesults of earlier investigations are 

briefly summarized below.



Tha presence of oinenes uas soon established by 
3 6 6earlier workers'3- and one of them further suspected 

the presence of another terpens which on treatment with 
HL* 1 gas gave sylv/estrene dihydrochloride, investigated

later-on by Simonsen^3 and uas found to be a bicyclic
3ternenoid, named A-carene; these workers also established 

the oresence of a new sesquiterosne hydrocarbon, longi- 
f olsna^ b(4) . It is present in this turoentine to the 

extent of 5-10/S and is the main sesquiteroene constituent, 
co-occurring with minor amounts of other sesquiterpenes; 
longioinene, longicyclene, caryophyllene, humulene and 
^--bisabolene. The isolation of the first tetracyclic 

sesouiterpenoid-longicyclens- uas reported by Mayak and 
8Sukh Dev from this oil in 1963. With the establishment

g inof structure of himachalenes ’ it became aooarent

that nimachalenes and longifolene, in all orobability, stem
1 (1from a common biogenetic precursor , however, comolete

absence of himachalene-tyoe sesquiterpenes occurring in
11Pmus roxburqnii has been demonstrated.



PRESENT WORK

Sasquiterpenoids constitute only about 10?a of the

Indian turoentine oil of P. roxburqhii and occurrance of
12 11(t) -o^-lonqipinene (l_) was reported many years ago from 

the same ( + ) -c<-longipinene has also been shown to be present

in,
1 31) various generas of Bryoohytes ,

14 14 .2) Artemisia 'and Dodaoaea of Angiosperms, Dicot,
1 5and 3) various members of family Pinaceae.

For the orsssnt work rather large quantities of 

(•«•)-cxf-longioinene (l_) were needed and for this ouroose, a 

'prefraction' from industrial production of (+)-longifolene 

(4j (Camphor and Allied Products, Bareilly)1 was utilyzed,

QLC analysis of the 'prsfraction' showed aresence of 

considerable amount of both ( + ) -©^-longioinene (l_) and 

( + ) - longi cyclens (l_) along 'with (+)-longif o 1 ens (4) as the 

major component.

The 'orefraction’ was fractionated repeatedly into 

various fractions which were pooled into five grouos, 

depending on tneir b.o. and EC analysis. Based on GC 

analysis, oaol-2 and 3 were selected for the isolation of 

(rj-cKp loogipinene (|_) and (+)-longicyclene (2) , nool No, 2 

{r 1 -ex. - long loin en e and polar impurities)". This material was
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found to be contaminated with some polar impurities 

( 5-1uhich ware separated by a preliminary chromato­

graphy over to 9iue ( + ) -ot-longioinens (l_) , of

reasonable purity (95-P6& purity).

Pool •'io, 3 ( + )-longicy clene and (-*•) -^-lonqioinene) . This

material uas found to be a mixture of 1_ and 2 in a ratio

of 30:7Q respectively. The mixture was treated uith

per acetic acid in cnloroform, uhich preferentially

reacted uitn alefinic contaminant, thereby furnishing

(+)-long icy clene on careful distillation. It uas observed

(GLU) that the oroduct aluays contained 12-1 41o of a hydrocarbon,

different from (f)-longicyclene (2). It uas surmised that

this may be a fully saturated hydrbcarbon, uhich may be

present in the starting prefraction, not detectable by GLC,

as it is having same retention time as { + ) -&C- long io inane (l_) •

The two comoounds uere seoarated by preparative GLC. The

hitherto undetected compound ups readily, recognized from its

soectral characteristics and other physical properties as

(■*•)-eyelosativsns (3), , uhich is known to occur in

1 7the essential oil of several Pinus species. Also its 

occurrence in Cascarilla essential oil, Hymenaea courbaril
1 8and Scapania robusta lorik are uell-documsnted in literature

however, this is the first report of its occurrence in the



essential oil from Pinus roxburqhii. (+)-Cyclasativene 

(3) is related to sativene (5) in the same way as tricyclene 

is related to camphene or longicyclene (2) to longi- 

foiene (4). The identity of (+)-cyclosativene (3_) was 

established by comparison of the physical constants 
(b, p. Qj ng ) ancl spectral data (IR , MFIR)"^.

The biogenesis and biosynthesis of sesquiterpenoids

has been thoroughly reviewed”*'5 ’ and the differentiation

into individual comoounds has been prooosed to begin with

the cyclization of trans/trans and trans/cis farnesyl

oy nnhosohoates. The 1/10 and 1/11 cyclization of trans/trans

and 1/6, 1/7, 1/10 and 1/11 cyclization of the trans/cis

compound lead to the six intermediate monocyclic carbonium 
o n k

ions”' (Fig. 2), further transformation of which lead to 

tne known sesquiteroenoids.

On the basis of these biogenetic considerations, out 

results, though based only .on the hydrocarbons portion of 

sesquiterpenoids, indicate that in P. roxburqhii trans/cis 

farnesol via 1/11 (*) ^-longioinene (l_) , (+)-lonqicyclene

(2), (-*-)-longifolene (£_) cyclization amounts far major of

the materials, chiefly through the formation of large 

amounts of (r)-longifolene (4_) . On the other nand,
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Fiq. 1. Sesquitsrosnes isolated from
Pious nxburqhii.
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Fig. 3. 1/11 and 1/10 cyclization of trans/cls farnesyl
pyrophosphate
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()-)-cyclosativana (3) is a sesquiteroene derived from 
the same orecyrsor via 1/1G cycJizatiqn (Fig. 3).

EXPERIMENTAL

For general remarks see page Mo.'Tl 

Isolation of(+)-o^longioinene and (*•)-longlcyclene

(t-) -o(-LIongioinene and ( + }-longicyclene were isolated 

by repeated fractionations of 'Drefraction' 3.34 kg, 3LC (Fig. 5)
composition: ( + )-o^-loogioinene (22.5$), (+■)-longlcyclene
(19&), (i-)-longifolena (3 6,5#) and low biolers (?2%) on 
a 6’ x 1" fractionating column (theoretical olates 35), 
packed with glass helices (4-6 mm diameter) uith a reflux 

ratio 20: 1 to glue different fractions which were pooled 
into five grouos. The fractionation data is giuen in Table 1 
(Fig. 4>s ,

Pool No. 1 (low bailers)

The combined fraction (305 gr, b.p. 55-90°/10-7 mm) 

from its GLC analysis, was mainly a mixture of low boilers,



having same RRT to that of ( + )-longifoiens on 1 0/ CU

column .

Pool Mo. 2; (+) -(x-lonqipinene and polar impurities

The combined fractions (446 gm, b.o. 55-57°/2 mm) 

constituted pool No. 2 and was essentially more than 90/

□ ure ( + ) -o(k-lDn9lpinsne (i) along with 8-1 of polar 

. impurities not separable by fractionation (GLC, Fig. 6).

(-r) -o^-Longioinene: This mixture(l30 gm) was chromatographed

over Al7Q3/l (650 gm, 70 x 3.6 cms) to furnish ours

(+) -©(olongipinene 1_» ^ 1 6 gm, eluted with light pet.

100 ml x 5, GLC, (Fig. 6) as colourless liquid, b.p. 78-80°/

1.5 mm, n25 1.4959, lXL+ 40 (CHC1 c 1.5/). (Lit.15
D uo

nQ 1.4924, Mq + 36.9 in CHC13, c 2.2/). IR (liq.)

Fig. 7): 2920, 1649, 1430, 1370, 1139 and 781 cm"1.

1 H-MP1R (CC1A) (Fig. 8):' Fle-C (6H, s, 0 = 833 ppm), Me-C (34,

, s , 0.9 ppm), Me-C-C H (3 4, dd, 1 . 65 opm) , We-C-C li (1 H, m, 5.14
i C A -i.

oom) . (Lit. IR, ' H-.MMR). Mass: m/z 204 (fl , 21.5%),

161 (1$), 136 (10.7/), 133 (45/), 11 9 (100/), 105 (54/),

107 (32/), 91 (36.5/), 93 (42/), 55 (36.5/).

Pool No. 3: (i-)-s^-Longioinene and (+)-longicyclene



Tha combined fractions (180 gm, b.o, 57-58°/2 mm)' 

constitutad oool ''Jo. 3 and uas mainly a mixture of (^-)-c<- 

longininene (1_) and (+)-iongicyclene (2_) 73 and 27%-

renoectively ’as shown by OLC (Fig. 9) .

Pool No. 5 P(+)-longicyclene along with ( + ) -lonqipinene

and (f) -Longifolens^j

The combined fractions (143 gm, b.p. 58-59°/2,3 mm) 

constituted oool Mo. 5 and uas mainly a. mixture of 

( + )-longicyclene (2_, 6075), ( + )-longioinene (l_, 22%) and

(*-) - long if a 1 ene (£, 1875), as shown by GLC (Fig. 9).

Pool Mo, 4 ( + )- Long icyclene and ( + )-©^-lonqipinene

The combined fractions (441 gm, b.o. 58°/2 mm) 

constituted oool No. 4 and was mainly a mixture of (+)- 

longicyclene (2) and (*-) -^(-longioinsne (l_) (73.5 and 

26'- resnectivsly) along with traces of ( + ) -longifolene
.*4

(4), GLC (Fig. 1 Q) .

(r)-Longicyclene. It uas isolated by treating above 

"ixture (183 gm, 0.265 mole of (■*-) -o(-Tongioinene) with
~A~

azsotrooic peracetic acid (4Qla, 70 ml, 0.368 moles) in

Azeotrooic neracstic acid uas added slowly maintaining 
o0-10 temneraturs in not uithin 2 hr while stirring.
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chloroform (250 ml), buffered with MaHCO^ (60 gm, 0.714 

moles). The contents were stirred further for 1.5 hr 
after addition of peracetic acid maintaining the same 
temperature. It was then treated with water (150 ml), 
and tne aqueous layer uas extracted with CrlCl^, (50 ml x 3) .

The combined organic layers were treated with water 
(100 ml), 5% Ma2S203 (100 ml), 2Qf£ 0a2Ca3-(lQ0 ml) and 
brine (75 ml x 2) . Drying and removal of the so.lvent 
furnished a crude product (184 gm) which uas carefully 
distilled (using 6’ Vgren column) to yield (+)-longicyc1ene 
"(2_, 1-14 gm, b.o, 94-96°/4-3 mm, 8 8% oure by GLC)'along with 

12% of saturated hydrocarbon, (r)-cyclosativehe (3_) as shown 
by GLC (Fig. 10) .

(-t-'i-Long icy cl ene and (r)-cy closativene. These were further
ourified by preparative GLC (Al. column, 20% CU on
Chromosorb U NAU 45-60 mesh, 3/8'* x 12', 140°). The pure

/

samoles had the following ’ c’nara :teristics . (r)-Longicyclene (2):

n1.4910, WD + 37.6 (CHClj, c 2.1%). (Lit.18 nj,0 1.4888,KyT] 33.6°, neat). The identity of (+)-longicyclene (2_)
' D " B 

uas also established by comparison of soectral data. {‘-it.
IR) . f+)-Cyclosativene: 1.4845, fx] h 92.4

(CHC13, c 1-8%) (Lit.17 £*3 + 94.1 in CHClj, c 0.5%).
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IR (liq.) (Fig. 11): 3040, 1382, 1357, 131 5, 1280, 1260,

1081, 973, 060, 841 and 820 cm"1. 1 H— N MR (CCld)(Fig. 1'?) :

1*1 e-C (3H, singlsts at fl.966 and 0.744 oom) , isopropyl 

(3 H doublets at 0.90 and 0.86 npm, 0 - 6Hz), and a partly 

unresolved proton at 0.76 ppm).

Class: m/z 204 (nr 7 0S), 1 89 (25u) , 161 (66/:), 133 (46/),

119 (100s/) » 105 (97^.), 94 (841/), 91 (621) , 79 (34/), 55(437'-), 
(Lit.17 IR, 1 and '’lass).



4.

i
•H
CT'—^
r to
0 c

«-J 03
1 <~t

o
+ 0~

t 1

0)
a
03
p

4J w
r~ 93

jL
C

 ana
ly

sis
■H yo 
cn'—'
C 03
0 c

i-f *ffl
| r—{

^ u 
+ >*
—' u

1

■ 1
CM

m
•

cn
0

CT
CD

0.

•r4 N

6
_J o
J, C

Y?
f C)

(/)
u
O'

3 «r-»
O ^ V

„J _D

cn
0)
u
CO

-P

o•r—,

CO
e

o
Ch

cn
s—

cn
o

!

UD
CM

1

CM
CM

i

‘ i

i

• U3
F
r—-

t_n
tr
a

CD
<3
m?

O 
a 3

r—n-
O
MT
<r—

O
CD
CM

y
r: n

o_ _p
0" 03 

or u

X—

C-'
<M

r
o

CD
CM

0
CM

v—
CD
CM

1

•6
a e 
(0 E

/
r-

i
in

O'

to
CM

cn
CM

cn
CM

I

r
•j

P
i

m

p-
m

i; i
If*

CD
m

i

in
cr>
to

CD
m

1
0 • 
in

t

N
o.

 
Ty

pe 03
P
03

•H
O

X)

3
O

£33
C
03
C

•r~{
n

•H
CD
C
0 
_I

1

\

4*

T—
03

-P
CO

•H
"D

Q3
E
P
Q3

-P
C

i—i

03
c
03

u
>s

0
*H
cn
c
0

1

4*
v-^

CM
1

03
P
(0

•P
TJ
03
E*
U
m
P
c

h-H

P
c£

orUJ
F*
cc
e:

1—
0
a

«—
oaa

- CN cn ' <T in

w
ui 

t;~u l
, 

U'
L~ 

Lit? £E/0
U

6 ~SS 
*

t 
“

(
t juLijnciX

t j ^ 
uoT^cnjjbld

Ta
bl

e 1

F 
ig

.



113

2

Column. 1) 10?£ CU 2gn (360 cm x 0.6 cm, 
t emo. 150

2) 10$. SE30 on chromosorb U, HP

Al. column"! 

60-R0, Tamp.
Hydrogen flow: 60 ml/min.

ha) Lou boilers and polar imouritias
b) Longioinena
c) Longicyclena
d) Longifolane

170°

FIG. 5. GIC OF PREFR ACT IQM
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a a

d
J v_

Column*. 10^ CU 2011 (3 60 cm x 0.6 cm, ftl
Hydrogen flow : 60 nl/mi.o
Tem;. 150

a) Longioioeoa
b, n and d) t’olar imouriliras

Fig. 6 . 1LC OF ->n0L No. 2 A 
i. O^CTPINF'IE

. column)

JD SURE
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a

Column: 1 CU 2nf'l (36n cm x rl. 6 cm, ftl- co1umo) 
Hydrogen Plou: 6H ml/min, Temo,: 15H1
a) Longioinene, b) Longicyclens

d) Longifolana

Fig. 9. 9LC OF 1) POOL Mo. 3 nod 2) PO'll Mo. 5
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