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A NOVEL FRAGMENTATION REACTIOBN AND

ITS APPLICATIONS

Abstract

A new fragmentation reaction of homoallylic
alcohols into carbonyl compounds and allylic
halides/alcohols has been demonstrated.
Synthesls of a sesquiterpene alcohol,-seco—
longifolene diol” , is described by gtili= -

zation of this fragmentation reaction.



A NDVEL FRAGMENTATION REACTION AND
ITS APPLICATIDNS

1. INTRODUCTION

The carbonium ion 2 formed during the solvolysis of
systems such as 1 (uhere Y is a leaving group) may. quench
itself by undergoing substitution, réarrangémemt; dyclization,

elimination or fragmentation, Fragmentation predominates
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in cases where X—C+;‘(§) moiety is highly stahllized by X which
1

-may be oxygen, sulphur, or nitrogen atoms carrying unshared pair



of electrons or a carbanion or even olefinic or aryl grouping.
Carbonium ion, 2,is easily generated from the corresponding
halides sulfonates, ammonium, diazonium, oxonium or sulphonium

groups.

Fragmentation of the above type leading to the formation
of alkenes and alkynes will be discusset8iillustratively rather

EHan -axhaustively

1.17. Alkene Forming Fraagmentations

The cleavage 'of carbonium ions into smaller cationic
fragments was recognized as‘early as 1933 as a possible
secondary'reactian:oF carbo5iuﬁ ions1 but the reaction has
gainéd importance‘compaIatiyely recentlyxonly and>has been

reviewed by GrObZ’E. A number of dther report84~23

have also
appeared later. The reaction can be illustrated by following

examples.

y-Hydroxy or amino halides or tosylates are soclvolysed
unde% suitaéle conﬂitions to undergo fragmentation to give
olefiné‘éné éarbogyl compounds. For instance/bicyclic Y“f
hydroxytosylate 4 is cleéued to 5 when treated with strong

bases like potassium tert. butoxide, the reactive species being

the anion2? 5a (Chart I).
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Attempted reduction of 4—meth§l-3—oxo—bi§yclo [é,z,é]
oétanyl-1~tosylate(§) with lithium aluminium hydride (LAH)
results in its fragmentation to 4-methylene-cyclohexane
derivative (8) (reduced Further to corresponding alcohol)
formed via anion i‘whibh'is an intermediate din the reduction7

"(Chart I).

Thioketal 39 when treated with a strong‘bése’Fragﬁents
to 180, The necessary requirsment for the cleavage to occur

is the gensration of an electron source at the carbon three

bonds away from the cationic~capbcn19 (Chart I).

Marshall and coworkers have demonstrated through a

series of paper325°27

, the application of éragﬁentatian reaction
for the sythesis of medium-sized riﬁgs. Homééllylic sulpho=-
nate on hydroboration gives the boronate derivative 11, which
cleaves on being refluxed with sodium hydroxide to diene 13.
Bicyclo mesylate boronaté ester il undergoes more substituted
internal cleavage to give cyclodecéne sygtemzs. This is in
contrast to fragmentation of decahydroguinolyl tosylate 15

to cYcquexaée derivativeAlg) which oceurs through an external

cleavag928. o

27

Marshall and cduorkers have later established that the

fragmentation of decahydroquinolyl tosylate 135 occurs through



an internal cleavage to 14 which undergoes a 'Cope rearrangement’
to give the ultimate product 16. A sharp contrst has been
observed in the fragmentation of hydroxyboronate esters by

intramoleéular hydroxy 1l participationzg.

1.2. Alkyne Forming Fragmentation

~These fragmentations are not as common as fhe olefin
forming fragmehtations. In gen=ral o, B ~umsaturated~ﬂ -halo~
acids or carbonyl compounds eg. ﬁ-&m@noclnnamlc a01d30 and
ﬂ —chloroacr0191n31 COHStltUtL common precursorq which fragmente
to corresponding alkyne on treatmen% with strong base. Recently,
1mLerest1ng fragmentation’ chx,ﬂ—epoxyketone derivatives (oximes
or tcsylhyara7ones) of the type R-’B and C (glven belou) in

32-35
presence of a.mild base have been repo ted .

Mus«one 17 ‘hag: heen -synthesized from 18 using above

saqumnces of reactions 32 (Chart 11).
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Tricyclic tosylhydrozone 13- on treatment with base
fragments to monocyclic alkyhe 20 and allene 21; the mechanism

for the formation of 20 and 21 have been proposed via carbens

36 55,

v

intermediate

3

1.3. Stereocelectronic Reguirements for Fragmentation

3,B-Chlorotropane 23 and 3,B-chloronortropane 2& undergo

fragmentation but their «-isomers
37

5 fail to fragment. It

is concluded that fragmentation is synchronous and requifes
that leaving groub and g ,) -bond to be anti to one another.
This is further illustrated by‘the‘observation that gis-
dimethylaminocyclohexyl p-toluene sulphonate (gﬁ) is solvolysed
about 12 times faster than its trans-isomer 27, Also, conver-
sion in fragmentation is 99% in the former compared to 28% ‘
38

in the latter™ ", - The details of stereofelectronic requirement

or other factors responsible for fragmentation are discussed

ry

elseuherej.

Based on the rate of solvolysis of decahydroquinoline
derivatives it has been demonstrated that it is necessary for
lone pair on the nitrogen as well as the leaving group to

be antiperiplanar toc the fragmenting bondag.



1ede Synthetic Utility of Fragmentation Reactions

These fragmentation reactions have been put to wide
applications and were used. for the synthesis of many natural

products,eg. caryophyllene, himachalene, juvenile hormone etc. 17240

2, CLEAVAGE OF HOMOALLYLIC ALCOHDLS, - A NOVEL FRAGFMENTATION
REACTION ) '

2. Introduction

Ig the last section Qe have described somé common type of
fragmentation uhich a carbonium ion of the type X~%~¢—é+v (2)
undergoes., in mcst'casesﬂg is generated by tﬁe.solvalysis of
correspo%ding halides, tosylates or the like. We wish to
report a related, yet novel,cleavage of homoallylic alcohols‘
where an electron 'dgficient site is created by elecﬁrophilic
addition of chlorine on the olefinic'banﬁ or acid-catalysed ring

opening of the corresponding epoxide. In generalized terms

the fragmentation can be depicted as-follous (g§7529a + 29b)

t 11 1
bbbt L, wlktlL L
tot ' 1 :1\4./_
- | v
. 28 11
+ - C=C-C>X 7" X=C1, OW
)

o
i
e
-



This cleavage was first encountered while stuﬂying
reactions of 30. This cleavage differs from Grob Fragmen~.
tation?’? in producing allylic halides or alcohols instead
of olefins and in appropriate cases' this can be of‘distinct
value for synthetic operations. The cleavage is thus interesting

and potentially useful.

2.7 Results & Discussion

The fragmentation has been studied in homoallylic alcohols

*
30, 31 and 32. Treatment of alcohol 41

30 in carbon tetra-
chloride with molar eguivalent of chlorine in presence of -
excess lithium carbonate gave a product in almost ‘quantitative
yield,which was homogenéaus on TLC and PMR (Fig. 1). The PMR
spectrum of this product shows four quaternary Me's each ag
singlets at 0.99, 1.00, 1.01 and 1.03 ppm..and a broad signal
at 4,56 ppm (W, = 7 Hz) and a triplet at 9.78 ppm (J = 1.5 Hz).
Its IR spectrum (Fig. 9) shous a carbonyl Fréqueqcy at 1730 cmm1
and an absorption at 2720 cm assignable to an aldehyde
function. This product gives strong yellow color with TNR
indicating the presence of a double baond. This product 1is
unstable and even at room temperature (~30°) slouwly tends to
decompose to = coloured mass. Its properties had to be studiea
in EC?4 soln only, as attempts at purification tHrDugg disti-
llation or chromatography (Si82 or Alz ) led &o'decompmsition.
Based on the mechanistic consideration and speétral data, the

PrepaLatlan of. this alcohol from 1solonq1fo1ene is described
in Part K, Chapter II.




praduct gcan he assigned structure ;gg“ThE'stereoqhemistry of:

C-Cl bond in 33 follous Frc5 ‘the insun QrOSensiéy—Fpr,gggg

attack (uwith reference to ao;bornyl part) in isolongifalene
deriuativesqz. Such an approach could lead to,chlarogium ion

type intermediate 42 or an ion pair of the type 43. It is

unlikély that chloronium ion 42 will undergo ready cleavage because
bond g and bond b iHvolveﬁ in:fragmantation“are gngplinalag
{dihedral angle,JSOo) rather than antiperiplanar3’éada It is

more probable that the reaction intermediate is the’'ion pair

43 ,unhich undergbes fragmentation fast ‘enough to.preclude the

formation of any elimination and/or rearranged products.

In order to get more informatiom about its structure, it ..
was treated with lithium'carbonaﬁé‘in ade. digxane under nitrogen,
where a mixture oF‘epimeric alcohols 34 énd'gi with the latter
predominatin§ was obtained (IR: OH 3440, CHO 2705, 1720 cm'1)‘.'
The epimeric nature of hydroxyaldehydes 34 énd'gi ‘was révgaled
by oxidizing them to a single;i,ﬂ~unsaturated ketoacid.il

Ny (EEOH), 250.5 nm,{€ 15150) (Chart IIT).

Acid catalysed cleavage of epoxide 36 gave the hydroxy-

~aldehyde 35 partially epimerized to 34 together with small amounts
. R 13

of dehydrated product 38. The formation of both epimers,

rather than only 34, is ascribed to acid-catalysed epimerization



33 Rf—‘cl R2=H

36 37
34 RFOH  R5H
35 R=H RFOH
2 o
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OHC CH, X HO
2
38 29  X=Cl 40
41 X=OH
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Ci
a®
43
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(to some eétent) at C-8 under the feéction candition. Even

in epoxide 36,the fragmenting bond a is not antiperiplénar uiéh

respect to bond b in oxirane ring;_ It is therefore reasonable

to assume that the reaction is not boqéerted and an intermediate

analogous tO0 43 is first Fofmed,uhich unAe?gDes fragmentation.
Similarly, the homoallylic algohol 32 ori exposure to Cl,

yielded (~90%) the expectea chloroaldehydé 39 (PMR: four quater-

nary Me's 0.97, 1,05, 1.18 ppm; CH,Cl, bs, 4.01 ppm; C=CH broad

2
& .
signal, 5.72 ppm, UH = QHz; CHO, d, 9.80 ppm, J = 4 Hz, IR:
CHO, 2705, 1705 cm™ '), while the derived epoxide 40 on acid

cleavage furnished {(~95%) the anticipated hydroxyaldehyde 41.

The substrate§ investigated for this fragmentation reaction,
in the present stud?, are ail based on bicyelﬁ(?,z,f]heptane —
systém. Work is in progress to determine the geometrical
requirements, if émy, for this reaction and to delinesate its
.écoﬁe. Configuration of ﬁﬁe OH group, appears té be inconse-~

gquential as the epimeric alcohol 31 fragments with equal

ease to give the same product,.

*This compound has besn synthesized from longicyclene; the
details are reported in next section and we cell this alcohol
as Neolongifol-1-o0l. ' »
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3., OSYNTHESIS ©OF NATURAL PRODUCTS - APPLICATION OF THE
NOVEL FRAGMENTATION REACTION

Exploﬁation of the just uncovered Ffr agmentatlon Teaction

44 \46)

in the synthesis of a monoterpene, d}oampholene alccnol
and a bicyclic sesguiterpene, secolonglfolene dlol43 (4?) is

describhed in this section.

3.1. Synthesis of gl-Campholene Alcohol (46)

1 ’ v 6

-Campholene alecohol 46 has been synth981zed4, from

ol-oi . . " 44 .
-ninene oxide but recently it has besn. shown to occur in

gessential oil of Juniperus communis L. We now describe the

synthesis of this alcohol 486 in high yield from camphene

* . .
alcohol {44). 44 with chlorine in-CC1 yielded quantitatively,

chloroaldehyde &5  PMR spectrum (Fig. 5): two quaternary Me's

2
broad signal, 5.76 ppm UH= 6Hz; CHO, t, 9.75 ppm, J= 1,5 Hzj

each as singlets at 3.92, 1.12 ppm; CH,CLl, bs, 4.04 ppm; C=CH

IR: CHO 2710, 1725 cm_1 . This chloroaldehyde was reduced

with LAH to naturally occurring alcohol 46. Its spéctral data

. . . . " 48
were consistent with those reported for an authentic sample ~.

% 44 has been frequently synthesized47’48 but isolated recently
from Chrysanthenum japonense Makino and named as nojigiku
" alcoholé48b, -
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It may be emphasized here that this alcehol 46 has been
previously prepared by reduction of ol~campholene aldehyde
derived from (k-pinene epoxide. o-Rinena is known to undergo

, . .. .50 '
rearrangement to fenchane derivatives and as a result,the

s
. . . ’ . N 51
isomeric 2,2,4-trimethyl-3-cyclopentens-1-acetaldehyde (gﬁ)
is always formed as a bhy-product in varying proportions. This

fragmentation reaction precludes such a possibility and gives

only the desired intermediate 45 in an excellent yield.

3.2. Biogenetic-type Synthesis of Secolongifolene diol (47)

Secolongifolene diol 47 has been recently isolated from

LI - . g
Helminthosporium gativum and H., victoriae by Arigoni gt a}..43

'The structure of diol 47 has been assigned on the basis of
spectral chéracteristics and it§ conversion to longifolene.
The synﬁhésis QF'this_seéduiterpene‘has been achieved from
'loagié/cleneSZ (49) utiliiing the aforementioned fragmentation

as the key step.

Homoallylic alcohol 51 is a vital intermediate which is
" expected to umdergo fragmentation with chlorine to produce 543
the latter through standard reactions could be easlly trans-

formed to diol 47. The synthetic scheme is delineated in

Chart V.
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53 54

2 LLCO0yag Dioxane

4 Clé' LI2 C03

6 &coooH-H®P

CHART V SYNTHESIS OF SECOLONGIFOLENE DIOL @7)



in 1964, Sukh Dev g§~g£.47 r;ported én efficient method
for openiﬁg of Cyclcﬁrcpane with N;bramosucciﬂimide. In the
rea;tion 5? N-bromosucciniéiﬁe with longicyclene it'was
expected that the reagent will attack from the exo~side and
oreferahly at the less bindered C-4 rether than C-2 {(cr. Chart VY.
Indeed, homoallylic bromides32 and §6. were formed in ratio
of ga 4:1}uhich vere inseparable 5n TLC and SLC but clearly

distinguishable by their PIR spectra (Fig. 3). The separation

of these two bromidas in pure form was not attempted.

The structural assignment of the two bromides 52 and 56 was
basis of ‘

easily made on the/difference in splitting pattern of protan
¢to bromine atom inxtheit'PMR spectra. This proton in 52
appears as double doubletl(Ja = 4Hz, 32 = 7.5 Hz) as expected
from dinédral angles of 757, 15° and 105°, which it subtends
uith vicinal protons, On the contrary,dihedral angles of
proton olto bromine in 36 with two vicinal protons are 90 and
1350 and it ap@eéré as illresolved doublet, These assignments
are further bérne out byftﬁe PMR spectira (Fig. 4 and 7) of

the corresponding alcohols 51 and 32 respectively (Chart IV).

Thess bromides (52 and 56) on being refluxed with Li,C0,
in ag. dioxane for 24 hrss yielded-alcohols 32, 31 and 50

in approximate ratio of 2:3:15,along uith an unidentified



alcotol {m.p. 129.5-131°), The solvolysis of bromides takes
place withAretention éf configuratibn bacause of knoun,prefé~
rence of attack from the ex0-side in bridge cations of th;
type A, This is.iddicated by the close regemblanée-oﬁ FMR
spectra of bromides 52 agd‘gga and alcohols 571 and 32
respectively. But the major product of solvolysis is kineti-
cally formed !f"--lcmgif"‘olt::la?J (§§), which can be easily derived

from the carbonium ions A.

The unidentifiad alcohol (m.p. 129.5-131%) and 32 could
be isolated pure by«phromatography over silica gel by eluting
them with benzene,th‘élcéhols 50 and 51 were inseparable on
ordinary silica gel cplumﬁ aﬁd bluted with 5% ethyl acetate
in benzene., The equilibration of,aicoholsr mixture with
- 35, % HClg, in 907 aq. dioxane at 45 % 1 for 60 hrs resulted
in lﬂcrea81wg the’ prooortloﬁ of alcohol 32 and to some extent,
that of 51 ‘at the expense of q’longl‘olol (50). The equili-
bration proved beneﬁicialfin two uays:(a} it provided substan-
tial angunt o“FélD;hdl 32 which was nesded for separate study
&descrlbedlln above section) (b) it reduced proportlon of
&Llonhlfolol (50) and mede the separation of alcohols 50
Aaﬂd 51 easier over AgVD /Dillcq gel chromatography.. §9quired

alcohol Qlﬁua ob “ained pure in about 10- 12p overall yield

from longicyclenga
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The alcohol 51 was converted to sacolongifolene diol 47
in excellent yield by following seguence of reactions.

Alcohol 51,0n treatment with molar eguivalent of chlorine

solution,yielded chloroaldshydé 54 (PMR spectrum; Fig. 6),

which on solvolysis with Ll CO, in 90% aq. dioxane at 42° under

3
nltxﬂgen gave the hyoraxyaidehyoe 53 (Data vids Experlmental)

which was reduced ulth NaBH4 to neturally occurring seco-
longifolene diol (47),whose PMR spectrum (Fig. 8) was icentical

. ' N4 ro. i *
with the rsported»valuests (vide Experimental) .

The same hydroxyaldehyde 53 was also obtained Ey treatment

of 51 with perbenzoic acid in toluene benzene mixture (1:4)

o L. . s .
at -57. The int=rmediate epoxide 55 could not be isolated.

In analagyS4 with longifolene, epa%idation should take place
:Fme its endge face of the bornyl paru and gndo epoxlde, elng
unstable,instantaneously opens to hydrmxyaldehyde 53. The
extraordinary labile character of 55 is understandable in
view of the knouwn properties of longifoiene epoxid856. The

ield of reaction is only moderate,as hydroxy aldehyde underqoes
Y ;8 9

furthor oxidation.

*¥ Lonnicyclene used for the synthesis uwas partially
racemized. Therefore all the intermediates in the
scheme are also optically impure and hence the difference
in the rotation and m.p. of the final product. Uork
AY
is in progress to get( -)-secolongifolene dlol(47)us1ng
optically pure starting material. .



. - “45 - s s L s
Arigoni et al. = have indeed implicated the fragmentation
of a hypothetical precursor longifolene epoxide in the proposed

biogenesis of secolongifolenefdiol'(gj)yfrom longifolena.

It seems plausible tha% nenesis oﬁ'longifolene‘alcoholl
(51) from Longi%p@ene is mediated through g»lqnéifalol (gg),
sormed from longifolens by eboxiaationlamd rearrangement, ‘
which may be isomsrized to longifolene alﬁohol (51)-by an
in vitri reaction parallel to acid catalyzed eguilibration
of alcohol's mixture 32, 51 and 50 discussed abové.

x

Our results thus conskitute first biogenstic-~-type

——

sy thesis of secolongifolene diol (a?)
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4, EXPERIMEN f A L.

¢

For general remarks see Part B, Chapter I of this Thesis.

4.7« Preparation of Homoallylic Alcohals

4,1.1. 5, exo-Hydroxyisolongifolens (30)

The preparation of this alecohol is described in Part A,

Cﬁaptér 11, Section 6.3.4 of this Thesis.

4.1.2. 5, endo-Hydroxyisolongifolene (31)

To a stirred slurry of LAH {300 mg) in ether (30 ml)
was added dropuise, a solution of 5~oxa~isoloqgifolene* {1.2 gm)
ig'éther (25 m1) during 15 min. It was stirred for additional
halflan BGur and excess Df‘tAH was destroyed by adding water
(0.5 ml). Tt was worked up by addiag 15% ag. NaOH (D;S ml)

folloued by addition of water (0.5 ml). Inorganic materials

ot

vere filtered off and washed with etﬁer (10’ml x 2). Solvent
removal gave a residue (1.2 gm) which was chromatographed over

’ Y
silica gel (IIB, 50 gm, 1.5 x 45 cm ):

*For preparation of this ketone see Part A, Chapter II,
Section 6.,3.5. of this Thesis.



—

Frac.

Frac. 2

Frac. 3

Frac. ¢

-

standing, arystaliized (m.g.'48,5~49.5

pet ether -

50% henzene in { 25 ml x 3)

net ether

50% benzene in {25 ml x 1)

pet. ether

benzens

(50 ml>‘

(2~ml X 2)

‘nil

950 mg,

31 'mg mixture
.rejected.

100 mg, solid.
m.p. 82-85°

characterized as 30

rraé. 2 uasidistilled to get purs 31 €hly mg),uhiéh}on

IR (neat): OH 3455,

. — 1 .
1120, 1080, 1040, C=CH, 870, 840, 810.cm™ 'y PMR: ~C-Me sach
. 1

as singlet at 0.79, 0.99, 1.03, 1.11ppm; CHOH (14, dd, 4.05 ppm,

31 = 3Hz,

Microanal

C, 81.49;

2

ysis: C$5H24

4, 10,59%.

4ol .3, Caﬁpheme Alcohol (Qg)

I, = 8.5 Hz)=CH (iH, t,5.56 ppm, I = 3.5 Hz).

0 requires-C, 81.7583 H, 10.383; found

This alecohol was prepared from tricyclene acecording o

- ‘ 4
the procedure reported by Sukh. Dev st _al.

7

4.1.4, Homoallylic Alcohols (32) and (52)

lf"”.a'?.

Action. of N-Bromosuccinimide on Longicyclene (49) 7
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A letUIG of lamqlryclene (é*) (4.08 gm; 20 mmol) and
NBS (3.6 gm, 20 ﬂﬁol) in alcohal free, purlfled chloroform® 55

(50 ml) was refiuxed on.a waterbath for 2 hr under Hz When

the KBS uas consumed (tesbeduulth KI soln), it was cooled to
room temperaturse amd*vuccinimide was uéshed‘uith uatsr (20 m1

x 3) and dried. Removal of solvent gaue a yellou coldured

Y

liquid (S 8 gm) which was distilled uO glve bromides {52 92) and

(§§}_(5.3. gm) in ratio’ OF;4}$'respe;t1vely, IR (llq) {total'

brpmides): .C=CH-1640, 880, 815, 750 cm” 1. PMR: —C—ﬂg each

-

‘as singlet at 0.96, 0.96, 1404 ppm, CH.=C-CH- (1H, bs, 2.08

, 2 -
ppm, W, = 5Hz), CHBr (1H, dd, 3.84 ppm, J % 4Hz, 327-7.5 Hz),

1.
=CH, (1H, s, 4,72 mDm, 1H; s, 5.02. me); thess valugs are
aSSiéned for ermlde (52) The bromlde (56 which was presont
as a Winor‘product vas characterized by it* one‘signél at-
3. 80 ppm, 4= 4Hz (CnBr) and two singlets at 4,70 and 4.99 pp
for gxo-~ metnylene protons, MlcrOanaLySls'(bobal bromides):
C,sH,sB7 tequires C; 63.60; H, 8183 Br, 28.21; Found C, 64383
H, 8,233 Br, 27.50%., ’

4.70402. Agtion of agq. Li2803 on Bromides (52)-and ﬁiﬁ)

A mixture of bromides (5.0 gm) and Li2€dé (2.3 gm) in~
50% ag. dioxane (60 ml) was plunged in an oii‘bath at 95 + 2°
end stirred at same.tsmperature for 48 houfs. The reaction

. ) . . e
mixture was brought to room temperature, diluted with 2% ag.
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Rcﬁﬁ (50 ml) and exﬁpagﬁadduith ether (30 mlik 3). %he orgahic
égtggcﬁgaggrg uashgd u;ti‘mgéer (20 m1 x 3) and apiéd (NazSﬁﬁ).
Removal oF'solventkoFfered ajéummyATESidue‘(a.S gm), A portis%"
(1.2 gm) of this residue.uag chfo&atographed ovar silica gel

(IIB, 40 gm, 1.5 %38 em ) with tlc monitoring (siOd solvent

2!
g £t/ i c 27 .
5% Et0Ac in 6H6)

Frac. © 1. .pet ether ° (20 ml x 3) 200 mg, a mixture of
) s ’ bromides & hydrocarbon
rejected. \
Frac. 2 50% benzene in (20 ml x 1) .onile.

pet ether
Frac., .3  50% benzene in (20 ml x 3) 110 mg, solid, m.p. 109~
: pet ether , 0 T -
115",
Frac. 4  50% henzene in pet ether

(20 m1 x 2y 59 ma mixture

Frac. 5  50% bemzene i”‘(éa

pet sther ml x 3) 150 mg, solid m.p. 155~

165°.

Frac. 6 50% -benzene in (20 ml x 1) 10" mg, gummy
' pet ether ' - . L

Frac. 7  benzens (S50.ml) I 610 mg gumny material.

&

Frac.3 was crystallized (MeCN) upto constant m.p. 129-131°

(55 mg). Its structural élucidétianjuili be published elscuhare.”
= . : . © . .

Frac. 5 was crystallized (MeCN) to-give needles of alcohol 32



(m.p. 171.5-172.5°%, 100 mg).. IR (CHP13x- OH: 3580, 1015,
- . t
C=CH 882 om™ . PMR (Fig. 7): -C-le cach as SlﬂgleL at 1.02,
1
1 .
1,04, 1.04 ppm; CH2=C-Cﬁ14(1ﬁ, bs, 256 ppm, W, = Bﬁz), CHOH
(1H, d, 3.80 ppm, I= SHz), =CH (14, s, 4.55 ppm; 1H,.5, 4.9

opm) . Microanalysis: C,oH 0 requiTes C, 81.76; H, 10.98;

Cy 5 24
found C, B81.773 H, 11.00%.

Frac. 7 was homogenecus on SlDz-gel tlc buL snowed tuo compaunds
on AgN83~b102 pLate. lHlS Fractloﬁ was chronatograpﬂnd pyer

silicaﬂgél comtaininé 15 AgNO (30 g, 1 2 x 35 cm’ Qﬂ

Frac. 1 50% benzens in - (10 ml x 2) © il
pet ether
Frac., 2 “50% benzene in {10 ml x 3) = 408 mg, solid m.p.
pet ether ‘ o ,_"‘68;?20 .
Frace 3 50% benzene in . , ‘
pet ®gther o (10 ml x_1)“ 40‘m9 mixture
Frac. 4 ~benzene - .. (12.m1 x'3). 108 mq, solid’

W.p. - 082-86°

le

Frac., 2 was crystallizad (MeEN) to gi&e,alcohcl (50) (m.p.

76~77.SO, 320 mg);,‘Its‘{R and PMR were superimposable with

- . . 53
those of the authentic sample .

Frac. 4 was c©f ystalllzed (MeCN), ba glve alCOth (51) (mepe

88-92°, 50 mg). IR(CHCI;): 3450 on ', PR (Fig. 4): (coclg):



-Mg each as singlet at 0.92, 0.92, 1.01 ppm; CH =C-CH-{1H

—

e

bs, 2.61 ppm, Y = 8Hz); CHOR (1H, dd, 3.81 ppm,” I, = 4Hz, J,=
8rz); =cd4 (1H, s, 4.70 ppm, 1H, s, 4.90 ppm). Microanalysiss:’

c 0 requires C, 81.76; H, 10.983.found C, 81.42; H, 11.2%5.

TSHZL

4.1.4.3. Action of ag. HClUf'én y-Longifolol (50)
. 4 —

To a mixturs of alcohols 32, 51 aﬂé 56 (2.1 gm) obtained
from the solvolysis of bromides uas introduced to a DJSS%*‘
solution of HC10, in ag. d;oxéné (40 m1) and kept at 45 *+ 1°
for 80 hours undgr Nz»atmasmﬁeré;h A£ the end of B0 hours, the
reaction<mix£ure was cooiedbto room temperature and guenchead
with 5% ag NaHCO, (70 ml) and extracted with ether (30 ml x 3).
The extracts were vashed £i11 neutral with water (20 ml x 3)
and dried‘(Nastq). ~R part af the residue obtained t1.4 out
of 1.8 g) was chromatographed over silica gel (50 gm, 1.5 x

45 Cm)o

Frac., 1  pet ether - (25 ml) nil

Frace 2 50% benzene in (10 ml x 3) 110 mg, liguid.
pet ether :

Frac. 3 50% benzene in (10 ml x 1} nil
pet ether

#0,35% ag, HC10, was prepared by adding 704 Hcio, (0.5 ml) to
dioxane (90 ml} and water (10 ml). This solutifin was used
for aur studies in this chapter.



Frac. & 755 benzene in (10 ml x 4) . 150 mg, solid
S i -
pet ether m.p. 116-121°.

Frac. 5 75% bénzene‘in" (10 ml x 2) 60 mg, mixture
- pet gther . . . Co
Frac._ b henzene - (10 m1 x 3) 490 mg, solid

mep. 1€0-167°

Frac. 7 benzens (10 ml x 2) 50 mg, mixture gum.
Frac. B 5% Et0Ac in - {20 x 2) 520 mg, gummy material.
' benzene o T ‘

crac. 2 was distilled to gives an aldehyde, IR (lig,)r CHO,
2700, 1720, C=CH 1640, 878, 815'cm;1, PR : —%—ﬂg eacp’as
singlet at 0.99, 1.0¢, 1,06 ppm; CH=Cll2 (34, t, 1.65 ppm,

J = 2Hz); =CH (1H, b.sig; 550 dpm, W= 7Hz); égp (14, dd,

9.%6 ppT; 31=ﬁz, 32= SHz}; on the’bagis‘o? these spectrél data

it was assinned the structure 33 (uhere X = H, instead of OH) .

fFrac. & was =pystallized (MeCN) to get an alcohol (.p. 729—?31Ol

whose étructure yill be published later.

Frac. 6-uas crysfallized-(MeCNE to get pure alcohol (;g)

(m.p. 171.5-172.5, 350 mg).

] . oaql . P v
Frac. 8 was techromatonraphed over'silica gel containing 15k

Agio, (24 gm, 1.1 x 35 en” Y.



Frac. 1 504 benzene in = (20 ml x 2) nil
pet ether )

Frace 2 50% henzene in (10 ml x 3) 205 mg, 'solid
pet ether mep. 72-76°

Frac., 3 50% benzenz in (10 ml x 2) 10 mg gum
pet ether

kY

Frac. &4  henzene (10 m1 x 3) 235 mg solid 80-85"

Frac. 2 and 4 wers charescterized as alcohols (50) and (51)

respectively as described above.

4.2. Cleavage of Homoallylic Alcohols

4.2.% Frégmenfaticn af 5,gﬁg—Hydfoxyisolongifolene (30).

To-a'époied soln. (ice-salt bath, internal temp. -5+ 2%
of homoallylic alcgohol (Qg)v(ﬁﬁD mg, 3 mmol) in carbon tetra-
chloride (20 ml) éantaining Li2C03}(61G_mg, 9 mmol), was
introduced a cold solution of chloﬁine (4.2%, 5 ml; 210 mg o?
chlorine; 3 mmol) during 5 min,kegping the¥temperature ;Sjﬁo.
The yellow‘colour of chlorine yas discharged immediately as
the gddifiaﬁ of Clz was OVEr. Then Li2C03Auas filtered off
and washed uwith cci, (2 ml xiz}, The solvent was evaporated
at 10 * 2O uncer reducead bresgure to get a residue ﬂ780 mg)‘of
chloroaldehyce (33). IR (Fig. 9) (cc1,): CHO 2730, 1730 em™

PMR (Fig. 1): -[Y:—I"Ie cach as singlet at 0.99, 1.0, 1.0, 1.03 ppm;
T : ) :
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cdcl (1H, b.sig, 4.56 pbm, ny 7Hz) 3 cho “(1H, -t, 9.76 ppm,

J=1.5 Hz).

A

Similarly, 5_erdg-hyd}gxyssdlongifoléne (31) (200 mg)
was treated with 4. 2% chlorine soln in CPl &1 25 ml) uncer
identical conditiqnlmentioned gbove. It gave chldroaldeﬂyme
(33) (210 mg) whose. PFR and IR:QéﬁB“idéhtical with .those of

the product described above,

4.2.1.1. Hydrolysis of Chloroaldehyde (33) uith Lizﬁaz—éq.dioxane

The cH‘Draaidewyde (33 3 Qas stlrled m1th LLZCU (580 mg)
in 50% ag. le%aﬂe (AD ml) at- 40 * 1° For three hours uncer
N2 atmosphere 810 uheq all chlorlde was hyvolysed (mantDred
by Llc), lC vas CDOLPd to . room bemperauu e (28 + 20) .QLZCOS‘
was rlltered"off and uaﬁhed with ether \10 ml x 2}, The
~filtrate uas dllufed with uatﬂr (10 ml) and extracteéd with
ether (1D ml x J) The ether layer was uaohmd Uluh weter (10 ml

k>2) and ﬁri@d. The solveant removal gaue a tesidue (613 mg)

" which was chromatograpned over silica gel (1118, 15 gm, 1 x 25 cm ).

Frac. 1. pet ether (53 ml). ‘nil

Frac. 2  S0% pet sther (25 ml % 2) 120 mg liguid,
’ in henzene '



D
o
=

Frac, 3 benzens | (25 mi x 1) nil
o - N - . ' .
Frac. & 55 £t0Ac in - (25 ml x 4) 4%4 mg, viscous lig.
benzene

Frac. 2 uwas dlStLllEC hope 110 1450 (batu)/D 5 mm, to glve

olefinic aldshyde 38‘(100 mg}, IR(llq./:'pHﬂ 4715 172J cm 1,

et

1 - .

PMR: ~C-Fe each as singlet at.0.30, 1.0é, 1.05, 1 09 ppm;
1

=CH

kil

cHo (1H, t, 9.78 ppm, J= 1.5 Hz). UU: y'__ "(EOH) 245 nm

(1#, it 5.28 ppm, 1 = 4Hz; 11, bs, 5.44 ppm, W, = 3Hz);~

{€8215).

Frace 4 uas hamoge:eous on tle but lt was a mixture. OF tuo

alcohols 34 and 35 1n uﬁlch 35 ‘dominated ag shown” by its PMR:
-C-fle each as singlet at 0.79, 0.89, 1.05, 1.13 oppm; CHOH

t . o .

(1H, b.sig 4.04 ppm, UHf BHz ) 3 QﬂO (1H, t,. 2.76 ppm, J= 1.5 Hz)

¢

4.7.1.2. Oxidation of Hydroxyalcdehydes (34) and (35)

Hydroxyaldehyaes (34 and 5) (180 mg) -were takeh in
acetons (1 ml) and cooled to 0°. To this-cosled solution,
Jone's reagent (0.5 ml) uas added dropuise during five minutes
and then the reaction mixture was kept a2t that temperature ’
For one houT. The ketoarid (37) was extracted with ether
{1D”ml % %) after diluting the reaCulon mlxturc ulth water (10 ml).

The extracts vere washed till neutral with water‘(16 ml x 2)



and dried (Na,50,). The solifl residue {m.p. 140-151", 170 mg)

was Crysté¥iized‘(acetOniﬁfile)'to net crystalline 37 (m.p.

162~1640, 120 mg}. IR (Flg. 10) \NUJGl) Co 1725, 1705 cm—q.

PPR (Fig..2): (cC oC1,) ~c Me each as singlet at O. 56, 1.12,
1.18, 1.28 ppm. UV{'Amax (EtoH) 250.5 nn\(€:15158). "icroana-
lysis: C,cH,,0, Tequires C, 71.97; H, 8.86; found C, 71.74,

" H, B.87%.

4,2.1.3..,Epoxidapion of 5,exo~ﬁydroxyisb;mngifolene (30)

Perbenzole ac1d (420 mg) in benzene (5 ml) vas added
drooulae to a prccooled (25° ) salutlon of alcoﬁol 30 {490 mg)
in 20% toluene in benzene (5 ml) Cnd xept at ~5 i 10 For 48
RoUTS. Then the reacblon mlhture uas dliutcd ulth ether x?b ml)
and benzoic acid was removed with 3% aq. NaHCG (10 ml N j).
Excess of perbenzoic acid was removed by wasbwng thn 104 ag.
NaHSD3 (10 ml x 1), It uas “washed nequal and dried..  Residue
(¢80 mg), after remoual of solvent uas cryslell7ed (pet sther)

to

et epoxidé 36 (m.p. 102-1037, 400 ). R(C%C;g;t oH 3610,
- - ) t
1040, epoxide, 3045, 1220, 880 cm “T, "pm (cocl): -C-Me

o

. 3495,

0.68, 0.94, 1.03, 1.10 ppms Cﬁg;'(1u, t, 3,{2\ppm, I= 4Hz) 3
cioH (14, dg, 4.21 ppm, 3,=1.5 Hz, 3= 3Hz, 3= 6.5‘Hz).
Mic roanalysis: C?SHZ’GZ requires;C{)7é.225'H, 10.24;«f0und
¢, 75.94; H, 10.09%. |



(AN
<
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To a solution of 0.35% HClO, in 90% ag. dioxane (10 ml)
at 10°C was introdused the epoxide 36 (315 mg) in one lot.
The reaction mix?ure was stirred at the same temperature for
15 minutes, then guenched with 55 ag. NaHEDj (15 ml) and
extracted with sthar (15 m1 x 3). The ether extracts were
washed till neutral, with water (16 m1 % 3) and dried (NaZSDQ).
The residug (512 mg) obtained was homogeneous on tlc but it uas
a mixture of hydraxyaldéhydes (;ﬁ) and (QQ), in which now 34
prédominated.' IR §CHC1S}:'CH0 2705, 1720, OH 3440, 1b20 em T,
PR (CDDIS): fé‘ﬂﬁ sach ‘as singlet at 0.94, 0.97, D.é?, 1.00 ppm;
CHOH { H, b.sig 4.21 ppm, Y= 9}!2); cHo (1H, t, 9.83 ppm,
J= 1.5 Hz). This mixture of epimeric alcohols 34 and 35 after

. . . .\ . . Y
oxidation with Jonme's reagent, gave the same ketoacid (37)

4.2.2.1. Cleavage of 2-Hydroxyneolongifolene (gg}

To a cooled (-2 + 1°)- and agitated sdln of alcohol 32
{220 mg, 1 mQDl) in CHCl, (2 hl) containing Li,C0, (210'mg,
3 mmol) was introduced @ cold soln of 3.6% chlorine in CCla
(2 ml, 72 mg) during 3 minutes ana stirred at the same teﬁp.

for 5 minutes. Inorganic salts were filtered off and washed

with ehloroform (1 ml %x 2). Removal of solvent gave a residue



o
-
o

(255 mg) of chlaroaldehvde (39). 1R (CHCl ) cHO 2705, 1705 en”
PMR (cCCl ) ~fg each as Slﬂgiet at O 97,;1 05, T 28 Dam,

C._Jl(Zr%, bs, ““C'" ppmy H= 5 HZ)‘: =Cﬁ_ ”H:"b-wlg’ 5.72° me7 .

£

y = gHz), cHo (1H, d, 9.80 ppm, J= 4Hz).

4.2.2.2. Cleavage of Epoxide (4p)

To a cooled soln of alcohol 32 (70 mg) in a mixture of
. toluens and henzene (1:1, 2 Ml) uas lﬂ Toduced perbenzoxolag;d
(' mg) in benzeme (0.6 m1). and kept at -5+1° for 4 days.

Usual work up (described aboug)gave epoxide (40) (72 mg).

o
f

P
o]
y]
g

as si;giet at 0.89, 1.08, 1.08 ppm,

4, ABg, 2.23, 2.44 ppm, J= 5 HzjJ, CHOH (1H, d, 4.07 ppm,

The abovea eéoxide (aD) k?Z mg) was treated uith 0.35%

HC10, in ag. dioxane (5 ml) at ?G+1 for TS’nin. Usual work

4

up (describad above) gave hydroxyaldehyde ( . ‘PMR(CDCLS}:

~C—§§ each as singlet at 0.97, 1.05, 1.13 ppm; CHOH {1H, 58,‘
1 .

4.14 ppm, W= 6Hz); =CH (1H, b.sig, 5.50 ppm, U, = 7HZ) 3

cHo (1H, d, 9.91 ppm, I= 4.5 Hz).

4.3. Synthesis of Matural Products.

4.3.,1. Synthesis of «-Campholens Alcohol (g@)



A 4.2% soln of chlorine in cel, (6 ml, 252 mg of
chlorine, 3.6 mmol) ués introduced to a cooled (—2i10) and
stirred soln.of alcohol 44 (540 ﬁg, 3.6 mmol) in CCla {10 ml)
coﬁteininé Li L0 (500 mg) dur?ng 5 min., Usual work up
(gescribed above) gave chloroaldehyde {45). IR (Fig. 11)
(cc1a): CHo 2710, 1725, C;CH 885, 700 en~l, PER (Fig. 5):

—é—ﬁg each as singlet at 0.92, 1.12 ppm; Cﬁﬁl‘(ZH, bs, 4.04 ppm,

Wy, = 4Hz); =CH (14, b.sig, 5.76 ppm, W = 6Hz) 5 CHO (1, t,
5.75 ppm, 3= 1.5 Hz).
The ahove chloroaldehyde (ﬁé} (350 mg) in THF (10 ml)

was added dropwise to a stirrec slurry of LAH (250 mg) in THF
(10ml) and stirred at room temperature (30 X 1°) for 36 hours
under NZ. This excess of LAH was destroyed by adding Et0Ac
(1m1), folloved by 15% aq. NaOH (0.5 ml) éné‘water (1 ml).
The inorganic salts uere filtered off and washed with THF

(5 ml x 2). Removal of solvent offered a residue (300 mg) which
was distilled to glve cﬁ—oanpholeﬁe alconol (46), bePos 110~115O

(hath) /2.5 mm, “D 51.4678. IR (lig.): OH 3340, 1050, ‘C=CH 8O0 cm -1,
L‘PWR‘ ~C -Me each as slnglet at 0.76, 0. 97 ppmy ~CH=C-fle (3H, m,y
1.61 ppm), CHOH (2H, m, 3.59 opm) 3 =CH (1H, b. sig,'S.ZU opm,

W,= 8Hz)., These spectral values are consistent with the value

H
o 49
reported hy Sukh Dev gt 1.

rm—



4.3.2, Synthesis of Secolongifolenc .diol {(47)

4.3.2.?.‘ Action OF,Clz on 4~HydrolOngifaiaﬁé {él)’

A 3. é% soln of chlorine in tcl' (0.4 ml, 1a'a mg of
chlcrlne, D 2 mmol)  was.introduced L? a coid soln (-5 + 1 %)
of alcohol 51 (44 mg, O 2 mmol) in CC1, (1 mT) in presence of,
Lizu . (100 mg) durlng 2 min and Mgg_gtgrrgd for S.mln.zat
.the same temperature. usuaixuork QD gave‘ fchloroaldehyde (54)

(48 mg) IR (Fig. 12) (FEl s CHO 2/00 ¢715~cm‘1,"PMR (Fig.6):

t
.99 ppmy W= 4‘%2)- =CH (1H, b.sig, 5.94 opm, uH= 7Hz); CHO

H R
-C-Me each as singlet at.0.33, 0. 9?, 1.06 ppm, CHC1 (2H bs,
(1H, t, 2.73 ppm, J= 2 Hz).

4.3.2.2. . Hydrolysis of Chyoroaldehydel(gg)

Chlorpaldehyde (54) (42 mg) was stirred'uith Li, o,
{105 mg ) in 90% aq. dloxane (5 ml) at 40 + 2 3 hours
under Nz The roactlon n1x*ure was brought to room teﬁperétﬁre
{20 T 10), d?lutpd with water (15 ml) c,nd extrarted with ethgf
(16 57 % &) . Tne Drganlc,extracts were vashed till neutral
Culth water amd dried. Theﬁ solvent was Flashed off to get '

hycroxyaldenyde (53) (38 mng) . Ia(CHoy) T CHO 2708, 17153



- - ’- ’ , . ! B :
OH 5450 om™'. PER: -C-Me each as singlet at'.0.92, 0.97; 1.01
. t . ! ° 4
opm, CHOH (24, bs, 4.08 ppm), 3CH (1H, b.sig, 5.73 ppm, W, = 7Hz),
CHO (1#, t, 9.73 ppm, 3= 2bz). ' *

43.7.3. Action of Peroxybenzoic Acid on Alcohol (51)

SR

TD a cooled soln of 4 hydroxy¢0nglFDlene \51) \100 mg)
in a mixture of toluﬂnp anA ‘henzene (1 a1, 2 ml) was- added
perbhenzoic acid (78 mg) in. benzene {2 ml) and kept at —5 + 1°

far 3 days. SH' eactlon mixture was dllutaf with euner (10 ml)
tan¢1"31201n acic uas exnra“tea with Sp age. Na%rO (Sml X 4).
The‘qrgaaic layer was uasnem, till neutral, ULtﬁ uatef (10 ml-x 2)
and gried (N82504),. Tne reSLGue (&80 mo), obtalneo after

remaval og'éalvewt was aurlfled to get qydroxyaldehyae (53)

(30 mg),elutlng uith banzenm tnrough a column of silice gel

(3 gmy, 0.5 %5 emj.

a.3;2.4{' Secolo;gifoiene dipl (éj)

A mixture of hydroxyaldehyda (53) (4a ‘mg) and NaBH,
(1090 mg) .in EtOH (5 ml) was stirred for 3 hrs at room tenperature’
(32 + 179) under N,.. Then excess of NaBH, was destroyed by

adding (15%- aq.’REUH} (1 ml); then it was diluted with water

JThe DLGDGWCE of epoxide SS"Uas not detected“ip the PMR
spentrum of the residue. '



(10 ml) and extracted UL%h etner {15 ml X J) The organic

N

sextracts were washed tlll neutral, with uater (10 ml x 2)

and dried, SOlvent reﬂoual ‘offered a residue (35 mg) which was
' ‘ 4
crystallized Fron SC”tOWLLILlP, M0 101- QDQ (reported‘g
. t
m.p. 117 for (*)- diol a?), an \rlg. 8) \{DCYB): -C-Me each
b

as singlet at 0.93, 0.93, 1;04 opm,,CHaq qu m, 3.68 opm,

. ’ 2 ;

Uh= 204z; 2H, bs, 13 Dpn), ﬂ (14, m, 5.74 ppm) Reoorted*s
’ ]

PMR (cac13): -C-le each as 511gleb at . 94, 0.94, 1.04 opmy

H

cHoH (2H, m, 3.67 ppm, wa 20Hz; 2H, s, 4.08 ppm); =CH (1#,

m, 5.71 ppm).
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