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ABSTRACT

Oxidation of several epoxides of flexible and rigid
carbon skeleton with chromic acid was investigated with the
aim of finding an alternative to the rather complex oxidation
of olefins with chromic acid and understanding the mechanism
of such oxidations. Oxidation of 3-carene epoxide (3) was
studied with a variety of Cr{VI) reagents and Jones' reagent
gave the best yields of the keto-acid 4, A number of selected
epoxides were oxidised with this reagent and products of
rearrangement and C-C bond cleavage uere separated and
characterised, Based on the results, a mechanism fOr the

oxidation of epoxides with chromic acid is proposed,



CHROMIC ACID OXIDATION OF OXIRANES

INTRODUCTION

Chromic acid is one of the most versatile oxidising
agents, reacting with almost all types of oxidisable groups.
The oxidation of alkenes may lead to several different products
like an epoxide, ketoalcohol, acids or ketones derived by
clsavage of double bond, or acids or ketones having the same
number of carbon atoms as the alkene via a rearrangement, ov
c{,ﬂ-unsaturated ketones arising out of allylic oxidation (Fg. 1).
As a result of the variety of reactions, chromic acid

oxidation of alkenes is not a generally useful synthetic rsaction,

I
Although doubts have sometim®s been expressed, the
intermediacy of epoxides in the chromic acid oxidation of

2= . . . .
4 Kinetic evidence for spoxlde

olefins is fairly certain.
formation in the rate-determining steo of Cr(vI) oxidation of
glefins Was presentedlz The products of oxidation of cyclohexene
in glacial HOAc containing HClO4 include cyclooentane carboxal=-
dehyde and cis- and trans-2-acetoxycyclohexanol in about the

same Tatio as they are obtained from solvolysis of cyclohexene
oxide under similar conditions. Moreover, direct detection

{GLc) of cyclohexene oxide in the product of an oxidation

guenched after 30 seconds leaves little doubt that epoxide

formation is an important path in the oxidation.3 Cholesterol
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X(~oxide (1) on chromic acid oxidation gave cholestane-3, 6-
dione-5a-o0l (2)%2 (Eq. 2) and this was the major product of

oxidation of choleeterol.éb

Cr{vI) and cr(V) are responsible for epoxide formation
and further reaction of epoxide, while the allylic oxidation
products are not formed via the epoxide and are most probably

produced by Cr{1v).

PRESENT WORK

A survey of literature indicates that a systematic
investigation of the chromic acid oxidation of epoxides has
not been carried out. It was envisaged that oxidation of
epoxides instead of olefins would exclude other oxidation
pathways like allylic oxidation and provide synthetically
useful procedure in sOme cases, Also, quantitation and
characterisation of the products of oxidation of a number of
epoxides derived from alkenes of flexible and rigid carbon
skeleton may throw some light on the course of the reaction,
With these aims in mind it was planned to prepare sOme selective

epoxides and study their oxidation with chromic acid.

Preparation of epaxides

The epoxides were prepared by reacting the corresponding
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olefins with perbenzoic acid at -5° in presence aof Na.CO

2°°3
buffer.s OC,Q—Unsaturated ketonegs were epoxidised using

6

alkaline HZDZ'

Oxidation of epoxides

Ixidation of 30 4X-epoxycarane (3, Chart 1) was studied
with a number of Cr(VI) reagents. Oxidation with Fieser's
reagent (CrDS/HDAc)7 gave 2,2~-dimethyl-3-(2'-oxopropyl)-
cyclopropane-cis-1-acetic acid (£)8 in 30% yield., Oxidation

with Kiliani reagent (NaZCr a SDA, HZD)Q in HOAc gave

2°7° 2
the keto acid 4 in 37 yield. 1In the neutral material, 3f-

2H,0, H

hydroxycaran-4-one (§91D (192, ZByéqrdihydroxycarane (2)10 (1%)
and 3P-hydr0xy-4q%acetoxycarane (§)11 (9%) were identified by
co-injection on GLC (104 carbowax on chromosorb W, 12%, 2000,

60 ml/min) with authentic samples. Oxidation of 3 with Na,Cr, 0.
28,0 in benzene/H0Ac gave 33% yield of the keto acid 4.
Oxidation with chromic acid using the phase transfer catalyst,
tetra-n~buty lammonium iodide12 also gave poor yield of the acid
4, Sobti and Sukh DevB reported 44% yield of the keto acid 4
with Jones*' reagent (1.08 mole equivalents). The yield of 4
could be improved to 58% by employing 1.4-1.5 moles of Jones!
reagent per mole of epoxide. The hydroxyketone 6 was the major
product in the neutral material. A small amount {V1%) of the
diol 7 was also formed. The acid 4 is a crucial intermediate

in the synthesis of trans-chrysanthemic acid.eﬁ
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In view of the above results, the rest of the epoxides
were oxidised with Jones' reagent. UOxidation was carried out

at 15~200 for 30-45 min. The results are presented in

Table 1 .
Table 1 ¢ Oxidation of epoxides
Egoduct of
Entry Epoxide C~C cleavage Tearrangement
.
0O -
1. CHSCOCHZCHZCGZH
( 60%)
O
S
Q
2. Benzoic acid Phenylacetic acid
(59%) (%)
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Table 1 contd,

3. [:::I:O Adipic acid Cyclohexanone
(60%) (20%)

T

éo = ) + E COZH
%m\ E}N“ o
0
/\
12 13 14 (58%) 15(25%)
5. 3 4 (58%) 6(18%) + 7(1%).
Be
Y 0
16 17(80%) -
o 0
7e Benzoic acid -
(80%)
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Glutaric acid (34%)

Ed

Adipic acid {4%)

o
21(33%)

CO4H
22(52%)

CO,R
L

24:R=H (37%)
25:R=CH,

A

27(60%) +

A

28(37%)
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Methylheptenone ketal epoxide (9): Ketalisation of methyl-

heptenane (ethylene glycol/PTS) followed by epoxidation
1

gave 9 in 90% yield (IR: epoxide 875 em . PMR: C-le's, 3H,

singlets at 1.24, 1.27 and 1.29 ppm;3 Cgflc, THy £y 2.53 ppm,
-2 "=2

9 gave a material, Which was separated into acidic {60%)

J=6 Hz; E - 0 - CH,CH, - ?, 4H, s, 3.9 ppm}. Oxidation of

and neutral (25%) parts. The former was identified as
laevulinic acid by comparison with an authentic sample (IR,
PMRY. The latter was a complex mixture and not studied

further,

Styrene oxide (10): Oxidation of styrene oxide (10) gave a

mixture of two acids [GLC of the methyl esters (10% SE-30

on chromosorb W 60-89, 2 m, 170°, 60 ml/min) showed tuo peaks;
RRT 1.0, 1.4:], which were identified as benzoic acid (59%)
and phenylacetic acid (&%) by con-injection of the methyl

esters with authentic samples.

Cyclohexene epoxide {11): Oxidation of 11 gave a material

which was separated into acidic (60%Z) and neutral parts (25%7).
The former was identified as adipic acid {m.p., IR, GLC of
the methyl ester), GLC of the neutral material showed one

major (80%) component identified as cyclohexanone by co-injection.

p-3-Menthene oxides (12/13): Epoxidation of p-3-menthene with
- —_ -0
e
PBA at -5° gave a mixture (90%) of 12 (PMRs cH :\C, bs, 2.8 ppm)
0.
-
and 13 (PMR: CH -'C, bd, 2.75 ppm) in the ratio of 7:3.
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Bowman and co~uorker§“%0t 12/1§_in the ratic of 332 by doing
epoxidation with PBA at 20°. Oxidation of 12/13 gave acidic
(58%) and neutral (25%) parts, which were identified as

3, 7-dimethyl-6~oxo-octanoic acid14 (13, IR, PMR) and menthones

(15, IR, PMR) respectively.

p~4(8)-Menthene oxides (1;913: Oxidation of 16 gave a single

neutral product (GLC) in 80% yield, identified as 4-methyl-
cyclohexanone (17) by comparison (IR, PMR, GLC) with an

authentic sample,

3, 4~Epoxy~4~phenyl-2-butanone {18): Reaction of benzalacetone

with alkaline H,0,'% gave the epoxyketone 18 in 75% yield
(1R: €0 1719 on™' 5 epoxide 750 em™'. PMR:COCH;, 3H, s»

2.04 poms Cﬁje\Cﬂ, 1H, doublets at 3.29, 3.92 ppmy, J = 3 Hz;
ATH, S5H, sy 7.24 ppm). ﬂxidatiogﬁ? 18 gave benzoic acid in

80% yialdo

Cyclohexenone epoxide (12)6: Oxidation of 19 gave glutaric acid

(34%) and adipic acid (4%% estimated by GLC of the methyl

esters).

Camphene oxides (zg): Oxidation of camphens oxides16 gavse

acidic (52%) and neutral (33%) parts, identified as 3,3-dimethyl-
bicyclo{2.2.1)Yheptane-2-carboxylic acid’ (22, IR, PMR) and

1
3,3-dimethy lbicyclo(2.2.1)heptan-2-one © (21, IR, PMR, co-

injection on GLC with an authentic sample) respectively.
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2X, 30¢- Epoxypinane (23)s 1>

L

Oxidation of 23 gave 37% yield of

an acid and 40% of neutral material. The acid is a single
compound (GLC of the methyl ester). It was identified as

2,2,3-trimethylcyclopent-3-en-1-yl acetic acid ® (243

IR, PMR of the acid and ester). The nsutral material-was

a complex mixture {8 peaks in GLC) and not investigated further,

Isclongifolene epoxide (gg}:s Oxidation of 26 gave a neutral

product in almost quantitative yield, which showed two peaks
in gLt (10% SE-30, chromosorb W 60-80, 2 m, 200°, 60 ml/ming
RRT 1.0, 1.44). They were identified as the ketones ZZ?

(60%) and 2&20 (372) by co-injection with authentic samples.

The relevance of this data in understanding the

machanism of oxidation is discussed belouw.

DISCUSSION

The epoxides are knoun21’22

to develop significant
carbonium ion character in an acidic medium, as obtained

with Jones' reagent. The intermediate 29 can either rearrange
via hydride transfer21 (path a) or pinacol-type rearrangement

to the corresponding carbonyl compound gg or may be solvated

(path b) to a trans-diol 31 (E£gq. 3)., The latter can undergo
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cleavage via a cyclic chromate ester (§£)23 to carbonyl
compounds 32 and 33. A seven-membered hydrogen bonded
intermediate such as 35 has also besn sugqestedz4 for C-C

bond clsavage,

The trans-diol 31 is not a mandatory intermediate
for the formation of cyclic chromate ester 34. The opening

of the oxirane ring with H CrO4 or H,Cr0,~-H,50, acting as

2 2 4 2774
electroohiles25 can furnish hydroxychromate ester inter~

mediates (36/37) which can reorganise to 34 {(Chart 2).

To evaluate factors influencing the extent to which
paths a and b are followed, oxidations of a number of epoxides
incorporating different sterecelectronic features were studied.
In the first place, some acyclic (such as 9, 10) or flexible
cyclic epoxides (such as 11) were investigated. In 9 and
10, C-C bond cleavage took place to a larger extent (~V60%)
than rearrangement. Even with cyclohexene oxide (11),
cleavage product {adipic acid) was major. Since epoxide ring
opening in acidic medium. is a(border line Si ’procass and
trans-diaxial opening is Fauoured22 in acyclic epoxides, the
formation of adipic acid from cycléthexene oxide {11) can be
visualised as proceeding via Eg. 4. Such a seqguence demands
that for efficient C-C cleavage, the cyclic epoxides should
possess correct geometry for trans-diaxial opening and the

resulting diol (or its derivative) should be flexible enough

-
3
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to form a cveclic chromate ester intermediate. Cleavage
products become orominent in cases where these conditions
are fulfilled or pnath a is inhibited by other steric or

clectronic factors.

p-3-Menthene epoxides (12/1;): Of the two possible conformations

38 and 39 (Chart 3), the major isomer 12 should preferentially
exist in conformation 39 with eguatorial methyl group.

That a methyl group can exert a strong conformational preference
in such systems is on record.26 The conformation 39 is well
suited to give cleavage oroducts in good yield for the
following reasons, In such a system, the carbonium ion at

C4 will be stabilised and the external nucleoophile should

be captured at this position. Only in conformation 39, trans-
diaxial opening can give the product in chair conformation,
Similar opening in 38 will give product in a 'twist-chair!
conformation 40. Since the transition state in such systems
is believed27 to be more product-like, conformation 38
required t0 cleave via 40 would have rendered rearrangement
process more competitive. The minor isomer 13, which should
preferentially exist in conformation 41, for reasons indicated

above should be more prone to rearrangement,

3-tarene epoxide (3): This epoxide believedz8 to exist in

conformation 42 on opening must acquire the half-chair
conformation before it can form the cyclic chromate ester

intermediate 43 necessary foT cleavage (Eg. 7).

(O]
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p-4{8)~Menthene oxides (16): On treatment with Jones®

reagent, 16 gives 4-methyl cyclohexanone (17) in B0% yield.
Lack of possibility of hydride transfer and low migratory

aptituds of methyl or alkyl group make path b predominant,

Benzalacetone epoxide (18) and cyclohexenone epoxide (19):

In the case of 18, both COMe and benzene ring dictate the
regiochemistry of oxirane ring openingz1 as shoun in 44
(Chart 4). 1In 44, hydride transfer is inhibited by the
inductive effect of the vicinal carbonyl group, thus leading
to high yield of cleavage product, For similar reasons, in
the oxidation of 19, the only isolable products were due to

cleavage.

Camphene oxides (ZQ): Since the capture of external nucleo~-

phile in carbonium ion 45 is less favoured compared to other

alternatives available, cleavage becomes a minor orocess,.

-Pinene epoxide (23)s The initially formed carbonium in 46,

being very prone to rearrangement gives 47, which via Grob

fragmentation gives 24 as the major product (Eg. 8).

Isolongifolene epoxide (26): Isolongifolene is known?® not to

under g0 normal clectrophilic addition reactions. For similar
reasons, the epoxide 26 does not yield the diol or its
derivative and only products 27 and 28 are formed by rsarrange-

ment.

e ull
w,,_.J



The above considerations can help estimate the possibls
product composition to be esxpected from the Jones® oxidation

of any epoxide,

e
Ste]
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EXPERIMENTA AL

For General Remarks, see Chapter I, Ssction I.

General procedure for the preparation of epoxides.

Perbenzoic acid (0.12 mole) in benzene was added drop-

wise to a stirred mixture of the olefin (0.1 mole) in CH,CL,

(25 ml) and Na co, (0.2 mole). The reaction mixture was

2
kept at O to -5° for 24-36 h., It was then filtered; the

filtrate was washed with 5% Na,50, aq (10 ml), water (10 ml)

04
and brine (10 ml) and dried (N32384). Removal of solvent
followed by distillation furnished the epoxide in 85-30%

yield. oc,P-Unsaturated ketones were epoxidised following

the usual Dracedure.6

3et, 4i-Epnxycarane (3): Colorless liquid, b.p. 82-5°/10 mm

(lit.1g beDe 102—30/A8 mm) .

IR (ligq. Film): Epoxide 840 cm™ .

PMR (cCl,): Cyclopropane CH's, 2H, bt, 0.44 ppm; C-Me's,

. PN
3H, singlets at 0.72, 1,02, 1,18 ppms CH - C, 1H, bs, 2.6 pom.

Methy lheptenone ketal epoxide {(9): Colorless liquid, b.p.

72-4°/3 mm.
IR {lig, film): Epoxide 875 cm~1.
PMR (ccl,): C-Me's, 3H, singlets at 1.24, 1.27, 1.29 ppm;

/0\
CH - C, TH, t, 2.53 ppm, J = 6 Hz; C - O -{cH, )~ 0, 4H, s,

3.9 ppm.
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Styrene oxide (10): Colorless liquid, b.p. 188-30°
30

(1it.”"° b.o. 188-92°),

IR (lig. film): Epoxide 870 cm-1.

0
PR (cc1,): CA - CH, , 1H, quartets 2.61, 3.0, 3.74ppm;

ArtH, 5H, s, 7.2 Dpm.

Cyclohexene oxide {11): Colorless liquid, b.o. 129-31°
<k

(1it.”" b.p. 129-34°),

IR (lig. film): Epoxide B35 em™ T,

/o\
PMR (5314): CH - CH, 2H, ‘bs, 2.95 ppm.

p-3-Menthene oxides (12/13): Colorless liquid, b.p., 94-8
13

(bath)/15 mm (lit., ° 96-100°/40mm).
IR {(ligq. film): Epoxide BS55 em™ T,

/o\
PMR (cc14): CH - Cy bd, 2.75 ppm and bs, 2.8 ppm.

p-4(B)-Menthene oxides (16): Colorless ligquid, b.p. 74-5°/
T3

14 mm {l1it. ° b.p. 120-2°/70 mm).

IR (liq. film): Fpoxide BG5S e,

PMR (5514): C@gz, 3H, singlets at 1.28, 1.30 ppm.

3,4~Epoxy~4~pheny 1-2-butanone (18): Pale yellow liquid, b.p.
5

125-30°/10 mm (111:.1 bep. 146-9°/15 mm).

IR (1ig. film)s GO 1710 cm” '; epoxide 750 cm .
o
PMR (CC1,): COCHy, 3H, S, 2.04 ppm; CH - CH, 1H, doublets at

3.29, 3.92 ppm, J = 3Hzj; ArH, S5H, &y 7.24 ppm:.



Cyclohexenone epoxide (19): Colorless liquid, b.p. 77~800/

10 mm (Lit. " b.p. 75-79/11 mm).

IR {liq. film)s: cO 1710 cm-1; epoxide 825 cm™ .
/0\
PMR {531ﬁ): (852)3, 6H, my, 1.5-2.8 ppm; CH ~ TH, 1H, d,

3.1 DpMy J = 4 Hz and TH, bs, 3.5 Bpme

Camphene oxides (20): White solid, m.p. 80-2° (lit.16

mep. 86-8°),
IR (nujol): Epoxide 845 cm-1.
PMR (cc14): C~Me's, singlets at 0.76, 0.84, 0.90 and

0.94 ppm (two isomers): C/L\Cﬂ singlets at 2.51,

27
2.60 ppm.

24,3 ~Epoxypinane (23): Colorless liquid, b.p. 105-10"(bath)/
19

b.p. 91-3°/27 mm).

IR (lig. film): Epoxide B&0 em™ 1,

25 mm {1lit.

PMR (cc1a): C-Mefs, 3H, singlets at 0.94, 1.29, 1.29 ppm;

C\;/Cﬁ, 1H, bs, 2.9 DPMe

Isolongifolene epoxide {26): VWhite crystalline solid, m.p.

400 (litcs mopo 4B05“41050)c
IR (rujol): Epoxide 810 cm ™.
PmR (ccl,)s C-Me's, 3H, singlets at 0.75, 0.92, 0.92, 1.08

0
rd
ppms CH - C, 1H, t, 3.0 ppm, J = 3 Hz.

N

™9

e M
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General procedure for the oxidation of gpoxidess

Jones' reagent (stock len:8 Cr0., 13.35 g, conc. HZSD4

3

11.5 ml and H,0 20 ml made up to 50 ml) (1.5 mole equivalents

2
of HZCrBA) was added dropwise with stirring to the epoxide
(1 q) in acetone (5-10ml) at 20°., After stirring at 15-20°
for 30 min, excess of reagent was destroyed by adding a few
drops of isoprooanol. The mixture was diluted with water
(10 ml) and extracted with E£tOae (15 ml x 3). The extract

was separated into acidic and neutral portions with 10%

Na,C0O

,C02 aq in the usual manner,

Run 1. Oxidation of methylheptenone ketal epoxide (9, 1 q,
5.4 mmol) gave laevulinic acid (375 mg, 60%3 m.p. 33°) and

neutral material (0.5 g, complex mixture).

Run 2. 0Oxidation of styrene oxide (10, 19, 8.3 mmol) gave
a mixture of acids (0.666 g), which was esterified with

CHZNZ'
were identified as methyl benzoate and methyl phenylacetate

GLC of the ester mixture showed two peaks, which

by co~injection with authentic samples. The yields of benzoic
acid and phenyvlacetic acid were 59 and 6% respectively

(according to cLe).

Run 3. Onxidation of cyclohexene oxide (11, 1 g, 10.2 mmol)
gave adipic acid {0.89 g, 60%; m.o0. 147~90) and neutral
material (0.25 g). The latter showed ane major cOmponent

(80%) in GLC, which was identified as cyclohexanone by
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co-injection with an- authentic sample.

Run 4. 0Oxidation of p-3-menthene oxides (12/13, 1 g, 6.5
mmol) furnished acidic and neutral products. The acidic

part was 3,7-dimethyl-6-oxo-actanoic acid (14, 0.7 g, 58%),

T4y b, 171-5°%/1.5 mn).

IR (lig. film): CO,H 3300, 1720 em” T,

bep. 125-30°(bth)/0.3 mm (lit.

PMR (cC1,): CHCH,

ppm, 3 = 7 Hzy CO

s 3Hy, d, 0.97 opm, J = 7 Hz; CHMe,, 6H, d, 1.06

2’

2&, 1H, bs, %.85 ppm.

The neutral part was menthones (15, 0.25 g, 25%), b.p.

85-90°(bath)/3 mm.

IR (lig. Film): CO 1705 em™'.

PMR (CCl,): CHCH,, 3H, d, 0.67 ppmy CH(CHz),, 64, d, 0.97 opm;

J =7 Hz.

Run 5. Oxidation of 3«, 4-epoxycarane (3, 1 g, 6.5 mmol)
gave neutral and acidic parts. The neutrél part (0.2 g) is

a complex mixture as shown by GLC {7 peaks). The acidic part
(n.7 g, 58%) was esterified (MeOH/HC1l) to give methyl ester 53
b.p. 115-20°(bath)/1 mm (lit.8 b.o. 162-5°/10 mm).

IR (liq. film): CO 1720, 1740 _—

PMR (cc14): C-Me,s 3H, singlets at 0.88, 1.0 ppm; COCH,, 3H,

sy 2.08 ppm; CO,CH., 3H, s, 3.62 ppm.

273

of
Run 6. 0Oxidation, p-4(8)-menthene oxides (16, 19, 6.5 mmol)

gave 4-methylcyclohexanone (17, 0.582 g, B80%), b.n. 95-100%
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(bath)/30 mm (1it.>“ 170%/761 mm).

IR (lig. film): cO 1710 em™ T,

PMR (CClé): CHCH, 3H, d) 1.04 ppmy, J = 6 Hz,

Run 7. Oxidation of 3,4-epoxy-4-phenyl-2-butanone (18,

1 g, 6.2 mmol) gave benzoic acid (0.€ g, 80%), m.no. 120°,

Run 8. Oxidation of cyclshexennne oxide (19, 1 g, B.9 mm2l)
gave a mixture of acids (0.5 g), which was esterified (CHZNZ)'
GLc (10% SE-30 on chromosorb W 60-80, 2m, 140°, 60 ml/min)

of the ester mixture shoued 3 peaks (RRT 1.0, 1.6, 2.7), of
which the middle peak is major (wB80%). Two esters (RRT 1.6,
2.7) were identified as methyl glutarate and methyl adipate
by co-injection and the estimated yields are 34 and 4%

resDaectively.

Run 9. fNxidation of camohene oxides (20, 1 é, 6.5 mmol) pgave
acidic and neutral parts. The acid was 3,3-dimethylbicyclo-
(2.2.1)hentane-2-carbnxylic acids17 (22, 0.567 0, 52%), b.De
125-30%(bath) /0.5 mm.

IR (lig. film)s CO,H 3200, 1700 em™?,

PMR (50213): CMe,, 3H, singlets at 1.8, 1.15 opm; CO,H,

1H, bs, 10.84 ppm.

The neutral portion was 3,3-dimethylbicycln(2.2.1)-
heptan-2-one (21, 0.33 g, 33%), b.p. 1N00-5°(bath)/3 mm

8 b.p. 70-80%/11 mm).

(lit.
. . -1
IR (lig. film)s CO 1740 cm .

PMR (CC14): Cﬂgg, 3H, singlets at 1.9, 1.04 ppm.



Run 10. Oxidation of 24¢,3)-epoxypinane (23, 1 g, 6.5 mmol)
gave a cPmplex mixture of neutral compounds (0.4 g, B peaks
in GLC) and single acidic compound (GLC of the methyl ester).
The latter (0.404 g, 37%) was esterified (CHZNZ) to give

the methyl ester 25, b.o. 110-5%(bath) /2 mm (lit.1g b.p.

110°%(bath)/ 2 mm).

IR (lig. film): €O 1750 cm"1; c=c 800 cm .

PMR (cc14): Che,

C=C—Cﬁ5, 3H, 8, 1.57 ppm; CO

, 3H, singlets at 0.78, 0.92, ppm;
ztﬂ s 3H, s, 3.62 opm;
C=CH, 1H, bs, 5.18 opm, W_ = 6 Hz.

h
Run 11. Oxidation of isolongifolene oxide (26, 1 g, 4.5 mmol)
gave only neutral product (0.99 g), GLC of which showed two
neaks (RRT 1.0, 1.44). They vere identified as the ketones

27 (60%) and 28 (37%) by co-injection with authentic samples.

N

HA |

o



Be

7.

10.

1.

12.

13,

REFERENTCES

Wed., Hickinbottom and G.E. M, Moussa, J. Chem. Soc. 4195

(1957).

"frganic Reaction Mechanisms, 1963", p, 5453 Edited

by Capon and Rees, Interscience, New York (1970).

J. Rocek and J.C. Drozd, J. Am. Chem., Soc. 32, 6668 (1970).

(a) L. Ruzicka and W. Bosshard, Helv. Chim. Acta 20, 244

(1937)s (b) W.c.J. Ross, 3. Chem, Soc. 737 (1946).

See e.ge. R. Ranganathan, U.R. Nayak, T.S. Santhanakrishnan

and Sukh Dev, Tetrahedron 26, 621 (1970).

See s.gs D. Felix, C. Wintner and A. Eschenmoser,

Nrganic_Syntheses 55, 52 (1976).

LeF. Fieser and J. Szmuszkovicz, J. Am. Chem, Soc. 70,

3352 (1948),

R. Sobti and Sukh Dev, Tetrahedron 30, 2927 (1974).

H. Kiliani and B. Merk, Ber, 34, 3562 (1901).

M«S+ Carson, W. Cocker, D.H. Grayson and P.V.R. Shanon,

J. Chem, Soc. C 2220 (1969).

4. Cocker and D.H. GraysoOn, J. Chem. Soc. Perkin I 1217 {1975).

D. Pletcher and $.T.D, Tait, Tetrahedron Letters 1601 (1978).

R.m, Bowman, A, Chambsrs and W,R. Jackson, J. Cheme. Soc.

612 (1966).



14,

15.

16.

17,

18,

18,

20,

27,

22.

23,

24,

25.

2 6.

27,

227

R. Schollner and W, Treibs, Chem. Ber. 94, 2978 (1961).
E. Weitz and A. Scheffer, Ber. 548, 2327 (1921).

Z,G. Isaeva and B.A. Arbuzov, Zhur. Obshchei. Khim 19,

893 (1949); Chem. Abstr. 44, 34673 (1950).

J. Wolinsky, J. Org. Chem. 26, 4150 (196%).

P.S. Bailey, Chem, Ber. 88, 795 (1955).

V.5. Joshi, N.P, Damodaran and Sukh Dev, Tetrahedron

24, 5817 {1968).

T.5. Santhanakrishnan, R.R. Sobti, U.R. Nayak and S. Deav,

ibid. 26, 657 {1970).

R.E. Parker and N.5. Isaacs, Chem, Rev. 59, 737 (1959).

J.5. Buchanan and H.,Z. Sable in "Selective Organic
Transformations® (Editor: B.S. Thyagarajan), Wiley-

Interscience, New York (1972); p. 1.

5se e.g. J. Rocek and F.J. Nestheimer, J. Am. Chem. Soc.

84, 2241 (1962).

—

P.S. Radhakrishnamurti and T. Ch. Behera, Ind. J. Chem,

9, 41 (1971).

G.E.Mm, Moussa, J. Appl. Chem. {(London) 12, 385 (1962);

M.A. Davis and W.,J. Hickinbottom, J. Chem. Soc. 2205 (1958).

B. Rickborn and S.-Y. Lwo, J. Org. Chem. 30, 2212 (1965).

R.A.B. Bonnard, A.A. Casselman and L.R. Hawkins, Can. J.
Chem. 43, 2398 (1965); E.J. Longstaff, E. Hamanaka, G.A.

Neville and R.Y, Moir, ibid. 45, 1907 (1967).



28,

29,

30,

31,

32,

™
~J
d

o
.
.

H‘CO Browﬁ and Qo S;UZUki’ 3' ﬂm' ChEmo SDC’ .8__9_.,

1933 (1967).

J.5. Yadav, H.®,5. Chawla, Sukh Dev, A.,5.C. Prakasa

Rao and U,R. Nayak, Tetrahedron 33, 2441 (1977).

H. Bibbort and P. Burt, J. Am. Chem. Soc. 47, 2240,
(1925),

A.E, Osterberg, "Irg. Syn. Coll. vol. I", p. 185,

Wiley, New Yaork {(1341),

Plant and Rosser, J. Chem, Soc. 2457 {(1928).




