- T wh L o o o o — T ooy Wn ik Ay LI il WO i v e ok M S iy e o S A A o b DS Nt S Ay S U " S T WS R o W " o ok o W S o oy o o s

CHAPTER - 2

REVERSION OF (+)-x-LONGIPINENE
TO HIMACHALENES
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IN TRODUCTTION

{+Y-o{-Longipineane (1) has been isolated from
various members of family Pinaceae (Chapter 1 of this
part) and as the name indicates, it is the higher iso-
prenologue of «/-pinene (2)1. Since [+)-p{~longipinens
(1) is a high energy molecule because of its strained
structure, it was thought worthuhile to examine fate of
its cation under various conditions, These reactions
may be expsected to show some parallelism with the

reaction ofa{-oinene(g).

An important reaction pathway for pinyl derivatiuez
is cleavage of gem-dimsthyl bridge to give N-terpinyl
products {3-04) or the corresnonding elimination preductsz’4,
the exact reverse of the cyclization of (3) in the
biogenetic scheme (Fig. 1). A quantitative study using

ol-pinene (Z)4 has delineated tuo pathuays. One is Waagner
rearrangement to bornyl and fenchyl ions (5 and 6) by
migration of band elsctrons érom the gem-dimethyl and
methylene bridges respectively and in the presence of a
.nuclscphile this leads to egndo-products together with
cemphene (Fig. 2). The other route is generally favoured

when dilute (0.1-1.0 N) aqueous acid are used, and typnically



125

X
—H—> ﬂ o ofdjerke
prodicts’
3-X
OH
::: ii; e 8 [ ]
4_
2 o 3_OH
65 % 22%
> ol -ninene
2
®
3

Reagents: 1. HClDd-QS% ag. acstone 75°C

Fig. 1. Reaction pathway for oinyl derivativa



ando-products
1-

Camohene

!

5 6
.*-
P N
v————-—
2 4
P,
-7
N
r 3
! |
. | i
pkManthadisnes Limonegne

(tarpinolens, «£-and «-
.
terpid."sne stc.) |
k-Tarpineal

+.

3
Fig. 2. Rearrangement of «-ninene



127

limonene and of ~terninnlene and isomerization and

hydratisn oroducts resulting from the ions (3) and (7)

PRESENT WORK

The present work describes the rearrangemnent of
(+)k-longininene satian (B8) under a variety of conditions.
(+)4{-Longininene cation {8) occupies an unigue position

at the crossroads to himachalenss (10 and 11)6’7’8,

longifolene {13)/longibornyl systems (12)9’10. Protonation
of (+)--longininene (1) can, in principle, generate
species (g) wnich has been imnlicated in the biogenesisqq

of (+)-longifolene (13 and related comoounds (Fig, 3).

Rearrangement of (+)-longisinene {1) under the
influence of varionus acids has been invastigated and the
products were separatad and identified ‘Fig. 4). Tt is
shown thot a facile reversion of (*)ﬂX—lOﬂgiSiﬂBWE (l) to

ol- aﬂdfﬁ—himacﬁalenes (13 and 11) occurs, A concamitant
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reaction is its rearrangement to (+)-longifolene (13)

and isolongifolene (14) .

Acid-catalyzed reversion of {r)—(-longininene

(i) Using BF,-etherate. {+)-gi-Longininene (1:in dry

3

sther and B8F,-etherate were stirred for 6-7 hrs at 28-29°C

{or at 380, 1-1.5 hrs). The product obtained after usual

1ATK-up was a mixture of longifolene (13, 32%),{ -hima-
chalene (10, 46%), P-himachalene (11, 10%), unreacted
(+V-d-longipinene (1, 6.7%) and some other unidentified
products ( 4.2%) along with traces of isolongifolene (14,
2%)., The products were isolated by pren. GLU (207 CU,
121, 150%:) and found to be nure by 5LC but N¥R shouwed
imauritiés, Finally the products uere isolated in a pure
form by medium pressure liguid chromatogranhy {MBLL) using
AgN03-5192 gel and identified by comparison with authentic

samnles,

(ii) Using perchloric acid (HC10,) in ag. dioxane. Uhen

(£Y-t-longipinene (1) in dioxane/water and 1o, (60%) was
stirred for 27 hrs. at R.T.{ 30 T 50), it remained unreacted,
At moderate temperature { 60°%, 1 hr) noor conversions

resulted, Finally, when it was stirred at 90° (2 nr), the
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product obtained after usual work-up was found to be a
mixture of longifolene (13, 217), -himachalene (10, 207y,

.p-himacnalene (11, 44%); unreacted (*)4&-1ongioinene (1,
77) and traces of isolongifolene (14, 2%) along with

4

some ather unidentified products { 6%).

(iii) Using sulfamic acid (%ZNSDSH): (¥)-o&-longininene (1)

and sulfamicacid, a strong acid (24 of 1% soln. at 25°

is 1.1B8) in dry acetonz wnen refluxed wnile stirring,
maximum conversinn was obtained aft:r 18 nrs, and the
product obtained after usual uork—up‘uas found to be a
mixture of longifolane (13, 25%), o{-himachalene (10, 24%),
fﬁ-himachalene (11, 267), unreacted (r)-p-longipinens (7,
9.45) and unidentified products { 6%) with no trace nf

isolangifolens (14).

{iv) Using glacial acetic acid-sulphuric acid, Tt is well-

documanted in tha‘literature12 that the addition of acids

to o -ninene (2) involves addition of unionised acid to give
an intimate ion-nair, wnich favours eliminatian over
adaition when the counter ion is not strongly nuclsophilic.
When a catalytic amount (0,2 N) of sulohuric acid is added

’

to 5% soln of X -pinene (2) in acetic acid, the reactisn was
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very rapid, the K-pinane (2) disappeared within 15
min and gave olefins produced by isomesrisation of (2)
as the main products and the product aTrising from

addition of the counter ion was negligiblae,

Aaoplying similar conditions to‘(+3—d¢19ngininene (1),
tae reaction favoured eli%ination over additinn furnishing
reQersiJn products, « -himachalene (lg),]S—himachalene (11,
longifolene (13) and isnlongifolens (14). The‘prcduct
farmatisn varies with tne temszrature, A£ room temn. (25°,
1 nr) «-himachalens (10, 32%) and p-himachalens (11, 287)
predominates in the product mixture alaong with>longifolene
(13, 7£) and isolongifolene (14, 7%). At slightly higher
temo. (50°C, 1 hr), it gave p-nimacnalene 2113 527) and
isolongyifolene (14, 32%) as the major oraducts.‘ At higher
temo., (87 * ia, 1 hr), it gave compiex mixture as the
product, isoloagifolens (14, 58%) being the major one
;1ong with other unidentified products. At higher tem-sera-
~ture X ~nimachalene (10) or P-himachalene {11) were
nat found to be present in tne product mixture, so it was
tgouqht that/S-himachalene (11) may be getting converted
into isolongifodene (14). However, applying these conditions
1x3ﬁ—himachalene {11) resulted in a comolex mixture with
only traces of longifolene.(13) -and isolongifolene {14).

Results are summarized in Table 1 {(Fijz. 5).
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EXPERIMENTAL

For general remarks, see page No, 71l

Acid catalyzad reversion of {+)-¥-longipinene

(i) Using BF -ethereate. A solution of {+Y{-Tongininene

(1, 5.0 g, 0.025 mole) in dry ether (57.0 ml) and BF,~

ethereate (2.5 g) were stirred at 28 '+ 29 £ill GLC (19%
Cuw, 127, 156§ of an aliquot showed maximum cnhversion
( 7 hr)., The reaction mixture was washed with uéter
19 ml x 4), 20k sodium carbonate (5 ml x 1), dried and
evaporated. The residue {4,8282 g, 96.6%) was distilled
and the distillate (4,43 g, 88.6%, b.n. 96-110°/1-2 mm)
was snawn by GLC (Fig, 6) to bé a mixture of K-himachalene
(1p, 46%), P-nimachalene (11, 179%), lonjifolens (13, 327),
unreacted (r)-ol-longipinene (1, 6£)and some other unidentified
,products (68). o - and p-Himacnalenas (13 and 11) seoarated
by preparative 51.C (20% CuW, 12', 150°) were found to be
GLC pure but 1H~NMR showed imnurities, Finall?, thay were
isolated in pure state by medium nressure liquid chromatn-
granhy.
Adsarbent : 10% Aq’\l%-—SiDz-gel%(Qﬂ g)
Column dimensions ¢ 100 x 1.5 cm

OSrecsure T 40 osi

s

Silica g=l used was TLC grade without hinder, mesh 100-271.
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Fluent : Lignt netrolesum

vol., of the fraction : 100 ml

Pgol V2. Fraction No. Wt . (g) Remarks
1. 1-3 0.200 g Unrsacted 1 and other

unidentified products,

2., 4-8 N.7425 g 1 and lonjifolens
3. 11-25 0.7201 g {~himachalene (aure)
~ &, 37-40 7.0471 g {g-himachalene (nure)

Recavary: RO%

pyre longifolene (13) was isnlated from oosol No, 2
by sraparative GLC (207 CU, 12', 150°), The identity of
(v)-ionqgifolane (13), «-himachalene (10) and B -himachalene
{11) were established by comparison of physical and

engctral data. The pure samnles had the following cnaractar-

istics.
K -Himachalenea H.o, 1%-4°/195 am (Lit.8 9%-94" /2mm)
n2? 1,5082 f(Lit.2, 1,5082 )
<1, -84(% £1,, o, 1.3 L% 19203, )

® {1ig.) 306n, 1773, 1665, 1625, 1338,1%77,
-1

1262, 8B% and 885 com .



1I-Hﬁﬂ : Me-C (€4, s, 1.766 and 0.738 o0m)
c=tC {34, s, 1.3 npm)
1,0=0 {24, sy, 4.7 npm)

c=C-Me {14, s, 5.41 pon).

}5-iimachalene: 3.3.(bntn) . 13ﬂ—ﬁ00/1~2mm {Lit.7 17?_1229}
3y
'8 . 1.5105 (Lit.? 1.s137) 4 M)
D
«-"")‘—
[XJ ;_):J . r 18‘} . BO (L: ‘{i: 13 . E’ '3’:'"‘ T)

(Lit.B « 22407, 1),

I {1in,): 1665, 857, 1360 em™
Ty : Me-C (64, s, 1.73 and 0,277 nom),
Me-C=C (64, s, 1.7% npm)
4-C=C-Me {114, partly solittod,
5.%6 oom).
(r}-Lonjifolene: 3.9, - 86-870/3.5 mm (Lit.13 150-1°/726 am)
s - 7
»néa - 1.5727 { Lit.'2. 1.4950)
— 1472
LB(X%S - 751,14 (CACL,, g, 1.760) (Lit,'”

£ 54,06, LIC1,)

IR {lic.): 31070, 2348, 16€0, 1456, 1375, 13€4,

1296, 871 cm“.

1

A-N"R s Me-C (54, s, 7.90, 73.75, 7.93)

C=cH

4, (24, s, 4.72, 4.46).
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(ii) Using HC10,-aqg. dioxane. A solutinn of (#)-ol~longi-

ninenas (1, 7.4 g, 1.707% mole ) in dioxane: water (4:7; 5.0 ml)
and €10, ( 0.945 3, 1.775 al, 677) were stirred at 1p°

{~

2 oamy., T

1e reaction mixture was allowzd to attain room
temnserature { 28%) and was extract=d with ether (5 ml x 4).
The combined ether layer was washed with watsr (3 ml x 2),
207 sadium carbonrte (2 ml x 1), dried and evanorate~. The
rasidus (2.38 g, 95%) was distilled and tne distillate
(n.36q, QU%,,blp., bath, 119-120°/1-2 mm) was shoun Sy 5L
analysis (Fié. 6, ta be a mixt;re of -1imachalene (10,
2Qﬂ),/%—himacwalene (11, 44%), lengifolene (13, 27%), tne
unreacted (r)-d-longininene (1, 6/) and some other

minor nroducts (97).

(iii) Using sulpnamic acid: A solution of (+)-xlongi-

pinene (l, 2 g, N.0N9% mole in dry acetane {50 ml)

and sulonamic acid (1.0 3} were refluxed under dry PRIRE

ditions for 18 hrs while stirring. Acetone( is ml) was

then removed and the nroduct was taken uo in ether (7?5 ml x 2).
Tneiusual Witk followsd by the distillation of the

residue (1.8 g, 90%) l=ft after esvanoration of solvent,

gave the distillste (1.65g, 87.5%, bath 120-130%/2-3 mm).

The distillate was shouwn by 3LC (Fig. 6) to be a mixture

of -nimachalene (19, 3%), ﬁ—ﬁimPchalene (11, 26%),



lonmiifolene (13, 25%), the unreacted (=)-y-longininene (1,

9,57%) 2nd come otner minor oraducts (5.55).

'(iv) Using glacial acetic acid-sulnonuric ac;d. To the
solutian of (r)-g~longipinene {l,\?.ﬂ g, 7.005 mole) in
glacial acetic écid (4.0 ml) was added sulpnuric acid

(n.4 ml, 57 v/v) and the contents were stirred at 25 r 2°
far 1 nhr, The Drpndct was taken uo in ethar’ (75 m] x 2)

and ths usual work us followed by the distillation of the
resgdue (n.94q, 4%, leftiggavent gvanoratiaon, gave the
di~tillate (90.86g, 36%, b.o., 72-92°/1-7 mm), The distillate
vas shown by‘GLC ts be a mixture of of-himachalene (17, 21.0%)
ﬁA-himachaleme (11, 29.7), longifolene {13, 28%?, isolongi-
folene (14, 7%), tne unreactad starting material (1, 75)

and some othar minor nroducts (2%4Y. The similar exneriment
was repeated at higher femnsratures. The results are

summarised in Table 1 (Fig. S).

Acid catalyzed rearrangement.of P-himachalenes
(using glacial acetic acid-sulphuric acid)

I5~%imachalene (112, 1.7 g, 7.005 mole) under similar
conditions as described earlier, after usual workfgave

complex mixture as the nroduct {Table 1, Fig. 5).

4
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