CHAPTER -3
REARRANGEMENT OF (+)-p<LONGIPINENE EPOXIDE,
REVISED STRUCTURE OF ISOCENTODAROL



Ahstract

Tnis Chanter describes an extension of the work

described in previous Chapnter, acid catalyzed rearrangemsent
of (+)-pt-longininene enoxide to sevaral products, The

major nathway involves a fragmentation reaction, sither

as such or after a Wajner Meerwein rearrangem=znt. ‘'lowgver,
in view of the formation of tine diol, identical with

isgeentdarol, it is propossed tnat tne stersocnemistry

at carbon-?7 of isccentdarol snould be revised,
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INTRODUCTION

In an extension of the work described in Chapter-2
of this Part, acid-catalysed rearrangement of (+)-pf~-longi-
pinene epoxide (1) has besn investigated. ‘“Howsver, it
would be relsvant first to summarize the work known in
the literature resgarding acid-catalyzed rearrangement of

ol-ninens enoxioe (Q)?“S (Fig. 1).

oK -Pinene epoxide (3) with BF,-etherate in ether

3
gives a comolex mixture of p-cymene, aldehyde (5) and (6),
pinocamohone (7), trans-carveol {8), the fluaro alcohal (9)

" and a minor comoound which was not identified. A ratinnsle
was aut forth by M.P, Hartsharn and co—workers6 to exnlain
the formation of the aldenydes (4) and (5) (Fig. 2).

3,7

of -Pinene eooxide (3) when treated with Mg8r, gives

gxclusively the aldehyde {QY. For maximum residual
selvation of the develoning L2-carbonium ion by departing

0 atom of tne epoxide, the axial claavaqes mode of reaction
would be followed to give carnonium ian {10) at full

charge sensration. Throughout this process of charge

senaration in the C2-0 band the C3~-H bond would be maintained

in tne plane of tne develooning C2-carbonium ion, not a
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favourable position for hydride migration by the 33+,
Tne collapse of carbonium ion {13) to give aldenyde (5)

is snvisaged as an ssceentially concerted process,

PRESENT WORK

(r)-X-Longininene epoxide (1) 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 (" face
of the double bond due to the steric hindrance to
apnroach from the ”ﬁ‘ Faceg to furnish stereochemistry

denicted in (1).

(r)-x-Longipinene epoxide (1) when treated with

perchloric acid in a3q. dioxane gave Tise to numerous
products which were separated chromatnogranhically, The
major pathuway invalves a fragmentation reaction, either

as such or after a Wagner-Mseruein rsarrangement {(Figy. 3).
The result is the farmation of an allylic alcohal (14),

the aldehyde (12) and a diol (15, m.o. 179°). Allylic v/

alcohol (14) and the aldehyde (12) constitutes some
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80-85% of the total product and were isolated in
almost equal quantities ( 30-35%), along with the
formation of three diols, The product commsition is

given in Fig. 4,

The aldehyde {12) is a product of Wagner-Meerwein
rearranggment of (+)-x-longipinene epoxide (1) via
the carbonium ion (11). The formation of only one
aldehyde (lg) can be exnlained when one considers
the intermediate carbonium ien (11). The ion (11)
being very prone to rearrangemant via Crob fragmentation
gives the aldehyde (12). Also the aldehyde (12)
formation from 4-bromo-xy-langifolene (15) by fragmen-

tation has been reported10 (Fig. 3).

Allylic alcohol (14) results from fragmentation
of (+#)-g{=longipinene epoxide (1) 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 onening of
epoxide with simultaneous fragmentation of the molecule

to give the diol (16), which is formed to the extent of



0® |HCIO4
05 hr.wcq.dioxone |

L Aldehyde :12 4s-soy,Liquid

| o Mono-ol 14 35%, m.p.109-110°
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6-8% and has been found identical with isocentdarol (12),

.11

isolated earlier by Kulshreshtha and Rastogi from the

gssential 0il of Ledrus deodara. The dshydration product

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

However, in vieuw of the diol (16) formation from
1, it is proposed thot the stereocnemistry at C-7 of
isocentdarol (17) should be revised (Fig., 5). Since
(+)-g(-longininene (2) being a rigid mnlecule, the lone
pair of electrons from a water molecule will attack C-7 from
the lsss hindered {~face to give 16 giving an «-hydroxy
at C-7, This is.further suoported as the structure of
nimecnalol (19) now revised Lo 18 in which configuration

at C-7 is reversed on the basis of X-ray analysis12’ 13 .

The identity of diol (16) to that of naturally

occurring isocentdarsl (17) was confirmed by TLC and
1

snectral data (1H-NMR, IRTB) of their acetate1 , By comparisan,
Jesides these products, two other dinls, diol-I

(29, m.o. 153—54OC) and diol-II (21, m.p. 148-148.57C)Y

were isolated in minor amounts ( 2+3%). These compounds

have been assigned structures (20) and (21). Diel-1 {20)

is the product obtained by the attack of the lane pair of
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glectrons from a water molecule to the carbanium 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 gi-hydrogen
{hydride ion) at C-9 to the electronc defficient centre

as described for the formation of longibornane-9-ol (22)14.

Thus both dinl-I (20) and diol-T1 (21) arise from

the same species (11).

Structure of Diol-1I

[

Longiﬁorname (25) txpe of carbon skeleton of the
diol-I (20) was confirmed by converting it into a
hydrocarbon (25) which in turn is compared with the
4

hydrocarbon obtained from the known compound longibornon—g—ol1 .

The ketone (23) derived from this was reduced to hydrocarbon (25)
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by Wolf-Kishner reduction1é’16. Similarly, the

diketone (26) of diocl-I (23) obtained by oxidation with
pyridinium chlcrochromate17, on’UolF—Kishner reduction
nave a hydrocarbon (25) which had the same rtetention

time on GLLC to that of hydrocarbon obtained from longibor-

nane-3-one {23) (Fig. 7).

’

Selective replacement of a hydroxyl nroup by
nydrogen is a synthetic transformation of consicerable

importance.18 It has been renorted1g

that sterically
hindered alcoholc 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- v
genation, evidently becomes the favoursd narocaess when
cleavage of this C-0 bond is attended by a sufficient
release of unfavourasble steric interactions., Otherwise

mode {(b) is preferred when the alcohol is regenerated

(Fig. 7 Y. Acetate (24) and diacetate of diol-I1 (27)

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

f.‘

value).
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Diol-1 (20) with acetic anhydride-pyridine at
Toom temperature gave the diacetate. This indicates
‘hydroxyl group at C-8 should also be endo. Because
an gxo-8-hydroxyl group in such type of molecule
wnuld be strong%y hindered by the double bridge system
on the top side of the molecule as well as by the 2-

and 9-methyl grobps.zz

Extensive nmr studies on nor-bornyl derivatives

(28, Fig. 8) have shown that, in general, the follouwing

counling constant can bs assigned J 0, 3 = 2.,4-6.0

AC €D

and JCE = 5,9-8,4 Hz when the substituent at C-2 is exo
and JAB = 3,8-5.6, 380 = 7.5-11.5 and JBE = 2,2-5,2 Yz

when the substituent is endozo. In same instances

counling (JBI’ Jgg» and o = 1-2.1 Hz) through four

sigma baonds has been observed?] {Fig. 8).

Comparing the spectral data of culmorin (29) and
its derivatives {diketone and diacetate) with that of
dio-1 (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-T (20)
instead at C-11 in culmerin (29, Fig. 8}22. The C-8
proton, CHOY of culmorin (29) comes at 6 3.86 as a

doublet, J =5 Hz and the same praton comes at §5.3
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as a dd, J = 6 and 1 4z in its acetate derivativa?z.

Similarly, in dial-I (20), C-8 proton, CHOH comes at

$3.87 as a broad singlet (unresolved doublet) which

resolves in its acetate derivative at £5.34 as a dd, J =5
and 1.5 4z, The predicted J values for §-4 are 5 and 1.5

C/sec.22 Also the C-11 proton of culmarin (29) comes at
$4-32 as a sextet with 3 = 9,5 and 4 Hz, The same protan
in its acetate derivative comes at 5.05 as an octet with
7= 13,5 and 4 ‘iz, This indicates the counling of C-11

and J

orotan giving J which are 3,5 and

10,115 91,117 10,11
4 4z, Similarly, in diol-I (23), C-10 proton couples only
witn £-11 nrotons giving partially resolved dt, J = 1.5 and
10 Hz at $4.1. Similar pattern was observed for the

€404 nrotan of bevneol (QQ)QS The same proton of diol-I

in its acetate derivative comes at £4,97 as a dt resslved
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 Dionl-1T

.. R . ; . 17
Similarly, syridinium chlorochromate oxidation

of diol-I1 (21) gave hydraxy ketone instead of diketone,
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which on Wolf-Kishner reduction gave a comolex mixture

of products. GSimilarly, acetylation at room temperature
furnished a monoacetate instead of diacetate uhich on
metal-amine reduction gave diol-II (21) as the major
product along with traces of -mono-ol which disnlay a

doublet, 14, at 54.16 with J = 5Hz., The structure suggested

for mono-ol was 31. The formation of hydraxyketone and

hydroxyacetate derivative indicates one of the hydroxyl
group to be tertiary. So anly possibility left is, it

should be a product of trans-diaxial opening of (r)-«-longi-

pinene enoxide (1) in which nucleophile will attack from

the onposite side of the oxirane. So structure far diogl-I1

(21) is now proposed as 32, which is derived from™-eooxide (7).

The formation of mono-ol (31) can be explained now considering
struycture of diol-II as 32 as shown in Fig. 9. Comparing the

spectral data of 32 with similar tyoe of trans-dinl (33)24

of noinane series, they are matching excent for the extended

methylene bridge pfotons and a nuaternary methyl group in
case OfF diol-II (32).

The trans-diol (34) with the opposite stereochemistry

of bath the hydroxyl groups was also prepared by anplying
the conditions as in the case of (*)jy}oinene24.d cis-Yydroxy-
ancl
lation of (+)--longininene (2) gave cis-diol (35) a hydroxy
- i A

ketone as the major oroductSalong with other cleaved products
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(not further identified). The selective reduction of

nydroxy-ketone (Qjﬂ using sodium borehydride in dry methanol
furnished major trans-diol (34) along with the formation

of other dinl having same Rp value to that of cis-diol (35).

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

by traais-diaxial ooening of (1), both of them show diffsrent

IR and 1H~NMR. This supports that the disl-IT (32) is derived

from ot-epoxide (Fig. 12).

Finally it was proved by its (32) synthesis from
marsupellol N by oxymercuration-derercuration, which is

equally mild procedure as hydroboration-oxidation, without

evident resarrangement, for achieving the anti-Markovnikov

26,27,

hydration of carbon-carbon double bond (Fig. 10).

Stoichiometrically the oxymercuration-~demercuration
reactian caonsists in the addition of a mercuric salt or
of the elements of a mixed mercuric salt, Hg{OR)X, to an
alefinic double bond, Reduction of the carbon-mercury bond
{demsrcuratinn) gives the cerrespmonding alcohsl, ether or

ester.28

i , ) H .
—C=C— + Hg(OR)X — -—(%«—&i.-— E—-l ..c;;_(%w L
OR HgX OR H

' . 50:50 THF-M&O
R-CH=CH, + Hg(OAc) ,——> R-—CIH =CH,~HgOAc (2
oH
R-CH=CH, - HgOAc "2 b Ci—cy.
' 2" HgbAC ——-> R (;H CHz+ Hg (3D
O+ CH
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Fig. 10. Synthesis of isomeric diols of
‘ (+)-g-longipinens
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Oxymercuration-demercuration of marsupellol (37)

furnished a Ltrans-dinl ~ along with some other unidenti-
fied products. The trans-diol abtained by OMDM shou

suyperimposable IR as well as 14»MMR to that of dinl-1I (32),

which was obtained from enoxide rearrangement,



EXPERIMENTA AL

For general remarks see page 91

(+)-ptlongipinene epoxide (1)

It was essentially arepared as mentioned in Chapter 1
(Part-1). (r)-s{~Longiocinene (2, 52 g, 0.382 mole) and
sodium bicarbonate (41.9 g, 0.4875 mole) were taken in
Chloroform (156 ml1). To the stirred solution, 30% peroxy-
acetic acid {azegtropic, 100 ml, 0.4 %?e} was then added
slowly at low temoarature (-5 to -3°C, 3 hr). The contants
were stirred for an additional hour at the same temperaturs,
The crude oroduct {56.9 g, 97.9% yield) obtained after
usual work-un, Was orecisely fractionated on a sainning-band
column (45 theoritical plates) to furnish pure (+)-K-longi-
oinene eooxide (1, 44 g, 75.74% yield), which had the

following characteristics,

25
D
fe] |+ 6.6 (cuen

1.4936

73 O d,ﬁ%),

R, 00.67 {solvent: 25% Ethyl acetate in toluenea)

1R: (lig.) (Fig. 11): 2960, 2868, 1715, 1465, 1450,

1439, 1376, 1350, 1208, 913, 828 cm™ ..

THowmR (Fig. 12): Me-C (94, s, 7.84, 0.86, 0.90 ppm)

Me-C-§ (3H, s, 1.31 opm).
~Qi?_5 (WH, s, 2.91 ppm}.



Mass s m/z 220 (M, 8.01%), 204 (24.7%),

161 (23.7%), 105 (130%).

Perchloric acid ooening of {+)-<X-longipinene eooxide (1)

To the stirred solution of (+)-«K-longipinene epoxide
{1, 7.0 g, 0.0343 mole) in dioxane-water (21-5 ml) was

added perchloric acid (0.27 ml, 60%) dronwise maintaining

a reaction temoerature of 0-2°C (1.5 hr), when TLC (Fig. 13,
solvent: 254 E£t0Ac in toluene) indicated essentially
complete conversion, The product was taken up in ether

(75 ml) and washed with water {10 ml x 3). Aqueous layer
was back extracted with ether {15 ml x 2). Tha combined
ether layers were washed with water {10 ml x 2), 10% sodium
bicarbonate (10 ml x 1, alkaline)}, water (10 ml x 1),

brine (17 ml x 2, neutral), dried and evaporated to furnish
the crude product (7.04 g). The crude product after
acetylation (Dyridine/ACZD, room-temn,, 16 hr) was analyzed
on GLC (Fig. 14, 10% SE-37, 6', 29n°, H, as carrier gas)
revealed the pressence of atleast six compnonents, The above
product (7.0 g) was chromatojrashed over A1203/II (column
dimentions: 65 x 2,2 cms) with TLL maonitoring of fractions
obtained with light petroleum and light petroieum containing

increasing guantities of ethyl acetate and finally with
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methanol, Different fractions were further orocesssed

as follous:

Hy drocarbons <RF' 7,7), The material (n.3583 g) eluted

with lignt petroleum (109 ml x 6) was essentially'a mixture

of hydrocarbons consisting of lgngifolene in major amounts,

Aldehyde (12, Re n.675). The product (2.1 g) eluted
with 2-3% ethyl acetate in light pet. {170 ml x B8) was
ourified by distillation (b.p. 130-2°/2 mm) to give pure

aldenyde having faollowing ohysical and spectral characteristics

b.o. 130-2°/2 mm
Rpe 0.675 (solv, 25% EtpAc in toluene)

25

Ny 1.4985

(}33'+15.54 (CHel,, ¢ 3.8%).

IR {1iq.) (Fig. 15): 3047, 2961, 2871, 1725, 1462,
1362, 832 cm™ ..

1, . ,
H-NMR (Fig. 16): Me-C 34, s, 0.877 and 64, s, 0.944 ppm).

Me-C=CH4 (34, s, 1.54 ppm)
Me-C=CH (1H, s, 5.4 pom)

CHO (1H, dd, 9.655 ppm) 1 = 2 x 3 Hz),

Mass : m/z 220(m", 48%), 205 (17.3%),

105 (100%).
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Mono-ol (14, Ra 0.525). The material (2.1 g) elutad with
57 ethyl acetate in light pet. (100 ml x B8) was ourified
by crystalization in acetonitrile. Pure samnle showed the

following charecteristicss

m.n. 1797

R

ee  7.525 (solv. 25% Et0Ac in toluene)

L« -117.65 (CHC1

0 y © 1.3%).

3

1% (x8t) (Fig. 17): 3260, 3075, 2930, 2825, 1633,

1452, 1065, 1021, 889 cm™

TUowR (Fig. 18): Me-C (3'1, sinjlets at 0.95 and 1.9 pam).

g:giz(Z%, s, 4.76 opm)

a3

1le-C=CH (34, bs, 1.76 npm)
Me-C=C4 {14, bs, 5.48 ppm)
CH24 (1.4, bs, 3.94 ppm).

Mass e om/z 229 (M7, 43%), 205 (34B), 149 (37%),
1179 {(1230%).

(Found C, 81.82; 4, 10.91. C4g54,,40 Tequires C, 81.76;

H, 10.98%).

Mixture of diols. The material (0.80 q9) eluted witn 6-50%
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ethyl acetate in light oet, (100 ml x 15) was essentially
a mixture of three components. It was rechromatojraphed

over Sip, 381/TIA (2.5 x 34 cms) as before and the fractions
eluted with

i) 10% EtnAc-light pet. (35 ml x 13) gave oure
diol-1 {20, 0.98 g)

11} 127 EtpAc-light pet, (35 ml x 16) gave pure diol-TI
(21, n.78g )

and iii) ttDAc (35 ml x 4) gave pure dicl-I11 (16, N0.590 q).

Thay were furthar purified by crystalliration in

acetonitrole., Pure samnles have the fallowing characteristics:

DIvL-1 (20).
0
m.n. 153-154 C
Re - 0.225 {solv. 25% ZtOAc in toluene)
E‘I]D b (ttDJ, E 203%>0

IR (KBr) (Fig. 13): 3249, 2950, 1448, 1362, 1280,

1117, 1349 cm~1

14—HMR (Fig. 20): Me-C (34 singlets at 0.8, .38

and 1.02 npm)

Me-C-GHOH (34, s, 1.02 opm)

€434 (14, bs, 3.37 opm)

CHO0H (1H, dd not resolv~d properly,

4.1 ppm)



(Found: C, 75.543 4, 11.26.

4, 11.98%).

Diol-I1 (B2)

167

: n/z (220 (M'-H,0, 68%), 191 (31%),

133 (50%), 107 (100%).

C}5q2602 requires ©, 75.58;

m.p.  148-148,5°C

Rp 0.1437 (solv, 25% EtnAc in toluene).

i

IR (KBr)

1

(Fig. 21):

= 33.33 (UHCIE, c 1.8%).

3320, 3380, 2918, 2842, 1453, 1361,

-1
1205, 1100, 1022, cm

H- MR (CDC13) (Fig, 22): Me-C (64, s,.0.901 and

Mass:

{(Found C, 75.51;

4, 10.98%).

34, 8, 1.3 opm)

Me-C-0OH (3H, s, 1.33)
S:*.

CHOH (14, dd, 4.28 opm, 1 = 4 g 10 4z).

&

m/z 220 (m*-420, 168), 177 (40%), 136 (30%),
135 (33%), 123 (54%), 159 (837), 95 (1977).

H, 11.05. DﬁH25DZ requires C, 75.98:



Diol-T11 (16)

m.o. 174-180°C  (Lit.'! m.o. 165%)

15/
Rf. 0.05 {solv., Et0Ac in toluene)
5

<1, + 94 (=t04, ¢ 1.7%) (Lie. 't B o s (gton, e, 19)

IR (kBr) (Fig. 23): 3410, 2960, 1630, 1282, 1044

-1
1020, 908 cm -

YyowR (0mso-d)(Fig. 24): Me-U (34, singlets at

0.82 and 1.01 opm)
Me-C~04 (34, s, 1.28 pom).
Mme-C=CH (34, d, 1.67, I = 1.5 Hz)
Ma~C=CH (1H, dd, 5.75, 3 = 1.5 g 5 Hz)
CH04 (14, bs, 4.05)

Mass : m/z 220 (M~ H,0, 11%), 133 (88%),
135 (77%), 109 (100%4).
(Found C, 75.45; 4, 11.10. C15H2602 re?uires C, 75.58;

4, 10.38%).

General procedure for pyridinium chlorochromate oxidation

of diols

To the stirred solution of diol (0.n00%1 mole) in



dry Cﬁzdlz (3 ml) was added nyridinium chlorochromate
(0.0003 mole). The cantents were stirred at room temp.
(30 + 1°%c, 5 hr) when TLC (salv. 15%‘ tnAc in toluene)

indicated sssentially complete oxidation., Thsa reaction

mixture was oassed through a column (8102 gel, 3 x 1.7 cms)

and eluted uith‘dry ether (50 ml). Evanoration of solvent

furnished the crude product which was further ourified by
preparative TLC (solv, 156 Et0Ac in toluene). Dure

samnles had the following characteristics,

Diol-I-dikeatone (26)

m.n. 105.5-116,5°C  (erystallized in CHyCH).

[«], -240 (CHCL,, 2, D.25%).

3!
IR(K3T) : 29217, 1740, 1708, 1446, 999 and
-1
941 cm

"H-wR (COCL,) : Me-C (34, singlsts at 1.922,

N.944, 1.666, 1.177 oom)

Mass : m/z 234 (M, 100%), 121 (96k), 123(90%),

110(75%) .

{Found C, 76.233; 4, 3,41. C, 59,0, Tequires C, 76.92;

H, 2.4%Y,

169



Diol-II-hydroxy ketone

g
men. 139.5-141 C

IR (k8t) : 3450, 2916, 2855, 1709, 1445, 1106,
-1

1082 and 915 cm -

Ty : Me-C (341 singlets at 0.92, 0.944 and
9.934 npm)
Me-L-24 {3d, s, 1.72 oom).

Mass s m/z 236 (m", 128), 208 (82%), 123 (82%),
179 (85%), 81 (1no%).

(Found C, 76 s 4, 2.9 « CagHy,0s reguires C, 76,273

4, 19.16%).

Genegral orocedure for gcetylation 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.

gcetic anhydride and nyridine were remaved an uvater bath
(60-70°C) undar reduced pressure (35 mm). The residue was
taken up in chlorsform {10 ml). The organic layer was
washed with water (2 ml x 3), WN/2 hydrochloric acid (2 ml x 2),

water (2 m1 x 1), 10% sodium bicarbonate (2 ml x 1) and
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finally with water (2 ml x 1) and brine (2 ml x 2),

drisd and solvent evanocTrated to furnish the crude

nroduct of high ourity. Pure samoles had the following

characteristics:

Dinl-I-diacetate

(27)

, Calour
L] g
IR (lig.)

TR

Ma-s

(Found ©, 70.41: 4, 9.24. C

4, 9.3%).

1

.s

.

colourless viscous lig.

aaae(cmly c 3.945),

2947, 1794, 1355, 1250, 1025 and 917 cm™ |

Me-C (34 singlets at 0,778, 17.878,

0.315 and N,955 opm .

e-CO (64, s, 1.97 =pm)

CHoAc (14, dt, 4,37 opm, 3 = 10 and 2.5 iz)
CH0Ac {14, dd, 5.34 apm, 7 =5 and 1.5 Hz)
m/z 322 (M*, 4.4%y, 262 {(99%), 220 (99%),

242 (99%), 176 (82%), 161 (99%),
91 (109%).

1 1 .
1?43§Da requires C, 70.8:
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Dinl-II-hydroxy acetate (32-0AC)

Coladr :+ colnurless viscous liguid

s0lid at low temperature

¥

=], + 65.53 (CHC1

35 E! q'ggf’%)‘

IR (KBr)

.e

3467, 2919, 2846, 1710, 1362, 1228,

1017, 950 and 915 cm'1.

- NMR : Me-C (34, sinqlets at 0.893, 0.9,
1.4 and 4.8 nonm)
.CYDAc (14, dd, 5.45 opm, J = 10% 4 “z)
Me-CO (34, s, 2.06 opm).
Maes . m/z 280 (M7, 4.4%), 220 (100k), 177 (79%),

121 (75%), 109 (80%).

(Found €, 72.533 4, 10.00. Cq74pg07 Tequires L, 72.85;

4, 19.70%).

Seneral onrocedure for Wolf-Kishner reduction of kstone

The ketnne (0.771 mole) dissolved in dry diethylene
glyclol (1.9 ml) wvas added to diethylene glycol (7.9 ml)

in which sadium (9.012 g) and anhy. hydrazine (0.018 g) had
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been earlier dissolved, The reaction mixture was first
neated at 1707 (10 hr) and then at 220° (24 hr). The
nroduct was cooled, diluted with water (5 ml) and
acidified with ag., 41 to congo red. This was extracted
with ether (10 mlx 4), the extract washed with brine and
dried. Solvent was flushed off and residue taken up in
light petroleum and filtered through Al,0./I (1 g), the
column being washed with petroleum. The solvent was

removed and the residue distilled (Bath 125-135°/ 4 mm) to
give colourless distillate which was analyzed on GLC

(Fiz., 25).

The hydrocarbons obtained by Wolf-Kishner reduction
of disl-I-diketone was having sams RRT to that of hydro-

carbons gbtained from longibornon-9-gne (2;}. (3LL, Fig. 25).

Leneral procedurs for deacetylation of acetate

The acetate (0,4 mmol) was refluxed with lithium
(28 mmol) and ethylenediamine (20 ml) under \, atmosohere
for 10 hr, The reaction mixture was added to chilled water
and extracted with ethyl acetate {15 ml x 3) after saturating
ag. phase with sodium chloride., The usual wark-un gave ths

crude product, chromatojrapned over SiOZEG/II-A (18 x 1.9 cms),
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light netroleum eluted aydracarbon { 40%) and finally

ethyl acetzte eluted regerated alcohnl (50-60%).

cis-hydroxylation of (+)-g~longioinene (2)

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

(0.02 mole) of (+)-o=longipinene (2) in 45 g 90% aqueous
acetaone vas added with stirring 6.32 g (0.04 mole) of

pulverized notassium oa?manganate over a paeriod of 8 hr,

The reaction mixture was stirred at 0-5°C for an additional 24
hr, filtered, svaporated to 12 ml, and extracted with

ethyl acetate (20 ml x 3). The combined organic layers

were washed with brine (10 ml x 2), dried and evaosorated

to give 4,2056 g of the crude product. The part of it

{3.8 g) was chromotogranhed over 5i0, gel (65 g, 2.7 x 51 cms)
where =2luent 4-57% ethyl acetate in light'petroleum (170 ml x 4)
eluted 7.58 g of hydroxy ketone (36) and - the eluent

9-14% etnylacetate in light pet. {100 ml x 12)‘eluted

0.55 g of tne c¢is-dial (2;)
Bure samples had the following characteristics:

Hydroxy-ketone {(38)

MeDo 157-159°¢

[xT g ~11.42 (UHCl,, c 3.59%).



IR (KBr) s 3460, 3910, 2933, 2862, 1710, 1375,

-1
1250, 1065, 916 and 890 cm

T onwR : Me-C (34, s, N.B44 nom and 6H, s, 0.933 npm)
Me-LODH (34, s, 1.38 opm).
+
Mas s : m/z 236 (M, 7.3%), 208 (41%), 207 (41%),

109 {84%), 81 (58%), 43 (100%) .

{(Faund C, 76.49; 4, 10,43, 615%2402 requires C, 76.27;

4, 19.165).

Cis-dinl (35)

n.0. : 134.5-135,25°C

IR{KBr) (Fig, 26): 3267, 2924, 1451, 1375, 1958, 1040,

356, 872 cm”

Ty wmr (LocL,) (Fig. 27): Me-C (34, s, 7.8 and 64, s

-2
N.87 opm)
Me-C-0H (34, s, 1.3 apm),

- CH04 {14, dd, 3,96 ppm, 3 = 4 g Q uz)

flass . m/z 238 (M, %), 220 (15%), 123 (25%)
. 95 (41%), 95 {(40%), 41 (110%).

15 26
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*

(Found €, 75.41; 1, 10,99, C__H 0, requires C, 75.58; +,11.70%)



Reduction of hydroxy ketone (36)

& cald (0°C) solution of 017.38 g (0.0016 mole) of
ketal (36) and 0.15 9 (0.004 mole) of sodium borohydride
in 8 ml of dry methanol was stirred under nitrogen at 0%(2 hr).
The methanol waes removed under reduced oréssure and the
residue pgrtioned between water and sthyl acetate, The
usual work-un and evasoration of solvent gave 1,38 g (9@%)
of tne crude oroduct which wes chromatogranhed over Siaz-gel
{13 g9, 1.7 x 14 cms) where the eluent 110-20% ethyl acetate
in light pet. (100 ml x 4) jave 73.171 g (45%) of trans-diol
(34) which showed follawing physical and soectrsl character-

istics:

trans-Dial (34)

m.o. 109.5-110.5°C

IR (KBr) (Fig. 28): 3762, 2921, 2963, 1376, 1078,

1042, 1019, 1001 and 886 cm™

YqouMR (Fig. 29) i Me-C (94, s, 0.9 npm).

TN
N\ Me-C-0H {34, s, 1.31 apm)

C404 (14, dd, 4.08 opm, 3 = 5 & 11 Hz)

(Found C, 75.67; 1, 11.17. requires C, 75.58, +,11.00%)

T
C1579697
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Nximercuratinn-demercuratian of marsunellal {37)

——

In a 50 ml flask, fitted with a magnatic stirrer,
was nlaced 0.638 g {N.02 mols) of mercutic acetate. To
this was added 3.0 ml of water {in which the salt
dissolves), fallowed by 3.0 ml of T4F. Then 2.44 g (7.02
male) of marsupellsl {(37) vas addad. The reaction mixture
was stirred for 6 hr to complete the oxymeru;ation
stage. Then 3.0 ml of 3.0 M sadium hydroxide was addad,
followed by 3.0 ml of a solution of N.50 M sodium borahydride
in 3.3 M sodium hydroxide. The marcury was alloued tn
settle, Sadium chloride was added tn saturate the walbter
léyar. The uoper layer of THF was senarated, dried and
evanorated to furnish 0,44 g {95-68) of the crudes product
which was chromatojranhed over 5ig,-gel (13 9, 1.2 % 20 cms)
where tne eluent 6-15% ethyl acetate in light net, (51 ml
x 6) gave n,123 g (28%) of pure t-diol (32), having suoorimoe-

sable IR and 1H—VWR to that of diol-TI (32) abtained by

acid catalyzed cleavage of (+)-ollongininene sooxide (1),
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25% ethyl acata tnlusne

. crude products 2, Yydracarbons (9ink)
) Aldsebyde (Blue),4) Monol (Blue)

} Dinl-r {(Bink), 6. Dinl-Tl (nink)

) Dial T16) (elue\ A, “rude products

Solvent system
Spots (colour):

-

Fig. 13. TLC DOF CRUDE AND TISOLATED D2)0DUCTS



. Column: 10% SE 30 On Chromosarb U
Vo 4o 60-80
Hydrogen flow: 60 Ml/min.

a) Hydrocarbons

bg Aldehyde

: i ¢) Monol-acetate

S d) Dinl-II-+4ydroxy acetate

‘ g) Dinl (16) hydraxy acetats
f) Dinl-I-diacetate

Fig. 14: ﬁLC OF CRUDE PRODUCT OF EPOXTDE NRSNING AFTZIR
RCETYLATION
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~ WAV N

Column: 10% CW 20H (360 cm x 0.6 cm, Al-column)

Hydtogen flow : 60 ML/ min
Temp. 170

1) Hydrocarbons obtained from derivatives of Diol-I

1) Hydrocarbons cbtained fTom derivatives of
longiboTnan-3-ol

Fig. 25. GLC OF REDUCTION PRUDUCTS
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