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A NOVEL FRAGMENTATION REACTION ANB 

ITS APPLICATIONS

Abstract

A neu fragmentation reaction of homoallylic 

alcohols into carbonyl compounds and allylic 

halides/alcohols has been demonstrated. 

Synthesis of a sesquiterpene alcohol, seco- 

longifolene diol^ , is described by utili- 

zation of this fragmentation reaction.



A NOVEL FRAGMENTATION REACTION AND

ITS APPLICATIONS

1. INTRODUCTION

The carbonium ion 2 formed during the, solvolysis of 

systems such as 1_ (where Y is a leaving group) may. quench 

itself by undergoing substitution, rearrangement, cyclization, 

elimination or -fragmentation. Fragmentation predominates

r t t
X-C-C-C-Y

i i t

! ! f
X-C-C-C+

I t I

f t !
X-C-C-C-f

i 1 I

!X-C -£-c-
t t ' I 

t t
c-c-

x-c-
t t !

x-c-c=cl t
t + « l

x-c + c=c1 I t

substitution 

rearrang ement

cy cl'ization

elimination

fragmentation

3

in cases where X-C+-"' (3) moiety is, highly stabilized by X uhich
t

-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 alky'nes will be 'iiscussedj illustratively, rather 

t-f-fhn--‘exhaustively

1.1. Alkene Forming Fragmentations

The cleavage-'of carbonium ions into smaller cationic

fragments uas recognized as early as 1933 as a possible

. - 1secondary reaction,of carbonium ions but the reaction has

gained importance comparatively recently only and has been

2 3 ’ 4^23revieued ‘by Grob ’ , A -number of other reports have also

appeared later. The reaction can be illustrated by following

examples.

|T-Hydroxy or amino halides or tosylates are solvoiysed 

under suitable conditions to undergo fragmentation to give 

olefins and carbonyl compounds. For instance^bicyclic jf-- 

hydroxytosylate'4. is cleaved to 5 when treated with strong 

bases like potassium tert, butoxide, the reactive species being 

the anion^^ _5a (Chart I) .



CHART I



Attempted reduction of 4-metbyl-3~oxo-bicyclo \2f2,2j 

octanyl-1-tosylate£6j with lithium aluminium hydride (LAH) 

results in its fragmentation to 4-methylene-cyclohexane
derivative (8_) (reduced further to corresponding alcohol)

• ' ' - 7formed vi'a anion 7. which is an intermediate an the reduction
(Chart. I). • ' •

Thioketal 9_ when treated with a strong 'base fragments 
to 10. The necessary requirement -fo-r the cleavage to occur 
is the generation of an electron source at the carb.on three 
bonds away from the cationic carbon^ (Chart I).

Marshall and coworkers have 'dem'onstrated through a 
25-27 • • ' •series of papers , the application of fragmentation reaction

for the sythesis of medium-sized rings. Homoallylic sulpho-
nate on hydroboration gives the 'boronate derivative 1_1_ which
cleaves on being refluxed with sodium hydroxide to diene 13.
Bicyclo mesylate boronate ester _1J_ undergoes more substituted

26internal cleavage to give cyclodecane system . This is in
contrast to fragmentation of decahydroquinolyl tosylate 1_5
to cyclohexane derivative 1_6 which occurs through an' external 

28cleavage .

- " 77

Marshall and couorkers have later established that the 
.fragmentation of decahydrocjuinoly 1. tosylate 1_5 occurs thruugh



238

an internal cleavage to 14. which undergoes a ’Cope rearrangement

to give the ultimate product 1 6. .A sharp cohtrst has been

observed in the fragmentation of( hydroxyhoronate esters by
29intramolecular hydroxyl participation . ' ,

1 .2. Alkvne Forming Fragmentation

These fragmentations are not as common as the olefin

forming fragmentations. In general CL, f -unsaturated-yg -halo-
. ,30 ,

acids or carbonyl compounds eg. ft -bromocmnamic acid. and
-chloroacrolein31 constitute common precursors which fragmehtE

to corresponding alkyne on treatment with strong base. Recently
interesting fragmentation ' of Ot,y&-epoxy ketone derivatives (oximes

or tosylhydrazones) of the type A->B and C (given below) in
\ ’ 32-35presence of a.mild base have- been repo-ted .

t I !c=c~c=ot

J ! 1

t ! I-c-c-c=oV

■C-»C=C-N=NrX 
01

Ic=oI
B

•C-C-C=N-NH-X
V - '

. . . fl.C-C-C=*N*-N-X-

A

-C=C-

c
+ NsN + X

Muskone 1'7 "hags been -synthesized from 18 using above 

sequences of reactions (Chart II)»
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CHART II



Tricyclic tosyIhydrozone 1_9- on treatment with base 
fragments to monocyclic alkyne 2_0_ and allene 21_; the mechanism
for the formation of 20_ and 21_ have been proposed via carbane

3 6 ‘intermediate 22.

1.3. Stereoelectronic Requirements for Fragmentation

3,/5-Chlorotropane 23_ and 3 ,/l-chloronortropane 2_4 undergo
fragmentation but their <s(!-isomers 2J5 fail to fragment. It 

3 7is concluded that fragmentation is synchronous and requires 
that leaving group and ft -bond to be anti to one another.
This is further illustrated by the observation that cis- 
dimethylaminocyclohexyl p-toluene sulphonate (2j5) is solvolysed 

about 12 times faster than its trans-isomer 27. Also, conver
sion in fragmentation is 99% in the former compared to 2Q%

3 8in the latter . • The details of stereO£electronic requirement 
or other factors responsible for fragmentation are discussed 
elsewhere"*,

8ased on the rate of solvolysis of decahydroquinoljme

derivatives it has been demonstrated that it is- necessary for
lone pair on the nitrogen as well’as the leaving group to

3 9be antiperiplanar to the fragmenting bond .
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1.4. 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.

2. CLEAVAGE OF HGFIOALIYLIC ALCOHOLS, - A NOVEL FRAGFIENT AT LON 
REACTION ' '

2. Introduction

In the last section we have described some common type of
i t t +

fragmentation which a .carbonium ion of the type X-C-C-C ■- (2)
t t i

undergoes'. In most cases 2 Is generated by the solvolysis of 

corresponding halides, tosylates or the like, Ue1 wish to 

report a related, yet novel/cleavage of homoallylie alcohols 

where an electron -'deficient site Is created by electrophilic 

addition of chlorine on the olefinic bond or acid-catalysed ring
’ , ‘ J

opening of the corresponding epoxide. In generalized terms 

the fragmentation can be depicted as-follows (28~»29a + 29b)

r t i i
HO-C-C-C-C

i t »

2B

t
H-OtC-C-C-C-

1 (W
1

t lit

o=c + - c=c-c~x! 1 T »
X=C1, OH'

29a 29b



This cleavage was first encountered while studying
reactions of 30_, This cleavage differs from Grob fragmen- 

2 3.tation ’ in producing ally lie 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.

2.1. Results & Discussion

Tns fragmentation has been studied in homoallylic alcohols 
30. 31 and 32. Treatment of alcohol 3_0 in carbon tetra
chloride with molar equivalent■of chlorine in presence of 1 
excess lithium carbonate gave a product in almost 'quantitative 
yield,which was homogeneous on TLC and PMR (Fig, 1). The PFIR 

spectrum of this product shows four quaternary He's each afi 
singlets at 0.99, 1,00, 1.01 and 1.03 ppm.-and a broad signal 
at 4.56 ppm (U^ = 7 Hz) and a triplet at 9.78‘ppm (0 = 1.5 Hz).
Its IR spectrum (Fig. 9) shous a carbonyl frequency at 1730 cm

-1and an absorption at 2720 cm assignable to an aldehyde 
function. This product gives strong yellow color with TNf] 
indicating the presence of a double bond. This product is 
unstable and even at room temperature (^30°) slowly tends to 

decompose to a coloured mass. Its properties had to be studied 
in CCl^ soln only, as attempts at- purification through disti
llation or chromatography (SiC^ or ^2^3^ decomposition *

Based on the mechanistic consideration and spectral data, the
J|4 _ ' “I --i—« .rrnrn,, - r---r - ■ '.l n, „ —i — r- ........._ '.................” '

Preparation of. this alcohol from isolongifolene is described 
in Part At, Chapter II.
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product can be assigned structure 33.... The ‘stereochemistry of;
C-Cl bond in 33. follows from the known propensity- for endo 
attack (with reference to norbornyl part) in isolongifolene 

derivatives , Such an approach, could lead to, chloronium ion 
type intermediate 42 or 'an ion pair of the type 45. It is 
unlikely that chloronium ion 42 will undergo ready cleavage because 
bond a. and bond Jb involved in: fragmentation-'are syn-clinal^ 
(dihedral angle^SO0) rath'er than antiperiplanar^’'^^c.- It is, 

more probable that the reaction intermediate is the‘ion pair 
43^,uhich undergoes fragmentation fast 'enough to .preclude the 
formation of any elimination and/or rearranged products.

In order to get more information about its structure,it . ,
uas treated with lithium carbonate in aq. dio.xane under nitrog.en^
where a mixture of epimeric alcohols 34. and '.5 5 with the latter
predominating uas obtained (IR: OH 3440, CHO 2705, 1720 cm ^)’.

The epimeric nature of hydroxy aldehydes 3_4_ and '35. was revealed
by oxidizing them to a single 06,^-unsaturated ketoacid. 37.
\ (EtOH), 250.5 nm,(615150) (Chart III).
'/vmax v

Acid catalysed cleavage of epoxide 3J5 gave the hydroxy-
aldehyde 35. partially epimerized to 3 4; tog ether with small amounts

13of dehydrated product 38.. The formation of both epimers, 
rather than only 34,- is ascribed to acid-catalysed epimerization



33 RfC! R2=H

3 4 R,=OH R^H
3 5 R(=H R2OH

CHART II!



(to some extent) at C-8 under the reaction condition. Even 

in epoxide 3_6^the fragmenting bond a, is not antiperiplanar uith 

respect to bond b, in oxirane ring. it,is therefore reasonable 

to assume that the reaction is not concerted and an intermediate 

analogous to 43 is first formed^ which undergoes fragmentation.

Similarly, the homoallylic alcohol 32. oh exposure to Cl^ 

yielded the expected chloroaldehyde 39. (PP1R: -four quater

nary He's 0.97, 1,05, 1 .18 ppm} CH Cl,-bs, 4.01 ppm; C*CH. broad 

signal, 5.72 ppm, = 9Hz; CHO, d, 9.80 ppm, 0=4 Hz, IR:
CH0, 2705, 1 705 cm ^)f while the derived epoxide 40. on acid 

cleavage furnished (**95%) the anticipated hydroxy aldehyde 41 .

The substrates investigated for this fragmentation reaction, 

in the present study, are ’all based on bicyclo l[2,2, l] heptane 

system. Work is in progress to determine the geometrical 

requirements, if any, for this reaction and to delineate its 

scope. Conf-iauration of the OH group, appears to be inconse

quential as the epimeric alcohol 3J. fragments with equal 

ease to give the same product. • • .

*This compound has been synthesized from longicyclene; the 
details are reported in next section and we call this alcohol
as Naolaogifol-1-ol.
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3, SYNTHESIS OF NATURAL PRODUCTS - APPLICATION OF THE 
NOVEL FRAGMENTATION, REACTION

Exploitation of the just uncovered Fragmentation reaction 
in the synthesis oT a monoterpene, o6-campholene alcohol^4 (46) 
and a hicyclic sesquiterpene}secolongifolene diol^3 (47) is 

described in this section.

3.1. Synthesis of ot-Campholene Alcohol (46)

(jt-Campholene alcohol 46, has been synthesized^. from
fjC-pinene oxide but recently it has been. shoun^ to occur'In

essential oil of Juniperus communis L. Ue now describe the
synthesis of this alcohol 46 in high yield from camphene 

l5»"

alcohol (44). 44 with chlorine in'CCl., yielded quantitatively
chloroaldehyde 45, PMR spectrum (Fig. 5): tuo quaternary Me’s

each as singlets at 3.92, 1.12 ppm; CH^Cl, bs, 4.04 ppm; C=CH
broad signal, 5.76 ppm 6Hz; CHO, t, 9,75 ppm, 0= 1,5 Hz;
IR: CHO 2710, 1 725 cm . This chloroaldehyde uas reduced
.with LAH to naturally occurring alcohol 46. Its spectral data

■ 4gwere consistent with those reported for an authentic sample .

* 44 has 'been frequently synthesized * but isolated recently 
from Chrysanthenum Japonense Makino and named as nojigiku 

•” aleoho



44 45 R-CHO, R|CI 48
46 RsCH^OH, R=H

47

53 X = OH
54 X=CI

49 X= H
50 X-OH 52 X-Br

5 6 X = Br 
32 X=OH

A

CHART IV



It may be emphasized hare that this alcohol 4_6 has been
previously prepared by reduction’ of cC-campholene aldehyde
derived from ot- pinane epoxide. ot'-'Pinena is known to undergo

50rearrangement to fenchane derivatives and as a resulb#the
51isomeric 2,2,4-trimethy1-3-cyclopentene-1-acetaldehyde3 (48) 

is always formed as a by-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 (4?)

Secolongifolene diol 4_7*has bean recently isolated from
• , . • '45Helminthosporium s'ativum and H. victorias by Arigoni et_al. 

The structure of diol 47_ has been' assigned on the basis of 
spectral characteristics and its conversion to longifolene.
The synthesis of’ this ses quit erpen e * has been achieved from 
longid/clene52 (49) utilizing the aforementioned fragmentation 

as the key step.

Homoallylic alcohol 51_ is a vital intermediate which is 
expected to undergo fragmentation with chlorine to produce 54; 
the latter through standard reactions could be easily trans
formed to diol 47. The synthetic scheme is delineated in

Chart V



4 7 53 54

N0S-CHCl3 2 U^COyaq. Dioxane

HClO-4 - aq Dioxane 4 Cl2- L,2 C03

NaBH4 6 <t>COOOH- H®

CHART V SYNTHESIS OF SECOLONGIFOLENE DIOL(47)



In 1 964, Sukh Dev et al.^ reported an efficient metnod 

for opening of cyclopropane with M-bromosuccinimide. In the 

reaction of N-bromosuccinimide with longicyclene it was 
expected that the reagent uill attack from the exo.-side and 
preferably at the less hinde'red C-4 rather than C-2 (cf. oharu V) 

Indeed, homoallylic bromides52. and 56- were formed m ratio 
of ga 4:1,which were inseparable on TIC and 5LC hut clearly 
distinguishable by their PMR spectra (Fig. 3). The separation 

of these two bromides in pur'e 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 proton

<j6to bromine atom in their PMR spectra. This proton m 52 .
appears as double doublet (3,. - 4Hz, 32 = *7.5 Hz) as expected
from dihedral angles of 75°, 15° and 105°, which U,subtends

with vicinal protons. On the contrary,dihedral angles of
proton Otto bromine in 56 with two vicinal protons are 90 and
135° and it appears as illresolvad doublet. These assignments

* are further borne out by-'the 'pNR spectra (Fig. 4 and 7) of
the corresponding alcohols 51 and 32 respectively (Chart.IV).

These bromides (52 and 56) on being refluxed with Li^ 
in aq. dioxane for 24 hrs. yielded alcohols 32, 51 and 50 
in approximate ratio of 2:3:15,along with an unidentified
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alcohol (m.p, 129.5-131°). The solvolysis of bromides takes 

place with retention of configuration because of known prefe

rence of attack from the exo-side in bridge cations of the 

type A.. This is indicated by the close resemblance -of- PfiR 

spectra of bromides 52. and' 56.. and. alcohols 51_ and 32. 
respectively. 3ut the major product of'solvolysis is kineti- 
cally formed ip-longif ololD (58), which can be easily derived 

from the carfaonium ions A,. .

The unidentified alcohol (m.p. 129.5-131°) and 3J2 could 

be isolated pure by- chromatography over silica gel by eluting 

them with benzene, but'alcohols 50. and 5J_ were inseparable on 
ordinary silica gel column and eluted with 5% ethyl acetate 

In benzene. The equilibration of,alcohols' mixture with 

.35$ HC1Q4 in 90$ aq. dioxane at 45 + 1 for 60 hrs resulted 

in increasing th-e-' proportion of alcohol 32.;and to some extent, 
that of §jL ;at the expense of ip-longi folol (.50) . The equili

bration proved beneficial‘in two ways;(a) it provided substan-
N .. >

tial amount of-.-'alcohol 3J2 which was needed for separate study 
(described in above section) (b),it reduced proportion of 

Sf-longifolol (50.) and mad:e' the- separation of alcohols 50. 

and 5,1_ easier over AgNOg/jsilica gel chromatography.. Required 
alcohol 5JL„was obtained pure In ab'out 10-12$ overall yield 

from long icy cl sna-. .
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The alcohol 5J_ uas converted to sacolongifolene diol 4_7 
in excellent yield by following sequence of reactions.
Alcohol 51 on treatment with molar' equivalent of chlorine 
solution^ yielded chloroaldehyde 54_ (PFIR spectrum; Fig. 6), 
which on solvolysis uith Li2C03 in 90/6 aq. dioxane at 42° under 

nitrogen gave the hydroxy aldehyde 53 (Data vide Experimental), 

which was reduced with NaBH^ to naturally occurring' seco- ' 
longifole.ne diol (47), whose PfiR spectrum (Fig. 0) uas identical 
with the reported- values’4^ (vide Experimental)

The same hydroxy aldehyde 53 was also obtained by treatment
of 5j_ with perben,zoic acid in toluene benzene mixture (1:4)
at -5°. The intermediate epoxide 55_ could not be isolated.

In analogy with longifolene, epoxidation should take place
from its endo face of the bornyl part and endo epoxide, being
unstable, instantaneously opens to hydroxy aldehyde 5J3. The
extraordinary labile character of 5_5_ is understandable in

5 6view cf the known properties of longifolene epoxide . The 
yield of reaction is only moderate's hydroxy' aldehyde undergoes 
further oxidation.

* Longicyclene used for the synthesis uas 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 
is in progress to get(-)-secolongifolene diol(47)using 
optically pure starting material.



253

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

biogenesis of secolongifolene. dial (47) from longifolene.

It seems plausible that genesis of-' longifolene' alcohol 
(51) fron longifolene is mediated through y-longifolol (50), 

formed from longifolene by epoxidation and rearrangement, 
uhich may be isometized to longifo.lene alcohol (51.; "by an 

in y/itro reaction parallel- to acid catalyzed equilibration 

of alcohol's mixture 32, 51 and 50 discussed above.

Our results thus constitute first bioqenetic-type 
synthesis of secolongifolene dial C.47.)
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4. experiment al

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

4.1. Preparation of Homoallylic Alcohols

4.1.1. 5, exo-Hydroxvisolonnifolens (30)

The preparation of this alcohol is described in Part A, 
Chapter II, Section 6.3.4 of this Thesis.

4.1.2. 5, endo-HydroxvisQlanoiPolene (31)

To a stirred slurry of LAH (300 mg) in ether (30 'ml) 

was added dropyise, a solution of 5-oxo--isolongifolene (1.2 gm) 
in 'ether (25 ml) during 15 rnin. It was stirred for additional 

half an hour and excess of LAH was destroyed by adding water 
(.0.5 ml). It was worked up by adding 15/6 aq. NaOH (0.5 ml) . 
followed by addition of water (0.5 ml). Inorganic materials 
were filtered off and washed with ether (l0 ml x 2). Solvent 

removal gave a residue (1.2 gm) which was chromatographed over 

silica gel (110, 50 gm, 1.5 x 45 cm');

*For preparation of this ketone see Part A, Chapter II, 
Section 6.3.5. of this Thesis.



' nilFrac. 1 pet ether ■ (50 ml)

Frac. 2 50^ benzene in 
pet ether

( 25 ml x 3

Frac. 3 50% benzene in 
pet. ether

Xi—
i

e•LOCM

Frac. 4 b e n z g n e (2 ml x 2)

950 mg,

31 -mg mixture
, rejected.

100 mg, solid, 
m.p. 82-85? 
characterized as 30

Frac. 2 was distilled to get pure 31_ (900 mg)t which', on
standing, crystallized (m.p. 48.5-49.5°). .IR (neat): OH 3455,
1120, 1080, 1040, C~CH, 870, 8^0, 810- cm-1, PHR: -C-Me each

!
as singlet at 0.79, 0.99, 1.03, I.Uppm; CHOH (1H, dd, 4.05 pp 
01 = 3Hz, 02 = 8.5 Hz)/=CH (1H, t,5.56 ppm, 3 = 3.5 Hz). 

Hicroanalysis: C^gH^^O requires-C, 81.75; H, 10.98; found 
C, 81.49; H,, 10.5 9/S.

4,1,3. Camphene Alcohol (44.)

This alcohol was prepared from tricyclene according to 
the procedure reported -by Sukh-Dev et al.^

4.1.4." Homoallylic Alcohols (32) and (52)’

4.1.4.1. Action, of N-3romosuccinimide on -Longic’yclene (49):



A mixture, of lonqicyclene (49) (4.08 gm; 20 mmol) and 
NB3 (3.6 g'm, 20'mmol)'in alcohol free, purified chloroform35 

(50 ml) was- refluxed' on .a uaterbgth for 2 hr under |\J . When 

the-MBS uss consumed (tested, uith KI soln), it uas cooled to 

room temperature and succlnimide uas washed 'uith water (20 ml 
x 3) and dried. Removal,of solvent gave a yellou coloured 

liquid (_5.,8 gm) which. Las distilled to. give' bromides (52) and 

(55) (5.5. gm) in ratio of -4: T respectively,. IR (liq) : (total 
bromides'),: ,.C-CH-i64Q, -880, 815, 750 cm"1. PMR: -C-We each .

. ' I
' *, ! I

as singlet at 0.96, 0.-96, 1-.Q4' ppm, - CH^C-CH- (1H, bs? 2.08 
ppm, UH = 5Hz), CHBr (1H, dd, 3.84 ppm, 4Hz, 7.5 Hz),
= CH2(1H, s, 4.72 ppm, 1 H, s, 5.'02.ppm); these values are 

assigned for bromide (52) . The bromide, '(5jS) •, which was present 

as a minor' product, uas characterized by its one 'signal at'
-3.80 ppm, 3= 4Hz (C HB r) -and two singlets at.4.70 and 4.99 ppm 

for exo-methylene protons, Flicroanalysis (total bromides): 

C^H^Br requires C) 63.60; H, 8.10; 8-r, 28.21; found C, 64.38; 

H, 8..23; Br, 27.50%.

4.1.4.2. Aption of aq. Li CO^ on Bromides (5 2) and (56)

A mixture of bromides '(5'.0 gm) and Li '00^ (2.3 gm) in'
Z Z)

50% aq. dioxane (60 ml) uas plunged in an oil ,bath at 95 + 2° 

and stirred at same•temperature for 48 hours. The reaction 
mixture was brought to room temperature, diluted with 2% aq. '



AcQH (50 ml) and extracted with ether (30 ml x 3). The organic 

extracts were washed with water (20 ml x 3) and dried (Na^O.^). 

Removal of solvent offered a’ gummy residue (4.3 grn) , A portion 

(1.2 gm) of this residue was chromatographed over silica gel 

(IIB, 40 gm, 1.5 'x 38' cm'} with tic monitoring (si02> solvent 

5% EtOAc in
6 6

Frac. ' 1. .p.et ether- : (20 ml x 3)
: *

Frac. 2 50/s benzene in ('20 mi x 1)
pet ether

Frac. .3 5U% benzene in (20 ml x 3)
pet ether

Frac.

Frac.

4

5

50# benzene in pet ether 

- (20 ml x 2)

50/S benzene in (. 
pet ether ' ,:wu mx x 3)

200 mg, a mixture of 

bromides & hydrocarbon 
rej acted.

■ nil'

ll 0-mg, solid, m.p. 109 
115°. . '

50 mg mixture

150 mg, solid m.p.. 155- 
1 65 °.

Frac

Frac

6 50?'o -benzene in (20 ml x 1) 10' mg, gummy
pet ether i, - . _ ‘

7 benzene (50.. ml) ■ 610 mg gummy material.,

Frac.3 was crystallized (ffleCN) upto constant m-.p. 12,9-131°

(55 mg). Its structural elucidation .'will be published elsewhere.

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



(m.p. 171.5-172.5°, 100 mg).. IR _ (CHC13\: OH-3580, 1015/

C=CH 882 cm" . PHR (Fig. 7): -C-Ma. each as singlet at 1.02,
1 .04, 1.04 ppm; CH2=C-CH-. (1H, bs, 2.-56 ppm, UH = 8Hz) ; CHOH 

(1H, d, 3.80 ppm, 0= 5H2) ; =CH_ (1 H, s, 4.55 ppm; 1H, .s, 4.91 

ppm).' Nicroanalysis: requires C, 81.76; H, 10.98;

found C, 61.77; H, 11.00%,

Frac. 7 was homogeneous on 'SiO^-gel .t-lc but showed -two-. compounds 

on AgHD„ -Si0_ plate. This fraction uas chromatographed oyer 

silica gel containing 15% Ag'NO^ (30 gm, 1.2 x'35 cm .

Frac. 1 50%
pet

benzene
ether

in / (10 ml x 2) • .nil'

Frac. 2 '"5 0% 
p-et

benzene
ether

in (1-0 ml x 3) 4.08 mg, ‘solid 
. 68-72° . ■ '■

Frac. 3 50%
pet

benz en e 
■ether

in . (10 ml ,X .1)*’ 40' mg mixture

Frac. -4 '■benzene ' - .
'(1 3 .ml X ' 3) - 1 08 .mg , solid 

■ m.p. •02-8 6°

Frac. 2 uas crystallized (MeGN) to give, alcohol (50) (m.p.

y‘g_y7 g® 320 mg) • Its 'IR and PMR uers~superxmposable with
53 .those of the authentic sample . ■

Frac. 4 uas crystallized (FleCM), to give alcohol (51.) (m.p.
88-92°, 50 mg)• IR(CHCl3)i 3450 cm"1. 'PMR;(Fig. 4): (COCI3):
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i
-C-Fle each as singlet at 0.92, 0.92, 1.01 ppm; CH =C-CH-1,1 H 

! ^
bs, 2.61 ppm, UH= 8Hz) ; CHOK (1H, dd, 3.81 ppm,- 3-j = 4Hz, 32=

8 Hz) ; = CH (1H, s, 4.70 ppm, 1H, s, 4.90 ppm). -Tlicro analysis: '

C. r-H 0 requires C, 8-1.76; H, 10.98: . found C, 01.42; H, 11.27/b.

4.1.4.3.' ‘Action of aq. HCIO-^' on y~ Long i folol (50.)

To a mixture of plcohols 32., 5J_ and 56. (2.1 gm) obtained
* ,-f*

from the solvolysis of bromides -uas introduced to a 0.35/a 

solution of HC104 in aq. dioxane (40 ml) and kept at 45 + 1° 

for 80 hours under N2 -atmosphere. - At the end of 80 hours, the 

reaction mixture uas cooled, to room temperature and quenched 

with 5;b aq NaHCOg (70 ml) and extracted uith ether (30 ml x 3). 

The extracts were washed till neutral- uith water i20 ml x u) 

and dried (Na2304). A part of the residue obtained (1.4 out 

of 1.8 g) uas chromatographed .over silica gel (50 gm, 1.5 x 

45 cm ). .

Frac, 1 pet ether 1 (25 ml) nil

Frac. 2 50/5 benzene in (10 ml x 3) 110 mg, liquid.
pet ether ' ,

Frac. 3 SQ% benzene in (1Q ml x 1) nil 
pet ether

*0.35/5 aq. HC10, uas prepared by adding 70/1 HC10. (0.5 ml) to 
dioxane (90 mlj and'water (10 ml). This solution uas used 
for our studies in this chapter.



Frac. 4 75% benzene in 
pet ether

(10 ml X 4) • 150 mg, solid 
m.p. 116-121°.

Frac. 5 75% benzene in 
- pet ether

(10 ml X 2) 50 mg, mixture

Frac.a 6 benzene (10 ml X 3) 400 mg, solid 
m.p. 1C0-167°

Frac. 7 benzene (10 ml X 2) 50 mg, mixture gum.

F rac. 8 5% EtOAc in (20 X
2) 520 mg, gummy material.

benz sne

Frac. 2 uas distilled to -give an aldehyde, IR (liq_.): CH0_
, —i - t •

2700, 1720, C-CH 16*0, 878, 81 5 cm" , PW‘- -C-fle each as 

singlet at 0,99, 1.06,. 1.06 ppm’; 'CH=CMe (3H, t, 1.65 ppm,

0 = 2Hz); =CH (1H, b.sig, 550 p'pm, U|H= 7Hz) ; CHO (iH, dd,

9.76 ppm; O^Hz, 32= 3Hz); on the'basis of these spectral data 

it uas assigned the structure 53. (where X = H,- instead of OH).

Frac. 4 uas crystallized (fleCH) to get an alcohol (tii.p. 129-131 ) 

whose structure will be published later. .

Frac. 6-was crystallized -(FIsCM; to get pure alcohol (j2) , .

(m.p. 171.5-172.5°, 550 mg).

Frac. 8 uas rechromatographed ou9r''silica gel containing 15'^

“1AgiMOj (24 gm, 1.1 x 35 cm" ).



Frac. 1 50?b
pet

benzens
ether

in (20 ml x 2) nil

F r a c. 2 50fo
pet

benzen e 
ether

in -.(10 ml x 3) 205 mg, 'solid 
rn.p. 72-76°

F rac. 3 50^
pet

benzene
ether

in (10 ml x 2) 10 mg gum

F rac. 4 benz ens (10 ml x 3) 235 mg solid 80-85

Frac. 2 an d 4 were characterized as alcohols (50) and- (§J_)

respectively as described above.

4.2. Cleavage of HomoalIvlic Alcohols

4.2.1. Fragmentation of S.exo-Hydroxyisolongifolene (50.)-

To- a cooled solo, (ioe-salt bath, internal temp. -52
of homoallyiic alcohol (50) (660 mg, 3 mmol) in carbon uetra
chloride (20 ml) containing Li2C03 (610 mg, 9 mmol), was

introduced a cold solution of chlorine (4.2%, 5 ml; 210 mg oi
chlorine; 3 mmol) during 5 min,keeping the temperature -5+3 .
The yellow colour of chlorine was discharged immediately as
the addition of Cl2 was over.' Then Li/^' was filtered off

and washed with CCl/; (2 ml x* 2_) . T.he solvent was evaporated
at 10 + 2° under reduced pressure to get a residue ,(780 mg) of

chloroaldehyce (33). IR (Fig- 9) (CCl^): CH0 2730, 1 730 cm
at 0.99, 1.0, 1 -01 , 1*03r let
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CjjCl (1 H, b.sig, 4.56 ppm, 7Hz) ; Clip (l'V't, 9.78 ppm,

>1,5 Hz). - . .

Similarly, 5-endo-hydroxyisolongifolene (31.) (200 mgj

was treated uith 4.2/5 chlorine s-oln in'CCl^. (1 .25 mi) under 

identical condition mentioned above. It gave chloiroaldehyde 

(33) (210 mg) whose. Pf'lR and IR were'-identical with .-those of 

the product described above.

4.2.1.1. Hydrolysis of Chloroaldehyde. (-33) with Li^CO^-aq. di°J<2ne

Tire chloroaldehyde (33) was .stirred with Li^CO^ (580 mg) 

in 50?5 aq. dioxane (20 ml) at- 40 + 1° for three hours under 

N2 atmosphere and when all chloride.was hydrolysed (monitored 
by tic), it was cooled to.room temperature (28 + 2°). _Li2C03 ' 

was filtered'off and washed with ether (:10,rnl x 2), The 

filtrate was diluted uith water (10 ml) and extracted with 
ether ’(l’0 ml x 3),. The ether layer was washed with water (10 ml 
x 2) and dried. The solvent removal gave a residue (613 mg) 

uhich was chromatographed over silica gel.(ilI9, ,15 gm, 1 x 25 cm

Frac. 1.- ■ Pet ether (50 ml)* 'nil

Frac 2 S0?5 pet ether ' (25 ml x 2) 120 mg liquid,
in benzene



Frac. 3 benzene ,

Frac. 4 5/b ctOflc in
benzene

(25 ml X. T) nil

(25 ml x 4) 434 mg, viscous liq'.

Frac. 2 was dis'tilled b;p. 110-125 (bath)/0.5 mm, to give

olefinic aldehyde 3J3 (100 mg).; IR(liq.;i- CHO -2715, 1 72j cm t

PF1R: -C-_He each as singlet at-0.30, 1.04, 1.05, 1 .09_ ppm,
!= CH (1 H, it 5.28 ppm, 3 = 4Hz; 1M, bs, 5.44 ppm, = 3Hz)j

CHO (1 H, t, 9.78 ppm., 3= 1 .5 Hz). UU: maX '(Et0H) 245 ™

(6 8215). ' .

Frac. 4 was homogeneous on tic but it uas a mixture.qf tuo 
alcohols 34 and 35 in which 35'dominated as shown'by its PFiR: 

-C-He each as singlet at' 0.73, 0.89, 1.05, 1.13 ppm; CHOH 
(1H, h.sig 4.04 .ppm, 8Hz); C-H0 (1H, t,.9,76 ppm, 3= 1.5 Hz).

4.2.1.2. Oxidation of Hy droxy aldehydes (3 4) and (35)

Hydroxyaldehydes' (34 and 35.) (1D0 mg) -were taken in

acetone 'Cl ml).and cooled to'0°. To this-cooled solution,
3one’s reagent (0.5 ml) uas added dropuise during five minutes

and then the reaction mixture uas kept at that temperature

for one hour. The ketoarid (37) uas extracted with ether
(10 ml x 3) after diluting the reaction- mixture with uater (10 ml)

The extracts were washed till neutral with water (10 mi x 2)



and dried (l\iaoS0.). The solid residue (m.p. 140-151°, 170 mg) 

was crystallized (acetopitrile)' to get crystalline 37 (m.p.

1 62-1 64°, 120 mg) . IR (Fig- 10) (Ntijol): CO.1 725, 1 705 cm . 

pVlR (Fig.- 2): (CCC1„): -C~P1e, each- as si.nglet at 0.96, 1.12,
1.18, 1.28 ppm. UV-: ^max (FtOH) 250.5' nm ( fe 151 SO) . Micro ana

lysis:’ C1 H 0^ requires C,. 71-.97; H, 8.86; 'found C, 71.74,
3 - l b z1 j

I 5 D • d //j

4.2.1.3. - ’Epoxidation of 5,jaxo-Hydroxy-isolongifolsne (30.)

Perbenzoic acid (420,mg) in benzene ('5 ml) uas added 
dropuise .to a precooled (25P) solution of alcohol 30 (490 mg) 

in 20>o toluene in benzene (5 ml) and kppt at -5 i \ for 48
hours. Then the reaction mixture uas diluted ui-th ether U5 ml)

and benzoic acid uas removed with,.5$ aq. NaHCO^ (10 ml x 3). 

Excess of perbenzoic acid uas,removed by washing with 10/> aq. 

NaHSO^ (l0 ml x 1). It uas washed neutral and dried.. Residue 
(^'80 mg), after removal of solvent uas crystallized-(pet ether) 

to get epoxide 56 (m.p. 1Q2-1Q3,, ,400 mgi.

3495, 1 040, epoxide, 3045, 1220, 880 cm . ,
0‘.68‘, 0.94, 1 .03, 1 .10 Ppm| CHOC (1H, t, 3.12,ppm, 0= 4Hz);

CM0H (1 H, dq, 4.21 ppm, 3^1.5 Hz, 3Hz, 3„= 6.5 Hz).

Hicroanalysis: 5H2 4°2 re9uires •C», 76*22» H’ 1 0.24.,- i ound

C, 75.94; H, 10.0#.

-,IR(CHC13) : OH 3 610, 
-~T PP-1R (CDC1 ): -C-Me



A.2.1.4. Action of.HC104 on Epoxide -36.

To a solution of 0.35% HC10A iri 90% aq. dioxane (10 ml)

at 10°C was introduced the epoxide 36 (315 mg) in one lot.

The reaction mixture urns stirred at the same temperature i oj.
15 minutes, then quenched with 5% aq, haHCO^ (15 ml) and

extracted uith ether (15 ml x 3). The ether extracts were
uashed till neutral, uith water (10 ml x 3) and dried (Na^SO^)•

The residue (312 mg) obtained uas ' homogeneous or, tic but it uas
a mixture of hydroxyaldehydss (3_4) and (3J5) ,■ in which now 3,4_

predominated.- IR (CHCl^/1 ■ CHO 2705, 1 720, OH 34:>0, 1020 cm .
PHR (CDC1,)*. -C-fle each'as singlet at 0.94, 0.97, 0.97, 1 .00 ppm 

3 - !
CH0H ( H, b.sig 4.21 ppm, 1^= 9 Hz); C_H0 (1H, t, 9.03 ppm,

3= 1.5 Hz),. This mixture of epimeric alcohols 34 and 3J5 after 
oxidation uith lone's reage’nt, gave the same ketoacid (37.)

4.2.2.1. Cleavage of 2-Hydroxynsolongifolone (32)

To a cooled (-2 + 1°)- and agitated soln of alcohol 32 

(220 mg, 1 mmol) in CHCl^ (? ml) containing ^2^3 ^210 mg,

3 mmol) uas introduced a cold soln of 3.6% chlorine in CCl^

(2 ml, 72 mg) during 3 minutes and stirred at the same temp.
for 5 minutes. Inorganic salts were filtered off and uashed 
uith chloroform (1 ml x 2). Removal of solvent gave a residue
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(255 mg) of chlaroaldehvde (39). IR (CHCl^): CHO 2705, 1705 cm

PHR (CCI .) : -C-Tle each as singlet at 0.9-7,- >1 .05, 1 .2B ppm;
4 t . • • -

CHCl(2H, tas., 4.01 ppm, UH='5'Hz}, =CH (l H,, 'b.lsig, 5.72' ppm,

Uu = 9Hz) , CHO (1H, d, 9.80 ppm, 0= 4Hz). '

4.2.2.2. Cleavage of Epoxide (40)''

To a cooled sol-n of ‘alcohol 32 (70 mg) in' a rhixcure of 

toluene and benzene (1 :1 , 2 ml) was i-ritro'duced perbenzoic .acid

(5' mg) in benzene (0.6 ml)- and kept at -5+1 for 4 d-ays.
Usual work up (described abov.a)gaye epoxide (40) (72 mg).

PHR(CDC1') : -C-He each as singlet at 0.89, 1.08, 1 .08 ppm,
CHOC (2H, ABq, 2.23, 2.44 ppm, 3= 5 Hz)',. CHOH (1 H, d, 4.07 ppm,

3= 6Hz). . ' '■ '

The above epoxide (40.) (72 mg) was, treated with 0.35fo • 

HC10 in aq. dioxane (5 ml) a.t 1.0+1 for 15 min. Usual work 
up (described above) gave hydroxy aldehyde (41.) • ■Pf/1R(CDC13) .

-C-He each as 'singlet at 0.37, 1.05, 1.13-ppm; CHiOH v 1H, bs, 
4.14 ppm, UH= 6Hz) ; =CH (iH, b.sig, 5.50 ppm, U,H = 7Hz) ;

CHO (1'H, d, 9.91 ppm,- 3= 4.5 Hz).

4.3. -Synthesis of Natural Products.

4.3.1. Synthesis of oC-Campholens Alcohol (,46)



. A 4.2% soln of chlorine in CCl^ (6 ml, 252 mg of 
chlorine, 3.6 mmol) was introduced to a cooled (-211°) and 

stirred soln.of alcohol 44 (540 mg, 3.'6 mmol) in CCl^ (10 ml) 

containing Li_C0„ (500 mg) during 5 min. Usual work up 
(described above) gave chloroaldehyde (45.) . IR (Fig* 1 ”1)
(CCl^): CHQ 2710, 1 725, C=CH 885, 700 cm ^ . Pf’iR (Fig. 5j.

-C-Qe each as singlet at 0.92, 1.12 ppm; CHC1 (2H, bs, 4.04 ppm, 

y = 4Hz) ; = CH. (1H, b.sig, 5.7-6 ppm, 6Hz) ; CH0 (id, <*»

9.75 ppm, 0= 1.5 Hz). ' ,

The above chloroaldehyde (45.) (350 mg) in THF (10 ml)

was added dropuise to a stirred slurry of LAN (250 mg) in IMF
(10ml) and stirred at room temperature (30 + 1°) for 36 hours

under N . This excess of LAH was- destroyed by adding EtOAc
(1ml), followed by 15% aq. NaOtf (0.5 ml> and water (l ml).

The■inorganic salts were filtered off and washed with THi
(5 ml x 2). Removal of solvent offered a residue (3OO mg) which

uas distilled to give o£-campholene alcohol (46), b.p. 110-1 15
(bath) /2 ..5 mm, np51.4578. IR (liq.): OH 3340, 1050, C=CH 800^ cm
'PHIR: -C-We each as singlet at 0.76, 0.97 ppm*, -CH=C-£]e (3H, m,.

1.61 ppm); CH0H (2H, m, 3.59 ppm); =CH (1 H,' b.sig, 5.20 ppm,
U = 8Hz). These spectral values are consistent with the value 
H 49reported by Sukh Dev et a-1.
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4.3.2. Synthesis of Seco'longifoleho .diol (47)

<*.3.2,1. Action of .Cl^ on 4-Hydrolongifolsqe (51) ’

A 3.6% soln of-chlorine in CC14 (0.4 ml, 14.4, mg of 
chlorine, -0.2 mmol) , was • introduced to a -cold . soln (-5 ^ 1°) 

of alcohol 5J_ (44 mg, 0.2 mmol) in CC1 (1 ml) in presence of, 

Li_C0„ (l 00 mq) during 2 min ''and was stirred for 5 .min. .at , 
■th.e same temperature. Usual work up gave hchloroaldshyde (.54) - 
(48 mg).- IR (Fig. -12) (CCl^)-: OHO 2700, 1 715' cm"1 . " PNR (Fig.6):

-C-Ple each as singlet at.'0.93, 0.97, 1.06 ppm, CHC1 (2H, bs,
t ,

-3.99 ppm, WH= 4 ‘Hz) ; = CH (lH-, b.sig, 5.94 ppm, UH= 7Hz) ; CH0 

(1 H, t, 9.73 ppm, 0= -2 Hz) . ‘ ‘ -

4.3.2.2. . Hydrolysis of Chioroaldehyde (54)

Chloroaldehyde (54,) (44 mg)' was stirred with Li^CO^
(1 05 mg) in 9Q% aq.‘ .dioxane '.(-5 ml) - at 40 + 2° .for 3 hours . '

under The reaction mixture was brought to room temperature
(30 +_ 1°), diluted with water (15 ml) and extracted uith ether

(10 ml x- 4')., ‘The organic -extracts were washed till neutral ,

with water and dried. Then solvent was flashed off to get
/ x ; ‘ \ Tn /r u‘r i-2 ) • 0HO 2705, ‘ 1 71 5;

hydroxyaldehyde (53) (38 mg). In(CHCl3



OH 3450 cm"1. PNR: -C-Hs each as singlet air'.0.92, 0.97* 1.01
t

ppm, CHOH (2 H, bs, 4.08 ppm), ^CH (lR, b.sig,_5.73 ppm, UR= 7Hz), 

CHQ (1 H, t, 9.73 ppm, 3- 2Hz)'. ;

4.3.2.3. Action -of Peroxybsnzoic Acid on Alcohol {5_1_)

To a cooled serin’of 4’-hy-draxylpngiPo_l.ens (SlMlOO mg) 

in a mixture of toluene and , benzene ^ (1 :.1 2 ml) was-- added
perbenzoic acid (78 mg) in-benzene (2 ml) and kept at -5 f_, 1 
for 3 days. The reaction mixture pas diluted uith ether (10 ml) 

and'.benzoic acid was extracted uith 5>° aq. NaHC03’(5ftl x 4).,
The organic layer uas washed, till neutral, uith uater (10 ini x <-) 

and dried (Na2S04)._ The residue (60 mg), obtained after 
removal of'solvent, uas ourified to get hydroxy aldehyde (53)

•(30 mg), eluting, uith benzene through a column of silica gel.

(3 gm, 0.5 ' x 5 cm',! . , - ~ ,

4.3.2.4. " Secolongifolene diol L&T)

A mixture of hydroxy aldehyde'' (53,)'. (45 .mg) and NaB 

(100 mg), in EtOH (-5 ml) uas' stirred for 3 hra 'at room temperature 

(32 + 1°) under i^.- then exc-ess of NaBH4 uas destroyed by 
adding (1 '5% ■ aq. AcOH) ( 1 ml); then it uas diluted uith uater

nh77^3ence of epoxide 55 uas not detected, in the PF1R ' '
spectrum of the residue.



(-10 ml) and extracted with ether. (15 ml' x 3). The organic

extracts were washed till neutral, with water (lO.ml x 2)

and dried. Solvent removal offered a residue (35 mg) which was

o i ' ,45crystallized from acetonitrile, m.p’. 101-10u- ^reported 

m.p. 117° for (+)- diol 47)’..'PMB, (Fig. ,8) (CDC^): -C-Me each 

as singlet at 0.93, 0.93, 1 j.04 ppm'j.CHOH (2H, m, 3.68 ppm,

U;y= 20Hz; 2H, bs, 4.10'ppm)', = CH, (1H, m, 5.74 ppm). Reported 

PFIR (CDC1„): -C-He. each as singlet at 0.94, 0.94, 1 .04 ppm; 

CH0H (2H, m, 3.67 ppm, UH= 20Hz; 2H, s, 4.08 ppm)*, =CH (1 H, 

m, 5.71 ppm) . .
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