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CHAPTER I

FRAGMENTATION Of H0MOALLTL1C ALCOHOLS
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ABSTRACT

A brief review of Grob's fragmentation and the 

related fragmentation of homoallylic alcohols reoorted by 

Sukh Dev and co-workers is presented. Synthesis of four 

spirocycloprooane derivatives, namely, 3,3-dimethylsoiro- 

[bicyclo(2.2.1)heotane-2,1’-cyclopropane^] (51), 6-exo/endo- 

hy droxy-3,3 -dimethy lspiro |]bicycla(2.2.1 } heotane-2,1 *-cyclo- 

oropane] («/«) and tnrthyl 6-sxo-hydrcxy-3,3-dlmethyIspir0- 

jjoicyclo(2.2.1) hept ane-2,1 ’ -cyclopropaneJ-2 ’ -carboxy late (4 6) 

is described. A byproduct formed in the Simmons-Smith 

reaction of 6-exo-acetoxycamphene (50) is characterised as 

2,2-dimethyltricycla[4.2.1 J nonan-3-ol (5_6) . The
electroohile-induced fragmentation reactions of the above 

cyclopropane derivatives have been investigated and the 

products characterised.



CLEAVAGE OF HYDROXYSdIRO[bICYCLO(2.2.1)- 

HEPTANE-2,1 ’-CYCLOPROPANE] DERIVATIVES

INTRODUCTION

Grob Fragmentation: Systems such as y-a-b-c-x, where

1x and y are normal nucleofuge and elctrofuge resoectively 

and a,b,c generally constitute a carbon chain but could 

also include atoms such as N,S,P or B etc.* fragment easily
4. -

under heterolytic conditions to form y = a, b = c and x 

moieties ( Eg. 1) .

2These reactions have been extensively studied and the

3geometric and stereoelactronic requirements identified.

The unsaturated fragment, b 3 c can generally be (a) an 

olefin, (b) an alkyne, (c) an imine, (d) a nitrile or (e) a 

carbonyl compound. One or turn illustrations for each type are 

given here}

(a) Acid-catalysed fragmentation of tetramethyl-2, 4- 

oentane diol (l_) gives acetone and dimethy 1-2-butene (2)^

(Eq. 2).

(b) Both cis- and trans-|3-bromocinnamic acids give 

ohenylacetylene when their salts are heated in water (Eq. 3). 

The unstable benzyne is formed by mild decarboxylation of 

diazaiised anthranilic acid6 (Eq. 4).
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(c) Benzoylation of the N-oxide of 1,4-diazabicyclo- 
(2.2.2) octane (3) followed by hydrolysis yields piperazine 
(_6) and formaldehyde. The ammonium salt 4_ fragments to the 
bisimonium salt 5_, which further hydrolyses to _6 (Eq. 5).

(d) The compound 7_ undergoes base-catalysed fragmen-
8tation to furnish the keto-nitrile 8_ (Eq. 6).

(e) 0< -Methylstyrene oxide (9) fragments with ^2
9into acetoohenone and formaldehyde (Eq. 7).

Geometric and stereoelectronic requirements; The heterolytic 
fragmentation reactions can proceed by either of two mechanisms, 
namely a two-steo carbonium ion mechanism or a synchronous 
mechanism (Eq. 8). Tn the former mechanism, the C-X bond 

cleaves to give a carbonium ion of the type 2_0_ which undergoes 
fragmentation. Soecific geometry of the molecule is therefore 
not an essential condition for the fragmentation. The 
intermediate carbonium ion can also undergo other side 

reactions like elimination and substitution. For example, 
the carbonium, ion (1 2) derived from 3-(2*-chloro-21-Dropy1)- 
quinuclidine (11) undergoes all the three types of reactions 
to give products10 (Fig. 1).

In the synchronous mechanism, the cleavage of C-C bond 
is accompanied by simultaneous loss of X ion from the
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<x- carbon atom. Since five atomic centres are involved in

the transition state, this mechanism would have certain

structural requirements. The anti-periplanarity of the

two breaking bonds a and b appears to be a primary

requirement for this mode of fragmentation. Wharton and 

3co-workers studied the fragmentation reactions of the four 

1,10-decalindiol monotosylates (13-1 6) with potassium 

t-butoxide and the results are summarised in Fig. 2. In the 

case of 13, in which the bonds a and b are necessarily 

synclinal, there was no appreciable reaction. Under drastic 

conditions, the product was a complex mixture containing no 

els- or trans-5-cyclodecenones. In the case of 1_4 and 15, 

concerted breakage of the antiperiolanar bonds a and gave 

trans-5-cydodecenone (17) in high yields. Similarly, 1_6 

gives cis-5-cyclodecenone (18) in quantitative yield.

Applications in Organic Synthesis; Such fragmentation reactions

have often been made use of in stereospecific organic

1 1syntheses. Corey and co-workers, in the synthesis of 

caryophyllene (20), generated the medium sized ring of the 

sesquiteroene, by an internal scission of the bond common 

to the six- and five-membered rings in the *j!~hydroxy-p-toluene 

sulphonate (19) (Eq. 9). Edwards and co-workers synthesised 

trans-cis-6-ethyl-10-methyldodeca-5,9-dien-2-one (2 4) , a key 

Intermediate in the synthesis of juvenile hormones, by a
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FIG. 2% GEOMETRIC REQUIREMENT IN THE FRAGMENTATION OF 
1 »10-DEE AlINDIOL' MONOnSYLATES
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sequential fragmentation of the bicyclic precursor (21), 

thereby it was possible to control the stereochemistry. 
Fragmentation of 2_1_ with MaH/THF gave the cis-olefinic 

ketone 22_, which was converted to another tosylate 23.
The latter was again fragmented uith NaH/THF to give 24_

( tq. 1 0 ) .

Later, heterolytic fragmentation reactions have been
utilised for the synthesis of a wide variety of natural

1 3products such as methyl dl-j asmon ate, " oropy lure” , the
sex oheromone of the female oink ballworm moth^ secolonqanin

15 16aglycone 0-methyl ether, bissochlamic acid and nootkatone.

Fragmentation of Homoallylic Alcohols; Sukh Dev and co- 
1 8workers reported a related, yet novel cleavage of homo­

allylic alcohols 25, 2 6, 27 and 28, under conditions of 
electrophilic addition of chlorine or acid-catalysed ring- 
opening of the corresDonding epoxides. In generalised terms, 
this fragmentation can be deoicted as shown in Eq. 11 .

This cleavage was first encountered while studying the 
reactions of 25. The reaction differs from Grab fragmenta­
tions in producing allylic halides or alcohols, instead of 
olefins, and, in aopropriate cases, this can be of distinct 
value for synthetic operations.
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Reaction of 25_ with chlorine in CCl^ in the oresence

of excess Li^CO^, yielded 2_9 in almost quantitative yield.

The stereochemistry of C-Cl bond in 2J3 follows from the

known propensity for endo-attack (with reference of norbornyl

1 9part) in isolonqifolene derivatives. Exposure of epoxide 

32 to 0.35^ HCIO^ in 904, aqueous dioxane furnished, in almost 
quantitative yield, a mixture of epimeric alcohols 30_ and 

31 . The formation of both epimers rather than only 3_0_ is 

ascribed to acid-catalysed epimerisation at C-0 under the 

reaction conditions.

Similarly, reaction of camphene alcohol (27) with C1^ 

in CCl^ yielded quantitatively the cyclopentane derivative

2033, which was characterised by reduction (LflH) to the known 

0(- camoholenic alcohol (34). Likewise, the homaallylic 

alcohol 2_8_ on exposure to chlorine yielded the expected 

chloroaldehyde 35, while the derived epoxide on acid jfcleavage
— jp,-

furnished the anticipated hydroxyaldehyde 3 6.

Configuration of the OH group appears to be inconse­

quential, as the epimeric alcohol' 2_6 fragments with equal 

ease to give the same product 29.

21Sukh Dev and co-workers applied this novel fragmen­

tation reaction for the synthesis of (-)-secolongifolene diol 

(37), an optical antipode of a metabolite of the fungus
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22Helminthosporium sativum. The homoallylic alcohol 3_9, 

vital to the synthesis of 37_ was prepared from longicyclene 

(40) by treatment with N-bromosuccinimide followed by 

hydrolysis of the bromide 38. Alcohol 373, when exposed to 

Cl2 in CCl^, in presence of Li^CO^, cleaved quantitatively 

into the chloroaldehyde 41, which on hydrolysis followed by 

NaBH^ reduction gave(-)-secolongifolens diol (37) ,

PRESENT WORK

In continuation of studies on this fragmentation reaction, 

we planned to synthesise a few cyclopropanes incoroorabed in 

bicyclo (2.2.1)heptane skeleton and investigate their frag­

mentation reactions with electroDhiles. Since 1,3-cleavage of

23cyclopropane with electrophiles is well known, it was 

thought interesting to study the homoallylic fragmentation by 

reolacing the double bond with a cyclooropane ring. Also, 

in the event of a clean fragmentation, the product (45) will 

be a hiqher homologue to the one which would arise from the 

corresponding olefin and this may be of synthetic importance. 

With this aim in mind, 6-sxo-hydroxy-3,3-dimethylspiro —

[bicyclo(2.2.1)heptane-2,1 *-cyclopropane^ (42) and the 

corresponding endo-eoimer (43) were synthesised and subjected 

to fragmentation.

A further extension of the side-chain in the fragmented



product could be achieved if methyl 6-exo-hydroxy-3,3 - dim et hy 1 

soiro £bicyclo(2.2.1)heptane-2,1 ,-cyclopropane^J-2‘-carboxylate 

(46) could be made to cleave. Cyclopropyl carbonyl compounds 

such as 48, in general, are orone to nucleophilic opening

24- o cunder acidic as well as basic conditions.

The ring ooening of cyc-lopropanes activated by tuo

qeminally placed electronegative groups such as carbethoxy,

25 2 6cyano etc. is known to be particularly facile. ’ And

vulnerability of ring cleavage with nucleophiles is further

2 6 22enhanced in spirocyclopropanes. ’ Ring opening in

cyclopropanes containing only one activating group has also

been observed in oxycyclopropyl carbonyl compounds (such as

2848; R^Ofic, 0r ;'‘n casss where cyclopropane

29
ring is part of a Particularly strained system. In view 

of all this, it appeared worthwhile to synthesise 4_6 and 

attempt its fragmen bat ion.

SYNTHESIS

6-Hydroxy-3,3~diroethyIspiro Cbicyclo(2.2.1 )heptane-2,1 * - 

cyclopropanes] (42/43); Both spirocyclopropane derivatives

3 0(42/43) were synthesised from 6-exo-hydroxycamphene (49),

which, in turn, was prepared in five steps from camohor by a

, 30aknown sequence.
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42: Rj — OH,Rg-H 
43:R,=H,R2 = OH 

44;R|=0Ac,R2=H

47 :RrAc,R2=C2H5

0
Rl\ >kR\/ R2

48

RO

49:R=H 
5o:r=ac

5! :R,= R2=H 

52'.P,,= R2=CI



Initially, camphene itself uas employed for cyclooro- 
Danation with an aim to obtain 3,3-dimethyIspiro £bicyclo- 

(2.2.1) heptane-2,1 ' -cycloprooans (51 ) , which could be used 

to identify electrophile(s) suitable for efficient cleavage 

of cyclopropane ring in such systems. Compound 51_ uas prepared 
earlier by dehalogenation of 2',2'-dichloro-3,3-dimethyIspiro- 
jjoicyclo (2.2.1) heptane-2,1 ’ -cyclopropane^ (52) with sodium in 

liquid ammonia or Zn/DMF (25*£ yield). We were able to 
get 51_ in 85^ yield by Simmons-Smith reaction of camphene.

For the preparation of 42, it was felt at the outset that
it should be possible to cycloprooanata 49_ without orotecting

33OH group. In fact, in many cases, a free OH grouD is known 
to accelerate the reaction by complexing with, and thereby 
directing the approach of the 'Zinc reagent'. But reaction 
of 49 with CH2^“ZnfCu) in anhydrous ether always led to the 
formation of some decomposition products (Table 1). With 

higher mole ratios of the Zinc reagent, conversion of 4_9_ 
increased, but at the same time the amount of decomposition 

products also increased. It appears that 42_ as well as 4_9_ 
are prone to fragmentation in presence of the Lewis acid,

which is a by-product of the reaction. Even under the 
optimum conditions (Entry 2), it Was found difficult to separate 

42 and 4_9_ by chromatography, as the two compounds have same R 
values. It was therefore deemed fit to protect the OH group
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by acetylation. SurDrisingly, however, in 6-exo-acetoxy-
camphene (50) , the olefinic bond was far less reactive than

that in campbene. The reduced reactivity of 50_ was also
showed by its failure to undergo Prins (Ch^O/acetic acid)
or Kharasch reaction (CC1^/8Z202^ ----- reactions which

35 3 6camphene undergoes readily. ’ Such a difference in the 
reactivity of substituted and unsubstituted terminal olefins 
is not unDrecedented. For instance, out of 53, 54 and 55,

Tab 1 e 1 : Simnnons-Smith reaction of
6-exo-hydroxycamphene (49)

Entry
"1*Molar ratio of

49;Zinc reagent
Product composition (%)

49 42 Decomposit ion 
pro ducts

1 1:5 33 40 27

2 1:10 1 4 48 38.

3 1:15 11 13 76

4 1:20 - - 100

Reaction time = 50 h. Temperature = 45-50°.

Determined by GLC (10% carbowax, chromosorb U, 
12’, 200°, 60ml/min . )



only 53_ undergoes Simmons-Smith reaction under normal 
37cOnditions.

53_ s X = H
54 : X a Cl
55 : X = OH

By emoloying large excess of Simmons-Smith reagent 
(20 to 25 moles) and long reaction times (80 h) , it was possible 

to achieve a complete conversion of 6-exo-acetoxycamphene (50). 

The GLC of the distilled product (10# carbouax, chromosorb W,
12’, 200°, 60 ml/min) showed the oresonce of 6-exo-acetoxy-3,3- 

dimethylsoiro j~bicyclo(2.2«l)heptane-2,1 1 -cyclopropane ~| (44)

(RRT, 0.93; 52#) and an alcohol A (RRT, 1.0; 15#) along with 

a number ( 10) of decomposition products (RRT, 0.06 to 0.5; 33#). 

Attempts to isolate 44_ by fractional distillation were 

unsuccessful. So, the purification was deferred till the final 

stage.

The above mixture uas hydrolysed uith methanolic K0H at 
room temperature (,1u3 0O) . The product containing the required



cyclopropane derivative 42 (RRT, 1.4) and alcohol A (RRT, 1.0), 

which remained unchanged. Was systematically chromatograohed
9rade H) to get pure 42_ in 45% yield (IR: DH 3290,

—1 — 1 1095 cm ; cyclopropane 3060, 1040 cm . PMR: cyclopropane

CH2, 4H, m, 0.24-0.40 pom; CH0H, 1H, dd, 4.0 oom, J =3Hz,
02=6Hz) and pure alcohol A in 10% yield.

Structure of Alcohol A; Alcohol A (m.p. 97-99°) has a molecular
formula C^H^gO (M+, m/e 166). It is clearly a tertiary 

fnujol) _.<(
alcohol (IR:/0H 3 600, 3440, 1 135 cm . PMR: no signal for 
CH0H) It has no olefinic linkage (no color with tetranitro- 

methane; PMR; C-NMR). These data can be accommodated by 
either of the two tricyclic tertiary alcohols 5j5 and 57.
However, 5j5 was favoured over 5_7 for many reasons. It has been 
observed that as reaction progresses, the amount of alcohol A 
increases at the expense of the cyclopropane 44, indicating 
that the latter is a logical precursor for the former. 
Mechanistically, 5_6 can be derived from 44 by an initial oDening 
of the cyclopropane ring by Znl^ (a Lewis acid formed in the 
reaction) followed by the formation of the tricyclic system 
by any of the two pathways a and b (Fig. 3). The intermediate 

carbonium ion Qd. may either first add to OZnI species which 
may be present in the reaction mixture and then cyclise or

-J.the ion-oair 60 may first cyclise to _61_ and during hydrolytic

+ The minimum requirements for a bridge-head carbonium ion 
to form as a transitory intermediate are fulfilled by 61 .'
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uork-up give 5 6. Such a mechanism would also exolain the 
ready fragmentation of 4_2 under the conditions of Simmons-. 
Smith reaction.

The structure 5_6 for alcohol A was also indicated by
its mass fragmentation Pattern, (a olausible rationalisation

13of uhich is provided in Fig. 4) and C-NMR (Fig. 15). The 
13assignment of C-chemical shifts is based on comparison with 
39those reported ' for brendane derivative 58_, couoled with

ZiQgeneral additivity onncioles „ '

The placement of the OH grouo as in 5J5 uas strongly
indicated by lanthanide-induced shifts (LIS) study.^ PFIR

spectra were recorded for alcohol A in CDCl^ in oresence of
incremental quantities of Eu(fod)j. A olot of Qj(fod)g /

Alcohol A molar ratio vs. the observed shifts of C-2 exo-
methyl , C-2 endo-methy1 and C^-H gave three straight lines
(Fig. 5). The slopes of these lines provide the magnitude of

the shift Parameter s_ for the resDective nuclei. The distance
r_ of the individual nuclei from the ton of the- lone pair of
the oxygen of OH uere measured for the structures 5_6 and 57,

-2using Prentice-Hall Framework models. A plot of s_ vs_. r 
gave a straight line passing through origin in the case of 
structure 5J5 only (Fig. 6). This proves 5_6 as the structure 

of the alcohol A and rules out 57.

42It is known that exo-methy1 in bornane systems appears 
dounfield compared to endo-methyl.
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To our knowledge, excluding the rather common U'ittig 

43type products, this is the first instance of the formation 

of such a cyclic product in Simmons-Smith reaction.

6-endo-Hydroxy-3,3-dimethylspiro jjoicyclo(2.2.1)heptane-2,1 ' -

cyclopropane] (43): The endo-epimer 43 (IR: OH 3500, 3440,

-1 -11000 cm ; cycloprooane 3080, 1025 cm . PMR: cyclopropane

CH_2 > 4H, m, 0.35 to 0, 70 opm; CH_0H, 1H, m, 4,05 to 4.35 com) 

was Dreoared in 90°S yield by the reduction of 6-keto-3,3- 

dimethy Isoiro £bicyclo(2.2.1)heptane-2,11-cycloorooaneJ (63) 

with lithium tri-t-butoxyaluminium hydride.The ketone j53_ 

uas, in turn, orepared in two ways!

(i) Oxidation of 6-exo-hy dr oxy cam phene (49) with oyridinium

45 ochromate-on-silica gel in at room temperature (^30 )

gave 6-ketocamohene (62) in 751? yield. Simmons-Smith reaction

of _62_ followed by chromatography on A^O^ 0ave .§3. in 59:1! yield

(IR: CO 1 745 cm*1; cyclopropane 3065, 1020 cm"1. PWR: C-Me*s,

3H, singlets at 0.8, 1.0 opm; cycloorooane CH^ > 4H, s, 0.45 opm)

(ii) Oxidation of 6-exo-hydroxy eoimer (42) uith Py/CrO^ gave 

63 in 859o yield.

Methyl 6-exo-hy droxy-3 ,3-dim ethy Isoiro £ bicyclo(2.2.1 ) heptane- 

2, 1 *-cyclopropaneJ-2 ’-carboxy 1 ate (46): Reaction of 6-exo-acetoxy 

camphene (50) uith the carbene (: CHC^Elt) » generated thermally
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from ethyl diazoacetate, in the presence of anhydrous CuSO^
<4 6

as catalyst, gave a mixture containing the starting 

material (50) , ethyl 6-exo-acgtoxy-3,3-dimethylspiro [^bicyclo- 

(2.2*1)heptane-2,1 *-cyclopropaneJ-2*-carboxylate (47) and 

side oroducts like diethyl maleate and diethyl fumarate. 

Fractionation failed to furnish the required product (47) 

in pure state. The mixture was hydrolysed with methanolic 

KOH. The product of the hydrolysis was separated into neutral 

and acidic parts. The neutral oart was fairly cure 6-exo- 

hydroxycamphene (49), and could be recycled. The acidic Part 

was esterified with diazomethane and systematic chromatoqraohy 

of the oroduct on neutral Al^O^ gave the targeted compound 4_6 

in an ov/srall yield of 90t (IR: OH 3420, 1 100cm \ PMRt 

C-Me's, 3H, singlets at 0.66, 0.91 Dpm; cyclopropane CH^* 1H, 

singlets at 0.74, 0.81 com; OCHg » 3H, s, 3.69 opm; CHOM, 1 H, 

dd, 3.98 oom).

In the cyclopropanation reactions described above, the 

progress of the reaction was conveniently monitored by the 

anisotrooic effect of cyclopropane ring^ on the PFIR resonances 

of neighbouring methyl groups. The upfield shift caused by 

cyclopropane ring in such systems is recorded in Table 2.



Table 2 : Anisotrooic effect of cyclopropane 
ring in ca^Dhane derivatives

S.No . Olefin

Gem-dime­
thyl sig­
nals (6) 
(endo, 
exo)

Gem-di-
Cyclo- methyl 
propane signals

(6)
endo, 
exo

Upfield
shift

1 . Camchene 1 .02 §1 0.72 0.30
1 .05 0.80 0.25

2. 6-exo-acetoxycamphena 1 .05 44 0.71 0.34
(50) 1 .075 0.85 0.22

3. 6-exo-hydroxycamohene 0.96 42 0.66 0.30
(49)

1 .01 0.83 0.18

4. II II 0.96 46 0.66 0.30

1 .01 0.91 0.10

5. 6-Ketocamohene ( 62) 1 .11 63 0.80 0.31

1 .21 1 .01 0.20

6. 6-endo-hy dr oxy camohene 1 .10 43 0.90 0.20

*
Both Me's have same resonance

co



FRAGMENTATION REACTIONS

Cyclopropanes are susceptible to cleavage by electro­

philes such as acids, ^ halogens, ^ mercuric salts^ etc.

In substituted dj^jj&propanes, with most electrophilic

reagents, 1,2- and 1,3- scissions take place but mercuric

51salts cause predominantly 1,3-cleavage. Our aim was to 

cleave the cyclopropane ring of the three alcohols 42/43 

and 46, creating a tertiary carbonium ion at C-2 and thereby 

triggering the fragmentation reaction.

Cleavage of 3,3-dimethyIspiro £bicyclo(2.2.l) heotane-2,1 1 -

cycloDropaneJ (51) i Cleavage of cyclopropane ring was first

studied with 51 . Reaction of 51_ with methanolic HCl or

bromine in CCl^, gave a comDlex mixture of products but its

reaction with Hg^Ac)^ in THF/H^O (1 S1) gave two products

which were separated easily. The first compound (b.p. 95~980/2

52gave a negative spot test for mercury. Based on its

spectral data (IR: OH 3340, 1110 cm"1; C=C 1 675. cm"1.

PflR; C-Me’s, 3H, singlets at 1.0, 1.02 ppm; CH_20H, 2H, d, 3.99

ppm, 3 = 8Hz; C=CH_, 1H, t, 5.12, 3 = 8 Hz), it is formulated

as U-hy droxymethy 1 camohene (64) (Eq. 12). This structure

was further confirmed by ’synthesising it from camohene. Prins

reaction of camphene gave U'-acetoxymethyl camphene (65) , which

35was hydrolysed with methanolic KOH to give 64.



The second compound (m.p. 143-5°) gave a positive

5 ?spot test for mercury. It is a tertiary alcohol (iRs 3320,

1085 cm , No peak in PI3R corresponding to CHOH) and contains

HgOAc function (iRt 1610 cm-1. PflR: COCHg, 3H, s, 2.02 oom).

Accordingly, it is formulated as 1-[2*-exo-hydroxy-31,3'-dimethy1-

bicyclo(2.2.1)heDtan-2,- vO ethan-2-yl mercury acetate (67).■

53In vieu of the known propensity for exo-attack in norbornane 

system, the OH group is given the exo-configuration. This is 

further established by LIS study using EuCfod)^. As described

earlier, shift parameters s_ of the endo- and exo-methyl uere

-2plotted against v_ . A straight line passing through origin

uas obtained for the structure 67_ and not for the alternate

configuration 68_ (Fig. 7 and 8). Finally, reduction of _67_

5 4with NaBH^ in NaOH aq gave the abnormal demercuration product

(69) (IR: OH 3600, 3480, 1130 cm-1. PriR; C-Me's, 6H, singlets 

at 0.92, 1.0 opm) .

Reaction of 51_ with HgCDCOCF^^ in dry ether gave a 

single compound. Based on its spectral data (IR: OCOCF^ 1780 cm 

C=C 1 675, 910 cm“1. PMRs C-Me's, 3H, singlets at 1 .03, 1 .06 ppm; 

Cfl=C~CH, 1H, bs, 3.05 oom, U'h=8Hz; CHgOCOCFg, 2H, d, 4.85 ppm,

3 = 8 Hz; =CH_-CH2~, 1 H, t, 5.19 ppm, 3 = 8Hz), it is formulated 

as U'-trifluoroacetoxymethyl camohene (66) and further confirmed 

by its hydrolysis with methanolic K0H to U'-hydroxy methyl camphene 

(64). Comoound (51) failed to react with PhSeBr. Thus, among the 

electroDhilic reagents studied, only mercuric salts gave clean 

products.



51

65: R=Ac
66 • R=C OC R 
— o

67: R,=0 H ,R2- (C H 2)2H9 OAc 
68*Rf(C OAc jR2=:0H

71
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Fragmentation of 6-exo/endo-hydroxy-3,3-dimethyIsoiro-

£bicyclo (2.2.1) heot ane-2,1 1 -cy clooropane^J (42/43) : On reaction

with Hg^COCF^^, the alcohol 42^ gave an unsaturated aldehyde,
_-jwhich, based on its spectral data (IR: CHO 2720, 1730 cm ;

C=C 1 830, 915 cm ^ . ‘PM: C-Me1s, 3H, singlets at 0.92, 1.14 ppm

CH_2CH0, 2H, s, 2.45 ppm; H, , 1H, d, 5.05 Dpm, 3,. H = 10 Hz;nb c
H , 1H, d, 5.4 Dpm, 0U w = 17 Hz; H ,, 1H, s, 5.72 ppm; H , 1H,

a cq, 6.25 ppm, 3U u = 17 Hz, 3,. u = 1 0 Hz; CHO, 1H, t, 9.82 ppm,li n H n, —c a g b3 = 1.5 Hz. Mass: m/e 164 (n )) , was assigned structure (71) .

It is thus clear that the alcohol 4_2_ undergoes the 
exoected fragmentation, but the product (70) aopears to be 

so unstable as to undergo instantaneous reductive elimination 
to give the olefinic aldehyde (71) (£q. 13). Even this diene 

aldehyde itself is labile and on keeping tends to deteriorate.

Identical results were obtained with the epimeric 
alcohol (43).

Attempted fragmentation of methyl 6-exo-hydroxy-3,3-dimethyl- 
spiro £bicyclo(2.2,l)heptane-2,1 1 - cyclopropane^J-2 1 - carboxy 1 ate 

(4 6): All attempts to fragment 4_6 under acidic (HClO^/dioxane) , 
basic (NaH/THF or DMSb) conditions or with meruric salts were 

unsuccessful. It is evident that only one ester function 
even on a soiro-activated cyclopropane does not impart enough 
reactivity to induce fragmentation.
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EXPERIMENTAL

All m.ps and b.ps are uncorrected. Light petroleum 

refers to the fraction b.p. 60-80°. Optical rotations were 

measured in chloroform on a Schmidt-Haensch electronic 

polarimeter model Polartronic-I.

The following instruments were used for spectral analyti­

cal data: Perkin-Elmer Infrared Spectroohotometer, model 2 67

(IR) ; D9rkin-Elmer spectrophotometer, model 402 (tl\/) ; Perkin- 

Elmer, model R-32 (90 MHz) spectrometer (PMR); Jenul FX-100 

spectrometer ( C-MMR) ; l/arian Mat. mass spectrometer, model 

CH-7 (mass; 70 e\], direct inlet system). Uhile citing PMR 

data, the following abbreviations have been used: s(singlet), 

d(doublet), t(triolet), q(quartet), m (multiplet) and b(broad). 

Uhile summarising mass spectral data, besides the molecular ion, 

ten most abundant ions (m/e) are reported with their relative 

intensities.

Silica gel for column chromatography (-100, + 200 mesh)

was washed with hot water till sulohate free, dried, activated 

o 55at 125-30 for 6 h and standardised, TLC Uas carried out 

on SiO^-qel layers (0.25 mm) containing 1 S'jS gypsum and activated 

at 110-5° (2 h).

3,3-Dimet hy Ispiro £bicyclo(2.2.1) hept ane-2,1 1 -cyclo­

propane jj (51 ) .

5 6Zinc-copper couple (couole II of Shank and Schechter;
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8.6 q, 0.13 g. atom) was taken in a 3-necked flask fitted 

with a condenser, a CaCl2 guard tube and a dropping funnel.
Dry ether (30 ml) and CH2I2 (1 q) were added followed by a 

crystal of iodine. The mixture was magnetically stirred and 
in 5 min. ether started refluxing due to heat of reaction.
U.'hile the stirred suspension was kept under gentle reflux 
(by heat of reaction alone), a mixture of camohene (3 g,

0.022 mole) and (34 g, total 0.13 mole) in dry ether
(30 ml) was added droowise over a period of 1 hr. The reaction 

mixture was stirred and refluxed, till an aliquot worked up 
showed no starting mat»rial on GLC analysis- (16 h) . The ether 

solution was decanted from the couple into a seDaratory 
funnel containing cold saturated NH^Cl solution (30 ml) . The 

ethereal layer was washed with a second portion of NH^Cl aq 
(15 ml), water (15 ml), 1 Q'C NaHCO^ aq (10 ml x 2) and water 
(10 ml) and dried (Na2S0^). Solvent was removed and the 
resulting pale-yellow oil was distilled to give 51_ (2.8 q, 85/S) 
as a colorless oil, uhich solidified immediately. B.d. 51-56°/ 
10 mm, m.p. 53-54° (lit.^ m.o. 55°).

IR (nujol) (Fig. 9): Cycloprooane ring 3070, 1020 cm

PMR (CDClg) (Fig. 10): Cyclopropane protons, 4H, m, 0.15 to

0,50 npm; C-M_e's, 3H, singlets at 0.73 , 0.79 opm.

6-exo-Acetoxycamohene (50) .

Freshly distilled acetic anhydride (15 g, 0.13 mole) was 
slowly added to a solution of 6-exo-hydroxycamphene (49)



(5 g, 0.033 mole) in dry oyridine (25 ml) at 15°, and left 

at room temperature (A'30°) overnight. The reaction mixture 

was then ooured into cold water (150 ml), left at 10° for 

1 h, and extracted with ether (50 ml x 2). The combined 

ether extracts were washed with water (20 ml), cold 5$ HCl aq 

(20 ml x 2), water (20 ml), 10$ NaHCO^aq (20 ml x 2) and 

water (20 ml) and dried (Na2S04). The solvent was stripped 

off and the resulting pale yellow oil distilled to get 50_ 
(5.9 g, 82$), b.o. 95-9B°/5 mm. n^5 1.4694.

IR (liq. film) (Fig. 11): OAc 1740, 1250 cm'1; C=C 1660,

8 90 cm-1 .

PPIR (CC14) (Fig. 12): C-Ms's, 3H, singlets at 1 .05, 1 .075 

opm; OCOCHg, 3H, s, 1.95 ppm; C5~H Dncjo ’ octet, 2.25 ppm,
O.jKSHz, 32 = 5Hz, 33 = 13Hz; C=C-C_H, 1H, bs, 2.73 Dpm, U'h=5Hz; 

CHOAc, 1H, dd, A.5 ppm, O^^Hz, 02=7Hz; C=CH_2» 1H, singlets 
at 4.70, 4.95 oom (lit.30b IR, PMR).

3,3-Dim ethy 1- 6-exo-hy dro xys piro £bicyclo(2.2.l)heptane-2,1

cyclooropane (42) and 2,2-dimet hy Itricyclo J^4.2,1 .0 3,7- n onan-
3-ol (56) .

6-exo-ftcetoxycamohene (1 g, 5.2 mmol) was reacted with 

Simmons-Smith reagent prepared from zinc-copper couole (5.06 g, 

0.08 q atom) and CH2I2 (20.6 g, 0.08 mole) as described above. 

The reaction was complete in 60-80 h. Usual work-up gave a 
pale yellow oil (1.4 g), which was added to a solution of
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KOH (1,7 g) in methanol (10 ml) and left overnight. The 

solution was then poured in cold water (100 ml) and extracted 

with ether (20 ml x 3). The combined ether extracts were 

washed with water (10 ml x 2) and dried. Removal of solvent 

furnished an oil (0.86 g), which was chromatograohed over 

neutral alumina (2 6 q, II, 15 x 1.8 cm).

Fr. 1 Light petroleum 1 0

19$ Etbylacetate in 

light petroleum 10

29$ tt tt 10

Fr. 2 2% I! 10

Fr. 3 23$ tt tt 10

51 tt tt 1 0

Fr. 4 5% it tt 10

1 0?$ M tt 10

Fr. 2, 3 • o • lQ -99° (crystallised from

I!
Mixture? 210 mg, 

Discarded.

10 ml x 5 Crystalline solid 
(80 mg, 10?$)

(56, GLC, PUR) .

10 ml x 2 $
I Mixture, 30 mg

C rys talline 
Solid (42,0.5g, 

45?$, GLC, PMR).

the tricyclic alcohol (56).

IR (CHC13) (Fig. 13): 04 33 60, 1090 cm"1.

PMR (CDCl^) (Fig. 14); C-Mje’s, 3H, singlets at 0.89, 0.99 opm;
1H_, 1H, s, 1.17 opm, exchangeable with I^O.

Mass: m/e 166 (M+, 2 9=$), 151 (1 g£) , 148 (2*), 123 (8l), 109 (10‘S) 

105 (10?$), 83 (1 001$), 79 (10£), 67 (1 Ot) and 55 (93$).

Analysis: Found: C, 79.82; H, 10.64

Ci 1His0 requires: C, 79.52; H, 10.843$.
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Fr. 4, m.p. 87-89° {crystallised from light petroleum) was

the cyclopropane derivative (42) .

— 1IR (nujol) (Fig. 16); OH 3290, 1095 cm ; cyclopropane 

3060, 1040 cm"1.

PPIR (CDClg) (Fig. 17); cyclopropane CH2 s, 4H, m, 0.35 ppm;

C-P-le* s, 3H, singlets at 0. 66, 0.83 ppm; 0H_, 1H, s, 1.55 Dpm, 

exchangeable with D20; ^5”Hendo’ octet, 2.3 oom, 3.j=3Hz,

02=5Hz, 03 = 13Hz; CH0H, 1H, dd, 4.0 Dpm, O^SHz, 32=6Hz.

Flass; m/e 166 (M+, 7%), 148 (37%), 133 (27%), 122 (29%),

107 (54%), 105 (47%), 95 (53%), 94 (100%), 83 (40%) and 

79 (40%) .

Analysis; Found; C, 79.74; H, 10.69

C11H18^ rec1uires: C, 79.52; H, 10.84%.

6-Ketocamphene (62)

Oxidation of 6-exo-hydroxycamphene (49) with oyridinium

45chromate-on-silica gel according to the known method gave

62 in 72% yield. m.p. 47-48° (lit.45 m.p. 47-48°)

IR (CCl4)s C-0 1745 cm"1; C=C 1 650, 890 cm"1

PMR (CDC13): C-Mb’s, 3H, singlets at 1.1J and 1.21 opm; C=C-CH, 

1H, s, 3.14 Dpm; C-CH_2, 1H, singlets at 4.88 and 5.12 ppm.
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3,3-Dimethy 1-6-oxospiro |^bicyclo(2.2.1) heptane-2,1 

cyclopropane^ ( 63) .

(a) Simmons-Smith reaction(as described earlier) of 

6-ketocamphene (62) (1 g, 6.7 mmol) with zinc-capper couole 

(8.6 g, 0.14 g atom) and CH2I2 (37.5 g, 0.14 mole) followed 

by chromatography over Al203 gave 63_ as a white crystalline 

solid (0.54 g, 59t£) , m.p. 48-50°.

IR (CC14) (Fig. 13): CO 1745 cm-1; cyclopropane 3065, 1020 cm"1.

PMR (CCl^) (Fig. 19); C-Me's, 3H, singlets at 0.8 and 1.0 ppm; 

cyclopropane ring protons, 4H, s, 0.45 ppm.

Analysis: Found: C, 80.31; H, 9.90.

C1 1H1 80 requires: C, 80.50 ; H, 9.757%.

(b) 3,3-Dimethy 1 -6-exo-hydroxyspiro £bicyclo(2.2.l)- 

heptane-2,1 *-cyclopropaneJ (42) (55 mg, 0.33 mmol) in pyridine 

(0.4 ml) was added to a complex of CrO^ (133 mg, 1.32 mmol) and 

Dyridine (1.3 ml) and stirred at room temperature (<'w30O) for

20 h. The reaction mixture was poured in crushed ice and 

extracted with ether (20 ml x 3) . The combined ether extracts 

were successively washed with water (10 ml), 5?o HCl aq (10 ml x 2), 

water (10 ml), 5% NaHCOg aq (10 ml), water (10 ml) and brine 

(10 ml) and dried (NajSO^) . Removal of solvent furnished the 

ketone 63^ (46 mg, 85$!), m.p. 48-50°.



3,3-D'imethyl-6-endo-hydroxy spiro 

cyclopropane "1 (43) .

[~bicycla(2.2.1) heptane-2,1 ’ -

A solution of the ketone 63_ (100 mg, 0.6 mmol) in dry 

THF (5 ml) u/as added to a-stirred solution of tri-t-butoxy 

lithium aluminium hydride (0.24 g, 1.2 mmol) in dry THF and 

stirred at room temperature (^30°) for 8 h. U'ater (20 ml) 

was added to the reaction mixture and it was extracted with 

ether (10 ml x 3). The combined ether extracts were washed 

with water (10 ml), brine (10 ml) and dried (tla^SO^). Removal 

of solvent gave 43_ as a white solid (91 mg, 92%) , m.p. 51-52°.

IR (nujol) (Fig. 20): OH 3590, 3440, 1090 cm-1; cyclopropane 

3080, 1025 cm-1.

PFIR (CDClg) (Fig. 21); cyclopropane protons 4H, m, 0.35 to 

0.70 Dpm; C-Ple1 s, 6H, s, 0.9 pprn; 0H_, 1H, s,2.05 pom, 

exchangeable with D20; CH0H, 1H, m, 4.05 to 4.35 opm.

(lass: m/e 166 (l*|+, H) , 1 48 (47^), 133 (57%), 122 (78^) , 1 07 (70$), 

105 (100$), 94 (48$), 91 (42$) and 79 (43$).

Analysis: Found: C, 79.70; H, 10.53.

C^H^gO requires; C, 79.52; H, 10.84$.

Methyl 3,3- dimethyl -6-exo-hydroxyspiro j^bicyclo(2.2.1 ) heptane- 

2, 1' - cyclopropaneTJ-2-carboxy late (4 6) :

57A solution of ethyl diazoacetate (3.8 g, 0.03 mole) in 

cyclohexane (10 ml) was added dropwise over a period of 0.5 h
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to a refluxing mixture of 6-exo-aceto xycain phene (0.6 g,

3.1 mmol) and anhydrous CuSO^ (0.1 g) in cyclohexane (10 ml). 

After the mixture was stirred under reflux for a further 6 h, 

it uas cooled and filtered. The solvent Was removed under 

reduced pressure to furnish a brown oil (3.0 g) . It was added 

to a solution of KOH (7.2 g) in Water (5 ml) and methanol 

(60 ml) and left at room temperature (<^30°) overnight. The 

reaction mixture was poured in cold water (100 ml) and extracted 

with ether (30 ml x 2) . U’ork-uo of the ether extract gave 6- 

exo-hydroxycamphene (49) (0.118 g). The aqueous layer was

adjusted to pH 4 with 5% HC1 aq and extracted with ether 

(20 ml x 3)i The combined ether extracts were dried (Na2S0^). 

Removal of solvent gave a gummy solid (0.59 g) , which uas 

esterified with £^2^ to give a red-colored viscous oil (0.67 g) . 

The latter was chromatographed over alumina (20 g, II, 1.5 x 5 

cms) .

Fr. Light petroleum 
5^ Ethyl acetate 
in light petroleum

5 x 10 ml 

10 x 10 ml

Imourities

Fr. 2 10lS ETtOAc >/ /■> 10 x 10 ml Pale yellow viscous 

oil, (46, GLCj PNR).

Fr. 2 uas the compound 4_6 (0.49 g, 92C), b.o. 130-5°(bath)/0.4 mm.

IR (liq. film) {Fig. 22) 5 OH 3420, 1 100 cm-1; C=0 1 725 cm"1; 

cyclopropane ring 1040 cm .

PflR (CDClg) (Fig. 23): C-Fle’s, 3H, singlets at 0.66, 0.91 ppm;



cyclopropane CHL,, 1H, singlets at 0.74, O.S'I 

s, 1.76 ppm, exchangeable with D^O; C(--Her)cj0 

2.24 ppm, 3^ =*3 Hz, 32^6Hz, 33=12Hz; 0CH_3» 3H, 

CHOH, 1 H, dd, 3.98 ppm.

ppm; 0H_, 1 H, 

1H, octet, 

s, 3 .69 oprrt;

Mass: m/s 224 (Fl+, 4/) , 206 (2$), 192 (6$), 147 (10$), 138 (27$), 

123 (19$), 105 (16$), 95 (46/), 94 (100$) and 79 (15/).

Analysis: Fo/und: . C, 69.43 ; H, 8.65*

*"13^20^3 recluires; C, 69. 65; H, 8.93/.

Reaction of 3,3-dimethylspiro £bicyclo(2.2.1)heptane-2,11 - 

cy clopropane j| (51) with Hg(0Ac)2.

To a solution of 51_ (1.5 g, 10 mmol) in THF/H20 (1:1; 60 ml) 

was added Hg(0Ac)2 (3.18 g, 10 mmol) and stirred at 20° for 

5 h. The reaction mixture uas filtered. The filtrate uas 

diluted with water (20 ml) and extracted with ether (20 ml x 3). 

The combined ether extracts were washed with 5/ NaHCO^ aq (20 ml), 

water (20 ml) and brine (20 ml) and dried. Removal of solvent 

gave a gum, which, when macerated with light petroleum, deposited 

the organomercurial compound 67 as a white solid (0.75 g, 18/), 

crystallised from ether/light petroleum; m.p. 143-5°.

IR (nuj ol) (Fig. 24): OH 3320, 1085 cm ^ ; HgOAc 1610 cm

PMR (CDClg) (Fig. 25): C-Me1 s, 3H, singlets at 0.92, 1.0 ppm; 

0C0CH3, 3H, s, 2.02 ppm*, C(0H)CH, 1H, s, 2.1 ppm.



Analysis* Found: C, 37.01; H, 5.157.

^13^2?^^3 requires: C, 3 6.57* H, 5.41 ©S.

The above filtrate was evaoorated to give U:-hydroxy methy 1 

camphens (64) as a colorless oil (0.5 g, 31^); b.o. 100-1 05°{bath}/ 

2 mm (lit.35 b.p. 94-102°/l.7 mm).

IR (liq. film) (Fig* 2 6): OH 3340, 1110 cm-1; C=CH 1 675, cm"'1'

PflR (CCl^) (Fig. 27); Q-We1 s, 3 H, singlets at 1.0, 1.02 ppm;

OH, 1H, s, 1.35 ppm, exchangeable with 0^0; =C-CH_, 1H, bs,

2.98 ppm, U'h = 8Hz; CH^OH, 2H, d, 3.99 ppm, 0 = 8Hz; C=CH_,

1H, t, 5.12 opm, 0 = 8 Hz.

U'-Acetoxymethyl camphene ( 65) .

35PrinS. reaction of camphene according to the known method 

gave 65_ as a colorless oil? b.o. 110-8°/8 mm.

-1 —1IR (liq. film): OAc 1740, 1240 cm ; C=CH 1 680, 960 cm .

PNR (CC14): C-Me's, 3H, singlets at 1.0, 1.04 ppm; OCOCHg, 3H, 

s, 1.95 opm; CH=C-CH-, 1 H, bs, 3.05 ppm, U^= 8Hz; CH^OAc,

2H, d, 4.45 opm, 0 = 8 Hz; C=CH_, 1H, t, 5.05 opm, 0=8 Hz.

Hydrolysis of 65 with methanolic K9H gave Q-hydroxy methyl 

camphene (64).



The dimer ( 69) .

To a stirred and cooled (20°) mixture op the organomer- 

curial acetate 67_ (0.1 g, 0.23 mmol) and 3f1 NaOH (1.3 ml) 

was added dropwise 0.5 M NaBH. in 3FI NaOH (1.3 ml). The 

stirring was continued at 20° for 6 h. The reaction mixture 

was diluted with Uater (5 ml) and extracted with light petroleum 

(10 ml x 3) . The combined petroleum extracts were washed 

with water (5 ml) and brine (5 ml) and dried (^2^0^) .

Removal of solvent gave J59 as a gummy solid (55 mg, 8 8'^), 

which was homogeneous by T LC (15 ^ ETtOAc in light petroleum,

Rf 0.55) .

IR (nujol) (Fig. 28); OH 3 600, 3480 cm"1.

PMR (CCl^) (Fig. 29); C-fTe’s, 6H, singlets at 0.92, 1.0 ppm.

Analysis; Found: C, 49.75; H, 6.902.

C2?H33H9°2 reciuires; C, 49.39; H, 7.1 Q9?5 •

u>-Trifluoroacetoxymethyl camphene ( 66).

To a solution of the soirocyclopropans (51) (0.2 g, 1.3

mmol) in dry benzene (15 ml) was added Hg (OGOCF^j (0.74 g,

1.7 mmol) and stirred at 60° for 12 h under anhydrous conditions 

The reaction mixture was cooled to room temperature (a»3 0°) 

and filtered. The black residue was washed with benzene (10 ml) 

The filtrate was washed with 5l£ NaHCO^ aq (10 ml x 2) , water 

(10 ml) and brine (10 ml) and dried (l\!a^SO^) . Removal of 

solvent followed by distillation gave iO-trifluoroacetoxymethyl



camphene (6 6) as a colorless oil (0,14 g, 50$); b.p. 110-5°

(b ath) /5 mm.

IR (liq. film) (Fig. 30)* 0C0CF3 1780 cm-1; C=CH 1 675 cm"1.

PMR (CDC13) (Fig. 31): C-Me's, 3H, singlets at 1 .03, 1.06 Dpm;

CH=C-CH-» 1H, bs, 3.05 ppm, U'h=8Hz; CH20C0CF3, 2H, d, 4.85 ppm, 

0=8Hz; C~CH_, 1 H, t, 5.19 ppm, 3 = 8 Hz.

Analysis: Found: C, 59.26; H, 6.72.

C13H17fr3°3 re0uires: C, 59.54; H, 6.49%.

Hydrolysis of the above ester in the usual fashion gave 

U)-hy droxymethyl camphene ( 64) .

Fragmentation of 6-sxo-hydroxy-3,3-dimethyIspiro £bicyclo(2.2.1)- 

heptane-2,1 '-cyclopropane^] (42) .

To a solution of £2_ (50 mg, 0.3 mmol) in dry benzene (5 ml) 

was added Hg (OC'ICF^)^ (140 mg, 0.33 mmol) and stirred at room 

temperature (pj30°) under anhydrous conditions for 8 h. It was 

worked uo as above to give the diene aldehyde (71) as a pale- 

yellou oil (31 mg, 63$).

U\l (Ethanol): \ 23 7 nm;
/Xuiax

£ 5264.
max

IR (CC14) (Fig. 32): CHO 2720, 1 730 cm"1; C=C 1 630, 91 5 cm-1.



PMR (CDClj) (Fig. 33): C-Me_’s, 3H, singlets at 0.92, 1.14 opm

CH2 CHO, 2H,, s, 2.45 ppm; Hb, 1 H, d, 5. 05 ppm, 3 = 1 0 Hz;

Ha’ 1H, d j 5.4 ppm, 3=17 Hz; H d* 1H’ s,, 5.72 ppmij

Hc’ 1 H, q» 6.25 opm , 31 = 17 Hz, 32 = 1 0 Hz; CHO, t,

9.82 Dpm, 3 = 1.5 Hz.

Mass: m/e 1 64(fl+, 9t) , 120 <100%) * 105 ( 6416) , 93 (17$), 

91 (23$), 79 (2116), and 77 (19$).

Identical result was obtained with the endo-epimer 43 .
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SOME APPLICATIONS OF FRAGMENTATION 

OF
HOMOALLYLIC ALCOHOLS
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ABSTRACT

Fragmentation of homoallylic alcohols can be utilised 

to prepare cyclopentane-based synthons from bicyclo(2.2.1)- 

heptane orecursors, cis-2-0xabicycla(3.5.0)oct-7-en-3-ol (1 3), 

a potential synthon for cy clooentans-based natural products* 

could be conveniently orepared by a one-step fragmentation of 

norborn-5-en-2-ol (jj/7) . 1-(2’,21,3,-Trimethylcyclooent-3'-en- 

1 ’-y1)DrQDan-2-one (18), a synthon for certain juvenile hormone 

analogues, was made by the fragmentation of 6-exo-methyl-6-endo- 

hydroxycamohene (24) followed by oxidation. Similarly, 6-exo- 

cyano-6-endo-hydroxycamphene (28) could also be fragmented to 

the acid nitrile 29, the reduction of which furnished the 

known Oi-campholenic alcohol (30) .

LO



SOME APPLICATIONS OF FRAGMENTATION 
OF

homoallylic alcohols

INTRODUCTION

Bicyclo(2.2.1) heptana system has often served as a

suitable precursor for the synthesis of chirally pure cyclopen-

1tane derivatives. For example, Stevens and co-uorkers have 

taken advantage of the natural chirality of {-}-camohor and 

its topology to synthesise chirally oure steroids. Thus, 

camphor converted to the oximino ester 1_ by a six-step

sequence. Exposure of 1_ to p-toluenesulohony 1 chloride in 

pyridine induces Beckmann fragmentation to give the cyclo­

pentane derivative 2 (Cq. 1). By virtue of its functionalities, 

2_ could be utilised for the total synthesis of chirally pure 

steroids and the tedious orocess of resolution after deriva- 

tisation could be circumvented.

2Similarly, Corey and co-uorkers converted, by selective 

Baeyer-Uilliger oxidation, bicyclic ketone 3_ to bicyclic lactone 

4_, which on hydrolysis and iodolactonis ation gave lactone 5_, 

which has proved immensely useful in the synthesis of 

prostaglandins (Eq. 2).

In Section I, a description of the fragmentation of 

homoallylic alcohols ------  a novel reaction reported by Sukh Dev
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and co-uorkers was presented- Also described uas the 

application of this reaction to synthesise naturally occuring 

secolonqifolene diol.

This cleavage reaction aopears to be well-suited for 

converting functionalised bicyclo(2.2.1)heptanes to substituted 

cyclopentanes, and is therefore potentially useful for making 

synthons for cyclopentane-containing natural products. Work 

undertaken in this direction is presented in this section.

PRESENT WORK

A. Synthesis of eis~2-oxabicyclo{3.3.0)oct-7-en-3-o1(13):

This lactol (13) is a potential synthon for making cyclopentane 

based natural products. It was envisioned that norborn-5-en- 

2-ol (6/7) or the derived epoxide (8/_9) (Chart 1), when 

subjected to electrophile-induced fragmentation would lead to 

cyclopentane derivatives of the tyoe 12, which can be easily 

transformed to the lactol 1_3_ or cis-2-oxabicyclo(3.3.0) oct- 

-7~en-3-one (14) by standard reactions.

A mixture of 2-endo-and 2-exo-hydroxy-5-norbornene (_6/7) 

was obtained in 90J& yield by saoon if ication of a mixture of 

the corresponding acetates with methanolic KOH. The mixture



of epimerie acetates uas obtained by a modification of the 
3knoun procedure. Instead of cyclopentadiene monomer, made 

just before use by cracking^ of the commercially available 

dimer, the latter itself uas directly used for Diels-filder
reaction with vinyl acetate ---- thereby circumventing the
tedious cracking step and realising a 10% improvement in 
the overall yield.

Attempts to obtain the alcohol mixture (S/7) rich in 
exo-OH by eoimerising the above mixture (endos- exo — 3 ; 1)

5by the method of Mitsunobu and co-uorkers using molar as 
well as double the molar® quantities of triohenyIphasphine,

7acetic or formic acid and diethyl azodicarboxylate in 
anhydrous THF were unsuccessful. This may be due to the 
inability of the norbornenol molecule to attack the bulky 
Phosphonium ion (17) because of steric hindrance. However, 

the above mixture of alcohols, when reacted with catalytic

H5C202C—NH—N—C02C2H5
I +PPh3

17

gquantities of fluorenone and sodium in refluxing toluene, 
yielded 6/7 in the ratio of 41 : 55 {GLC, 10£ carbouax on
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chromosorb If, 6', 170°, 6D ml/min; RRT 1.0, 1.2) in 39l 

9yield. This material was used to study the behaviour of 

the exo-alcohol 7.

Epoxidation of the alcohols 6/7 with slight excess of

peracetic acid at 10-15° for 1.5 h {monitored-by TLC) gave

the epoxy alcohols (8/9) in the corresponding ratio. Longer

reaction times led to the formation of a ketonic impurity 

-1(IRS CO 1750 cm ), which was identified as 5,6-exo-epoxynorborn-

1 Q2-one (10) by comparison with an authentic sample.

Oxidation of secondary alcohols to ketones with peracids 
is on record,^

Fragmentation reactions of 8/9: Treatment of the epoxides 

8/j? with 0.5 to 2% HC10^ in 90^ dioxane aq failed to induce 

the exoected cleavage and starting material was recovered. 

Reaction with 1 0& aq gave a very low yield of a comolex

mixture.

Treatment of 8_/9 (3:1) with potassium t-butoxide in

t-butanol at room temperature (a>30°) for 4 days gave 5-exo-

1 2
hydroxynorbornane-2,6-endo-oxi de (l_1_) in 72% yield.

Formation of this oxetana was the basis for fixing exQ-
1 2configuration for the epoxide. When the same reaction was 

conducted with the material rich in exo-OH (8_:_9 - 41:55) a 

lot of black polymeric product was formed and the oxetane 1J_
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was obtained in 40% yield only. It is orobable that, while 

8_ rearranges to the oxetane 11 , 9_ fragments to the aldehyde 

15 (Eq. 3), which under the conditions of reaction 

polymeris es.

Fragmentation reactions of 6/7t Reaction of 6/7 with equimolar 

quantity of Br^ in CCl^ at -5° in the presence of Na^O^ as 

buffer afforded a comolex mixture of bromides, which readily 

turned to a tar even at low temperatures.

However, treatment with Hg(0flc)2 in THF/H^O (1:1) at 

20° for 2 h gave a product from which the lactol 1_3_ could be 

isolated in 45^ yield (IR*. OH 3400, 1 070 cm"*1 ; C=C 1 635, 895 cm"1. 

PMR: CHOC, 1H, m, 5.15-5.38 ppm; CH OH, 1 H, m, 5.43-5.63 ppm;

CH_=CH, 2 H, m, 5.72-5.98 ppm). The structure of the lactol

1 3uas further secured by oxidation with pyridinium chlorochromate

to the knoun lactone 14, prepared according to the method of
1 0Meinuald and co-workers. A possible mechanism of formation

of the above lactol is shown in Eq. 4. The allylic mercuric
14acetate (16) undergoes facile solvolytic demercuration

under the experimental conditions. Identical results were

1 5obtained with mercuric trifluoroacetate and also with a 

mixture (41:55) of 6/7_ in which 1_ predominates.

B. Synthesis of 1 -(2',21,3 *-trimethyIcyclopent-31-en-1'-y1)- 

oropan-2-one (1 8) ; Cyclooentane derivative 1_8_ (Chart 2) 

is a potential synthon for the preparation of juvenile hormone



It was felt that fragmentation of1 6analogues 1_9 and 20. 

homoallylic alcohols could be exoloited for making this 

synthon. For this purpose, 6-exo-methyl-5~endo-hydroxy- 

camphene (_24) uas prepared and Its fragmentation with 

electrophiles was studied.

Synthesis of 6-exo-methyl - 6-endo-hydroxycamphene (24) : Oxidation

of 6-exo-hydroxycamphgne (22) (see Section I) uith oyridinium

17chromat e-on-silica qel in CH^C^ gave 6-ketocamphene (23)

in 12% yield. Grignard reaction of 23_ uith a slight excess

of Flefvjgi gave 24 in 81TS yield (iRs OH 3530, 3480, 10 60 cm"1;

C=CH2 1 640, 940 cm"1. PMR: c(0H) C H3 , 3H, s, 1.34 ppm;

CH2=C-CH, 1 H, bs, 2.45 ppm, U'h = 4Hz; C=CH2, 2H, s, 4.98 ppm).

1 8The stereochemistry of 24_ at C-6 follows from the known 

propensity of nucleophiles towards exo-attack in norbornane 

systems.

Fragmentation of the tertiary alcohol 24: Fragmentation of 24_

with molar quantity of Hg(0Ac)2 in THF/H20 (1:1) gave the 

anticipated ally lie mercurial acetate (25) in quantitative 

yield (m.p. 104-6°; IRs CO 1 705 cm"1; HgOAc 1 600 cm"1. PMR: 

Hg0C0CH3, 3H, s, 2.02 ppm; GOCHg, 3H, s, 2.15 ppm; C=CH, 1H, bs, 

5.4 ppm). This comoound is unstable and demercuration uith 

NaBH^ gave a mixture containing compound 21_ as the major 

component (PFIR).

Reaction of the tertiary alcohol 2_4_ uith molar quantity 

of Br2 in CCl^, in presence of Na2C03> gave the labile ally lie
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bromide 2 6, which uas reduced with LflH to 1-{2* l,21,3'-trimethyl- 

cyc.lopent-3 '-en-1 1-y 1) orooan-2-ols (2 7) (ETq. 5) in 9015 yield 

(IR: OH 3360 cm-1; C=C 1645 cm"1. PMR: C-Me’s, 3H, singlets 

at 0.78, 1.0 opm; g(0H)CH3, 3H, d, 1.21, 1.25 opm, 3 = 6 Hz; 

C=C-CH3, 3 4, s, 1 . 62, 1 . 63 opm; CHIOH, 14, m, 3.7-4.06 opm*,

CH=C, 1H, bs, 5.28 cpm, U'h=6Hz. Mass: m/e 168 (M+)). Oxidation 

of the eoimeric alcohols 27_ with Py/CrO^ pave the targeted 

compound 1_8 in 8 575 yield (IR: CO 1710 cm 1. PMR: C-Me’s,

3H, singlets at 0.78, 1.0 ppm; C—C“CH^, 3H, s, 1.62 ppm;

C0CH3, 3H, s, 2.1 ppm: CH^C, 1 4, bs, 5.24 opm, U' » 6 Hz.

Mass: m/e 1 66 (M+)).

Fragmentation of the homoallylic alcohol 24_ with ICl 

followed by LAH reduction gave identical result.

C. Fragmentation of 6-exo-cy ano- 6-endo-hy dr oxy cam phene (28):

Reaction of 6-ketocamphene (23) with excess acetone 

19cyanohydrin ' gave the cyanohydrin 28_ in 80:! yield (IR: OH 

3580, 3420, 1110 cm"1; CM 2240 cm"1; C=CH2 1660, 900 cm"1. 

PMR: C-Me* s, 6H, s, 1.12 ppm; CH2=C-CjH, 1 H, bs, 2.85 ppm,

Uj^ = 4 Hz; C-CH_25 1 H, singlets at 4.98, 5.21 ppm. Mass: m/e

1 77 (N+)) .
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Fragmentation of the cyanohydrin 28_ with Br^ in CCl^

gave the unstable acid nitrile 2J_, which could be reduced
9 n 01

in situ to the known" * c^-camoholenic alcohol (30) (Eq. 6) 

in 901 yield (iRj OH 3350, 1060 cm'1; C-C 1 650, 805 cm'1.

PMR; C-fle's, 3H, singlets at 0.77, 0.97 gem; C=C-CH_3, 3H, s, 

1.6 pom; CH^OH, 20, sextet, 3.69 Dpm, 0 = 6Hz; CH^C, 1H, bs, 

5.25 Dpm, Uh = 5 Hz).
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For general remarks, see Section I Experimental.

2-Acetoxynorborn-5-ene:

Dicyclopentadiene (30g, 0.23 mole) uas mixed with 

freshly distilled vinyl acetate (45 g, 0.52 mole) in a 

glass-lined autoclave. The latter uas sealed and heated to 

1 70-80° for 24 h. The resulting light yellou liquid was 

fractionated to give 2-acetoxynorborn-5-ene as a colorless 

liquid (26.4 g, 3815) ; b.p. 85-87°/20 mm(lit.° b.o. 77-80°/

n c 113 mm); 1.4604. IR (liq. film): OAc 1745, 1250 cm .

PMR (C0Cl3)i OCOCHg, s, 1.86 ppm for ends and 1.95 opm for

exo-isomer; C^-ll, bs, 2.80 oom for endo- and 3.08 for sxo- 

isotner; CHOAc, m, 4.55 ppm for exo- and 5.15 ppm for endo- 

isomer; CgH, 1 H, m, 5.90 opm; Cg~H_, 1 H, m. 6.20 ppm.

l\lorborn-5-en-2-ol (_§/7_)

Hydrolysis of the above acetate with methanolic K0H 

gave 6/7_ in 9015 yield; m.o. 104-6° (lit,"* m.o. 105-7°).

IR (CCl4)s OH 3 620 , 359Q, 3380, 10 65 cm"1; C-C 1 630 , 8 3 5 cm"1.

PRR(CC14) : CjjOH, bt, 4.35 ppm for endo- and bm, 3.75 for exo- 

alcohol; Cg-H, 1 H, m, 5.97 opm; C g-H , 1 H, m, 5.32 ppm.

g
o



5, 6-exo-Eooxynorbornan-2-oi (8/9) *

To a cooled (10°) solution of norborn-5-8n-2-ol 

(2.02 g, 18.4 mmol) in CHCl^^O ml) was added dropuise a 

solution of perbenzoic acid (3.17 g, 23 mmol) in CHCl^ and 
stirring was continued at 10° for 1.5 h, when the olefin 

was totally consumed (TLC). The reaction mixture was 
quenched with 5% Na^SO^ aq (15 ml) and the organic layer was 
separated. The aqueous layer was extracted with CHCl^ (15 ml x 2) 

The combined CHCl„ extracts were washed with NaHC0„ aq 
(20 ml x 2), water (15 ml) and brine (15 ml) and dried 
(Na2S04). Removal of solvent furnished the epoxide as a white 
solid, crystallised from ether/light petroleum (2.078 g, 901s); 
m.p. 162-7° (lit.12 m. p. 160-2°).
IR (CC14) (Fig. 1): OH 3675, 3420, 1050 cm-1; epoxide 850 cm“1.

PMR(CDC13)(Fig. 2): C?H2, 1 H, septet, 2.0 opm; OH, 1 H, s,

2.4 ppm, exchangeable with O20; C^IH, 1 H, s, 2.47 ppm;

C^-H, 1 H, ill-resolved q, 2.62 ppm; C,--H, d, 3.0 ppm,
3 = 4 Hz for exo- and d, 3.3 opm, 3 = 4 Hz for endo-alcohol;
Cg-H_, d, 3.09 Dpm, 3 = 4 Hz for exo- and d, 3.47 ppm,

!

3 - 4 Hz for exo-alcohol; C2“H» i11-resolved quartet,
3.87 opm, O^BHz, 3 ? = 3Hz for exo- and sextet, 4.38 ppm,
3^= 8Hz, 3^-3^ = 3Hz for endo-alcohol.

Mass: m/e 126 (M+, t%), 125 (2%), 108(21) , 83(100U), 82 (87?S), 

68(18$), 55(2 9^S) and 42 (1 6jL) .



5-exo-Hydroxynorbornane-2,6-endo-oxide (11)

Treatment of the aboue epoxide uith potassium t-butoxide
1 2according to the known method gave the oxetane 1_1_ in 7215 

yield; m.p. 175-6° (lit.^ m.p. 173-6°).

IR (CHC13) (Fig. 3); OH 3 600, 3400, 1070 cm-1.

PFIR (CC14) (Fig. 4): C4~H, 1 H, bs, 2.65 ppm; C1 -H, 1H, bs,

3.65 opm; 14, s, 3.90 ppm; C -H, 1H, m, 4.2 ppm;
b — l —

Cg-_H, 1 H, ill-resolved quartet, 4.55 Dpm, 3^- 7Hz, 3^ = 4Hz.

Mass; m/e 126 (fl+, ffS) , 108(3/), 97 (9&) , 82 (100/), 79 (53/),

70 (33/), 67 (70S), 60(31/), 57(33/) and 41 (67/).

5,6-exo-Fooxynorbornan-2-one (1Q)

Oxidation of the epoxy alcohol Q/9_ uith Py/CrO^ gave 

the epoxyketone 10, m.p. 134-6° (lit.^ m.p. 139°).

IR (CC14) (Fig. 5); CO 1755 cm-1; epoxide 850 cm“1.

PfIR (CCl4)(Fig. 6); CDCH2, 2H, s, 2.62 pom; Cg-H, 1H, d, 

3.14 ppm, 3 = 4 Hz; Cg-H_, 1 H, d, 3.3 ppm, 3 = 4Hz.

Fragmentation of norborn-5-en-2-ol (6/7) yith Hg(0Ac)2

A solution of norborn-5-en-2-ol (2 g, 18,2 mmol) in 

THF/H^O (1:1, 50 ml) was cooled to 20° and Hg(0Ac)2 (5.8 g, 

18.2 mmol) Was added in portions during a period of 20 min,
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while stirring the solution. Stirring was continued at 20° 

for another 2 h. The reaction mixture was diluted with cold 

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

combined ether extracts were washed with 5% MaHCO^ aq (15 ml x 

2) and brine (15 m.l) and dried (Na^SO^) . Removal of solvent 

gave a thick viscous liquid (1.99 g) , which was chromatographed 

on alumina (II, 60 g, 19 x 2.5 cm).

Fr. 1 CHCL 15 ml x 5 J
5 60 mg, mixture.

0.5% MeOH in CHClg 15 ml x 5 f

Fr. 2 1?g FleOH in CHClj 15 ml x 15 1.05 g

Fr. 3 5% FleOH in CHCl^ 15 ml x 5 Mixture.

Fr. 2 was distilled to give the lactol 1J3_ (1.03 g, 45%), b.p. 

120-5°/5 mm*, n^5 1.4327.

IR (liq. film) (Fig. 7): OH 3400, 1070 cm"1; C=C 1 635,

895 cm-1.

PMR (CQCl3) (Fig. 8); CHOC, 1H, m, 5.15-5.38 ppm; CH0H, 1H, 

m, 5.43 - 5.63 opm; CH=CH_, 2 H, m, 5.72-5.98 porn.

Mass: m/e 126 (M+, H) , 125 (355) , 1 08 (1 356), 80(1 0 055),

79(9116), 70(1315), 66(2815), 57 (1 215), 55(1 S6) and 41 (2936).

C, 66.73 ; H, 8.005.
C, 66. 67; H, 7.94^.

Fou n d f
flnalysis: Found:

C«H requires;



cis-2-0xabicyclo(3 .3.0) oct-7- en-3 -one (l_4)

(a) A solution of ths lactol 1_1_ (75 mg, 0.6 mmol) in

anhydrous CH2C12 (4 ml) was added in one lot to a suspension 

of pyridinium chlorochr ornate (257 mg, 1.2 mmol) in (/l m

and stirred at room temoerature (.n>28°) for 1,5 h. Dry ether 

(20 ml) uas added and the supernatant liquid uas decanted 

from the black gum. The latter uas uashed thrice uith dry 

ether (30 ml). The combined ether solution Was passed through 

a small bed of deactivated alumina. Removal of solvent 

followed by distillation gave the lactone 1_4_ (47 mg, 64'o) , b.o 

120-5°(bath)/5 mm (lit.22 55°/0.01 Torr); n25 1.4100.

IR (eel ) (Fig. 9): 00 1 770 cm"1.

PMR (CC14) (Fig. 10); CH-0-, 1H, dd, 5.45 opm, 3^ 8Hz, J2=

1.5 Hz; C-=CH-CH2, 1 H, m, 5.85 opm; C=CH~CH-Q , 1H, m,

6.05 ppm.

(b) Rearrangement of 5, 6-exo-ePoxynorbornan-2-one (1 0)

1 0uith con.HCl by the known method gave the same lactone (14). 

6-e><o_-Methyl -6-endo-hydroxycamphene (2 4)

A solution of 6-ketocamphene (23) (0.45 g, 3 mmol) in 

ether (1 0 ml) uas added dropuise to a chilled solution of 

MeMg I (6 mmol) in ether. The reaction mixture uas stirred 

at room temoerature (rv30°) for'4 h and refluxed for 1 h. Then



it was decomposed with NH.C1 aq and the ether layer was
£4.

seDarated. The aqueous layer was once extracted with ether 

(20 ml). The combined ether extracts were washed with brine 

(15 ml) and dried (Na^SO^). Removal of solvent followed by 

distillation gave 24 as a colorless oil (0.398 g, 81/), b.p. 

l20°(bath)/5 mm.

IR (liq. film) (Fig. 11): OH 3330, 3480, 1060 cm-1; C-CH2 

1640, 940 cm-1.

PFIR (CDClj) (Fig. 12): C-Me’s, 6H, s, 1.11 oom; c(0H) CHg, 3H, s 

1.34 opm; 0H_, 1H, s, 2.2 opm, exchangeable with D20; 

CH2=C-C_H, 1H, bs, 2.45 pom, Uh= 4Hz; C=CH2, 2H, s, 4.98 opm

Mass: m/e 1 66{fl+, 3/), 151 (4/), 133(435), 123(7/), 108(1 00/), 

107(20/), 93 (5 295), 91 (14/), 81(9/) and 44(35/).

Analysis: Found : C» 79.21; H, 10.97

C11H -j q 0 requires : C, 79.52 ; H, 10.84/.

Fragmentation of 6-exo - met hy 1-6- endo - hydro xy- camp hen s (24)

(a) U'ith Hg(0Ac)2: Hg(0Ac) 2 (0.203g, 0.64 mmol) uas added 

to a solution of 2§ (0.106 g, 0.64 mmol) in THF/HgO (ls1, 5 ml) 

at 20° and stirred at the same temperature for 5 h. The 

reaction mixture was diluted with water (10 ml) and extracted 

with ether (10 ml x 3) . The combined ether extracts were 

dried (MagSO^). Removal of solvent gave a gum, which uas 

crystallised from light petroleum to give the organomercurial



34

acetate 25_ as a uhite solid (0.25 g, 9895), m.p. 104-6°.

IR (CHCl^S CO 1705 cm"1; HgOAc 1 600 cm"1.

PMR (CDClj): C-Me1s, 3H, singlets at 0.02, 1.12 opm; HgOAc,

3H, s, 2.02 opm; C0CH3, 3H, s, 2.15 opm; C-=CH, 1 H, bs,

5.4 com.

(b) Uith. bromine: To a stirred mixture of a solution of 

the alcohol 2£ (0.1 g, 0.6 mmol) in CCl^ (2 ml) and Na^CO^O.I g) 

at -5° was added dropwise a solution of Br^ (0.096q, 0.6 mmol) 

in CCl^ (2 ml). The bromine was instantaneously decolorised.

The reaction mixture was filtered and the solvent was removed 

at reduced pressure. The residue was dissolved in dry ether,

LAH (30 mg) Was added and stirred at room temperature (<v30°)

for 5 h. The reaction mixture was decomposed with NH^Cl aq

and extracted uith ether (1 0 ml x 3), The combined ether extracts

were washed with brine (10 ml) and dried (Na2S0^)• Removal of

solvent followed by distillation gave 1 -(2',2 *,3’-trimethy1-

cyclopent-3'-en-1 '-y1) oropan-2-ol (27) as a colorless oil

(90 mg, 90^) , b.p. 90°(bath)/5 mm.

IR (liq. film) (Fig. 13); 00 3360 cm”1; C=C 1 645 cm”1.

PMR (CPC13) (Fig. 14): C-Me's, 3H, singlets at 0.78, 1.0 pom;

C(0H)CH3, 3 4, d, 1.21, 1.25 ppm; 3 = 6Hz; C=C-CH3, 3H, s,

1 . 62, 1.63 pom; CH0H, 1H, m, 3.7-4.06 opm; CH=C, 1H, bs,

5.2R opm', U, = 6 Hz.
•/ h
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Mass: m/e 168(M+, 14/), 135 (2815), 120 (9f,)» 107(1 00/), 93(57/) 

and 91(51/).

Analysis: Found : C, 78.90; H, 12.11

C11H2Q0 requires : C, 78.5'7; H, 11.91/.

(c) 1'1'ith ICi; Fragmentation with ICl followed by LAH 

reduction gave identical result.

1-(2,,2,,3,-Trirnethylcyclopent-3,-en-1,-yl)propan-2-one (1 8)

To the comolex prepared from CrO^ (0.182 g, 1.8 mmol) 

and pyridine (1.8 ml) was added a solution of the alcohol 

27 (0.078 g, 0.5 mmol) in pyridine (0.45 ml) and stirred at 
room temperature (.^30°) for 20 h._ The reaction mixture was 

poured in cold water (10 ml) and extracted with ether (10 ml x 3). 

The combined ether extracts were successively washed with water 
(5 ml), 5/ HCl aq (5 ml x 2)^ water (5 ml), 5/ NaHCO^ aq (5 ml), 

water (5 ml) and brine (5 ml) and dried (Na^SO^) . Removal of 

solvent followed by distillation gave the ketone 1_8_ as a 
colorless liquid (0.066 g, 85/), b.p. 90°(bath)/3.5 mm (lit.16 

b.p. 82-5°/6 mm), n^5 1.4612.

IR (liq. film) (Fiq. 15): CO 1710 cm 1.

PMR (CCI^) (Fig. 16): C-Me’s, 3 H, singlets at 0.78, 1.0 opm; 

C=C-CH3, 3H, s, 1.62 ppm; C0CH3, 3H, s, 2.1 opm; CH=C, 1 H, 

bs, 5.24 opm, Uh = 6 Hz.
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Mass; m/e 1 66(M+, 6%), 123(9%), 108(100-%), 93( 66%), 80(30%) 

and 43(74%).

Analysis; s,Found ; C, 79.38; H, 10.69

*^11H1 Qre9uireSJ C, 79.52 ; H, 10.84%.

6-exo-Cyano-6-endo-hydroxy cam phene ( 28)

A mixture of 6-k8tocamohene (23) (0.396 g, 2.7 mmol), 

acetone cyanohydrin (1.125 g, 13.2 mmol) and a droo of 10%

K2C03 aq was stirred at room temperature (>NJ30°) for 2 h. The 

reaction mixture was ooured in water (50 ml) and extracted 

with light petroleum (10 ml x 3). The combined petroleum extracts 

were washed with brine (10 ml) and dried (l\la2S0^). Removal 

of solvent gave a colorless oil, which was adsorbed on a 

small bed of silica gel (4 g). Eluting with CHCl^ (10 ml) 

removed the imourity. Elution with 10% ethyl acetate in CHCl^ 

gave the cyanohydrin 2j3_ as a colorless liquid (0.371 g, 80%), 

b.o. 150-5°(bath)/ 2.5 mm.

IR (CC1 ) (Fig. 17): OH 3580, 3420, 1 11 0 cm"1; CM 2240 cm-1;

C=CH 1660, 900 cm"1.

PFIR (C0C13) (Fig. 18); C-Me's, 6H, s, 1.12 opm; CH2=C-CH,

1 H, bs, 2.85 opm, U'^~ 4Hz; 0H_, 1H, bs, 3.1 ppm, exchangeable 

with 020; C=CH2, 1H, singlets at 4.98, 5.21 ppm.



3?

Mass: m/a 177 (N+, 8%), 162(81), 121 (?1<£) , 118 (1001),

93 (911) , 79(121;) and 77(17-1).

Analysis: Found : C, 74.81 ; H, 8.19* n, 7, 52

C11H15r'j'1 re9uires: C, 74.57; H, 8.474; N, 7.9091.

Fragmentation of cyanohydrin 28

A solution of Br^ (0.27 g, 1.7 mmol) in CCl^ (2,75 ml) 

uas added dropuise to a cooled (-5°) and stirred mixture of 

a solution of the cyanohydrin 28_ (0.3 g, 1 .7 mmol) in CCl^

(5 ml) and Na^CO^ (0.1 g) . Usual work up followed by LAH 

reduction gave c^-eamoholenic alcohol (3 0) (0.232 g, 90™), 

b.p. 90-95°(bath)/3.5 mm (lit.20 b.o. 90°/3 mm). n25 1.4690.

IR (liq. film) (Fig. 19); OH 3350, 1 060 cm"1; C=C 1 650, 805 cm-1.

PMR (CDClj) (Fig. 20): C-Me_’s, 3H, singlets at 0.77, 0.97 opm; 

C-C-CH^, 3H, s, 1.6 opm; 0JH, 1 H, s, 2.0 oom, exchanqeable 

with D20; CH?QH, 2 4, sextet, 3.69 ppm, 0 = 6 Hz) CH-C,

1 H, bs, 5.25 opm, = 5 Hz.
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