
CHAPTER - III

9 fi ^ m s qOXIDATION OF THE PENTACYCLO [5.4.0.0 ’ 0 ’ uO ’ JUNDECANE- 

8,11-DIONE-4-SPIRO-1'-CYCLOPROPANE (27) AND PENTACYCLO 

[5.4.0.02’603’1005*9] UNDECANE-8,11-DIONE-4-SPIRO-1'- 

CYCLOPENTANE (31) WITH CERIC (IV) ION
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111.1 ABSTRACT

In this chapter of the thesis, transformation of two
cage diones, pentacyclo [5.4.0.02’603,10.05’9] undecane-8,11-

2 6dione-4-spiro-l’-cyclopropane (22) and pentacyclo [5.4.0.O’ . 
3 10 5 9O’ .0 ’ ] undecane-8,ll-dione-4-spiro-l'-cyclopentane (31) 

with Ce(IV) ion is reported. Oxidation of each of the diones 
27 and furnished a mixture of three compounds which were 
separated by a careful chromatography of the product mixture 
on. silica gel. The isomeric anhydrides 22« 29. followed
by the lactone 30 from the oxidation of dione 21_ and anhyd­
rides 32_, 32 followed by the lactone 21 were obtained from 
the dione 31 respectively. Structure of all these products 
(28-30 and 32-34) have been deduced from spectral data and 
a plausible mechanism has been advanced to explain the forma­
tion of various products.

111.2 INTRODUCTION

•Ceric ion in various coordinated forms has been known
1as strong oxidizing agent for many decades. However, early

use of ceric Ion in organic chemistry was primarily ^restricted
2to colorimetric and quantitative estimation of alcohols.

later studies revealed the ability of ceric ion to oxidise
a variety of organic functional groups but these efforts
are mostly devoted to the elucidation of reaction kinetics
and little, if any, effort was expanded to the preparative
aspects of these reactions. Investigation during the last

3 4decade by Trahanovsky and others on ceric ammonium nitrate 
(CAN) and ceric ammonium sulphate (CAS) oxidation of a number
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of organic compounds have drawn attention to the synthetic 
versatility of ceric ion in preparative organic chemistry.4 

Consequently, a great deal of promising methodology has 
been realised4 employing ceric ions. As the results desc­
ribed in this chapter deals with oxidation of polycyclic 
ketones with ceric ion , it will be desirable to briefly
discuss the oxidation of common organic functional groups with 
ceric reagents.

III. 2.1 Alcohols

Among various functional groups, alcohols are most
readily oxidised by ceric ion and their reactions have been
extensively studied. Thus benzylic^ and cyclopropylcarbinyl®

alcohols are oxidised to the corresponding aldehydes. Bridged
7 8bicyclic alcohols and cyclobutanols are oxidised with

adjacent C-C bond fission. Simple cyclic alcohols like 
cyclopentanol and cyclohexanol as well as admantano1 . are

9oxidised to the corresponding ketones in the presence of 
ceric ion. These reactions with typical illustrations are 
depicted in Scheme-Ill.1.

III.2.2 Carbonyl Compounds

Alicyclic ketones are rapidly consumed by ceric ammonium 
nitrate or ceric ammonium sulphate to furnish corresponding 
^-nitrato carboxylic acids via a pathway involving <?C-cleavage^0 

Cyclopentanone, cyclohexanone and norbornanone (_1) belongs 
to this category and furnish a mixture of ring opened carbo­
xylic acids. (Scheme-Ill.2).
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Surprisingly, camphor is inert towards CAN and this
indicates that these oxidations require a close approach
of the ketone and ceric ion, perhaps a complex formation

+4is involved. Since Ce is a bulky species in solution 
due to coordination with 8 to 12 atoms, its approach to
camphor carbonyl is prohibited. Several mechanisms involving

11 12 an enol intermediate as well as ot -hydrogen abstraction
have been formulated for ceric ion oxidation of ketones.

4,10The currently accepted mechanism of ketone oxidation
is illustrated for norbornanone (:l) oxidation. Adamantanone
(2_) and Tetracyclone (3_) exhibit unexpected behaviour towards

10 13CAN and undergo efficient Bayer-Villiger oxidation ’ to 
the lactone (4) and tetraphenyl OC-pyrone (j>) respectively 
(Scheme-Ill.3).

CAN

C6H5

SCHEME-III. 3



III. 2,3 Carboxylic acids

Simple aliphatic and aromatic carboxylic acids are
14usually stable towards ceric ion. However, oxalic acid and 

15malonic acid are readily oxidised by ceric ion to carbon 
dioxide and water. The higher homologues of these dicarbo- 
xylic acids do not react with ceric ion. Cycloheptatriene 
carboxylic acid (6J is readily decarboxylated to tropilium

i fisalt (7^ with CAN in 30% yield. OC-hydroxy carboxylic acids 
17are degraded to carbonyl compounds with the loss of a 

carbon atom by ceric ion and this constitutes a useful degra- 
dative method. (Scheme-Ill.4).

SCHEME-IH.4
III.2.4 Hydrocarbons

Aromatic hydrocarbons possessing benzylic, methyl and
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methylene groups are rapidly oxidised to corresponding carbo-

18nyl function by CAN in acidic medium. Thus, o- and p-xylenes

are oxidised to 2- and 4-methyl benzaldehydes respectively 
18in 100% yield. Polynuclear hydrocarbons are directly oxidi- 

19
sed to quinones by CAN under mild conditions in reasonable 

yields (Scheme-IIi.5).

SCHEME - III.5

Efficient conversion of indane (8J to 1-indanone (9J
20tetralin (10) to 1-tetralone (1JJ and a steroidal substrate 

12 to 13 are useful examples of hydrocarbon oxidation. (Scheme-

III .6).

cn
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21A mechanistically interesting example of hydrocarbon 
oxidation is the oxidation of cycloheptatriene to benzaldehyde, 
benzene and carbon monoxide (Scheme-Ill.7).

CAN 4*

SCHEME-III.7
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III.2.5 Hydroquinones

Oxidation of hydroquinones to quinones can be effected 
with a variety of reagents but these reactions are generally 
messy and handicapped by low yields. However hydroquinones 
can be rapidly and efficiently oxidised to the corresponding 
quinones by CAN. This oxidation is applicable for the genera­
tion of ortho, para and diquinones. (Scheme-Ill.8)

SCHEME-IH.8

III.2.6 Oximes and Semicarbazones

In many synthetic operations, it is expedient to either 
protect or purify carbonyl compounds via their oxime and 
semicarbazone derivatives. Ceric ammonium nitrate regenera- 
tes the parent ketone or aldehyde from oximes and semicar­
bazones at low temperature and in good yields. Thus providing



a superior and mild alternative to the conventionally used
23regeneration procedures.

III.2.7 Miscellaneous

Diaryl sulphides are readily oxidised to the correspon­
ding sulphoxides in high yield without any contamination
of corresponding sulphones. Similarly, phosphines are quanti-

13tatively oxygenated to phosphine oxides by ceric ion.
(Scheme-Ill.9).
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Among the various strained carbocyclic systems, the 
oxidation of only a few cage ketones (14-17) with Ce(IV) 
ion have been studied. (Scheme-Ill.10)

The unsymmetrical 1,3-bishomocubanone (_14) has been
reported to undergo an efficient regiospecific Bayer-Villiger
type oxidation with ceric ammonium nitrate to yield the

24lactone (18) in good yield. The observed regiospecificity
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of this oxidation is apparently due to the greater stability 

of the cyclopentyl radical (2_3) over the cyclobutyl radical 

[24) which may result after cK.-cleavage (Scheme-111.11).
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H20

Oxidation of 1,4-bishomocubanone with CAN furnished 

the lactone (19.3. The pentacyclic dione (JJU however, gave 
a ketolactone2^*2^ (20) as a sole product probably arising 

via the cyclobutyl-cyclopropylcarbinyl rearrangement of 
the initially formed carbonium ion followed by lactonization- 
(Scheme-II1.12).
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The hexacyclic dione (17), on the other hand took a
2 6slightly different course upon its treatment with ceric 

ammonium nitrate and furnished the anhydride (2JL) in addition 
to the lactone (22_) • (Scheme-Ill .13).

In the light of these interesting and synthetically
useful results, we have investigated the Ce(IV) ion oxidation
of pentacyclo [5.4.0.02’3 * * 60^’^0^’^] undecane-8,ll-dione-4-spiro-

2 611-cyclopropane (27) and its homologue, pentacyclo [5.4.0.O’
3 10 5 90 ’ O’] undecane-8,ll-dione-4-spiro-l'-cyclopentane (31)

in order to explore the possibility of new routes to novel
carbocyclics and to examine the effect of annulated spiro 
ring at the bridged methylene on the mode of oxidation.
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In this section of the Chapter III of this thesis, 
we describe the formation and structure elucidation of 
three and three C^j. -novel carbocyclic systems (28-
30) and (32-34) by Ce(IV) oxidation of {2TJ and (3JL) respec­

tively. (Scheme-Ill.14)

0
30 n = 2 35 36
34 n= 4

SCHEME-111.14

III.3 Results and Discussion

The treatment of dione (27_) (1 m mol) with ceric 
ammonium nitrate (CAN) (1.2 m mol) in aq. acetonitrile 
at ambient temperature (~32°, 1 h) and usual workup (vide



164experimental) gave a mixture of compounds(tic). A careful 
column chromatography of the product mixture over silica 
gel furnished three crystalline compounds, the isomeric 
anhydrides 28_ (m.p. 218°), 2_9 (m.p. 178°) and the keto 
lactone 30 (m.p. 217°) in 5%, 10% and 50% respectively.
The identity of these products were established as follows.

The infrared spectrum of 2j[ showed absorption bands
_i(Fig.III.1) at 1850 and 1780 cm clearly indicating the

27presence of anhydride moiety. The proton nmr (CDCl^, 100 
MHz;) (Fig.Ill .2) spectrum of .28 exhibited signals at 
£6.2 (s, 2H, olefinic H), 3.55 (m, 2H, methine H), 3.3 
(m, 2H, methine H), 2.1 (br, 2 H) and 0.5 (m, 4H, cyclopro­
pane CH2). The olefinic singlet at £6.2 immediately sugges­
ted it to be a cyclobutene derivative. Since a C=C double

2 9bond in norbornane framework always appears as a triplet and 
hence we formulated this anhydride as 2J) which was further 
supported by other analytical data.

The anhydride 29_ also showed absorption bands (Fig.III.3) 
1790 cm*1. Its proton nmr (CDC13, 100 MHz) spectra consisted 
of signals (Fig.Ill.4) at £ 6.4 (t, J^=J2~2¥Lz, 2H, olefinic
H), 3.40 (m, 4H, methine H), 2.50 (br, s, 2H, methine H)
and 0.45 (m, 4H, cyclopropane CH2). In this case the olefi­
nic signal at S 6.4 appeared as a triplet (J1=J2=2Hz), 

characteristic of the double bond in the bicyclo [2.2.1]
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29framework. We therefore assigned the structure 2_9 to

this compound.

The structure of the ketolactone 3C) was derived from
the following spectral data and its similarity with the
known ketolactone (20). The absorption bands (Fig.Ill,5)
at 1770, 1715 cm indicated the presence of lactone carbonyl
and cyclopentanone. The mass spectral fragmentation (M+ 216)
of 30 with strong peaks at m/e 171 and 172 (M+ - C02, M+ -
C02H) and 144 and 143 (M+ - C02-C0H), (M+ - C02, CO) is in

complete harmony with the ketolactone structure. Proton
nmr spectra (CDClj , 90 MHz) displayed signals (Fig.111.6)
at S 5.11 (1H. t, J=7.5Hz, H-C-O-C), 3.00 (t, J=5Hz, methine
H), 2.72 (m, 2H, methine H), 2.52 (m, 4H, ring H), 2.01
(d, 1H, =J2 =4Hz, ring H) and 0.62 (m, 4H, cyclopropane
CH2). 13C-NMR (DMSO-dg) (Fig.Ill.7) g 210.52 (C=0), 174.62,

76.04, 50.42, 49.38, 45.87, 42.62, 33.25, 31.82, 26.23,
20.51, 9.97, 2.42 (due to cyclopropyl carbon). The signal

25at 20.51 in the cmr of the lactone 30 suggested the 
presence of a cyclopropyl carbon conjugated with carbonyl group.

Similarly the reaction of the cage dione (_31) (1 m
mol) with ceric ammonium nitrate (1.2 m mol) in aq. acetoni­
trile furnished three compounds the isomeric anhydrides 
32 (m.p. 162°), 3jl (m.p. 156°) and the ketolactone 3_4 (m.p. 
195°)in 7%, 11% and 40% yields respectively.

The anhydride 3_2 showed absorption bands (Fig.Ill .8)
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_iat 1860 and 1780 cm in its infra-red spectra. Proton 

nmr (CDC13 , 90 MHz) (Fig.111.9) exhibited following resona­
nces at S 6.25 (s. 2H, olefinic H), 3.65 (br, s, 2H.
methine H), 3.45 (br, s, 2H, methine H), 2.35 (m, 2H) and 
a broad signal at 1.7 (8H) for methylene proton of the
spiroring substituent. Similarity of these spectral features 
with that of 28^ and the characteristic singlet at 6.25 
for the olefinic protons present in the cyclobutene ring 
suggested the structure .32 for this anhydride.

The anhydride 33. also showed bands (Fig. 111.10) at
_i1850 and 1790 cm in its IR spectrum and displayed an

olefinic signal in its NMR (CDClg, 90 MHz) (Fig.III.il)
spectrum at & 6.40 as a triplet (J = 3Hz) in addition to
the resonances at 3.35 (br, 4H), 2.65 (br s, 2H, methine
H), 1.7 (m, 6H, Cli, proton) and 1.45 (m, 2H, methylene
proton). The splitting of the methylene proton of the
spiro ring substituent in two groups (one CH2 appearing
at 1.7 the other at 1.45) in the nmr spectrum also supports
the formulation of 3_3 for this anhydride, since the protons

2 9syn to the double bond are known to resonate at higher 
fields.

The structure of the ketolactone (34) was similarly de­
rived from its spectral data. The IR spectrum of the compound



showed absorption bands (Fig.Illyl2) at 1775 and 1720 cm 
characteristic for a lactone carbonyl and cyclopentanone 
carbonyl group. The mass spectral fragmentation of 3-4 (M+
244) with peaks at m/e 200, 199 (M+ - C02, M+ - C02H) and 172, 
171 (M+ - C02 -CO, M+ -C02 -COH) also suggested the ketolac- 

tone structure. The proton nmr (CDClg, 300 MHz) (Fig,111,13 ) 

spectra showed a triplet at & 5.12 (t, J=7Hz), characteristic 
of a H-0-C=Q functionality in addition to the signals at 
2.9 (a, 1H), 2.85 (m, 2H), 2.7 (m, 1H), 2.6 (m, 1H) , 1.95
(m, 2H), 1.9 (m, 1H), 1.7 (m, 5H), 1.35 (m, 2H). 13C-NMR 30 
(DMSO-dg ) (Fig.III.14) spectra at & 210.39 (C=0), 175.0,
76.17, 52.63, 52.24, 48.86, 44.44, 41.45, 36.50, 32.34, 
31.82, 28.18, 24.28, 23.63, 20.25 (due to cyclopropyl carbon 
conjugated with C=0).

Similarity of these spectral features with the lactone 
(20) also supported the assigned structure to the lactone 
34.

In view of these results, it is interesting to record
that the Ce(IV) ion oxidation of the parent dione (16)
gives only the ketolactone (20) none of the anhydrides of
the type (35^ or 3f>) have been observed. 24,25 However the

oxidation of the annulated diketone (1/7) with Ce(IV) ion
2 6gave the anhydride 21 in addition to the lactone 22.

The results of oxidation of spirodiones (27 8 jyj indi­
cate that additional modes of fragmentation is competing



25with the fragmentation mode observed with 16. A plausible 
mechanism for the formation of the various products is 
outlined in the Scheme-111.15 and is in harmony with the
currently accepted mechanism of ceric ion oxidation.

The formation of the cyclobutene anhydrides ( 2J3 8
32) and the ketolactones (30 8 3_4) can be rationalized
through the formation of the cyclobutyl carbocation (38)
via fragmentation of the bond 'a' in the species 3_7, which 
can either undergo cyclopropyl-carbinyl rearrangement (moded ) 
to 3jl and lactonizes to give (30 8 34J or it may undergo
'OC* cleavage (mode 'd'} leading to the cyclobutyl anhydrides.
(2_8 8 32J (Scheme-Ill.15)

On the other hand the genesis of the anhydrides (29 
6 3_3) requires the formation of the norbornyl cation (40) 
which may result through alternate mode of c<-cleavage
in the intermediate (.37) (mode 'b') subsequent carboxyl 
induced cleavage of 41 followed by anhydride formation 
results in the anhydrides (_29 8 ^3) (Scheme-Ill .15).

In the absence of any other data regarding molecular 
parameters of the diones (2T_ 8 £1). it is rather difficult 
to rationalize the difference in the behaviour of the cage 
ketones jL6, 1_7 and 27_ 8 _31 towards ceric(IV) ion oxidation, 
especially the formation of the anhydrides 29 8 _33 in the
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IS n=2 
32 n=4
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latter case. Apparently, the spiroannulation also favours 
the alternate fragmentation (mode b) of the species 37, 
leading to the formation of norbornyl type cation 40 in 
addition to the usual fragmentation (mode 'a'). This compe­
titive fragmentation (mode b) could be the result of the
homoconjugative stabilization of incipient norbornyl type

31cation (40) through or participation of the carbon-carbon
bond of the annulated rings. A cyclopropane ring is well

3 2known to assist the formation of a carbocation at ^-position’ 
through its interaction with the 'corner' in addition to 
its ability to stabilize a cation at adjacent centre through 
the 'edge'. However, not much is known about the <f-partici- 
pation of other rings.
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III.4 Experimental

General Remarks : Please refer Chapter-II, Section-5.
? r 5 in S qOxidation of pentacyclo [5.4.0.Q * O ,XUQ ,a] undecane-8,11- 

dione-4-spiro-l*-cyclopropane (27) with Ce(IV) ion

To a slurry of ceric ammonium nitrate {6 g, O.Oll mol)
in water (30 ml) was added a solution of spirocagedione
(27) (1 g, 0.005 mol) in acetonitrile (20 ml). The reaction
mixture was stirred at room temperature ( 32°) Jor about
1 h (tlc)t diluted with water, extracted with dichloromethane
(3 x 50 ml). Thejcombined extract was washed with water

(2 x 15 ml), brine (2 x 10 ml) and dried over anhydrous
sodium sulphate. Stripping off the solvent gave fee residue,
which was chromatographed over silica gel (60 - 120 mesh).
Elution with pet. ether - ethylacetate (95:5) mixture yielded
the anhydride 28 (0.058 g, 5%), m.p. 218°, : 208 nm,— max
IR (KBr) ^ : (Fig.II1.1) 1850 (anhydride), 1780 ; 1290,
1220 cm'* 1. 1HNMR (CDClg 100 MHz) : (Fig.III.2) g 6.20 .(s, 2H 

olefinic H), 3.55 (m, 2H, methine H), 3.3 (m, 2H, methine H) , 
2.1 (br m, 2H) and 0.52 (m, 4H, cyclopropane CH2). Analysis : 
Found C, 71.78 ; H, 5.72% requires C, 72.22 ; H, 5.55% for

C„~H „0 . 13 12 2

Further elution gave another anhydride (2£) (0.116 g, 10%)
m.p. 178®. : 208 nm, IR (KBr)^maY : (Fig. III.3)

max uidix
1850 (anhydride), 1790, 930, 900 cm'1. 1HNMR (CDClg, 100 MHz)
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(Fig.III.4) : g 6.4 (t. J^J^Hz, 2H, olefinic H) , 3.40
(m, 4H, methine H), 2.50 (br s, 2H, methine H) and 0.45 (m,
4H, cyclopropane CH2). Analysis : Found : C, 72.35 ; H,
6.00% requires : C, 72.22 ; H, 5.55% for C,oH.o0„.lo 1Z o

Continued elution with pet. ether - ethylacetate (80:20)
mixture gave the ketolactone (_3jO) (0.58 g, 50%) m.p. 217°,
UvX^!?H : 206 nm. IR (KBr) ^___ : (Fig.III.5) 1770 (6-

max * max —— .- ■■-1 1lactone), 1715 (cyclopentanone) and 1120 cm . H NMR (CDClg 

90 MHz) (Fig. III.6) : g 5.11 (t, J=7.5Hz, 1H, H-C-0-C-), 3.00 
(t, J=5Hz, 1H, methine H), 2.72 (m, 2H, methine H), 2.52 (m,
4H, ring H), 2.01 (d, J=4Hz, 1H, ring H), and 0.62 (m, 4H, 
cyclopropane CH2). 13CNMR (DMSO-dg) : (Fig. III.7) g 210.52

(C=0), 174.62, 76.04, 50.42, 49.38, 45.87, 42.62, 33.25, 31.82, 
26.23, 20.51, 9.97, 2.43 (due to cyclopropyl carbon). Mass :
(m/e) 216 (M+), 172 (M+-C02), 171 (M -C02H), 144 (M+-C02~C0),
143 (M+-C02-C0H), 91 (C?H7+), 79 (CgHgO* or CgH7+), 66 (CgHg+). 

Analysis : Found C, 71.83 ; H, 5.66% requires : C, 72.22 ;
H, 5.55% for C^H^Og.

Oxidation of pentacyclo [5.4.0.02*^O311003* 9]-undecane-8,11- 

dione-4-spiro-l'-cyclopentane (31) with ceric (IV) ion

To a slurry of ceric ammonium nitrate (6 g, 0.011 mol) 
in water (30 ml) was added a solution of spiro cage dione 
(31) (1 g, 0.0044 mol) in acetonitrile (20 ml). The reaction 
mixture was stirred at room temperature (~32°} for about 
Ih (tic). The reaction mixture was diluted with water.
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extracted with dichioromethane {3 x 50 ml ) and the combined 

extract was washed with water (2 x 10 ml), brine (2 x 15 

ml) and dried over anhydrous sodium sulphate. Removal of 

solvent gave a residue was chromatographed over silica gel 

(60-120 mesh). Elution with pet. ether - ethylacetate (95:5) 

mixture yielded, the fast moving anhydride 32_ (0.075 g,

7%) m.p. 162°, UvXMe0H : 208 ran, IR (KBr)O : (Fig.III.

8} : 1860 (anhydride), 1780 cm"1. 1H NMR (CDClg, 90 MHz) : 

(Fig.III.9) £ 6.25 (s, 2H, olefinic H), 3.65 (br s, 2H, meth- 

ine H), 3.45 (br s, 2H, methine H), 2.35 (m, 2H) and 1.7 (br 

m, 8H, cyclopentane CH^). Analysis : Found C, 73.37 ; H, 

6.85% : requires L: H, 6.55% for C^gH^gOg.

Further elution, gave the another anhydride (3JJ (0.118

g, 11%) m.p. 156°, UvXMe0H : 208 nm, IR (KBr) ^ : (Fig.
max * max

III.10) 1850 (anhydride), 1790, 930, 900 cm-1. 1H NMR (CDClg 

90 MHz) : (Fig.III.il) $ 6.40 (t, J = 3Hz, 2H, olefinic H) ,

3.35 (br s, 4H), 2.65 (br s, 2H, methine H) and 1.7-1.4 (br 

m, 8H, cyclopentane CH^). Analysis : Found C, 73.56 ; H,

6.58% ; requires C, 73.77 ; H, 6.55% for C^H^Og.

Continued elution with pet. ether - ethyl acetate (80:20)

gave the ketolactone (34) (0.43 g, 40%) m.p. 195°, UvX^f^H :
max

260 run, IR (KBr)'s) : (Fig.III.12) 1775 (£-lactone) 1720
r max —“---------------

(cyclopentanone) and 1130 cm X 1H NMR (CDCl^, 300 MHz) : 

(Fig.Ill.13) £ 5.12 (t, J = 7.5Hz, 1H, H-C-0-C-), 2.9 (m, 1H),

2.85 (m, 2H), 2.7 (m, 1H), 2.6 (m, 1H), 1.95 (m, 2H), 1.9



1 3(m, 1H), 1.7 (in, 5H), 1.35 (mt 2H) : CNMR (DMSO-cL)
oIII.14) : & 210.39, 175.0, 76.17, 52.63, 52.24, 48.86, 

41.45, 36.50, 32.34, 31.82, 28.18, 24.28, 23.63, 20.25 
propyl carbon). Mass:(m/e) 244 (M+), 200 (M+~C02), 199 
C02H),.172 (M+-C02-C0), 171 (H+-C02-C0H), 91 (C7H?+), 
(CgHgO + or CgH7+), 65 (C5H5+). Analysis : Found C,
H, 6.67% : requires : C, 73.77 ; H, 6.55% for C^H^O

CFijL. 
44.44, 
(cyclo 
(M+- 

79
73.47

3*



o

3)NViilW$NVdl

-a

Fi
g.

 I1I
.1

 
:

059 
0080001

TO
—

---
---

TO
TT

W
A

VE
N

U
M

B
ER

 CM
”1

0081

20
00

IR
 (KB

r)
 s

pe
ct
ru
m 

of
 c

om
po
un
d 

28



CO

Fi
g. 

II
I.
2 

: 
NM
R 

(C
DC
lg
, 

10
0 
MH
z)
 s

pe
ct
ru
m 
of
 c

om
po
un
d 
28



-

1 a a a 1
o <5 " o oCD SO M

8
o

o
o
3

{%) 3)imiiWSNV81

20
00

 
18

00
 

16
00

 
14

00
 

12
00

 
10

00
 

80
0 

65
0

W
A

V
EN

U
M

B
ER

 CM1
Fi

g 
. 111

 . 3
 

: 
IR

 (KB
r) sp

ec
tr

um
 of 

co
m

po
un

d 29

-o



N
M

R
 (CD

C
1 ^

 , 10
0 M

H
z)

 spe
ct

ru
m

 of 
co

m
po

un
d 2_

9



C
O

Fi
g 

. 111
.5

 
: 

IR
 (KB

r)
 spe

ct
ru

m
 of 

co
m

po
un

d 30
W

A
V

EN
U

M
B

ER
 CM1

(%) 33NViilWSNVttl



ISO



181

CN
MR

 9
dm

so
-d

fi
) s

pe
ct

ru
m 

of
 c

om
po

un
d 

30



CNJ
GC

Fi
g.
 1

11
.8
 

: 
IR
 (K

Br
) s

pe
ct

ru
m 

of
 c

om
po
un
d 

32



183

N
M

R
 {CD

C
lg

, 90 
M

H
z)

 spe
ct

ru
m

 of 
co

m
po

un
d 32



184

IR
 (KB

r)
 spe

ct
ru

m
 of 

co
m

po
un

d 33
80

0 
65

0
w
oo

"
12

00
15

53
 

14
00

*

W
A
V
EN

U
M

B
ER

 CM-1





{%} 33NViilWSNVHi

coQ
O

ip—
4

Fi
g,
 i

n.
 12

 
: 

IR
 (K

Br
) s

pe
ct

ru
m 

of
 c

om
po
un
d 

34

t_W
3 

a38W
flN

3A
V

M

059 
008 

0001 
O

O
Zt 

0<M
 

0091 
oca 

oooz
I—

i-----------r
...............i 

■ 
i

................r
" • x

" I
------------

1 
i 

t 
........I

1" —
   

I
1-*

"*
1  

r................t 
—

 r



187

Fi
g,

 III
.13

 
: 

N
M

R
 (CD

C
1„

, 300
 MH

z)
 spe

ct
ru

m
 of 

co
m

po
un

d 3
4



188



183

REFERENCES

1. W.H. Richardson, in "oxidation in organic chemistry", 
K.B. Wiberg, Ed, Part A, Academic Press, New York, 
Ch. IV.1965.

2. R.J. Meyers and R. Jacoby, Zh, Anorg. Chem. , 1901, 27
(359).

3. W.S. Trahanovsky and D.W. Brixius, J. Am. Chem. Soc., 
1973, 95 (6778).

4. T.L. Ho, Synthesis., 1973, (347).

5. W.S. Trahanovsky, L.B. Young and G.L. Brown, J. Org. 
Chem., 1967, 32 (3865).

6. L.B. Young and W.S. Tahanovsky, J. Org. hem., 1967 ,
32 (2349). .

7. W.S. Trahanovsky, P.J. Flash and L.M. Smith, J. Am. 
Chem. Soc., 1969, 91 (5068).

8. K. Meyer and J. Rocek, J. Am. Chem. So., 1972, 94 (1209).

9. H.L. Hintz and D.C. Johnson, J. Org. Chem., 1967, 32
(556).

10. P. Soucy, T.L. Ho and P. Deslongchamps, Can. J. Chem.,
1972, 50 (2047).

11. J. Shorter and C.N. Hinshelwood, J. Chem. Soc., 1950,
(3276).

12. J.S. Littier, J. Chem. Soc., 1962, (832).



190
13. T.L. Ho and T.W. Hall, unpublished results.

14. N.H. Furman, J. Am. Chem. Soc., 1928, 50 (755).

15. H.H. Willard and P. Young, J. Am. Chem. Soc., 1930,
52 (132).

16. M.J.S. Dewar, C.R. Genellin and R. Pettit, J. Chem. 
Soc. , 1958, (55).

17. B. Krishna and K.C. Tewari, J. Chem. Soc., 1961, (3097).

18. L. Syper, Tetrahedron lett., 1966, (4493).

19. T.L. Ho, T.W. Hall and C.M. Wong, Synthesis., 1973,
(206).

20. S.B. Laing and P.J. Sykes, J. Chem. Soc., C, 1968,
(2915).

21. W.S. Trahanovsky, L.B. Young and M.D. Robbins, J.
Am. Chem. Soc., 1969, 91 (7084).

22. T.L. Ho and T.W. Wall and C.M. Wong, Chem. Ind., 1972, 
(729).

23. J.W. Bird and D.G.M. Diaper, Can. J. Chem., 1969,
47 (145).

24. G. Mehta, P.N. Pandey and T.L. Ho, J. Org. Chem., 
1976, 41 (953).

25. G. Mehta, V.K. Singh and H. Duddeck, Tetrahedron Lett., 
1978, (1223).

26. G. Mehta, V.K. Singh, Tetrahedron Lett., 1978, (4591).



191

27. F. Scheimann, " An Introduction to spectroscopic methods
for the identification of organic compounds ", Vol. 1, 
Pergamon press. New York, 1970, 123 pp. , J.R. Dyer,
"Applications of Absorption Spectroscopy of Organic 
Compounds", Prentice Hall of India, 7th Ed, 1989, 
147 pp.

28. V.K. Mahindroo, V.K. Singh and S. Dev, Ind. J. Chem. , 
Sec. B, 1988, 27B (1080).

29. L.M. Jackmann and S. Sternhell, " Application of NMR
spectroscopy in Organic Chemistry", 2nd Ed., Pergamon 
press. New York, 1969, A.P. Marchand, "Stereochemical 
Applications of NMR studies in rigid bicyclic systems", 
Verlag Chemie, international, FL, 1982.

30. C.L. George, L.L. Robert and L.N. Gorden, " Carbon-
13-Nuclear Magnetic Resonance Spectroscopy ", New 
York, 1980.

31. P. Vogel, " Carbocation Chemistry, Elsevier, Amsterdam, 
1985. Ch. 7.

32. I.M. Takakis and Y.E. Rhodes, Tetrahedron Lett., 1983, 
(4559)., I.M. Takakis, Y.E. Rhodes, Tetrahedron Lett., 
1978, (2475).

33. P.J. Chenier, T.M. Jenson, W.D. Wulf, J. Org. Chem.,
1982, 47 (770)., P.J. Chenier, J.R. McLure and D.J.
Golembeski, J. Org. Chem., 1978, 43 (4306)., L.A.
Paquette and M.R. Detty, J. Am. Chem. Soc., 1977,
99 (828).


