
CHAPTER-3

REARRANGEMENT OF (+) -^LONGIPINENE EPOXIDE, 

SiVISED STRUCTURE OF ISQCENTDAROL



Abstract

This Chaoter describes an extension of the work 
described in previous Chapter, acid catalyzed rearrangement

of (+)-p^-longioinene eooxide to several products. The 

major pathway involves a fragmentation reaction, either 
as such or after a Uagner Heeruiein rearrangement. 'lousver, 

in view of the formation of the diol, identical with 

isocentdarol, it is proposed tnat tne stereocnsmistry 
at carbon-7 of isocentdarol snould be revised.
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INTRO'DUCT ION

In an extension of the work described in Chapter-2
of this Part, acid-catalysed rearrangement of ( + )-o(-longi-
pinene epoxide (f) has been investigated. However, it

would be relevant first to summarize the work known in
the literature regarding acid-catalyzed rearrangement of

1—50(-pinen8 enaxiae (3) ~ (fig. 1).

o^-Pinene epoxide (3) with BF^-etherate in ether
gives a comolex mixture of o-cymene, aldehyde (5_) and (_§) ,
pinocamQ.hone (7), trans-carveol (8), the fluaro alcohol (9)

and a minor comoound which was not identified. A rationale
was out forth by M.P. Hartsharn and co-workers^ to exolain

the formation of the aldehydes (£) and (5} (Fig. 2).
^ -Oinene eooxide (3_) when treated ’ with gives
exclusively the aldehyde (SV. For maximum residual

salvation of the develoning C2-carbaniurn ion by departing
80 atom of tne epoxide, the axial cleavage mode of reaction 

would be followed to give caroonium ion (10) at full 
charge seooration. Throughout this process of charge 
seoaration in the C2-Q bond the C3-H bond would be maintained 
in tne plane of tne develooing C2-carbonium ion, not a
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Fig. 2. 'Acid catalyzed rearrangement 
products oPqC -oinens eooxide.



favourable position ?or hydride migration by the 3^-H. 
Tna collapse of carbonium ion (1 0) to give aldeoyde (5) 

is envisaged as an essentially concerted process.

PRESENT UORK

(r) —o(.— Longioinene epoxide (l_) was prepared by

adding peroxyacetic acid in chloroform under the similar
conditions as described in Chapter 1 (Part 1). Peroxy

acetic acid will attack preferentially on the 'foC.'* face
of the double bond due to the steric hindrance to

gaporoacn from the face to furnish stereochemistry
deoicted in (l_) .

(•*■) -c<r Longipine.na eooxide (1) when treated with

perchloric acid in aq. dioxane gave rise to numerous 
products which were separated chromatograohical ly. The 
major pathway involves a fragmentation reaction, either 
as such or after a L'agner-Plserwein rearrangement (Fig. 3 
The result is the formation of an allylic alcohol (14), 
the aldehyde (l 2) and a diol (15_, m.D. 179°). Allylic 

alcohol (14) and the aldehyde (12) constitutes some
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Fig. 3, Acid catalyzed rearrangement of' 
( + ) -ot-longipinsn^ eooxide.



80-85% of the total product and were isolated in 
almost equal quantities ( 30-35%), along with the 

formation of three diols. The product campssttion is 
given in Fig. 4.

The aldehyde' (12) is a product of U'agner-f¥leerue in

rearrangement of ( + ) -o^-longipinane epoxide (l_) via 
the carbonium ion (11). The formation of only one

aldehyde (12) can be exolained when one considers 
the intermediate carbonium ion (l_0 . The ion (11) 

being very prone to rearrangement via Crob fragmentation 
gives the aldehyde (12). Also the aldehyde (12) 
formation from 4-bromo-xy-longifolene (15) by fragmen- 
tation has been reported (Fig. 3).

Ally lie alcohol (14) results from fragment at ion 
of (O-^-longifiinsne epoxida (l_) via the carbonium ion 
(13) (Fig. 3) .

The attack of the loan pair of electrons from 
a water molecule at C-7 of 1_ led to the ooening of 
epoxide with simultaneous fragmentation of the molecule 
to give the diol (16), which is formed to the extent of
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0-5 hr.
HCI04 
,aq. dioxane

---------

A tdehyde : 12 45-50%, Liquid

Mono-ol '-14 35%, m.p. 109-110°

Dio!-I :?o 2%, m.p. 157-159°

-----> Dio! -1 :21 2-4%, m.p. 140 — 141°

L„-----

Diol-M :16 6-8%, m. p.172-173-5°

.... ...^
Fig. i. Products ohtnionrj !>y nrlrl onfcnly7ed 

cl 0aua^)0 of (T) -c(" 1 it] j ninene eooxidB.
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6-8?£ and has been found ident ical' with isocentdarol (17),

1 1isolated earlier by Kulshreshtha and Rastogi from the 

essential oil of Cgdrus deodara, The dehydration product 

of the diol (16) is the same allylic alcohol (14) .

However, in view of the dial (16) formation from

1_, it is proposed that the stersocnemistry at C-7 of

isocentdarol (17) should be revised (Fig, 5), Since

(+)-^-lonqipinene (2) being a rigid molecule, the lone

pair of electrons from a water molecule will attack C-7 from

the less hindered o(~face to give 1_6 giving an ^-hydroxy

at C-7, This is-further suooorted as the structure of

nimacnalol (19) now revised to 1_8_ in which configuration

12 13at C-7 is reversed on the basis of X-ray analysis *

The identity of diol (l_6) to that of naturally

occurring isocentdarol (17) was confirmed by TLC and

1 13 11soectral data ( H-NIHR, IR ) of their acetate , by comparison.

Besides these products, two other diols, diol-I 

(12, m.p. 153 -54°C) and diol-II (21_, m.p. 148-1 48.5°Cl 

were isolated in minor amounts ( 2*3%), These compounds 

have been assigned structures (20) and (21) . Diol-I (2p) 

is the Droduct obtained by the attack of the lone pair of



143

i

OH

if

ISOGENTD&tOL

(KOXSHRESHTHA & BASTOGI 1976)

Fig. 5. Ravisad structure of isocentdarol and 
himachallol
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electrons from a water molecule to the carbonium ion
(11) before it undergoes fragmentation to the aldehyde
(12) (Fig. 6).

Diol-II (21) may evidently arise from the carbo
nium ion (11) by a trans-annular attack by the nucleophile 

on C-9 with simultaneous migration of the ©(.-hydrogen 
(hydride ion) at C-9 to the electrone defficient centre 
as described for the formation of longibornane-9-ol (22)^.

Thus both diol-I (2Q) and diol-II (21) arise'from 
the same species (11).

Structure of Diol-I
9

Longibornane (25) type of carbon skeleton of the 
diol-I (20) was confirmed by converting it into a 
hydrocarbon (25) which in turn is compared with the 
hydrocarbon obtained from the known compound longibornon-g-ol"1 

The ketone (23) derived from this was reduced to hydrocarbon (25)
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Dioi-II

Fig. 6. Formation of diol-I and Diol-II



14 16by Uolf-Kishner reduction * . Similarly, the
diketone (26) of diol-I (20) obtained by oxidation with

1 7pyridinium chlorochromate , on Uolf-Kishner reduction 
gave a hydrocarbon (25) which had the same retention 
time on OLC to that of hydrocarbon obtained from loogibor- 
nane-9-one (23) (Fig. 7).

Selective replacement of a hydroxyl group by
nydrogen is a synthetic transformation of considerable 

18 19importance. It has been reported that sterically 
hindered alcohols can be conveniently and efficiently 
converted into the corresponding alkanes by metal-amine 
reduction of the derived esters. The only side reaction 
is the generation of tne starting alcohol. Mechanism 
(Fig. 7) involves radical fragmentation of the initially 
formed radical anion (28) . Mode (a), and thence deoxy

genation, evidently becomes the favoured process when 
cleavage of this C-0 bond is attended by a sufficient 
release of unfavourable steric interactions. Otherwise 
mode (b) is preferred when the alcohol is regenerated 
(Fig. 7 ). Acetate (24) and diacetate of diol-I (27) 

were reduced by metal-amine reduction to the hydrocarbons 
which were found to be identical (retention time and R 

value) .



\ « II>— o-e-R
0

0=C-R

a bo H rO-|c-R
\b

0 + R-CO
I
OH

Schama 1. Reduction of c^arivativ-ea of diol'-I to t- saturated hydrocarbonsReagents: jj Pyri^dinium ch lorochromate 
v • . N . ■, t' i i ) 1 acetic anhydrida-pyr., iii) L/olf-

j_ . Kishner reductioniv) Li-sthylsnediamineScheme 2. Metalamine reduction mechanism. picl |L



Diol-I (20) with acetic anhydride-pyridine at

room temperature gave the diacetate. This indicates

hydroxyl group at C-8 should also be endo. Because

an exa-8-hy droxy1 group in such type of molecule

would be strongly hindered by the double bridge system

on the top side of the molecule as well as by the 2-

22and 9-methyl groups.

Extensive nmr studies on nor-bornyl derivatives 

(2B, Fig. 8) have shown that, in general, the fallowing

couoling constant can be assigned 3 AC 0, 3cd = 2.4-6.0

and 3££ = 5.9-0.4 Hz when the substituent at C-2 is exo

and 3^g =» 3.8-5.6, 3 BO 7.5-11.5 and 3g^. - 2.2-5.2 Hz

uhen the substituent is endo 20 In some instances

couoling (3 8I: B3: and 3gp - 1-2.1 Hz) through four
? 1sigma bonds has been observed" (Fig. 8).

Comparing the spectral data of culmorin (29) and 

its derivatives (diketone and diacetate) with that of 

dio-I (20, and its diketone and diacetate) revealed 

similarities, but the only difference is the position 

of the hydroxyl group at C-10 in case of diol-I (2q)
99

instead at C — 11 in culmerin (2_9, Fig. 8) . The C-8

proton, CHOH of culmorin (29) comes at 63.86 as a 

doublet, 3 = >5 Hz and the same oroton comes at 65.3
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28 29

fig. 8. Structure of diol-I



??as a dd, 3-6 and 1 Hz in its acetate derivative -.
Similarly, in diol-I (20), C-8 proton, CHOH comes at
63.87 as a broad singlet (unresolved doublet) which

resolves in its acetate derivative at £5.34 as a dd, 3=5
and 1,5 Hz. The predicted 3 values for 8-H are 5 and 1.5 

2 2C/sec. Also the C — 11 proton of culmarin (2 9) comes at 

54.12 as a sextet with 3 = 9.5 and 4 Hz. The same proton 
in its acetate derivative comes at 5,05 as an octet with
3 = 9.5 and 4 Hz. This indicates the coupling of C-11
□ roton giving 3^ and 3^ ^ which are 9.5 and
4 Hz. Similarly, in diol-I (20), C-10 proton couples only 

witn C-11 nrotons giving partially resolved dt, 3 — 1.5 and 
10 Hz at £>4.1. Similar pattern was observed for the

•* o'?

CHOH proton of beipneoi (3_0) The same proton of diol-I 

in its acetate derivative comes at 64.97 as a dt resolved 
properly with 3 = 10 and 2 Hz, well accord with the predicted 
values. The values are in well accord with the given 
structure of diol-I (20) also.

Structure of Diol-II

1 7Similarly, pyridinium chlorochromate oxidation 
of diol-II (21) gave hydroxy ketone instead of diketone,
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which on Uolf-Kishner raduction gave a comolex mixture

of products. Similarly, acetylation at room temperature 

furnished a monoacetate instead of diacetate which on

metal-amine reduction gave diol-II (21) as the major 

product along with traces of -mono-ol which disolay a 

doublet, 1H, at 64.16 with J - 5Hz. The structure suggested

for mono-ol was 31_. The formation of hydroxyketone and 

hydroxy acetate derivative indicates one of the hydroxyl 
group to be tertiary. So only possibility left is, it 

should be a product of trans-diaxial opening of (->-)-o(-longi-

oinene eooxide (l_) in which nucleophile will attack from

the Deposits side of the oxirane. So structure for diol-II

(21) is now proposed as 3J2, which is derived f rom °<-eooxide (l_) .

The formation of mono-ol (31) can be explained now considering 

structure of diol-II as 32_ as shown in Fig. 9. Comparing the 
spectral data of 32_ with similar tyoe of trans-diol (33) ^

of oinans series, they are matching except for the -extended 

methylene bridge protons and a guatarnary methyl group in 
case °F diol-II (32).

The trans-diol (34) with the opposite stereochemistry 

of both the hydroxyl groups was also prepared by aoplying

the conditions as in the case of (f)-p(-oinen3^, c is - Hy droxy -

arvd
lation of (+) -o(-langioinene (2) gave cis-diol (35) a hydroxy

A

ketone as the major products along with other cleaved products



3!

Reagents: Acetic anhydride-Pyf.
ii) Li-athylene diamine

Fig, 9: Mono-ol formation from diol-TI
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(not further identified). The selective reduction of

hydroxy-ketone (3 6) using sodium borohydride in dry methanol 

furnished major trans-diol (34) along with the formation 

of other diol having same Rj» value to that of c _is - d i o l (3 5) .

The so- obtained trans-diol (34) and trans-diol (32) obtained 

by trans-di axial ooening of (l_) , both of them show different 
IR and ^ H— JMMR • This supports that the diol-II (32) is derived 

from ©(-epoxide (Fig. 13).

Finally it was oroved by its (32) synthesis from 
marsupellol ° by oxymercuration-defrercuration, uhich is

equally mild procedure as hydroboration-oxidation, without 

evident rearrangement, for achieving the anti-flarkovnikov
2 6 2 7hydration of carbon-carbon double bond ’ ’ (Fig. 10).

Stoichiometrically the oxymercuration-demercurat'ion 

reaction consists in the addition of a mercuric salt or 

of the elements of a mixed mercuric salt, Hg(0R)X, to an 

olefinic double bond. Reduction of the carbon-mercury bond 

(demsrcuratinn) gives the corresnonding alcohol, ether or

ester.
i i ) l 0*6 i t

— C —C— + HgtOR)X—>~C~C“ — C—C ~ CD% i l II

OR HqX OR H

R-CH -CH2 *+ Hg COAc)
SO: 50 THF-t4'20

2 R —CH — CH2"HgOAc
OH

R-CH-CHz-HgOAc -
OH

NoOH, Na
CH
i

OH

Hg

try

C33



Reagents: i) Potassium oermangnate 
ii) MaQH,-dry PleOH 

iii) M,(OAc)2-NaBM4

Fig, 10, Synthesis of isomeric 
1 (■»•)-{(-longiDinene

diols of



Qxymercuration-demercuration of marsupellol (37) 

furnished a trans-diol along with some other unidenti
fied products. The trans-diol obtained by OfIDM shou
superimoosadle IR as u'ell as d-WR to that of diol-II (3 2), 
which uas obtained from eooxide rearrangement.



EXPERIMENTAL

For general remarks see page *71 

( + )-^-Longipinens epoxide (l_)

It uas essentially orsoared as mentioned in Chapter 1 

(Dart-I). (r) -^-Longioinene (2_, 52 g, 0.382 mole) and 

sodium bicarbonate (41.9 g, 0.4875 mole) were taken in 

Chloroform (156 ml). To the stirred solution, 3Q/S peroxy-

acetic acid (azeotropic, 100 ml, 0.4 nfle) uas then added

slouly at low temoersture (-5 to -3°C, 3 hr). The contents

uere stirred for an additional hour at the same temperature.

The crude oroduct (56.9 g, 97.9/S yield) obtained after

usual uork-uo, uas orecisely fractionated on a soinning-band
/

column (45 theoritical plates) to furnish pure ( + ) -d(-longi- 

oinene eooxide (l_, 44 g, 75.74% yield), u’nich had the 

follouing characteristics.

n^5 1.4936

[W] D + 69.6 (C4C13, c 4.$C).

Rp 00.67 (solvent: 25'So Ethyl acetate in toluene^

IR: (liq.) (Fig. 1 1): 2960, 2868, 1715, 1465, 1 450,

1 430, 1376, 1350, 1208, 913, 828 cm-1.

1H-NMR (Fig. 17): Me-C (9H, s, 0.34, 0.86, 0.90 ppm)

Me-C-C (3H, s, 1.31 opm) .
o

-C-C-H (1H, s, 2.91 ppm) .

V



Mass : m/z 220 (rT, 8.01$), 204 (24.7£), 

1 61 (23,7£) , 105 (130J?) .

Perchloric acid ooening of ( + ")-04-longipinene eooxide (l_)

To the stirred solution of (+) -o(- long ip inane epoxide 

(l_, 7.0 g, 0.0343 mols) in dioxane-uater (21-5 ml) was

added perchloric acid (0.20 ml, 60/5) droouise maintaining 

a reaction temoerature of 0-2ad (1.5 hr), when TLC (Fig. 13, 

solvent: 25/5 EtOAc in toluene) indicated essentially 

complete conversion. The oroduct uas taken ud in ether 

(75 ml) and uashed uith water (10 ml x 3). Aqueous layer 

uas back extracted uith ether (15 ml x 2). The combined 

ether layers uere uashed uith water (10 ml x 2) , 1 Cf& sodium 

bicarbonate (10 ml x 1, alkaline},, water (10 ml x 1), 

brine (13 ml x 2, neutral), dried and evaporated to furnish 

the crude oroduct ('7.04 g) . The crude product after 

acetylation (oyridine/At^O, room-temo., 16 hr) was analyzed 

on GLC (Fig. 14, 10% SE-30, 6', 230°, as carrier gas) 

revealed the presence of atleast six components. The above 

product (7.0 g) was chromatogranhad over Al^O^/lI (column 

dimentions: 65 x 2.2 cms) uith TL'd monitoring of fractions

obtained with light oetroleum and light petroleum containing 

increasing quantities of ethyl acetate and finally with



methanol. Different fractions were further orocessed 

as follows:

Hydrocarbons (Rp. 9.7), The material (0.3583 g) eluted 
with light petroleum (100 ml x 6) was essentially'a mixture 

of hydrocarbons consisting of longifolene in major amounts.

Aldehyde (12, Rp 0.675). The product (2.1 g) eluted

with 2-3% ethyl acetate in light pet. (100 ml x 8) was 
ourified by distillation (b.o. 130-2°/2 mm) to give pure

aldenyde having following ohysical and spectral characteristics 

b.p. 130-2°/2 mm

Rp. 0.675 (solv. 25% EtOAc in toluene) 

n^5 1.4985

WD + 15.54 (CHC13, c 3.8%).

IR (liq.) (Fig. 15): 3040, 2961, 2971, 1725, 1462,
1362, 632 cm-1 .

1H-Mf‘lR (Fig. 16): Me-C 34, s, 0.877 and 60, s, 0.944 ppm).

Ple-C-C 4 (3 4, s, 1.54 ppm)
F!e-C=CH (14, s, 5.4 pom)
CH0 (1 H, dd, 9.655 ppm) .1-2x3 Hz).

Flass : m/z 220(F!+', 48%), 205 (17.3$),

105 (100%).



Mono-ol (l 4, Rp 0.525). The material (2.1 g) eluted with 
5% ethyl acetate in light pet. (100 ml x 8) was purified 

by crystalization in acetonitrile. Pure sample showed the 
following characteristics;

m.o. 119°C

pp. 0.525 (solv. 25# EtOAc in toluene)

1V1D -117.65 (CHC13, c 1.3#).

IR (KBr) (Fig. 17); 3260, 3075, 2930, 2825, 1 630,
1452, 1065, 1021 , 889 cm"1 .

^ H- MP1R (Fig. 18): Me-C (3'!, singlets at 0.95 and 1.00 pom).

C-CH2(2R, s, 4.76 opm)
Me-C-CH (33, bs, 1.76 opm)
"1erC-CJ_ (13, bs, 5.48 Dpm)

C303 (M, bs, 3.94 ppm) .
Flass : :n/z 220 (n+, 43#), 205 (34#), 1 49 (371) ,

109 (130#).

(Found C, 81.82; 3, 10.91. C153240 requires C, 81.76;

H, 10.98#).

•Fixture of- diols. The material (0,80 g) eluted uitn 6-50#



ethyl acetate in light oet. (100 ml x 15) uas essentially 

a mixture of three comoonents. It uas rechromatographed
over Si02 (2.5 x 34 cms) as before and the fractions

eluted with
i) 1 do EtOAc-light pet. (35 ml x 10) gave oure 

diol-I (20, 0.03 q)
ii) 12^ EtOAc-light pet. (35 ml x 161 gave oure diol-TI 

(21, 0.08g )

and iii) LtflAc (35 ml x 4) gave purs diol-III (l_6} 0.500 q) .

They were further ourified by crystallisation in 
acetonitrole. Pure samples have the following characteristics

DIPL-I (20) .
m.n. 153-154°C

qf . 0.225 (so1v. 25% EtQAc in toluene) '

- (ttOd, c 2.1 &) .

IR (KB r) (Fig. 11): 3240, 2950, 1448, 13 62, 1280,

1117, 1049 citT1

(Fig. 20): Fle-C (3H singlets at 0.8, 0.98

and 1.02 npm)

PTe-C-fiHOH (34, s, 1.02 opm)

C4.T1 (1H, bs, 3.37 opm)

C4QH (1H, dd not resolved Droperly, 
4.1 ppm)



Mass : m/z (220 (F11'-H20, 68%) , 191 (31%), 

133 (50%), 10? (100%).

(Found: C, 75.54; H, 11.26. C-]5L,26°2 rs,:luires c> 75.58;

■4, 11.98%).

Dial- 11 J3t)

m.p. 148-148.5°C

0.1437 (soli/. 25% EtOAc in toluene) .

WD - 33.33 (UHCl , £1.8%).

IR (KBr) (Fig. 21 ): 3320, 3380, 2918, 2B4'2, 1453, 13 61,

1205, 1100, 1022, cm"1

14-4MR (CDC13) (Fig. 22) ; Me-C (64, s, .0.901 and

3 4, s, 1.03 opm)

Me-C-OH (3 H, s, 1.33)

CH0H (14, dd, 4.28 opm, 1 - 4 ^ 10 4z) .

Mass: m/z 220 (fT-HjO, 16%), 1 77 (40%), 136 (30%),

135 (33%), 123 (54%), 109 (as3'), 95 (100%).

(Found C, 75.51; H, 11.05. ^5^25°2 requires C, 75.58;

4, 10.98%).



Dial- 111 (16)

m.o. 1 74-1 80°C (Lit.11 m . □ . 1 65°C)

15/“
Rp. 0.05 (solu.A EtOAc in toluene)

L>3Q + 94 (FtOH, c 1.7*) (Lit.11 i- 5 (EtOH,c, 1#)

IR (KRr) (Fig. 23): 3410, 2960, 1 630, 1282, 1044
-11020, 908 cm •

14-'MMR (DMSO-dg) (Fig. 24): Me-L (3H, singlets at

0.82 and 1.01 opm) 

rle-C-0 4 (34, s, 1.28 pom).
Me-OCH (3 4, d, 1.67, 0 - 1.5 Hz) 

Ws-C-C^H (14, dd, 5.75, 3 - 1.5 5 Hz)
C40 4 (1 4, bs, 4.05)

Mass : m/z 220 (M+~ 420, 1l£)f 133 (8®S),

135 (771b), 109 (1001) .

(Found C, 75.45; 4, 11.10. c1542g02 requires C, 75.58;

4, 10.98*).

General procedure for gyridinium chlorochromate oxidation 
oF diols

To the stirred solution of diol (0.0001 mole) in



dry (3 ml) uas added oyridinium chlorochromate
(0.0003 mole). The contents were stirred at room temp.
(30 +_ 1 °C, 5 hr) when TLC (solv. 1535 EtQAc in toluene) . 

indicated essentially complete oxidation. The reaction 
mixture uas passed through a column (SiO^ gel, 3 x 1.7 cms) 
and eluted uith dry ether (50 ml). Evaporation of solvent

furnished the crude product which uas further purified by 
preparative TLC (solv. 1515 EtQAc in toluene). Pute 

samoles had the following characteristics.

Diol-I-diketons (2 6)

m.o. 1 05.5-1 06.5°C (crystallized in CH^CM),

Lf<J0 -240 (CHC1 , c, 0.25/5) .
IR (Kir) : 2920, 1 740, 1708, 1 446, 999 and

-1941 cm

1H-NMR (CDC13) : Me-C (3H, singlets at 0.922,

0.944, 1.666, 1.177 oom)

Mass : m/z 234 (ff, 100/5), 121 (9615), 123(9Ql5,),

11o(7515} .

(Found C, 76.23 ; H, 9.41. rec!uirss C, 76.92;
rl, 9.4P5).



Diol-II-hydroxy ketone

m.o. 13 9.5-1 41

IR (KBr')

19-MMR

Hass

(Found C, 76

9, 10.181).

: 3450, 291 6, 2855, 1709, 1 445, 110 6,

-1
1032 and 915 cm

: Me-C (30 singlets at 0.92, 0.944 and

0.914 npm)

Me-C-OH (3H, s, 1.22 oom) .

: m/z 23 6 (M*, 12$), 203 (82l) , 123 (821) , 

109 (85%)', 81 (10096) .

; 4, 9.9 . ^ 5 re0uires C, 76.27;

General procedure for acetylation oF diols

To the solution of diol (0.001 mole) in dry oyridine

(1 ml) was added acetic anhydride (0.8-1 ml) and the 

reaction mixture was kept at room temoerature for 16 hrs.

Acetic anhydride and oyridine uere removed on uater bath 

(60-70°C) under reduced oressure (35 mm). The residue uas 

taken up in chloroform (10 ml). The organic layer uas 

uashad uith water (2 ml x 3), N/2 hydrochloric acid (2 ml x 2), 

water (2 ml x 1), Wt sodium bicarbonate (2 ml x 1) and
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finally with water (2 ml x 1) and brine (2 ml x 2) , 

dried and solvent evaoorated to furnish the crude 

oroduct of high ourity. Pure samoles had the following 

characteristics:

Dial-I-diacetate (27)

C rrlour

M D

IR (liq.)

1 -l-M^R

n a *. s

- colourless viscous liq.

- 45.69 (CHLlj, c 3.94).

: 2940, 1709, 1355, 1250, 1025 and 910 cm-1

: ffle-C (30 singlets at 0.778, 0.878,

O.h'tS and 0.955 opm . 

fle-C0 (6H, s, 1.97 npm)

CROAc (H, dt, 4,9? opm, 3 = 10 and 2.5 1z) 

CHOAc (1H, dd, 5.34 npm, 1=5 and 1.5 Hz)

: m/z 322 (N*, 4.4$), 2 62 (99%), 220 (99%),

242 (99%), 176 (824), 161 (994),
91 (1004).

(Found C, 70.41; H, 9.24. requires C, 70.8;

W, 9.34).
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Dial-Il-hydroxy acetate (32-0flC)

Colour colourless viscous liquid 

solid at lou temoerature

M D

IR (KBr)

1 H-fflR

Mass

+ 65.59 (CHC13, c, 0.93%).

34-67, 2 911, 2846, 171Q, 13 62, 1228,

1011, 950 and 915 era''' .

IQe-C (3H, singlets at 0.39, 0.9,

-J.4 and i.8 oom)

vCHOAc (1H, dd, 5.45 opm, 3 ■= 108,4 Hz) 

Fle-C0 (3H, s, 2.06 opm).

m/z 280 (l»T, 4.4%), 220 (100/Q), 177 (79%), 

121 (75%), 109 (30%).

(Found C, 72.53 ; H, 10.00. £17828^3 requires C, 72.85;

H, 10.00%).

General procedure for tblf-Kishner reduction of ketone

The ketone (o.001 mole) dissolved in dry diethylene 

glyclol (0,9 ml') was added to diethylene glycol (0.9 ml) 

in which sodium (0.012 g) and anhy. hydrazine (0.018 g) had
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been earlier dissolved. The reaction mixture uas first 

heated at 170° (10 hr) and than at 220° (24 hr). The 

product uas cooled, diluted with uater (5 ml) and 

acidified with aq. MCI to congo red. This uas extracted 

uith ether (10 mix 4), the extract washed uith brine and 

dried. Solvent uas flushed off and residue taken up in 

light petroleum and filtered through A^O^/l ( 1 g) , the 

column being washed uith petroleum. The solvent uas 

removed and the residue distilled (Bath 125-135°/ 4 mm) to

give colourless distillate uhich uas analyzed on GLC 

(Fig. 25) .

The hydrocarbons obtained by Wolf-Kishner reduction 

of diol-I-diketone uas having same RRT to that of hydro

carbons obtained from longibornon-9-one (23). (GLC, Fig. 25).

General procedure for deacstylation of acetate

The acetate (0.4 mmol) uas refluxed uith lithium 

(28 mmol) and ethyle.nediamine (20 ml) under ^ atmosohere 

for 10 hr. The reaction mixture uas added to chilled uater 

and extracted uith ethyl acetate (15 ml x 3) after saturating 

aq. phase uith sodium chloride. The usual uork-up gave the 

crude product, chromatograoned over SiO^GG/lI-A (18‘ x 0.9 eras),
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light oetroleum eluted iydncarbon ( 40/$) and finally 
ethyl acetate eluted regelated alcohol (50-60%).

cis-hydroxylation of (+)-^longioinene (2)

To a cold (ice bath) solution (0-5°C) of 4.08 g 

(0.02 mole) of (+)-ol-longipinene (2_) in 45 g 90% aqueous

acetone was added with stirring 6.32 g (o.04 mole) of 

pulverized potassium osrmanganate over a period of 8 hr.
The reaction mixture was stirred at 0-5°C for an additional 24

hr, filtered, evaoorated to 12 ml, and extracted with
ethyl acetate (20 ml x 3). The combined organic layers
were cashed with brine (10 ml x 2), dried and evaoorated

to give 4.2056 g of the crude Droduct. The part of it
(3.8 g) uias chromatographed over SiQ2 gel (65 g, 2.7 x 51 cms)
where eluent 4-5% ethyl acetate in light petroleum (100 ml x 4)
eluted 0.58 g of hydroxy ketone (36) and - the eluent
9-14% ethylacetate in light pet. (100 ml x 12) eluted
0.55 g of tne cis-dio1 {35)

Dure samples had the follouing characteristics: .

Hydroxy-ketone (3 6)

m.p. 157-159°C

Uocj 0 -11.42 (UHCl , c 3.590$).



IR (KBr)

10~MMR :

Mass :

(Fnund C, 76.49;

o, n.1^).

Cjs-dinl (35)

■n. o . :

Mo

IR (KBr) (Fig.

1 9-OMR (U DC 1

Mass

(Found C, 75.41;
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3460, 3010, 2939, 2862, 1710, '1375,

-1
1250, 1065, 91 6 and 890 cm

Me-C (39, s, 0.844 npm and 6H, s, 0.933 opm). 

Me-COH (3H, s, 1.38 opm) .

m/z 23 6 (M+, 7.315), 208 (41$), 2Q7 (41$),

109 (84$) , 31 (58$) , 43 (1 00$).'

1, n. 43 . £-] 5^24^2 re0uirss c* 76.27;

134.5-135.25°C

+ 38.1 94 (COCl^, c, 2.38$) .■

26): 3260, 2924, 1451 , 1375, 1058, 1040,

956, 872 cm"1

g) (Fig. 27): Me-C (3H, s, 0.8 and 60, s_,

Q.B7 opm)

Ms-C-OH (3 1, s, 1 .3 ocm) .

- C9QH (1 H, dd, 3.96 opm, 0 = 4 9 Hz)

; m/z 239 (M+, 5$), 220 (15$), 123 (?5$)

95 (41$), 95 (4CPO, 41 (100$'i.

10.99. c15426°2 requires C, 75.5.9; 0,11.00$)
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Reduction of hydroxy ketone (3 6)

A cold (0°C) solution of 30.38 g (0.0016 mole) of 

ketol (3 6) and 0.15 g (0.004 mole) of sodium borohydride 
in 8 ml of dry methanol was -stirred under nitrogen at 0°(2 hr). 

The methanol was removed under reduced oressure and the 
residue oortioned between water and ethyl acetate. The 
usual uork-uo and evaporation of solvent gave 0.38 g (99%) 

of tne crude oroduct which was chromatogranhed over Si02~gsl 
(13 g, 1.7 x 14 cms) where the eluent 10-20% ethyl acetate 
in light pet. (100 ml x 4) gave 3.171 g (45%) of trans-diol 
(34) which showed following physical and soectral character

istics:

trans-Diol (3A)
■■■in.— ........ * ■..^■■*■1*..

(71. O . 109.5-110.5oC

IR (K8r) (Fig. 23): 3362, 2921 , 2963, 1376, 1078,
1042, 1019, 1001 and 8B6 cm-1

(Fig. 29) : Me-C (9H, s, 0.9 opm) .
Me-C-0H (34, s, 1.31 opm)

‘ \

C00 1 (1 H, da, 4.08 opm, 3=5^11 Hz) 
(Found C, 75.67; H, 11.17. c15426a2 requires 0 , 75.58, H,11.0C%)



nximercuratim-darnGrcuration of marsupellol (37)

In a 50 ml flask, fitted with a magnetic stirrer,
i

uas olacsd 0.638 g (0.02 mole) of mercuric acetate. To 

this uas added 3..0 ml of water (in which the salt 

dissolvas), followed by 3.0 ml of TWF. Then 0.44 g (0.02 

mole) of marsupellol (3 7) uas added. The, reaction mixture 

uas stirred for 6 hr to complete the oxymeruration 

stage. Then 3.0 ml of 3.0 FI sodium hydroxide uas added, 

followed by 3.0 ml of a solution of 0.50 fl sodium borohydride 

in 3.0 F! sodium hydroxide. The mercury uas allowed to 

settle. Sodium chloride uas added to saturate the water 

layer. The uoper layer of T-iF uas seoarateri, dried and 

evaoorated to furnish 0,44 g (95-5£) of the crude product 

which uas chromatojraohed over SiQ2-qel (13 g, 1.2 x 20 cms) 

where tns eluent 6-15^> ethyl acetate in light oet. (50 ml 

x 6) qave n.123 g (28%) of pure t-diol (32) , having suoorimoa- 

sable IR and ^ H- M,*iR to that of diol-TI (32) obtained by 

acid catalyzed cleavage of ( + )-o^- longio inene eooxide (l_) .
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i ■

in

solvent system : 25% athyl acatate toluene
Soots (colour):' 1. crude products, 2, Uydncarbons (oinkl

3) Aldabyda (Blue),4) Monol (Blue)
5) Dial-r (oink), 6. Oiol-T[ (oink)
7) Dial ~Cl 6) (Blue'), S. rude products

Fig. 13. TLC OF CRUDE AMD ISOLATED n'-!;l DUCTS
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Fig. 1

\

Column: 10^ S£ 30 On Chromosorb U 
HP 60-80

Hydrogen flow: 60 ffll/min.

a) Hydrocarbons 
Aldehyde

, c) flonal-acetate
d) Diol-II-Hydroxy acetate
e) Diol (1_6) hydroxy acetate 

Dio 1-I-diacetate

4: OLC OF CRUDE PRODUCT OF 
AC ETYLAT IOM

EPOXIDE OPEMIMC AFT ER
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Column*. 10% CU 2.0H (3 60 cm * 0. 6 cm, Al-column)

HydfQ9en flow : 6q Ml/rnin 
Temp. 170
j) Hydrooarbons obtained from derivatives of Diol-I
1) Hydrocarbons obtained from de.r J vat l\/&& of 

longi boTnan-3-.ol

Fig. IS- GtC OF REDUCTION PRODUCTS
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