
gHAPTER-2

REU ERSIO*'] OF (+) -c^-LO^JG IP IMENE 

TO HIMACHALEWES



IN TRQDUCT I Q i

(*■)-oC-Longipinene (l_) has been isolated from 

various members of family Pinaceae (Chapter 1 of this 

Part) and as the name indicates, it is the higher iso-
'j

prenologus of <y-pinene (2_) . Since (+) -£>{-• long ip inen a

(Ij is a high energy molecule because of its strained 

structure, it uas thought worthwhile to examine fate of 

its cation under various conditions. These reactions 

may be expected to show some parallelism with the 

reaction afc><-Dinene(2_).

2An important reaction pathway for pinyl derivative 

is cleavage of gem-dimethyl bridge to give o(-terpiny 1

3 4products (3-OH) or the corresoonding elimination products ’ ,

the exact reverse of the cyclization of (3_) in the 

biogenetic scheme (Fig. 1). A quantitative study using 

o{-pinene (2)^ has delineated two pathways. One is Wagner 

rearrangement to bornyl and fenchyl ions (5_ and 6) by 

migration of band electrons from the gem-dimethyl and 

methylene bridges respectively and in the presence of a 

.nucleophile this leads to endo-products together with 

camphene (Fig. 2), The other route is generally favoured 

when dilute (0.1-1.0 N) aqueous acid are used, and tyoically
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Fig. 2. Rearrangement of cc-oinene



limonsns and ol -teroinolene and isomerization and

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

are formed together with traces ofjS-ninene and terpsne

4 5ethers (cineoles) ’ .

PRESENT UORK

The present work describes the rearrangement of 

(+) _o(_ longio inene cation (8) under a variety of conditions. 

(-*•) -©{-Longininene cation (3) occupies an unique position 

at the crossroads to himachalenss (l_Q_ and 11) ’ ’ ,

longif olene {1_3_)/longiborny 1 systems Protonation

of (+) -o(-longioinene (l_) can, in principle, generate

1 1species (8) unich has been imolicated in the biogenesis 

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

Rearrangement of (f-)-0(-longioinene (l_) under the 

influence of various acids has been investigated and the 

products were separated and identified (Fig. 4), It is 

shown th^t a facile reversion of ( + )-§(-longioinene (l_) to 

o(- and fi-himachalenes (l_0 and 11) occurs. A concomitant
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Fig. 3 Reversion of (*-) -9£-longininene
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I Acid
Solv. Temp, /hr

PRODUCTS (%} 1

10 11 13 !

BF3 Et20 28°/7 46 I0
i

32 |
I
I

HCi04 aq.diox. 90°/2 20 44 21

HpNSOo OH acetone 60°/18 34 26 25
[ (Lm mm

J
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reaction is its rearrangement 
and isolongifolene (14) ,

to (+)-longifolene (13)

flcid-cataiyzed reversion of (*•) -/y-lonqioinene

(i) Using BF^-etherate. (+)-o^-Longioinene (ijin dry
ether and BF^-etherate were stirred for 6-7 hrs at 28-29°C 
(or at 33°, 1-1.5 hrs). The product obtained after usual 

work-up was a mixture of longif olene (13, 32lS) ,o(-hima- 
chalene (l_0, 4§&) , ^-himachalene 10%), unreacted
(f) longipinene (l_, 6.?€) and some other unidentified 
products ( 4.2^) along with traces of isolongifolene (14,
27)) . The products were isolated by preo. GU2 (20?) CU,

12', 15Q0U) and found to be oure by GLC but N^R showed 

imauritias. Finally the products uers isolated in a pure 
form by medium pressure liquid chromatography (M°LC) using 

AgNO^-Si?^ gel and identified by comoarison with authentic 

samoles.

(ii) Using osrchloric acid (HL‘10^) in aq. dioxane. When
(*■) -(X-langipinene (l_) in dioxane/uater and UClO^ (60*) was 
stirred for 27 hrs. at R.T.i£ 30 + 5°), it remained unreacted. 
At moderate temoerature ( 60°, 1 hr) poor conversions 
resulted. Finally, when it was stirred at 90° (2 hrl, the



product obtained after usual work-up was found to be a 

mixture of longifolene (1_3_, 211?) , ^-Himachalens (l_0, 2DT-) , 

0-himacnalene (l_L> 44&) ; unreacted (+) -c<- longioinene (l_, 

7?) and traces of isolongifolene (14, 2%) along with
some other unidentified products ( S£).

(iii) Using sulfamic acid ('^NSOjH): (•*■) -c^-longininene (l_)

and sulfamicacid, a strong acid (oH of vt soln. at 25° 

is 1.18) in dry acetone unen refluxed umile stirring, 

maximum conversion was obtained after 18 nrs, and the 

product obtained after usual work-up was found to be a 

mixture of longifolene (l_7i_, 2510), ©(-himachalene (l_0_, 

-himachalene (11, 2 6'), unreacted (r)-^-longioinene (l_, 

9.4?o) and unidentified products ( 6*) with no trace of 

isolongifolene (£_4) .

(iv) Using glacial acetic acid-sulphuric acid. It is well
1 2documented in the literature that the addition of acids

to o(-oinene (2} involves addition of unionised acid to giv

an intimate ion-oair, unich favours elimination over

addition when the counter ion is not strongly nucleoohilic.

When a catalytic amount (n.2 N) of sulohuric acid is added
/

to Sf. soln ofo^-pinene (2) in acetic acid, the reaction was
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very rapid, the cK-pinane (2) disappeared uithin 15 
min and gave olefins produced by isomarisation of (2_) 

as the main produe/ts and the product arising from 

addition of the counter ion uas negligible.

Applying similar conditions to ( + )-o^longioinene (1_) , 

toe reaction favoured elimination over addition furnishing 
reversion products, o<-himachaiene (l_Q) , |3-himachalens (11), 

longifolene (13) and isolongifolens' (14). The product 
formation varies with tne temperature. At room temo. (25°,

1 hr) o(-himachalene (l_3_, 32l£V and ^6-himachal ena (l_1_, 28”?) 

predominates in the oroduct mixture along with longifolene 

(13, 7%) and isolongifo 1 ene (1_4, 7?-.). At slightly higher
temo. (50°C, 1 hr), it gave -himacnalene (l_1_, 52f) and 

isolongifolene (1_4, 32lS) as the major oroducts. At higher 
temo. (87 +_ 1°, 1 hr), it gave complex mixture as the 

product, isolongifolsns (l_4., 5Ef?) being the major one 

along uit'h other unidentified products. At higher tempera
ture -nimachalene (1 0) or ^-himachaiene (1 1) were 

not found to be present in tne product mixture, so it uas 

toought that ji>-nimachalene (11) may be getting converted 
into i solonqifoiene (l4). however, applying these conditions 
to ^-himachaiene (11) resulted in a comolex mixture uith 

only traces'of longifolene • (13) -and isolongifolene (14). 
Results are summarized in Table 1 (Fig. 5).
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EXPERIMENTAL

For general remarks, see page Mo.7?"!

Acid catalyzed reversion of (+) -^(-lonqipinene

(i) Using BF^-ethereate. A solution of (+) -o(- longio inene 

(l_, 5.0 g, 0.035 mole) in dry ether (50.0 ml) and 8F^- 

ethereate (2.5 g) were stirred at 28'+ 2° till GLC (isjt 

CU, 12'’, 1503) of an aliquot showed maximum conversion 

( 7 hr). The reaction mixture was washed with water 

(10 ml x 4), 2fT/o sodium carbonate (5 ml x 1), dried and 

evaporated. The residue (4.8282 q, 96. £h-) uas distilled 

and the distillate (4.43 g, 88.6£, b.o. 96-11G°/l-2 mm) 

was snoun by GLC (Fig. 6) to be a mixture of <X-h imachal en e 

(10, 4E$)» P ~'n imachal sne (1J_, longifolens (1J3, 32f),
unrsacted (<-) -o(- long ipinene (jj_, 0C\and some other unidentified 

products ((?£). c<- and jB-Himachal enes (l_Q_ and 111 seoarated 

by preoarative GLC (2Q/S CU, 12', 150°) were found to be 

GLC pure but H-NMR showed imourities. Finally, they were 

isolated in pure state by medium oressure liquid chromato

graphy .

Adsorbent : 1 AgN0^-Si02~gel ' (9(1 g)

Column dimensions : 100 x 1.5 cm

Pressure : 4f) osi

Silica gel us„ed uas TLC grade without binder, mesh l00-2n.q.



Eluent : Lignt oetroleum
l/ol. of the fraction : 100 ml

Pool No. Fraction Mo. Ut.(q) Remarks

1 . 1-3 0.200 g Unreacted 1 and other
unidentified products.

2. 4-3 0.7425 g 1 and longifolens

3. 11-25 0.7201 g o^-himacnalene (purs)

- 3. 37-40 0.0471 g j3>-himachalsne (pure)

Recovery: ro£

Ours longifolene (13) was isolated from oool No. 2

by or sonr ative GLC (2 0t CU, 12!, 1503). The identity of

f t)-]onqi fol-one (13) , himachalsne (10) and J3-himachalsne

(11) usre established by comparison of physical and
snectral data. The pure samolfis had the following cnnract
1stIcs .

0<! - 'Hinach a lenen H.o, h3-4°/l|5 mm (Lit,® 93-94Q/2mrn)

25nD 1,5082 (Lit.3, 1,5082 )

GO D -84(0 Cl , n, 1.3f,)(Lit.9 -192.3

IR (liq.) 3060, 1770, 1 665, 1 625, 1358,1577, 
15 62, 885 and 855 cm'1.
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1 l-OHR ; ide-C (6’1, s, 1.166 and 0.930 mu)

,a1e-C=C ’(3d, s, 1.3 opm)

0?0-C (23, s, 4.7 ppm)

HC-C-’Oe (1 H, s, 5.41 pan) .

fi>- limachnlene; 3.n.(hntn) ; 13n-40°/l-2mm ?Lit.^ 121-122°)-
75 : 1.5105 (Lit.8 1.5130) 4 ^

D

C^Jn3 : r 161 .8°(<: Cl3? c, 3<)
(Lit.8 1- 7?4.7, 0 ICl,) .

IR (1 in.'s: 1 665, 357, 13 60 cm-1.

1h-'nR : fle-C (61, s, 0.73 and 0.07'? mm).

2Te-OC (6 1, s, 1.73 npm)

- J-OC-Me (1 1, aartly splittod,

5.36 Dom) .

(-*-)-Lonpif□ 1 ene: B.n. - 36-87°/l.5 mm (Lit.13 150-1°/76 Tv)>n)

n3j - 1.5027 _( Lit.13 . 1.4950)

\j/]2q5 - i- 51.14 (C1C13, c, 1.7 6?) (Lit.13

+■ 54.0 6, 0 SC 1^ )

IF; (liq.) : 3070, 2943, 1 660, 1456, 1375, 1364, 

1 296, 371 cm"1.

1 .1- T1R ; 31.2-0 (90, s, 0.90, 0.95, 0.93) 

t>nH2 (2 1, s, 4.72, 4.46).



(ii) Using HC104-aq. dioxane. A solution of (**) -C<— 1 o m g i -
ninene (l_, 1.4 g, 1.009 mole ) in dioxane: water (4:1; 5.0 ml) 
and dC104 ( 0.045 g, 1.075 ml, 50^) were stirred at 10°

(2 nr) . The reaction mixture was allowed to attain room 
, temo-erature ( 28°) and was extracted with ether (5 ml x 4).

The combined ether layer was washed with water (3 ml x 2),
20^ sodium carbonate (2 ml x 1), dried and euaoorato^. The 
residue (n, 3 8 g, 95%) was distilled and tns distillate . 
(n.3f'0, 90^, .b.p., bath, 1 10-12Q°/1-2 mm) was shown by 1 LC 

analysis (Fig. 6), to be a mixture of ^-himachalene (10,
2Qn) , /T,-himaeoalsne (1_1_, 44^), longifolene (13_, 21&) , the 
unreacted (r)-p^longioinene (1_» 6?) and some other 
minor oroducts (9^).

(iii) Using sulpnamic acid: A solution of ( + )-$(- long i-
oinene (1_, 2 g, 0.0099 mole in dry acetone (5'0 ml)

and sulonamic acid (1.0 g) were refluxed under dry con- 
ditions for 18 hrs while stirring. Acetone( 45 ml) was 
then removed and the product was taken uo in ether (75 ml x 2) 

Tne usual work followed by the distillation of the 
residue (1.8 g, 90,?>) left after evaooration of solvent, 
gave the distillate (l.65g, 87.5$, bath 12Q-130°/2-3 mm).

The distillate was shown by TLC (Fig. 6)- to be a mixture 
of ^/-himachal ene (1_0_, 34<i), R-himachalene (l_1_, 2£pS),
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longifolene (13_, 2S5) , the unreacted (i-i -^-long ininene (1_, 

9,S%) and come otner minor onducts ,(5.5%).

(iv) Using glacial acetic acid-sulohuric acid. To the

solution of (O -5(-longipinene (1_, 1.0 g, 0.005 mole) in
glacial acetic acid (4.0 ml) was added sulmuric acid
(0.4 ml, 5nr?c v/v) and the contents were stirred at 25 *_ 2°

for 1 hr. The Droduct was taken, uo in ether’ (?5 ml x 2)

and the usual work uo followed by the distillation of the 
' aiteTf

residue (0.94g, 94*?), left solvent evaporation, gave the
A

distillate (00.86g, 3 6^, b.o, 82-920/l-7 mm). The distillate 

was shown by GLC to be a mixture of ©(-himachalsne (l_T_, 31.0^) 

j& -himachal ene (l_1_, 28.07T), longifolene (1_3_> 25?S) , isolongi- 

folene (l_4, 7~%) , tne unreacted starting material (1_, 7%) 
and some othar minor oroducts (2^). The similar exoeriment 

was repeated, at higher tamo sratures. The results are 
summarised in Table 1 (Fig. 5).

Acid catalyzed rearranqemantiof l^-himachalene 
(using glacial acetic acid-sulphuric acid)

-‘-iimachalene (l_1_, 1.0 g, 1.005 mole) under similar 
conditions as described earlier, after usual uork-Wgave 

complex mixture as the product (Table 1, Fig. 5).
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