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FRAGMENT AT ION OF HOMOALLYLIG ALCOHOLS i

GEOMETRIC REQU IRS KENT S

Abstract------- Synthesis of a number of Y-hydroxyepoxides

of the bicyclo|2,2,ijheptane system and their fragmen­

tation reactions in acidic and basic conditions are 

described in this Chapter. In basic medium fragmen­

tation occurs only by synchronous concerted mechanism, 

while in acid medium it takes place by a free carbocation 

mechanism as well. For the former mechanism the anti- 

periplanarity of C-0 and cleaving G-G bond is an 

essential geometrical requirement.
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MAGM3NI AT ION OF HOMOALLYLIC ALCOHOLS: 
GEOMETRIC REQUIREMENTS

1. INTRODUCTION
In the last Chapter, fragmentation of 6-hydroxy- 

camphene(l) with different electrophiles was described. 
Conceivably, this fragmentation can proceed in a 
synchronous, concerted fashion(2) or through an acyclic 
species (3.) (FIG.1). It is also evident that the 
synchronous, concerted fashion as depicted in 2 would

■irequire antiperiplanar geometry , whereas no such 
geometrical constraint would exist for the species 3*
In order to gain some information regarding geometrical 
requirements for this fragmentation, work was undertaken 
which forms the subject matter of the present Chapter.

It was thought that 6-hydroxy-(both epimers) and 
7-hydrox3''camphene(both epimers) would provide appropriate 
substrates for such a studyj it may be noted that the 
bicyclo 2,2,ij heptane system, for which such fragmentations 

have been demonstrated(Chapter II)., has been retained in 
these substrates. In order to simulate the three-membered 
cyclic transition state , it was considered worth while- 
to investigate the base-catalysed fragmentation of oxiranes 
derived from both the systems (± and jp* It is generally
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observed that the ring opening of oxirane under 
neutral and basic conditions proceeds via a back-side

■iatt ack which is concerted in nature; the transition 
state for such a mechanism is shown in 6. On the other 
hand^cleavage in acidic condition is believed to proceed 
via a transition state having a good deal of earbonium 
ion character(£)• Keeping these aspects in view, it 
was planned to investigate the fragmentation of following 
epoxides derivable from -the 2 and £. If the above 
considerations are valid, then fragmentation of epoxides 
8, 10, 13 and 15 may be expected to occur under: 
neutral/basic conditions; while epoxides 2,11,12 and 14- 
should resist such a fragmentation. On the otter hand, 
all these epoxides may be expected to fragment under 
acidic condition.

We were able to successfully synthesise the five 
epoxides 8.9.11,12 and 13 and full details of these 
syntheses are given below. Fragmentation reactions of 
these five epoxides under both acidic and basic conditions 
have been studied and discussed later in the Chapter. 
Attempts to synthesise the rest of the epoxides 10.14- 
and Uz were not successful. In the case of 10, due 
to the complete control exerted by endo-hydroxyl group

co
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on the direction^ of attack by peracid on the corresponding 

olefin, we got epoxide Y\_ exclusive^. In the case of 1j+ 

and 1_2 , we failed to make the starting olefin, namely,
7-anti-hydroxycamphene(17) by reduction of 7-ketocamphene 
(16). It is known1*" that reduction of 2-exo-methyl-7- 

ketonorborane with aluminium isopropdxide gives 7-anti- 

hydroxy derivative, whereas reduction with NaBH^ gives 
7-svn-hydroxy derivative. In the present, case, however, 

reduction of 7-ketocamphene with either NaBH^ or aluminium 

isoprop* .oxide gave only 7-syn-hydroxycamphene exclusively. 
This may be due to the thermodynamic stability of 7-syn- 

hydroxycamphene by virtue of hydrogen bonding between 
hydroxyl group and olefinic bona'.*

2. SYNTHES IS OF EPOXIDES
2.1 6 -exo-Hydr oxy-2,10 -e p oxy camp hane s (8_ and £):

6-exo-Eydroxycamphene(1) on treatment with peracetic 
acid, gave a mixture of two epoxides 8 and 2. (60:4-0; PMR) 

in quantitative yield. Their separation by conventional 

column chromatography on SiO^-gel or Al^O^ was not 
possible because of their known rearrangement on these 
adsorbents0. So, 6-exo-hydroxycamphene(1) was converted 

to its formate 18 and then epoxidised as above to give 
the epoxy formates 12 and 20 in the ratio 60:4-0 (PMR) 

in quantitative yield. Preparative Gas Liquid Ghromato-
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graphy(GLC)(20$ SE 30, 20 M, chromosorb W (1+0-60 mesh),
12' x 3/8n, Al, 160°, 100 ml/min) led to the isolation 
of the major one (RRT=2.3) in the pure form. However, 
the minor component (RUT-2*5) could not be isolated in 

pure state. Nevertheless, since the major component 
could be isolated in pure state and its structure assigned 
unequivocally, the signals due to the minor component 
in the PMR spectrum of the mixture could be distinguished 

accurately. These signals were utilized to deduce the 
fate of this component during fragmentation of the 

mixture.

That the major component has the structure 18 

was concluded from the following data.

(i) The propensity of exo-attack in bornane systems^ 

is well established. It was therefore expected that the 
one formed in excess over the other should have exo­

epoxide structure 1£.

(ii) Anisotropic distribution of an epoxide ring is 
paramagnetic around the oxygen ring and diamagnetic at 
the neighbouring carbon atom (1FIG.2). In the present case,

FIG.2: Anisotropic effect of the epoxide ring



in the PMR of the major component, proton cX- to the 
formyloxy group appears at 4.87 ppm, whereas in the 
PMR of the mixture the corresponding signals appear- 
at 4.87 and 5»05 ppm. The C4-endo proton in endo 
epoxide 20 is on the same side of the epoxy oxygen 
and expected to experience a paramagnetic shift. In 
the exo-epoxide 19 , the epoxy-oxygen and C^-endo 
proton are far apart. Hence the minor component was 
assigned endp-epoxide structure 20 and major component 
was assigned exo-epoxide structure 1£.

iii) The configuration of the isolated pure epoxide is
further confirmed by PI® lanthanide shift reagent study.
We have used EuCFOD)^ complex with the epoxide for the
assignment of its structure. In the pseudo contact
interaction of lanthanide complex, the magnitude of
Lanthanide Induced Shift(LIS) of a proton is dependent
upon its average distance from the lanthanide .'.metal 

qion . However, the precise location of the lanthanide
nucleus (metal ion) in such a system cannot be established
with certainity. Hence, we adopted the method of Cockrill 

10and co-workers . These authors have suggested an 
alternative approach which obviates the need to know 
the precise location of the lanthanide nucleus.

co
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Measurements or calculation of r from a specific 

proton to the periphery of the co-ordinating pair 

of electrons gives the observed relationship of 
S*&< r~2,22.

The effect of incremental addition of Eu(FGD),

upon the chemical shift of C^-endo proton and Co­

rnet hyl groups is shown graphically in FIG-3.

WhereCas there is no ambiguity about the assignment 

of C^-endo-protons, assignment of chemical shift of 

CU-exo and endo-methyl group was based on the general

2,2,1 heptane systems.observation that in bicyclo

exo-methyl group appears downfield compared to 
11endo-methyl group . We have measured the distance 

between the centre of the hydrogen nucleus and the 

perimeter of the ion pair of oxygen of the oxirane, 

using Prentice Hall Framex<rork Molecular Models. A plot 

between the shift parameter(s) and the r gives o.

straight line passing through zero as shown in FIG 4-.

*The chemical shift of a particular hydrogen atom 

varies linearly with molar ratio of EuCFOD)^ to the 

substrate. The europium shift parameter 'S' can be 

determined from the slope of the graph of induced 

chemical shift vs. molar ratio of shift reagent to the 

substrate and is equivalent in magnitude to the induced 

chemical shift produced by equimolar quantities of the 

shift reagent to the substrate.
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Eu (F00)3/EP0XIDE (19)
F!G. 3 * THE RELATION BETWEEN CHEMICAL SHIFT AND THE MOLAR 

RATIO OF Eu (FOD)3/ EPOXIDE (19).
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The above epoxy formate 12 was converted to the 

desired hydroxy epoxide 8 by hydrolysis with aqueous 

NaHGO^.

2.2 6~endo-Hydroxy-2,10-endo-epoxycamphane (11)

Epoxidation of 6-endo-Hydroxycamphene 1 (Chapter II) 

with peracetic acid gave a single epoxide in quantitative 

yield. Out of the two possible structures 10 and 11 

for this epoxide, the former is ruled out based on 

mechanistic considerations as follows'.

In the epoxidation of olefinic alcohols in non­

polar solvent, it is known that the polar hydroxyl 

group influences the direction of attack by the peracid «

This directive effect of hydroxyl group has been suggested 

to arise because of hydrogen bonding between the hydroxyl 

group; and the attacking peracid. For instance, the 

homoallylic alcohol 21 on epoxidation with perbenzoic. 

acid in dichloromethane gives epoxide 22. In the present 

instance, the transition state can be depicted as shown 

in 2^.

2.3 7-syn-Hydroxy-2,1O-epoxycamphanes (12 and 13)

The starting material for the synthesis of these 

two epoxides 12 and 13. is obviously 7-syn -hydr oxyc amphe ne 5* 

This alcohol can be conveniently obtained by the selective 

reduction of 7-ketocamphene 16,. We developed an efficient 

method for synthesising this ketone as described below.

C
3
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1 3The known J procedure calls for reduction of 

cX -amino camphor 2k to 3-endo-aminoborneol /3-endo- 

aminoisoborneol, followed by rearrangement to 7-anti- 

aminocamphene 2£, diozotisation and oxidation of the 

resulting 7-anti-hydroxycamphene. This sequence of 

reactions affords 7-ketocamphene 16 in an overall 
yield of < 1 5% from e&mphor. We now report a new* 

simpler route (FIG 5) leading to 16 in over 60$ yield 

from camphor.

The key step in the new sequence (FIG 5) is the 

rearrangement of 3»3-ethylenedioxyisoborneol 27. 

readily available J in high yield from camphorquinone 

26 , to the required 7j7-ethylenedioxycamphene 29.

Treatment of 22 with p-toluene sulphonyl chloride in 
pyridine at 88-90°(40 hr) gave a high yield of the 

corresponding tosylate 28, but no rearrangement took 
place^. However, in refluxing pyridine (56 hr ), the 

desired 7,7-ethylenedioxycamphene (29; 55$)>as was 

clear from the spectral characteristics of the product, 

together with the tosylate 28('-"20$) and unreacted 

isoborneol 27(^10$) was formed. The same reaction,

A probable formation of 7-ketocamphene by acid

catalysed rearrangement of ehrysanthenone has also 
1 h

been reported
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30R=CH2CH2OH
31 R - H

REAGENTS'"
(!)HO-(CHa)2-OH / P-TSA, LAHj (25 P-N© CsHaSOiCI / 80-90%' 

(} Ala Or Benzene/ 80s/ (45 P Me CkhUSCteCWltO^

(5) 2NH2SO4 ; (6) 0 -70% HCIO4 aq. diox an© (80 : 40 v/v), 

(7) BF3~EWO-

G-5* 7,7-ETHVLENEDiOXY C A M RHEME AMD ITS DEKETALISATION



when carried out with methane sulphonyl chloride proved
more sluggish, only10$ of 22 having been formed
after 24 hr at reflux. In an effort to improve the
yield of 22, solvolytic type rearrangement of the
readily accessible tosylate 28 in alumina matrix' was
investigated. When 28 was adsorbed on AlgO^ and
allowed to stand at room temperature (^30°) for 4-8 hr
29 was formed to the extent of only 10-15$, balance
being the unrearranged starting material. In a
modification aimed at hastening the reaction, 28 was
stirred with AlgO^ in refluxing benzene; this resulted
in a much improved yield of 2£ (r*> 70%) together with
a new product 0>»30$). This by-product is assigned
structure on the basis of spectral characteristics-
IDMCCl^) (FIG 21): C00R 1735, 1155 cm"1; OH 3450,
1080 cm"1; C=C 1060 cm"1. PMKCCl^) (FIG 22): two

tert-Me’s (3H, singlets at 1.01, 1.12 ppm); Me-C=C(3H,
s, 1.67 ppm); -C00CH2~CH2-0H (2H, m, 4.11-4.23 ppm),
C00CH2-CH2-0H(2H,m,3.66-3.S0 ppm); C=CH-CH2(1H,bs,
5*3 ppm).Structure 32. was readily confirmed by its

1saponification to the known 31 . Conceivably, 32.
arises from acid-catalyzed (at the Bronsted/Lewis acid 
sites of alumina y) fragmentation of 7,7-ethylenedioxy- 
camphene 2£, on the lines depicted in FIG-6. If this
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COOCHtCH?OH
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POSSIBLE MECHANISM OF ACID-CATALYZED FRAGMENTATION Qf 
1,1- ETHYLEN EDiOXY CAM PHENE (29)

34R~€H2OH

40 Rp CB^OH; 
4!RfH ' RaiCHiOH
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indeed is the path way to 30, then it may be possible 
to suppress this reaction by suitably blocking the acid 
sites on alumina. In practice., addition of pyridine(20$, 
on alumina v/w) to the reaction mixture resulted in an 
excellent yield (88$) of the required 29.

The susceptibility of £2 to acid-induced fragmentation, 
as experienced above, was expected to vitiate the next 
step, viz deketalisation of 22 to the required 7-keto- 
camphene (16). 7,7-Sthylenedioxycamphene 2£ offers two
sites for protonation. Preferential protonation at the 
ethylenedioxy moiety may be expected to give rise to the 
desired 7-ke toe am phene 16, while protonation at the 
exocyclic olefinic bond may be expected to trigger the 
fragmentation reaction. In view of these considerations,

s

exposure of 22 to a variety of acidic environments 
was investigated. Treatment of 22 with 1 to 4$ HC1 
aq. gave varying proportions of 1_6 and 32. Interaction 
of 22 with BF^-StgO led to the exclusive formation 
of 30. Treatment with 2N and 6N HgSO^' in aq. dioxane led 
solely to the formation of yet another product, which 
has been formulated as 32; the basis for this structural 
assignment will be discussed later. Lactone 32 can arise 
from both l6and 30, the products of acid hydrolysis of 
ketal 22* Whereas... unsaturated ester can lactonise with 
or without the prior formation of acid 31) 7-ketocamphene
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must, however, first fragment to the acid 31* It may 
he noted that 7~ketocamphene 1.6 may he specially prone

pto this type of fragmentation , as the presence of SP 
carbon at of hicyclo |~2,2,l] heptane system would 

mean widening of the )“c(7 )“C(l4-) 911resulting 
in greater strain in the molecule*^. After a series 

of protracted experiments to evaluate the effect of 
acid concentration on the above reactions, it was 
found that lower acid concentrations favour formation 
of 7-ketocamphene, while higher acid concentrations 
favour fragmentation and lactonisation. It was finally 
found that the action of 0»7$ perchloric acid in 
aq. dioxane (1+20-I+6°; 56 hr ) on 2^ resulted in an 
excellent (95$) yield of the desired 7-ketocamphene 16.

No. fragmentation during solvolysis of 33 has been 
20observed , though the corresponding 7-ketal does 
21fragment

A similar fragmentation followed by lactonisation 
2?has recently been observed in the SbP^-catalysed

rearrangement of 3-exo-bromocamphor.



That the new product obtained from the interaction 

°f 22. and 2-6N HgSO^ in aq. dioxane (vide supra) has the 

structure 32, was essentially clear from its spectral 

characteristics, especially the presence of an absorption 

at 1767 cm due to the lactone and the presence of a 3H 

singlet at 1.21 ppnKCH^-C-O) and 1H singlet at 2.10 ppm 

(CH-CO) in PMR spectrum. The structure was further secured 

by its saponification to the hydroxy acid 3ifc* IR:0H 358^* 
1106 cm"”*; GOOH 1690, 920 cm’“\ 3it could be reconverted to 

the lactone 32 by treatment with methane sulphonyl chloride 

and pyridine or 6N I^SO^ aq. On IAH reduction 32 was 

converted to the diol 3£. Pffi: CH20H(2H, m, 3.39-3.85 ppm).

While repeating the deketalisation of 22 it was 

observed that whenever dioxane was contaminated with its 

hydroperoxides, the resulting 7-ketocamphene underwent 

some Baeyer-Villiger type oxidation, leading to a mixture 

of lactones 36 and 32* Indeed, 16 on treatment with 2N- 

sulphuric acid in dioxane containing peroxides gave a mixture of 

36,32 and 32 C*+:1:2 by PPR), which could be separated by 

chromatography into pure 36 and a mixture of 32 and 37.

The structure of 36 and 32 are based on their spectral 

characteristics (Experimental). It is noteworthy that 

under the reaction condition, no epoxidation of exo-



97
cyclic olefinic bond of 16 took place. This is in 
contrast to the reaction of 7-ketocamphene 16 with 
peracetic acid in which the epoxidation and Baeyer- 
Villiger type oxidation products were formed in ratio 
(PMR) of 4:1. The synthetic potential of dioxane 
hydroperoxide for selective Baeyer-Villiger type 
oxidation is being explored.

Finally, the epoxidation of 7-syn-hydroxycamphene 5/ 
obtained by the reduction of 7-ketocamphene with NaBH^,

CLwith peracetic acid in dichloromethane gives^single 
epoxide in quantitative yield. On the other hand, 
the epoxidation of the corresponding formate gives a 
mixture of two epoxides in the ratio 8:2(PMO,which on 
hydrolysis gives a mixture of 7-svn-hvdroxycaraphane 
epoxides (12 and 13), in which major one is identical 
v jt'o the single epoxide obtained by direct epoxidation of 
7-svn-hy dr oxyc amphe ne. This clearly shows that 7-hydroxy 
group is directing the attack of peracid leading to a 
single epoxide with the exo-configuration. When hydroxyl 
group is protected the directing influence of hydroxyl 
group is lost but in view of the ease of exo- attach, 
the exo-epoxide still predominates in the product. Thus 
the major epoxide was assigned the exo- configuration and 
formulated as 12 . The minor epoxide 13 could not be 
isolated in pure state but its fragmentational behaviour 
was studied in the mixture of two epoxides.
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3. ffiAOHEMiffiiaEf OF EPCKIDES

The hydroxy-epoxides 8, 9? 11? 12 and 13 were 

subjected to fragmentation under various conditions 

and results are summarised in Table I.

3.1. Fragmentation of 6-exo-hvdroxv-2.1Q-exo-enoxv camphane(2.)

When epoxide 8 was treated with 0.25$ HCIC^ in 90$ 

aq.dioxane? it smoothly fragmented to give the expected 

aldehyde 3§ in almost quantitative yield, which was 

homogeneous on TLC and PMR (FIG 35)* The PMR spectrum of this 

product shows two quaternary Me's each as singlet at 0.86 

and 1.06 ppm and a broad signal at 4-.15 ppm and a triplet 

at 9.78 ppm(J =1.5 Hz). It’s IR spectrum(FIG 3^) shows
p*1

a carbonyl frequency at 173° cm and absorption at 
2720 cm“1 assignable to the aldehyde function. This 

product gives strong yellow colour with TNM indicating 

the presence of double bond. Based on the mechanistic 

consideration and spectral data, the product was assigned 

structure 38. Also, this epoxide 8 fragments under basic 
conditions (HaH/THF, 60°) to give the same aldehyde 38? 

as show by the PMR of the aliquots withdrawn at various 

stages of the reaction.



Table-I : Fragmentation of epoxides

Substrate Reagent Product Yield

i) H+

ii) NaH/THF

XHO ,~100$

8

--- —L /OH
n

i) H+

ii) NaH/THF
3f -10#

No reaction

i) H+ 3® ~100$

ii) NaH/THF No reaction —OH /3-

n .CM
✓ OH i) H+ z£y ~100$

\ho

12
ii) NaH-THF No reaction “

i) H+ 3T' —'90/

ii) NaH-THF No fragmen­
tation

ia

* Hyctroxy aldehyde 32 was identified by reduction with LAH 

to the corresponding diols & 'If 10.



3.2 Fragmentation of 6-exo-hvdroxy-2.1O-endo-e-poxycamphane(9)

The behaviour of this system was studied using the 
mixture of the two epoxides 8 and 2* When this mixture 
was treated with 0*35% HCIO^ in 90% aq. dioxane, both 
the epoxides fragmented smoothly to give the hydroxy 
aldehyde 38* But , when the same mixture of epoxides 
was treated with base (NaH-THF, 60°) only one of them, 

namely,.. 8 9 fragmented, while the other epoxide £ 
remained int.S,et:,: as revealed by PMR. of aliquots 
withdrawn at various stages of the reaction.

3.3 Fragmentation of 6-endo-hydroxy-2,1O-endo-epoxycamphane. (11)

Exposure of epoxide XI 4o 0.35$ HCIO^ in 90^ aq. 
dioxane (10°, 15 min) furnished^, in almost quantitative 
yield a monocyclic aldehyde £8, but the same epoxide 
failed to fragment under basic conditions (NaH-THF, 60°).

3.4 Fragmentation of 7-syn-hydroxy-2,10-exo-epoxycamphane(12)

Treatment of 12! with 0*35% HCIQ^ in 90$ aq.dioxane 
(10°, 15 min) furnished in almost quantitative yield, a 
mixture of epimeric aldehydes 3£r; (3R:CH0 2720, 1725 cm“1 ),
which was further characterised by reduction (L&H) to 
diols40 (PMR-G-Me’s 1.24, 0.88 ppm; CH0H, 1H,s,4.1 ppm; 
CH20H, 2H, m, 3.6 to 3.9 ppm) and 4j_ (PMR-C-Me's 1.24,
O.98 ppm; CHQH ,1H,s,4.1 ppm; CHgOH, 2H, m, 3.6 to 3.9 ppm);



in which 40 predominated. The formation of both 

epimers rather than only 40, is ascribed to acid 

catalysed epimerisation (to some extent) at Cg 

under the reaction condition. But the epoxide 12 

remains intact under basic condition (NaH-THF, 60°,

2b hr) and the starting epoxide was isolated.

3.5 Fragmentation of 7-syn hydroxy-2,10-endo-epoxy 

camphane (13)

The behaviour of this system was studied 

using the mixture of two epoxides 12 and 13..

This mixture, when treated with HCIC^ in aq.dioxane 
(10°, 15 min) furnished in almost quantitative yield 

a mixture of epimeric aldehydes 32.* which was further 

characterised by reduction (LA.H) to diols 40 and 

as above.

If .REACT ION OF 7 -SYM-KYDh OXYCAMPHENE (£)

4.1 With Bromine

Treatment of 5 in CCl^ with one molar equivalent 
of bromine {$% solution in CCl^ added dropvise at 0° 

over a period of 5 min.) in presence of excess sodium 

carbonate, furnished in almost quantitative yield, a 

mixture of vinyl bromides b2 and J+3 in the ratio 

8:2 (PMO respectively, which was separated by SiOg-gel 

column chromatography into pure b2 and M>* The structure



assignment of the two bromides 42 and 43. was easily- 

made on the basis of difference in chemical shift of 

bridge head allylic proton in the PI® spectrum. This proton
appears down field (3.10 ppm) in 42 compared to 43(2.6 ppm).

24The strong deshielding of the allylic bridge head proton 
leads to the assignment of the bromine as anti with 
respect to gem-dimethyl group at in 42.

4.2 With Mercury (II) Acetate

Treatment of £ with mercuric acetate/NaBH^ gave the 
normal oxymercuration -demereuration^ products 44 and 4£ 

in the ratio 7-3 (PMR) in almost quantitative yield. The 
formation of both epimers (44 and 45), rather than only 

44,1s ascribed to the formation of free carbonium ion 
followed by attack of the external nucleophile to give 
the major exo epimer 44 . The pure 44 was obtained by 

chromatography, which on dehydration with alumina gave 
the starting 7-svn-hydroxvcamnhene £.

5.DISCUSSION
As expected, only the epoxide 8 which possesses 

a favourable geometry fragments under basic conditions.

The epoxides £, 1J, and 13 where the cleaving bond C-C 
and C-0 bond are synclinal, remain unreacted under 
these conditions.
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Under aeidie condition, all three 6-hydroxy-2,10- 
epoxycamphanes (8,2 and 11.) fragment to give the corresponding 

monocyclic aldehyde 32* However, 7-syn-hydroxycatnnhene with 
electrophilic reagents such as bromine, mercury(II)acetate or 

even 7-svn-hydroxv-2,1O-epoxvcamnhane 12 on treatment with 
acids failed to fragment. The epoxide 12 under acidic 
condition undergoes normal rearrangement to the aldehyde 32 
which is in contrast to the fragmentation of the epoxide 9/11 
under the same conditions. The difference in the behaviour 
of 12. versus 9/11 could originate from the following 

reasons:

In 9/11 the oxirane ring which is on the endo- side 
of the bicyelo|j2,2,l] heptane skeleton experiences interaction 

from the endo substituents at and C^, which forces it to 
open up to a free carbonium ion 46, which then cleaves. The 

oxirane ring in 12. on the other hand, is exo, which, under 
acidic condition either does not open up to a free carbonium 
ion(but forms a protonated bridged species 47,which can 
rearrange^0) or if it does form 48, the overlap of the vacant 

p-orbital in the free carbonium ion with -Oy bonding orbital 
is not sufficient2^ to cause fragmentation.

In the oxymercuration of norbornane 49, exo-methoxy-
27

norborane derivative 52 or acetoxy derivative 51 are formed .



The reaction is believed, to proceed either via a mercurium 

ion A followed by cis -opening: of three membered cyclic 

transition state with a nucleophile or a free carbonium ion 

B as an intermediate in this reaction (FIG.7B)*

7-syn-Hydroxycamphene (£) when treated with mercuric 

acetate gave mostly a mixture of two epimeric diols j+3, and 

M+ and no fragmentation took place. Whether the intermediate 

is a free carbonium ion or three membered transition state, 

the capture of an external nucleophile (viz OH/OAc-ions) 

appears to be favoured over the collapse of bond.

Similarly, the bromonium ion $2 derived by treatment of 

£ with bromine quenches itself by eliminating a proton to a 

mixture of vinyl bromides and is£*

Thus^ it is unequivocally established that in basic 

medium fragmentation occurs only by synchronous concerted 

mechanism and also that the antiperiplanarity of C-0 and 

cleaving C-C bond is an essential geometrical requirement for 

such a mechanism. In acidic condition only 6-hydroxycamphene 

or its epoxides fragment smoothly but it seems that 7-syn- 

hydroxycamphene or its corresponding epoxide possess geometric 

features unfavourable for such fragmentation.



1 OG

50 R-OMe
51 R=OAc

FIG .7 B
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BXPER MENTAL

For general remarks see Chapter-II of this thesis.

6-exo-Hydroxy-2,1O-epoxycamphanes (8 and 2.)

Peracetic acid (82 mg, 1.1m mol) was added dropwise 

to a precooled ( 25°) solution of 6-exo-hydroxycamphene 1,

(152 mg, 1 m» mol) in dichlororoethane and anhydrous sodium 

carbonate (100 mg) and kept at -5 ± 1° for 36 hours. Then 

the reaction mixture was diluted with diehloromethaneO 5 ml)* 

Excess of peracetic acid was removed by washing with water 

till neutral and dried. Removal of solvent gave a yellow 

coloured liquid (158 mg, 95%h "the mixture of epoxides 8 

and 2 in ratio of 3*2 (PMR) respectively. IR(GCl2+)(ffIG 8):
OH 3610, 3495 and 1040 cm"1; epoxide 3045,1220 and 880 cm"1. 

PMEKCCl^) (FIG 9): tert Me's singlets at 0.81, 0.85 ppm for 

8, 0.69, 0.95 ppm for £ ; CH0H (1H, ad, 3*87 ppm for 8 ,

4.09 ppm for £)• (Found: H, G, 71.32; H, 9*52«C1()H1602 

requires C, 71*42; H, 9.52JO*

6-exo-Formyl-2.1Q-enoxycamphanes(19 and 20)

6-exo-Hydroxycamphene 1 ( 456 mg, 3 m mol) was dissolved 

in a mixture of acetic anhydride (306 mg,3 m mole) and formic 

acid (138 mg, 3 m mole) and stirred for 15 minutes. Acetic 

acid formed was removed under high vacuum (2 mm) to furnish 

a colourless liquid, 6-exo-formyl camph&ne 18. (0.540 mg,-100$).
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To a cooled solution of the above formate (540 mg,
3 m mole) in dichloromethane was added an aq. solution 
of peracetic acid (228 mg, 3 m mole). The reaction mixture 
was kept at -5+1° for 24 hours and worked up as above to 

give epoxides 12 and 20 in the ratio of 3*2 respectively. 
PMUCClj^) (FIG 10): tert Me*s singlets at 0.87, 0.89 ppm 

for 12, 0.75, 0.99 ppm for 20 ; CH0H(1H, dd, 4.87 ppm for 
19. 5»05 ppm for 20). Preparative GLC (20$, SS 30, 20M 
chromosorb W (45-60 mesh), 12' x 3/8”, Al, 160° 100 ml/min) 

provided a mixture of 20 and 1_2 and pure 12 •

Compound 12, B.P. 120°G/8 mm. IR (CCl^) (FIG 11): 0UOR 
1725,1155 cm"1; epoxide 3045, 1220 cm"1. PMUCCl^)(FIG 12): 

two tert Me's (3H, s, 0.87, 0.89 ppm); CH0H (1H, dd, 4.87 ppm, 
10 Hz^=3.5 Hz) ; (2H, q,2.63 ppm, ^ = 6 Hz,

J2= 11Hz).

6-exo-Hydroxy-2,10-exo-epoxycamphane (6)

6-exo-Formy1-2,10-exp-epoxycarophane 19 (90 mg, 0.5 ra mole) 
was dissolved in 10$ NaHCO^ in methanol aq. (50:50, 20 ml) and 
stirred at room temperature (<^30°) for 12 hr. The mixture was 

diluted with water ( 10 ml) and extracted with ether (10 ml x3). 
The ether extracts were washed with brine (10 ml) and dried.

co



Removal of solvent furnished a colourless liquid, 6-exo- 
hydroxy-2,10-exo-epox.ycamnh8.ne 8 (70 mg , 100$). IR(CCl^) 
(FIG 13): OH 3610, 3495 and 1040 cm"""**, epoxide 3045,1220 cm”1 

PMR(CX31lf )(FIG 14): tert-Me *s singlets at 0.79, 0.85 ppm;
Q^h'flU

^ (2H, q, 2.55 ppm,^ = 55 Hz,J2= 11 Hz);

CHOH (1H, dd, 3*87 ppm?J|=10 Hz, J2=3-5 Hz), (Found : 0, 71.21 
H, 9.48.C1QH1602 requires C, 71-42*, H, 9-52$).

6-endo-Bydroxy-2,10-endo-epoxycamphane (11)

Peracetic acid (82 mg, 1.1 m.mole) was added dropwise 

to a precooled ( 5°) solution of 6-endo-hydroxycamnhene X 
(152 mg, 1 m. mole) in dichlromethane (5 ml) and sodium 
carbonate (50 mg) and kept at -5+10 for 36 hr. Then the 

reaction mixture was diluted with dichloromethane (15 ml). 
Excess of peracetic acid was removed by washing with 10$ 
Ha2S03 aq. ( 10 ml x 2). It was washed till neutral and 

dried. Removal of solvent gave a colourless liquid 6-endo- 
hydroxy-2«10-endo-epoxycamphane 11 ( 158 mg, 100$). IR(CCl^): 
OH 3610, 3495 and 1040 cm”1? epoxide 3040, 1220 cm”1.

PMR(CCl), )(FIG.15); tert-Me !s singlets at 0.91, 1.05 ppm?G ^/ \
c----- CH2 (2H, s, 2.6 ppm); CH0H(1H, bs, 4.2 ppm).(Found
C, 71.315 H, 9-49.010Hl602 , requires G, 71-42; H, 9-52$).



Reaction of 3,3-ethylenedioxyisoborneol 22 with p-toluene

sulnhonyl chloride

(i) Formation of 2-exo-tosyloxy-3.3-ethylenedioxy bornane(28):
—

A solution of 22 (0.638 g; 3m mol) containing p-toluene

sulphonyl chloride (0.665 g, 3*5 ® mole) was heated at 88-90° 

for 40 hr. The mixture was cooled to room temperature (^30°) 

and poured onto crushed ice ( 30 g.) when a crystalline 

precipitate was formed which \ms filtered off, washed with 
water (10 ml), dried (5 torr/30°) and crystallised from light 

petroleum to give 28 (0.91 g, 88^); m.p. 92-93°* IR(Wujol)

(FIG 16): OTs 1352, 1178 cm"1. PMRCGGl^)(FIG 17): tert-Me’s 

singlets at 0.64, 0.79, 1*06 ppm; AyMe(3B,s,2.45 ppm); 

0-CH2-GH2-0 (2H, m, 3*70-3*91 ppm); CH-OTs (1H, s, 4.29 ppm)*, 

aromatic Hs (4H, m, 7*25-7*85 ppm).(Found G, 62.26; H,6.97- 

C19H26°5S recIuires : G» 62*28; H, 7*15$0*

(ii) Dehydrative rearrangement of 22 : 4 mixture of 22

(1*50 g, 0.5 m mol) and p-toluene sulphonyl chloride(3*0 g, 

:20mmol) in pyridine (25 ml) was refluxed for % hr . The 

mixture was cooled to room temperature and poured with 

stirring into ice cold water (200 ml) and extracted with 

ether (50 ml x 3). The ether combined extracts were washed 

and dried. Removal of solvent gave a residue (1.1 g) which 

was chromatographed over neutral alumina (IIB, .36 x 1.5 cm 

column).



Fr. 1 Light petroleum 50ml x 3 0.730 g essentially 2£
Fr. 2 Benzene 50ml x 3 0.220 g essentially 28
Fr. 3 5$ StOAc in C6H6 50ml x 3 0.150 g unreacted 2£

Fraction 1 was distilled to yield 2£; b.p. 82-83°/® ^93%

pure by glc, 10$ carbowax, 20 M 12'?160°). M (CCl^XFIG 18): 
C=CH2 3040, 1650 and 875 cm"1*, ketal 1189, 1120 and 1079 cm"1. 

PMR(CCl^)(FIG 19): tert-Me!s singlets at 1.08, 1 .26 ppm; 
GH-C=CH2 (1H, d, 2.22 ppm, J = 3-5 Hz); 0-CH2-CH2-0 (4H,m,3.65- 
3*96 ppm); CsCH^two 1H singlets, 4.58, 4.70 ppm). Mass: m/e 
194(M+,63$X?179(4l$), 152(90$), 151(20$), 113(19$), 107(67$), 

99(100$), 94(52$), 93(38$), 91 (48$)IFound C, 73.95;H,9.1S 
Gi2Hi8°2 requires G, 74.19; H, 9.54$).

Rearrangement of the tosylate 28

(i) At room temperature: The tosylate 28(0.122 g?0.3 m mol) 
was adsorbed on a dry column of alumina ( I, 12 g?20 x 1.5 cm) 
and allowed to stand at room temperature (^30°) for 48 hr. 

Blution with benzene (50 ml) gave a mixture of 28 and 29 
(85:15, 106 mg).

(ii) In refluxing CgH^ : A mixture of 28 (2.15 g, 6 ro mol)

and alumina ( I, 10 g) in benzene (15 ml) was refluxed for
24 hr. It was cooled to room temperature and filtered. Alumina 
was washed with excess benzene (20 ml x3). The solvent was
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removed from the combined organic extracts to get 29 
(0.75? 70%). Alumina was further washed with 20%
EtOAc in (10 ml x3). Removal of solvent furnished
a yellow liquid ( 300 mg, homogeneous on tlCjSiO^-gel, 
EtOAc-C^H^, 5*95) which was found to be 30.

(iii) In refluxing benzene and in -presence of -pyridine:
A mixture of 28 (1.0 g?2.7 m mol) and alumina (I, 10 g) 

in benzene (15 ml) and pyridine (2.0 g) was refluxed for 
24 hr . It was worked up as usual to give 22 (0.470 g,
8$%).

Saponification of 3Q

The hydroxy ethyl ester 30(50 mg^O.2 m mol) in 
methanol (10 ml) was mixed with 20% NaOH aq (15 ml) 
and the contents were refluxed for 12 hr. After dilution 
with water (50 ml), the mixture was acidified with 3 N.HC1 
and extracted with ether (30 ml x 3)* The organic extracts 
were washed and dried. Removal of solvent and crystalli­
sation of the residue from light petroleum furnished 31 
(30 mg, 100%)) m.p. 78-80°(Lit 77.6-78.6°) •
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Hydrolysis of ketal £2

(i) Reaction of 22 with 2N HgSO^-formation of lactone

32: 7,7-Hthylendioxycatnphene 22 (194 rag, 1 m mol) was

dissolved in 2 N HgSO^ in aq dioxane (40:60, 20 ml) and

ostirred at room temperature ( r^30 ) for 6 hr. The mixture 

was neutralised with 5% NaHCO^ aq.(5 ml), diluted with 

water (50 ml) and extracted with ether (10 ml x 3). The 

ether layer was washed and dried. Removal of solvent 

furnished a white solid which on crystallisation from light. 
petroleum ether gave 32.• (168 mg, 100%); m.p.107.8°(sealed 

tube). (9 5% purity by glc, 5% carbowax, 20 M, 6',170O). IR 

(CHC13)(FIG 20 )* 0=0 1767, 1100 and 946 cm’1. PMEI(CDC13)

(FIG 21 );tert«Me1 s (6H,s,1.05 ppm); CH^-C-0 (3H,s,1.23 ppm), 

GH-C0 (1H, b s, 2.10 ppm). Mass m/e 168 (M%0.6%), 140(17%), 

1250lf), 124(12%), 111(15%), 109(37%), 108(20%), 97(13%), 

83(16%), 82(100%) (Found: 0,71 .15? H, 9.41. C^H^Og 

requires: C, 71.39; H, 9-59%).

(ii) Reaction of 2£ with BF^-StgO : BF^JStgO (0.1 ml) was

added to a stirred solution of 2£ ( 20 mg) in anhydrous ether

(20 ml) at 0°. The mixture was stirred for additional 3° min, 

diluted with water (30 ml) and extracted with ether(20 mlx3). 

The ether layer was washed and dried. Removal of solvent 

furnished 30 (12 mg) which was homogeneous by tic.

c_
_5



mCCCl^KFIG 21 )*CQOR: 1735, 1155 era"1; OH 3450,1080 cm"1 

C=C 1666 cm 1. PMEUCCI^)(FIG 22): two tert-Me!s(3H singlets 

at 1.01, 1.12 ppm); Me-C=C (3H,s,1.67 ppm ),-C0GCH2-CH2-0H 

(2H, m, 3.66-3.80), -COOCHg-CHg-OH (2H, m, 4.11-4.23 ppm), 

C=GH.CH2 (1H, bs, 5*5 ppm). Mass: m/e 212(M+, 17$), 

151(20$), 150(44$), 123(44$), 122(62$), 108(18$), 107(100$), 

96(50$), 93(19/0, 91(18??), (Found:0,67.97; H, 9.18.

C10H2o°3 requires C, 67.89; H, 9.50$).

(iii) Reaction of 22. with HGIO^: A solution of 22

(195 mg, 1 m mol) and 70% HC1(\^(0S3 ml) in aq.dioxane 
(40:60, 30 ml) was stirred at 42-46° for 56 hr. The 

mixture was cooled to room temperature, neutralised with 

5$ NaHCO^ aq(20 ml) and extracted with ether (25 mlx3).

The ether layer was washed with brine (10 ml x 3) and dried. 

Careful removal of solvent furnished the desired 1.6 
in almost quantitative yield (150 mg),*m.p. 70-71 °(Lit13 

55- 6°), 3R(CHClg)(FIG 23):C=0 1772, 1750 cm"1, PMUCCl^)

(FIG 24):two tert-Me’s (3H,s,1-09, 1 .24 ppm); C=C-CH-(1H, 

d, 2.45 ppm,J=4.0 Hz); C=CH2 (1H singlets at 4.80, 4.88 ppm).

Saponification of lactone 32

The lactone (168 mg, 1 m mole) in methanol (10 ml) was 

mixed with 20?? K0H aq05 ml). The mixture was refluxed 

for 12 hr cooled to room temperature and diluted with 

water (25 ml). After acidification with 10 N.HC1, it 

was extracted with ether (20 ml x 3 ) and the combined



ether extract was adried. Removal of solvent gave 33 
(160 mg, 100#); m.p.105°. EKCHCI^XFIG 25)j OH 3584,
1108 cm“1*,C00H 1690, 920 cm"1. PMRCCDCl^KFIG 26): 

two tert-Me’s singlets at 1.06, 1.12 ppm; CH^-C-OH 
(3H, s, 1.19 ppm)*, GHCOgH (1H, bs, 2.55 ppm)„(Found:
C, 64.39; H, 9.53.C10Hl803.requires:G, 64.49,H,9.74$).

Lactonisation of hydroxy acid 33

A solution of 33 (10 mg) in pyridine (3 ml) 
containing MeSO^Cl (20 mg) was refluxed for 2 hr.
It was worked up in the usual manner to get a product 
(8 mg) which was identical with 32. (m.p.,tlc, 3R,PMR).

LAH reduction of lactone 32

Lactone 32 ( 84 mg,0.5 m mol) was reduced with
LAH (40 mg, 1 m mole) in dry ether (20 ml). After usual 
\rark up, gave diol 34 in quantitative yield. IEUCCl^)
(FIG 27): OH 3600, 3380, 1255 and 1010 cm"1. PMEXCCl^)

(FIG 28): tert-ffe's singlet at 0^92^1.01 ppm; CH^-C-QH 
(3H, s, 1.20 ppm); CH20H(2H, m, 3•39-3*85 ppm).(Found:
G, 69.52; H, 11.55# CioH20°2 re4uires: G» 69.72; H,11.70$).



Baeyer-Viliger oxidation of 7-ketocarophene(16)

7-Ketocamphene (25 rag) was stirred in 5$ HgSO^ in 

aqueous dioxane (60:40, 30 ml) containing some dioxane 

hydroperoxide, for 56 hr at 42-46° and worked up in the 

usual manner. The PMR of the residue indicated it to be 

mixture of 36, 3Z and 32- Column Chromatography of the 

product on silica gel (II, 5 g) 25 x 0.7 cm) using benzene 

and 2/ EtOAc in benzene as eluent, provided a mixture of 

32 and 32 and pure 36.

Compound 36, m.p. 76°(light petroleum/benzene). IR 

(CHCl^) (FIG 29): C=0 1750 cm*1; C=C 3062, 1650 and 910 cm"1 

PMR (CDCl^KFIG 30): tert-Me *s singlets at 1.15, 1.22 ppm; 

-CH-0C0 (1H, d, 4.76 ppm, J= 3-5 Hz); CsCHgdH singlets at 

4.95 and 5.09 ppm). Mass: m/e 166(M+, 16/0, 138(21/),122(52/), 

109(23/), 107(100/), 96(39/), 94(21/), 93(^8/), 91 (37/),79(59/). 

(Found: C, 72.04; H, 8.36. C10H1L}02 requires: C,72.26;H,8.49/).

Compound 32p PMR (deduced from that of mixture of 32 and 37): 

0C0CH-C=CH2(1H, bs, 3.07 ppm);-CH-0-C0( 1H, bs, 4.12 ppm); 

C=CH2(1H singlets at 4.88, 5.02 ppm).

Reduction of 7-ketoeamphene 16

(I) With NaBH^: A mixture of 7-ke toe am phene 16 (15° mg, 1 m mol) 

and NaBH^ (150 mg$5 m mol) in methanol (15 ml) was stirred for 

3 hrs at room temperature (30°) under nitrogen. Excess of 

NaBH^ was destroyed by adding 15/ aq AcOH (1 ml); then it was



diluted with water (10 ml) and extracted with ether 
(15 ml x 3)* The organic extracts were washed till 
neutral with water (10 ml x2) and dried. Removal 
of solvent offered 5 (1**8 mg,100%) which was crystallised 
from pet ether, m.p. 88-90° (Lit13. 80-85°).]R(CC1^)

(FIG 31); OH 3500, 1650 cm"1, C=C, 1650,920 cm"! PMKCCl^) 

(FIG 32): two tert-Me's singlets at 1.10, 1 .19 ppm; 

HgCsC-CH- (1H, bs, 2.45 ppm); CH0H(1H, bs, 3*99 ppm);
G=CH (1H singlets at 4.72,4,85 ppm).

(ii) With aluminium isonron1 oxide: Into a 50 ml flask 

fitted with a partial reflux head a magnetic stirrer 
were placed 2 ml of a 0.032 M solution of 5 in diethyl 
ether along with aluminium isoprop:’.oxide (100 g) and 
isopropyl alcohol(5 ml). This mixture was heated to 50°G 

and stirred for 2 days. After cooling to room temperature 
the mixture was poured into saturated aq.1111^1(200 ml) and 

solution extracted with ether (20 ml x 3) * Usual work up 

gave 7-syn-hydroxycamphene 5. in quantitative yield:

7 -syn-Hydr oxy-2,10-exo -e poxy camphane (12)

Peracetic acid (82 mg, 1.1 m mole) was added dropwise 
to a precooled ( 5°) solution of 7-syn-hydroxycamphene 1



(152 mg , 1 m mole) In dichloromethane (5 ml) and sodium

carbonate (50 mg) and kept at -5±1° for 36 hr. Then the

reaction mixture was diluted with dichloromethaned5 ml).

.Excess of peracetic acid was removed by washing with 10$

NagSO^ aq.(l0 ml x2). It was washed till neutral and

dried. Removal of solvent gave a colourless liquid, 7-

svn-hvdroxy-2.1O-exo-apoxycamphane 12 (160 mg, 100$). IR
(CCl^) (FIG 32): 3610, 34-95 and 104-0 cm"1; epoxide 3040,

1220 cm"1 3. PMUCCIk )(I’IG 33): tert-Ms's singlets at 0.95,
A 4

1.09 ppm3 C—Cl2 (2H, s, 2.55 Ppm); CH0H(1H, bs, 4-.05 ppm). 

(Found 8, 71*31; H, 9*51- C^Ej^Og requires C, 71 .4-2; H, 

9*52$).

7-svn-Hvdroxv-2, 10 ~epoxycamphane s(12 and 13)

7-syn-Hydr oxy c amp he ne £ (4-56 mg, 3 m mol) was dissolved 

in a mixture of acetic anhydride (306 mg, 3 m mol) and formic 

acid (138 mg, 3 m mol) and stirred for 15 minutes. Acetic 

acid formed was removed under high vacuum ( 2mm) to furnish
oxy

a colourless liquid 7-syn-formylcamphene(0.54-0 mg,-~100$).

To a cooled solution of the above formate (54-0 mg,

3 m mol) in dichloromethane was added an aq. solution of 

peracetic acid (228 mg, 3 m mol). The reaction mixture 

was kept at -5+1 ° for 24- hrs. and worked up as above to

give mixture of two epoxides in the ratio S:2(PMR), which 

on hydrolysis with 5$ NaECO^OO ml) at room temperature



gives a mixture of 7-syn--hydroxy-2,1O»epoxides 12 and 23 
(550 mg,100$). PffiCCGl^); tert-Me's singlet at 0.92, 1.06 ppm 

for 12, 0.81, 1.13 PpmQfor 13, CH0H(1H, bs, 4.05 ppm for 12,

4.05 ppm for 23 )? 0—CH2(2H, s, 2.55 PP® of 12, 2H, q, 2.72 ppm

for 13)-

Fragmentation of epoxide 8

(i) With acid: To a solution of 0.35% HCIO^ in 90$ dioxane
(10 ml) at 10°C vras introduced the epoxide 8 (168 mg, 1 m mole) 

in one lot. The reaction mixture was stirred at the same 

temperature for 15 minutes, then quenched with 5% NaHGO^ aq.

(15 ml) and extracted with ether 0 5 ml x 3). The ether 

extracts were washed till neutral with water (10 ml x 3) and 

dried. Removal of solvent furnished 38 in almost quantitative 
yield. I.R (CCl^ KFIG.34K OH 3500, 10^0 cm"1- C=0 2720, 1725 cm“1. 

PMR(CGl^)(FIG.35) s tert-Me 's singlets at 0.86, 1.06 ppm,

CH20H(2H, bs, 4.15 Ppm), C=CH (1H, bs, 5.58 ppm), CH0(1H, 

t, 9.75 Ppm, J= 1.5 Hz).(Found C, 71.31? H, 9-52. 

requires C, 71.52, H, 9*52$).

(ii) With base? To a stirred suspension of NaH(cleaned from 

the mineral oil by washing with dry ether) (60 mg, 3 m mol) 

in dry THF( 5 ml) under an atmosphere of nitrogen was added 

dropwise a solution of epoxide 8 ( 152 mg,1 m mol) in dry

THF ( 1 ml) and stirred under reflux for 16 hr. Aliquots 

were withdrawn at the intervals of 4 h, 8 h and 12 h and 

worked up as usual and their PMR*s were recorded. The PMR.
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indicated the presence of hydroxyaldehyde £8(CH0, 9*73 ppm, 

CH20H, 2H, s?4.15 ppm, C=CH 1H, bs, 5.37 ppm).

Fragmentation of epoxides 8 and £

(i) With acids; To a solution of 0.35$ HCIO^ in 90$ dioxane 

(10 ml) at 10° was introduced the mixture of epoxides 8 and 

£ (152 mg, 1 m mol) in one lot. The reaction mixture was 

stirred at the same temperature for 15 minute. Usual work up 

(describe above ) gave hydroxy aldehyde £8(150 mg?90$).

(ii) With base: To a stirred suspension of NaH (60 mg, 3 ® mol) 

in dry THF (5 ml) under an atmosphere of nitrogen was added 

dropwise a solution of epoxides 8 and £ (152 mg, 1 m mol) in 

dry THF (1 ml) and stirred under reflux for 16 hr. Aliquots

were withdrawn at the intervals 4- h, 8 h and 12 h ,and worked up 

as usual and their PMR's were recorded. The PKR's indicated 

the presence of hydroxy aldehyde £8 (CH0 ,1H, t., 9*73 ppm; 

CH20H, 4.15 ppm; C=CH, 1H; bs, 5*37 ppm) and also that of the 

unreacted epoxide £ (tert-Me's 0.69> 0.95 ppm; CHQH, 1H, m, 

4.09» 4.12 ppm).

Fragmentation of the epoxide 11

i^With acid; To a solution of 0.35$ HCIO^ in 90$ dioxane (10 ml) 

at 10° was introduced the epoxide 1_1_ (168 mg, 1 m mol) in one 

lot. The reaction mixture was stirred at the same temperature 

for 15 minutes. Usual work-up gave the hydroxy aldehyde £8 

(150 018,-90$)



(ii) With base; To a stirred suspension of NaH ( 60 mg, 3m mol) 

in dry THF (5 ml) under an atmosphere of Ng was added dropwise 
a solution of epoxide 1J_ (168 mg, '1 m mol) in dry THF ( 1 ml) ■

and stirred under reflux for 16 hr. After 16 hrs the starting 

epoxide H was isolated back.

Reaction of 7-svn-hvdroxy-2,1Q-exo-enoxycamphane 12

(i) With acid: To a solution of 0.35$ HCIO^ in 90$ dioxane 
(10 ml) at 10° was introduced the epoxide V2 (168 mg, 1 m mol) 

in one lot. The reaction mixture was stirred at the same 
temperature for 15 minutes. Usual work up gave the mixture of 
epimeric hydroxy aldehydes 32. (®e CH0, 2720, 1725 cm % OH,

A3600, 3380 cm ) in quantitative yield.

The above aldehydes 32 (168 mg,1 m mol) in dry ether(10 ml) 
was added dropwise to a stirred slurry of LAH (50 mg) in dry 
ether (10 ml) and stirred at room temperature (^30°) for 6 hr 

under Usual work up gave the mixture of diols 40 and 4l_ 
in the ratio of 70 (PMR). ffi(CHCl^) (FIG 36 ) 0400,3440,1050,
920 cm. PMR(CDG1„ )(FIG 37)' —G—Ffe singlets at 0.86 andT.-2-5 PPm

3 »
for 40;0.98and 1.25 PPm 4l> GH20H (2H, bs^.^ppm); CH0H(1H, 

bs, 4.05 ppm). (Found G,74.92; H, 11.12. required: G,75-00;

H, 11 .22$).
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(ii) With base: To a stirred suspension of NaH (60 mg,
1m mol) in dry THF (5 ml) under an atmosphere of nitrogen, 
was added dropwise a solution of epoxide 12 (168 mg, 1 m mol) 
in dry THF ( 1 ml) and stirred under reflux for 16 hr. Usual 
work up gave hack the starting epoxide 12.

Fragmentation of epoxide 12 and 12

(1) With acid; To a solution of 0.35% HCIC^ in 90% dioxane 
(10 ml) at 10° was introduced the mixture of epoxides 12 and 
13 (168 mg, 1 m mol) in one lot. The reaction mixture was 
stirred at the same temperature for 15 minute. Usual work up 
gave the epimeric mixture of hydroxy aldehyde 32. which on 
reduction with LAH gave the epimeric diols 40 and (150 mg, 

100%).
(ii) With base; Reaction of epoxide mixture (12 and 13) with 
NaH in refluxing THF for 16 h followed by usual work up gave 
a complex mixture, which did,, not possess the fragmentation 
product ( no CH0 peak in Pi® spectrum).

Reaction of 7-syn~hydroxycarnphene (5)

With bpomine: To a cooled solution of homoallylic alcohol 2 
(152 mg, 1 m mol) in carbontetrachloride (10 ml) containing 
sodium carbonate (100 mg) was introduced a cold solution of 
bromine in CCl^ (5 ml, 160 mg of bromine 1 m mol) during a 
period of 5 minutes. The solid was filtered off and the



solvent is removed to give a solid, a mixture of vinyl 

bromides 42 and 43 in the ratio 8:2 (from PMR and GLC).

They were separated by chromatography on Si02(II, 10g,

15 x 0.7 cm) using benzene as eluent.

Compound 42,mp. 115.0-116.0° . ffijCCCl^) (FIG 38)-' c~c lfe^ ° 

PMR (CCl^XFIG 39): two tert-Me ’s singlets at 1.12, 1.38 ppm; 

C=C-CH (1H, bs, 3.05 ppm); CH0H(1H, bs, 4.15 ppm);CHBr 

(1H, s, 5.19 ppm). Compound 43? m.p. 1 l6°C.PMR(CCllf)(FIG 40): 

two tert-Me' s singlets at 1 .32, 1.56 ppm ; 6=C-CH (1H, bs,

2.41 ppm); CHOH (1H, bs, 4.15 ppm); -C=CHBr (1H, s, 5*98 ppm).

With mercuric acetate: To a stirred solution of mercuric 

acetate (316 mg, 1 m mol) in water (5 ml) and THF (2.5 ml) 

was added a solution of £ (152 mg, 1 m mol) in THF(2.5 ml) at 

26° for 30 min. In situ reduction of organomercurial with 

0.5 M MaBH^ in 3M NaOH (5 ml) followed by usual work up 

gave a mixture of epimeric diols'lff and £5} in the ratio 

7*3 (from PMR). 44 was isolated pure by chromatography on 

SiO^ using benzene as eluent. Compound 44 m.p. 110°C, IR(CHC1^ 

3600, 3580, and 1255 cm"1. PMKCDCl^): tert-Me’s singlets at 0*88, 

o-^o ppm; CH3-C-OH(3H, s, 1.21 ppm), CH0H(1H, bs 4.10 ppm).

Dehydration of 44 with alumina gave 7-syn-hydroxy- 

camphene



REFERENCES

(1 ) C.A.Grob, Angew. Che a. internat. Edit. 8, 5350 96$)

(2) R.B.Parker and N.S. Isaacs, Ghem.Rev.59. 737(1959)*

(3) See eg. P.Chamberlain, M.L.Roberts, and G.E.Whitham, 
J.Chem.Soc. B, 1374(1970).

(4-) E.C.Ashby and S.A.Noding, J.Org.Chem. 4-2, 264-0977)*

(5) Allen and Caldin, Quart .Rev. (London) 7 , 255 0 953)

(6) Y.S.Joshi, N.P.Damodaran and Sukh Dev, Tetrahedron 
24, 58170968).

(7) See eg. H.C.Brown and V.K.Varma, J.Am.Chem.Soc. 88, 
12910966).

(8) H.C,Brown and A.Suzaki, J.Am.Chem.Soc. 89, 1933 0 967).

(9) B.C.Mayo, Chem.Soc.Rev. 2, 42 0973)*

(10) A.F.Cockerill and D.M.Rockham, Tetrahedron Letters 
5149-51530970).

(11) T.J.Flauff and W.F.Eram, Tetrahedron Letters 5149- 
5153 (1970).

(12) H.A.Patel and Sukh Dev, unpublished results, H.A.Patel, 
Thesis, M.S.University (1980).

(13) E.K.Van Tamelen and C.I.Judd, J.Amro.Chem.Soc. 8Q,
6305 0958).

Cl4) D.J.Msrep and J.A.Retamer, An Acad .Bras .Ciene. 44(Suppl), 
3550972); Chem.Abstr. 83, 1317630973).

(15) I.Fleming and R.B.Woodward, J.Chem.Soc. 12890 968); K.M. 
Bakar and B.P.Davis, Tetrahedron 24, 1655(1968).



(16) W. G.Bvans, J.M.hidgion and J.l.Simonsen, J.Chem.

Soc. 137 (1934).

(17) See e.g. G.a.Hodgson, O.P.MacSweeney and I'.Money, 

Tetrahedron. 3683(1972).

(18) See e.g. B. is. nippers and 0.J.Steggerda, Physical and 
Chemical Aspect of adsorbent and catalyst(Edited by 
B.Linsen p.p. 203-208, Aeadamie press new york(l976).

(19) See, e.g. P.C.Gassman and J.C.Marshall, J.Am*Ohem.Soc.
_88, 2822(1966).

(20) w.Kraus and w.Aothenwohrer, Tetrahedron Letters.1007

(1968).

(21) P.C.Gassman and J.G.Macmillan, J.Am.Chem.Soc. 91* 

5527(1969).

(22) J.P.Segue, M.Chapentier-Morizo, G,Pardo and J.Sansoulet 

Tetrahedron 293(1978).

(23) H.Hernadez, li.Kernadez, Jr. and L.H.Axelrod, Analyt 

Chem. ||, 370(1961 ).

(24) U.R.Bayak, T.S.S.Xrishnan and Sukh Dev, Tetrahedron 

19, 2281(1963).

(25) H.C.Brown and P.J.Geoghegan, 0»Org.Chem. 1937(1972).

(26) F.R,Jensen and B.C.Smart, J.Am.Chem. Soc. 91 5688(1969)

(27) T.G.Tralor, W.Eanstein and K.S.Brown etc. J.Am.Ohem.Soc. 

2|, 5715(1971 ).

(28) H.C.Brown and P«J.Geoghegan Jr., J,Am.Chem. Soc,



ro



o



FI
G

. 1
0 

- PM
R

 SPE
C

TR
U

M
 OF

 8-
E

X
O

 -F
O

R
M

YL
-2

,1
 0

“ E
P

O
X

VC
AM

PR
AM

ES
 (1

9 m
z

C
sJ



.cn
C

sJ

FI
G

.Ii
; I

R
 S

PE
C

TR
U

M
 OF

 6-
EX

O
-F

Q
R

M
 Y

L-
2 

JO
 -E

XO
-E

PO
XY

 C
A

M
 P

H
 A

N
E 

09
)

40
00

 
35

00
 

30
00

 
25

00
 

20
00

 
18

00
 

16
00

 
14

00
 

12
00

 
10

00
 

80
0 

60
0

W
A

VE
N

U
M

B
ER

 {C
M

" 
*)



1 30

O)
UJ
z<
CL
2
<o
X
0 
a. 
as

s
01
Xail
o
Cxj

I .1>
Q£Ou.

I0 x\
ail

1
to
LL
O
2
3CtC
U 
UJ 
CL 
if}

2SI
<S|*****
<D
fw«Mi

iL



(•/«) 3DNVillWSNVt!l

W
AV

EN
U

M
BE

R
 (CM

 ~
 0

FI
G

.1
3 .

iR
 SP

E
C

TR
U

M
 OF

 6-E
XO

-H
YD

R
O

XY
 - 

2,1
0-

EX
O

 -E
PO

XY
C

A
M

PH
A

N
E (

8)





1 3 3



M
IC

R
O

N
S

M
6.

’ IR
 SP

EC
TR

U
M

 O
F 2

-E
XO

 -T
O

SY
LO

XY
-3

,3
- E

TH
YL

EN
ED

IO
XY

 B
O

R
N

A
N

E 
(2

8 
)

14
00

 
12

00
 

10
00

 
80

0
20

00
 1800 

16
00

 
W

AV
EN

U
M

BE
R

 £C
M

~U
25

00
30

00
35

00
40

00



L;
J> cn

FI
G

.17
 Piv.

R
 SPE

C
TR

U
M

 OF
 2 -£

X
O

 - T
O

SY
LO

X
Y

 - 
3,

3 -
ET

H
Y

EN
'E

D
I0

X
Y

3Q
R

N
A

N
E 

(2
8 }

( 6 
PP

m
 )

o

u



M
IC

R
O

N
S

(%) 3Df'4VillHSVai

coC
O

12
00

 1000 
80

0 600
14

00
20

00
 1800 

16
00

 
W

A
VE

N
U

M
B

ER
 (C

M
 "

25
00

30
00

40
00

 
35

00

FI
G

.1
8J

IR
 SP

EC
TR

U
M

 G
F 1

,7-
ET

H
YL

EN
ED

10
XY

C
A

M
PH

EN
E (

29
)



<M€KK3'U.

(H £) 9 Z l
ja£_

■*x«<r“
\

(H l) ( E *r)Ul~'

(HV) §9£.
-I -,-lllll.ll

(H V) 96 •€

(muss v™
(HI) 04 V-*-

_ L

f8"*

vr

6Da«!•>

<o

1 37

Ct'i 

r j
LIJ

<O>
X
o
D
LU
7cUJ
.„.!
v>it;
j-tu . ! r-



M
ire

nd
se

s

O-
i CO

r!G
-2

0:
IR

 SP
EC

TR
U

M
 Of

 LA
C

TO
N

£(
32

)

009

80
0

O
O

O
i

12
00

14
00

20
00

 1800 
16

00
 

W
A

VE
N

U
M

B
ER

 (C
M

'1 )
25

00
30

00
35

00
40

00



cr>
co

( 6
 PP

m
 )

FI
S.

 2
1:

 PM
R

 SPE
C

TR
U

M
 OF 

LA
C

TO
N

E (3
2}



no

Fi
G

.2
l-V

.IR
 SPE

C
TR

U
M

 OF 
H

V
D

R
O

X
Y

ET
H

Y
L ES

TE
R

 30
B
O

O
*4

00
20

00
 BOO 1

60
0 

e W
A

V
EN

U
M

BE
R

 Or4
20

00

J,f
, T tti

■S
' 

< lf>
o "

 O 
° 

<n
 ;vn

ki
 —

:n
j ' tr.

C
D 

i 
03 

; 
O

t5 '' 
5E 

o 
i y

X
1 

*i 
•'

, A

_» 
03 

U
3 Ofs> 

.
O 

o

t£
?

j 
1 

w 
i 

J \? 
s 

1

f > 
-%

?

o>
*, cn

i 
,

) 
\

!X
> 

■ CD , *o
N

s

C
O

O
 C

H
 2
 C

H
-̂

O
H

! . /
r *

)00
?

35
00o o in cn

,■
 n

 o
r*

i olj y,
x>A

■?
/. jC

9*
0 

10
 

12
7-

0 
8*

0

0-9

M
IC

R
O

N
S

5*
0

4-
0

aTT
S/

J 00



FI
G

.2
2 

*«
'P

M
R

 SPE
C

TR
U

M
 OF

 HY
D

R
O

X
Y E

TH
YL

 ES
TE

R
 3;

(uidd 9 
} 

c

10

f

' K
 .

■w
v v

R
,

a
/.

4/
^v

'

H
 H

X
[✓G

, o

X to

n /V
ty/V

a) •<j
1

a>

X

l.
j«

~d

u> 
>,

a> co 
C

D 
' 

C
P

C
Px d

cnCM
 V|x d

C
J!

O
J

O

C
O

O
O

l2
C

H
2O

H



M
IC

R
O

N
S

to
C\3

O
o

o
GO

oto o o
8

©8

<%) 33NV1JLIWSNVHJ.

12
00

 1000 
80

0 600
20

00
 

18
00

 
16

00
 

14
00

W
A

VE
N

U
M

B
ER

 ( C
M

 “
I)

JL
25

00
30

00
35

00

FI
G

.  2
3 IR

 SP
EC

TR
U

M
 OF

 7-K
ET

O
C

A
M

PH
EN

E0
6)



FI
G

.2
4:

 PM
R

 SPEC
TR

U
M

 OF 7-K
ET

O
C

A
M

PH
EN

E (1
6)



M
IC

 R
O

W
S

3OHV8tiOS0¥

FI
G

.2
5:

IR
 SPE

C
TR

U
M

 OF
 2,2

,3
 “T

R
IM

ET
H

Y
L-

3 -
 N

 Y
D

R
G

X
Y

C
 Y

C
LO

H
EX

A
U

E

C
A

R
B

O
X

Y
LI

C
A

C
10

 (33
)

W
A

V
EN

U
M

B
ER

 (C
M

 ~
*)

D
O

S 
O

O
O

i 
0031

05o

Q
Q

W 
009!

20
00

 1800
25

00
30

00

!

d 
f)

§ f. 
j kn 

h
 

{ 
*fr

\ .M
y

 
w

O
O

Q
E

40
00

S4
 16

SI
01

8-
0

7-
0

O
-

0-9

■0
3-

0
O

-O
i

0-
1

0-
2

0-
3

0*
4

0-
3 1*
0



- o

{H £) 90 *(Hg} ^

C-5

PT>

£
ir> a 

Q.
M3

! [-

4 b

8

0

D̂
0_

FI
G

 2
6 : 

PM
R

 SPE
C

TR
U

M
 OF

 2,2
,3

 - 
TR

iM
ET

H
YL

-3
-H

YD
R

O
XY

C
YC

LO
H

EX
A

N
E 

C
A

R
 B

O
X 

YL
IC

 A
C

ID
 (3

3)



M
IC

R
O

N
S

-r
-

C
TJ

W
A

VE
N

U
M

B
ER

 C
C

M
”1

)

FI
G

-2
7,

 IR
 SP

E
C

TR
U

M
 O

F 1,
2,

2-
TR

IM
ET

H
Y-

3-
H

YD
R

O
XY

M
ET

H
YL

C
YC

LO
H

EX
A

N
O

L(
34

)

u “jr < m m 3 £Q <1



FI
G

 28
: P

M
R

 SPE
C

TR
U

M
 OF

 3-
H

YD
R

O
XY

M
ET

H
YL

- 1
,3

,3
 - 

TR
IM

ET
H

YL

C
YC

LO
H

EX
AN

O
L 

(3
4)



M
IC

R
O

N
S

40
00

 
35

00
 

30
00

 
25

00
 

20
00

 
18

00
 

16
00

 
14

00
 

12
00

 
10

00
 SC C 

SO
W

A
VE

N
U

M
B

ER
 (CM

'I 5

(°/o) °3DNVl±lMSNVb}l

FI
G

-2
9:

 IR
 SP

EC
TR

U
M

 OF
 LA

C
TO

N
E 36



FI
G

.3
0:

 PM
R

 SPE
C

TR
U

M
 OF 

LA
C

TO
N

E
 (36

)



M
IC

R
O

N
S

12
00

 1000 
80

0
20

00
 

16
00

 
16

00
 

14
00

W
A

VE
-N

U
M

B
ER

 (C
M

“1
 )

25
00

30
00

40
00

 
35

00

FI
G

. 31
' IR

 SPE
C

TR
U

M
 OF-

7-
SY

M
- H

YD
R

O
XY

C
A

M
PH

EN
E (

5)



.3
2:

 pm
 SPE

C
TR

U
M

 OF
 2-

SV
N

- H
Y

D
R

O
X

Y 
C

A
M

 P
H

E
N

E
 { 5

} 
^ cn

10
 

~~
9 " 

~ 8
 

7 
6 

“5 
~~

Z 
3 

2 
1 

0
(S

pp
m

)

j-------------
------------------1.

o



M
IC

R
O

N
S

(a/o) 33 NV11IHS NVy i

FI
G

. 3
24

:1
 R

 SP
E

C
TR

U
M

 OF
 7-S

Y
N

-H
Y

D
R

O
X

Y-
2.

1Q
«»

EX
Q

-E
P0

XV
C

A
M

PH
A

N
E(

 12
)





M
IC

R
O

N
S

cp
i

1=
16

=3
4,

 IR
 SP

E
C

TR
U

M
 OF

 2*( 2
^-

D
lM

ET
H

YL
“3

-H
YD

R
O

XY
M

ET
H

YL
 C

YC
LO

PE
N

T 
-3

-E
N

r~
1-

.Y
t) 

A
C

E
TA

LD
E

H
Y

D
E (

38
)

20
00

 
18

00
 

16
00

 
14

00
 

12
00

 
10

00
 

80
0 

60
0

W
A

VE
N

U
M

B
ER

 (CM
 “

 O
40

00
 

35
00

 
30

00
 

25
00



<^£>990
•/

Ol£) 9 0-1

//

~3

<' /
s ,

OX
uV

(HZ)V2 e
'V

oO!fj

( H 2) 91 • V

( H l) 8 S S—••K-'-cr'

x
o

>

—-X»J

(HI)€£ 6

iO

* a
Q. 

uO

10

r~>

oo

a>

o

¥—~yui
a.
o,.j
t.>

i

tj
i)

ut

H
C)
a:.
a
Nta»
X

I
fr)

I
_!

X
h~*
UJ
f-M-4

0
1

v>
CO

CM tu
c:\
‘>*0

» X
CM UJ
IL Q
O <1
*rr~ ¥■-

UJ
Si y
i~~ G1O
XI >~
Q«. !m
CSC

1-

3E X
X UJ
IX> i
cn o';
d

IL



1 56

o
&} QOW

oise

<M O Oas 9'i/ oo>i
(%)30NVlllWSNVyi

cOC
Ji

! 
X- O

f 
\

toO
i

o if V\;
o ID

■V
s

n-
A7-

0 
8-

0 9-0
 10 

12
 U 16

---
---

---
_t

—
,--

---
)--

---
---

-4
 .......

...
...

...
...

...
.>

  

0-9 
0-S 

0-7
SN

oyoiw

40
00

35
00

 
30

00
 

25
00

 
20

00
 

18
00

 
16

00
 

14
00

 
12

00
 

10
00

 
80

0 
60

0

W
A

V
E

 N
U

M
BE

R
 (C

M
’ 1

)

FI
G

.3
6t

!R
 S

PE
C

TR
U

M
 OF

 2,2
'D

iM
ET

H
YL

'3
-H

YD
R

0X
YM

ET
H

YL
-7

-H
YD

R
O

XY
- 

N
O

R
BO

R
N

AM
E



. -~?|L

(H£)880-
(Ne)eso

(HG)S2-t

(HZ) lL-t

(HI ) 6Q-7“

o

G>

GO

CD

in

PO

C
'l

•-
J

.)

FI
G

-3
7-

PM
R

 SPE
C

TR
U

M
 OF

-3
2-

D
IM

ET
H

Y
L-

3-
H

Y
D

O
X

Y
M

ET
H

Y
L-

7-
H

Y
D

R
O

X
Y

-N
O

R
B

O
R

N
A

N
E

r\U

7
10



M
IC

R
O

N
S

\.cv
;

" FIG
-3

8.
-IR

 SP
E

C
TR

U
M

 OF
 (E

)-7
 -S

Y
N

- H
YD

R
O

XY
 -1

0-
B

R
O

M
O

C
A

M
 P

H
 E

 M
 £

60
80

0
10

00
14

00
 

12
00

20
00

 1800 
16

00
 

W
A

V
E

N
U

M
B

E
R

 (C
M

 “!
)

25
00

50
00

35
00

40
00

{%} 3DNVX1IWSNVH1



10
 

38
76

54
3 

21
 

0
( 8

 pp
m

)

FI
G

. 3
9:

 rm
R

 SPE
C

TR
U

M
 OF 

(E
)~

 7
-S

Y
N

-H
Y

D
R

O
X

Y
 -1

0 -
BR

O
M

O
C

A
M

 P
H

E
N

E {42}
m

* - t:

C
O



C
D

<_Q

F1
G

.4
0:

PM
R

 SPE
C

TR
U

M
 OF 

(Z
)-

7-
SY

N
-H

Y
D

R
O

X
Y

-1
Q

-B
R

O
M

O
C

A
M

PH
EN

E (4
3)


