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PREFACE

Ever since fullerenes were discovered in 1985, the interest in their
chemical modification has increased steadily. Functionalization of
fullerenes continues to attract great attentton and a major part of such effort
is devoted to the synthesis of fullerene derivatives suitable for biological
applications and in material science. The development of synthetic methods
for the introduction of functional groups on a fullerene moiety is of much
practical importance and it continues to be a challenge to synthetic chemist.

1,2 Diones like o-benzoquinones and isatins constitute an itmportant
class of organic compounds. Owing to the presence of two adjacent
carbonyl groups, these compounds appeared interesting from the point of
view of their transformations to a variety of structurally fascinating and
potentially valuable compounds.

A systematic investigation of the dipolar cycloaddition reactions of
[60] fullerene and 1satins has been camied out. Cycloaddition reactions of o-
benzoquinones with arylacetylenes has also been carried out and these
results are presented in this thesis entitled “NOVEL CYCLOADDITION
REACTIONS OF [60] FULLERENE, 1,2-DIONES AND RELATED
CHEMISTRY”..

The thests is divided into four chapters. Relevant references are given
at the end of each chapter. A general introduction to the cycloaddition
reactions and nucleophilic addition reactions to [60] fullerene and
cycloaddition reactions of 1,2-benzoquinones are presented in chapter 1. A

definition of the present research problems is also incorporated.



The second chapter contains the results of our investigation of the
dipolar cycloaddition of carbonyi ylides, and reaction of allenamides, with
[60} fullerene. Results obtained from cyclic voltametry of the Cg adducts
are also incorporated. General information on the experimental proccdures
of the reactions of [60] fullerene is given 1in this chapter.

The third chapter deals with the dipolar cycloaddition reactions of
mtrile ylides with 1satins and 1,2-benzoquinones. Results of a limited study
of the reaction of a five membered cyclic carbonyl ylide with isatins are
also presented in this chapter.

The fourth chapter deals with a serendipitous synthesis of highly
substituted tropolone derivatives from o-benzoquinones.
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CHAPTER 1

INTRODUCTION

The focal theme of the thesis is the functionalization reactions of

[60] fullerene and cycloaddition reactions of 1,2-diones such as o-
benzoquinones, isatins, acenaphthenequinone and phenanthrenequinone,
along with some rearrangement reactions of the cycloadducts. To put
things in perspective this chapter begins with a brief overview of the
reactions of [60] fullerene and cycloaddition reactions of 1,2-diones.

‘ For the sake of clanty, this chapter is divided into two parts. In the
first part, a brief account of the cycloaddition and nucleophilic addition
reactions of [60] fullerene i1s given. A very brief outhne of the Diels-
Alder and dipolar cycloadditions of o-benzoquinones is given in the
s:,econd part. Since the information available on dipolar cycloadditions to
illsatins 1s very limited, it was considered more appropriate to include this
in the introduction to the third chapter. Similarly the relevant background
ipformation to the work resulting in a synthesis of tropolone derivatives

isll presented in the fourth chapter.
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PART 1
CYCLOADDITION AND
NUCLEOPHILIC ADDITION REACTIONS OF
[60] FULLERENE

. 1.1 GENERAL

Fullerenes were discovered! by Kroto, Smalley and Curl in the
- year 1985 for which they were awarded the Nobel Pnze for chcmisltry n
1996. Fullerenes are deemed to be the third allotrope of carbon after
diamond and graphite. Synthetic chemists have been interested in the
transformation of known matter and creating new matenals. Elemental
carbon played a minor role in the past'. With the discovery of fullerenes
this situation changed, because these molecules are soluble in a variety
of organic solvents, an important requirement for chemical
manipulations. The fullerenes are made up of fused pentagons and
hexagons. Each fullerene Cn consists of 12 pentagonal rings and any
number of hexagonal ones, m, such that m = (Cn-20)/2.

The most important member of the fullerene family is the I,
symmetrical Buckminster fullerene, Ceo, 1 (Figure 1).2
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1

Figure 1
The smallest, stable and at the same time the most abundant, fullerene,
Cgo has the shape of a soccer ball. All the carbon atoms in the [60]
fullerene are sp’ hybridized and is composed of 12 pentagons and 20
hexagons.

There is a tendency to avoid double bonds in the pentagonal ring
and there is only one structure for Cg that avoids having any double
bonds in the pentagonal rings. This has two important consequences.
First, delocalization of electrons is poor, so Cg is much more reactive
than originally expected. Second, Cg is not much of an aromatic
ll’nolecule but a giant closed cage alkene. Unlike aromatics, fullerenes
have no hydrogen atoms or other groups attached and so are unable to
ul'ndergc substitution reactions. As the cage consists entirely of sp’
hybridized carbons, ‘which have electron withdrawing -I inductive
effects, the fullerenes are strongly electron attracting. They react readily
with nucleophiles. The molecule appears to undergo all the reactions

associated with poorly conjugated and electron deficient alkenes.
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1.1.1 REACTIONS OF [60] FULLERENE

The two most important reactions of [60] fullerene e_xp]oredl * 50
far are cycloadditions and nucleophilic additions. Reductioh éxperiments
performed chemically®® and electrochemically”®® clearly show that Ce
1s a fairly electronegative system. Calculations as well as structure data
demonstrate bond alternation with long bonds at the junction of five
membered and six membered rings, called 5-6 bonds, and shorter bonds
with double bond character at the junctions of two six membered rings,
-called 6-6 bonds (Figure 2).

[5,6]bond
@\ {6,6]bond
’Oﬁ

)

Figure 2

These geometric and electronic properties imply that Cg behaves
like an electron poor conjugated polyolefin, consisting of fused [5]
radialene and cyclohexatriene umts, rather than a superaromatic
molecule. Charactenistic reactions of an electron poor olefin are
nucleophilic addition and cycloaddition reactions. Cg undergoes both
types of reactions. A brief account of these reactions is given below.
1.1.2 CYCLOADDITION REACTIONS OF [60] FULLERENE

Of all fullerene reactions, cycloadditions have received by far the
most attention. This is mainly due to the ability to control the reaction so
that only one addend becomes attached to the cage, making analysis of
the products relatively easy. Six types of cycloadditions are known:
(1+2], [2+2], {3+2], [4+2], [6+2] and [8+2] cycloaddition reactions.
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|1+2] Cycloaddition reactions

Thermal extrusion of nitrogen from o-benzyl and o-pivaloyl
protected diazirines 2 produces carbenes, which react with [60] fullerene
in toluene. These [1+2] carbene additions cleanly lead to 1,2-methano

bridged sugar monoadducts 3 (Scheme 1). '°

OR OR

Scheme 1
The dimethoxy methano fullerene S has been synthesized via the
corresponding carbene, which was prepared /n situ by thermolysis of the

oxadiazoline 4 (Scheme 2). "

TAP
N
I (0] Ceo

'
N7< Toluene, Reflux
4 .

Scheme 2

The addition of bis (2,6-diisopropylphenyl)silylene 6 as a reactive
divalent species to Ceo yields the [2+1] cycloadduct as the ring closed 1,2
bridged adduct 7 (Scheme 3)."?



Chapler | 6

. “a

R
—Me;SiMe; 6 Toluene

O "SR
R= Q.
7

Scheme 3
[2+2] Cycloaddition reactions

Photochemical [2+2] cycloaddition reactions take place with
- fullerene giving products with four membered rings fused to the
| fullerene cage. Further reactions may occur due to the strain 1n these
; nngs For orbital symmetry to be conserved, suprafacial addition should
. occur if the reactions are fully synchronous. When this 1s not the case
. biradical intermediates are implicated.

The photochemical [2+2] cycloaddition of enones 8 to Cgp is
possible by irradiation of benzene solution of the components with a
high pressure mercury lamp. Analysis of the reaction products showed
that the isolated monoadducts are a mixture of two tsomers, which are
cis and trans fused stereoisomers 9 arising from the {2+2] cycloaddition
"to a 6-6 bond of Cso (Scheme 4)."

0o Z S . o
d Ceo 7 Hh ]
s \ —
hv, Benzene
R > \
"N\ / R
\ Y,
8 9

Scheme 4
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The ease of photoreaction of [60] fullerene with electron rich
organic molecules has been used to cycloadd N,N-diethyl propynyl
amme 10 to C¢. Upon irradiation of the components in oxygen free
toluene solution for 20 minutes at room temperature, the [2+2] adduct 11

was obtained (Scheme 5)."

% A
" F\\ O
| @ ___.
hv, Toluene | / T\ A
N(C;Hg), N\ // N(C;Hs),
N 7
10 11
Scheme 5

Cycloaddition reaction of benzyne 14, generated by two routes, to
Ceo leads to [2+2] cycloadduct 15 (Scheme 6). '*'®

NH; )
, :©[ - Isoamyl nitrite

| COOH A’~N25'CO2 l 7

12 Ceo 2 =

@' — | - x |

. /i \
| N 14 \\ / 15
gy
| I‘q’ __N2

13 NH

Scheme 6

Saigo ef al. have reported that aryloxy and alkoxyketenes
generated from acid chlorides 16 undergo facile [2+2] cycloaddition with
Ceo (Scheme 7).
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R O
__ Y\Rl
o
R Et;N 7 \
Co + _cucoqt ———>[ YV | x
R CsHs(1 e /
16 \ [/
R, = C(HsO or GHO 17
R2=H 7

Scheme 7

|3+2]) Cycloaddition reactions of [60] fullerene

A large number of [3+2] cycloaddition reactions with Cgo have
been reported. These are discussed in chapter 2.
[4+2] Cycloaddition reactions of [60] fullerene

In [4+2] cycloaddition reactions, it is always the 6-6 double bonds
of Cgo that act as dienophile. A large variety of cycloadditions have been
carmied out ;avith Ceso and the complete characterization of the products,
mainly monoadducts, has enhanced the knowledge of fullerene
cﬂemisvy. The conditions for the cycloadduct formation strongly depend
ox,L the reactivity of the diene.
Rlpactions of 0-quinodimethanes with [60] fullerene

| In an approach to synthesize stable Diels-Alder adducts of Cg,

Mlilllen et al. used 1,2-bis(bromomethyl)benzene 18 to generate o-

qtlinodimethane 19 and added the latter to [60] fullerene (Scheme 8).'*
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Br

K1,[18] Crown;6l Ceo
Tolene, reflux

18 Br 19

Scheme 8

Sultine 21 and sulphone 22 eliminate SO, on heating and the

resulting o-quinodimethane has been trapped by Ceo (Scheme 9).%?!

Scheme 9
Another variation employed the ketone 23 which loses CO during
the reaction to give the product 24 (Scheme 10).

Scheme 10

Thermal ring opening of arenocyclobutane produces o-

quinodimethane and this method has also been apphied to Ce
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functionalization”. Thus cyclobutane substituted pyrimidine 25,
benzocyclobutanone 28 and benzothiete 31 undergo nng opening at
elevated temperatures and the resulting quinonemethides have been

trapped by Ceo (Scheme 11). 24%

- —_

R N
R__N #
\lf 2. \’[‘/ﬁ/\(
3 R
25 L 26

Scheme 11

In analogous manner nitrogen bonded [60] fullerene derivatives

have been prepared by a hetero Diels-Alder reaction. o-Quinonemethide
imine 35 generated by thermolysis of o-amino benzyl alcohols 34 have
been trapped efficiently by Cs, leading to piperidine fused fullerene
derjvatives 36 (Scheme 12).%7 |
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OH

R »-DCB

—_
’7‘" Reflux
CH;
34
R=C6H5
Scheme 12

Addition of buta-1, 3- diene derivatives

It has been reported that Cg reacts with 2-trimethyl silyloxy 1,3-
butadiene 37 in toluene at reflux, leading to a stable Diels-Alder adduct
39. The ketone 1s formed by hydrolysis of the intermediate silyl
enplether 38 during flash chromatography (Scheme 13). 28

=0

N

37 R= OSi(CHj)3
Scheme 13

Similar to the methodology involving quinonemethide imine ¥’

ado!pted for the synthesis of fulleroheterocycles, 1,3-butadiene

derii!vatives can also be used. Thus 2-aza-1, 3-diene derivative 40 as well

as N-acyl thioacrylamide 42 reacts smoothly with [60] fullerene leading

to the respective cycloadducts (Scheme 14).2°°
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Scheme 14
In addition, a number of 4n components like 1sobenzofuran 44,

tropone 46, cyclopentadiene 48 and anthracene 50 have been added to
[60] fullerene (Schemes 15a and 15b).>'*

Scheme 15a
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TN 5
Ggggn +E> Toluene

Ceo
Benzene
O Reflux
50
Scheme 15b

Very recently, a rhodium catalysed three component coupling of
bepta-l ,6-diyne 52, hydrosilane and Cg has been reported
:(Scheme 16).%

x/ RhCI(PPhs3)3
—_—
| Np— R;3SiH
CH,(\;

52

X=C(COMe),

Scheme 16
’6+2] Cycloaddition reaction of [60) fullerene
| Only one reaction of this type is known. The photochemical

reaction between Csy and N-ethoxycarbonyl achihe 55, generated
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in situ by light induced decomposition of ethylazidoformate in benzene,
produces two photo adducts 56 and S7 in the ratio 4:1, by [2+4] and
[2+6} cycloaddition reactions (Scheme 17).%

E

|
hv N
— Y
Hs Benzene | [/ |

N3;COC;

E=CO,Et
Scheme 17
[d+2] Cycloaddition reaction of [60] fullerene
Treatment of 8-methoxy heptafulvene 58 with Cg at room
temperature produced a tetrahydroazulenofullerene 59 (Scheme 18).”

Scheme 18

.11[3 NUCLEOPHILIC ADDITION REACTIONS OF [60]
LERENE

| The strong electrophilic character of [60] fu]l!prene makes it very
mﬁve towards nucleophiles. Nucleophilic addition has been carried out

both neutral and charged species. For example, methylamine,
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ethylamine, propylamine and morpholine have been added to Ce leading
to 1,2 addition products (Schemel9). **

8

Scheme 19
Cso has been reported to undergo alkylation with organolithium

and magnesium compounds (Scheme 20). *°

T e
oggn s

Scheme 20

| Nakamura ef al. have found that organocopper reagents react with

bso'| in a five fold fashion leading to a penta phenylated fullerene adduct
4 (Scheme 21). %

s C¢HsMgBr | St
CuBr.Me,S, NH4CVH, 0 N
>

8
GgQ.“ Toluene/THF

’ ~78° C tort

Scheme 21 |
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The stabilization of intermediate RCq~ to form dihydrofullerene
derivatives can also be achieved by intramolecular nucleophilic
substitution (Sx;) if R contains a leaving group. This reaction is called
Bingel reaction and is one of the most widely studied reactions in

fullerene chemistry (Scheme 22). *'

CO,Et

CO,Et
Toluene

Scheme 22
Shu and O'Donovan have independently reported that phosphine

I;camlysed reaction of buta-2, 3-dienoates 67 and but-2-ynoates 68 leads
|

to cyclopentene annulated fullerene 69 (Scheme 23). 42*

Scheme 23
A unique method to introduce phosphorous substituents on [60]
ldlrene was discovered by Chuang et al. Treatment of C¢o with
'plipnylphosphine and DMAD 70 in toluene at ambient temperature
ve fullerene derivative 71 consisting of a phosphorous ylide and a

clc*prop;me ring on the fullerene moiety in good yield (Scheme 24). *
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o
O’Qg ((:02 C};l;oluene,rt

Scheme 24
Rubin et al. have demonstrated that sequeﬁtial double Michael
‘addition of dienolates derived from o, 8 -unsaturated compounds 72
'with Cg leads to sterically congested [60] fullerene derivatives 74 with
defined stereochemistry (Scheme 25). #*

! R1=R2=iPr, Ri3=R,=H
Scheme 25
- Other related reactions more relevent to the work presented in this thesis

l aT'e #iscussed in chapter 2.
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PART 2
CYCLOADDITION REACTIONS OF
o-QIUINONESt
1.2 GENERAL |

Compounds with quinonoid skeleton are endowed with nich and
fascinating chemistry. They are used as versatllle intermediates in organic
synthesis and in dye industry. Quinonoid cpmpdunds play important
roles in electron transport, in respiratory and photosynthetic elements of
biological systems as well as a number of redox processes in nature. A
- large number of natural produa::ts with quinc'moid skeleton have been
1solated and many are found to be biologicall)l'( active.*® A few are listed

below (Figure 3). |

H CgCH;;
R= aframycimn |

O& Saﬁ'mnycm A OH

C
N
© H

L. O )
Haematopodin

Figure 3
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1.2.1 SYNTHESIS AND REACTIONS OF 0-BENZOQUINONES
Synthesis of o-quinones

o-Quinones can be prepared from catechols by oxidation with
cerium (IV).sulphate in dilute acids®’, Fremy's salt*®, benzene seleninic
anhydride®®, iodosobenzene or idodoxy benzene.® The most commonly
used method for the preparation of 1,2-benzoquinone involves oxidation
of corresponding catechols with appropriate oxidizing agents such as
Ag,O, Ag,COs, FeCls, NaIOf‘, MnQO, or sodium hypochlorite in the
presence of a phase transfer catalyst.”
{4n+2n] Cycloaddition reactions of 1, 2-benzoquinones

o-Quinones can exhibit multiple rcacﬁvity profiles especially in
cycloaddition reaction as they can participate as carbodiene, heterodiene,

dienophile or heterodienophile (Figure 4).

/"Y,’::D ‘/"\ o /\.&O ,’,’7‘\%
\ IL E L] 13

li\‘ l:~ L IL:. :
- l “\O o ) 0 ) -
Carbodiene Heterodiene Dienop

a s~
DS ~

- ~ -
~~

N O it ) > 0
hile Heterodienophile

Figure 4
The different types of reactivity shown by 1,2-benzoquinones in [47+27}
cycloadditioﬁ reactions are bnefly outlined here.
1,2-Benzoquinone as carbodiene
3,5-di-tert-butyl-1,2-benzoquinone 75 undergoes facile
cycloaddition with pentafulvene 76 to afford bicyclo [2.2.2] octanedione
77 in 80% yield (Scheme 26).
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O
/
Mes  H,c__CH, o/ L'™MY
O
?{ Benzene
+ o
Me;C O 80 83
75 77 g’ ~CH;
Scheme 26

1,2-Benzoquinone as heterodiene
1,2-Benzoquinone has a highly activated heterodiene moiety and
participates 1n facile Diels-Alder reaction with tetracyclone 78 leading to

the formation of benzodioxin derivative 79 (Scheme 27). >

CMC3 Ph
o Ph
100%
o Ph 0O
79

Scheme 27
1,2-Benzoquinone as dienophile
1,2-Benzoquinone 80 functions as an electron deficient dienophile

in its reaction with 2 3-dimethyl butadiene 81 (Scheme 28). 5

O
O ) 0O
Lo —
e; 0 X =
80 81 82 M,

Scheme 28
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'1,2-Benzoquinone as heterodienophile

1,2-Benzoquinone can serve as a heterodienophile in
cycloaddition reactions due to the presence of two activated carbonyl
groups. Reaction of 3,5-di-fert-butyl-1,2-benzoquinone with 1,4-
diacetoxy-1,3-butadiene 83 afforded benzodioxin derivative 85 (Scheme
29) 56

CMe; H
' O I"IOAC
—
Me; Me;C~ 0 k7 0Ac
85

Scheme 29

Dipolar cycloaddition reactions of 1,2-benzoquinones

Dipolar cycloaddition reactions provide a poweﬂhl method for the
synthesis of many nitrogen and oxygen heterocycles. ¢0-Quinones exhibit
dual reactivity in dipolar cycloaddition reactions as they react either as
C=C or C=0 dipolarophiles. The reaction of diazomethane with 3,6-di-
tert-butyl-o-benzoquinone 86 afforded indazole 87 (Scheme 30). %’

CMes o)
o o CMes
+ CyN, Ether, N
" (0] Me3
86 CMe; 87
Scheme 30

Mesoionic compounds have been extensively utilized as substrates

in 1.3-dipolar cycloadditions. The anhydro-5-hydroxy-1,3-oxazoium
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‘hydroxide or miinchnone 89 reacts with unsubstitued 1,2-benzoquinone
88 affording the lactone 91. Evidently, open chain ketene form 90 of the

‘miinchnone participates in this reaction (Scheme 31). >

OoP o_ _O
S N oS
Ph P" 07 "N CqHs
91 CH;

Scheme 31
Interestingly,  3-methyl-5-(4-nitrophenyl)-1,3-oxazolium-4-olate
93 undergoes [4+4] cycloaddition with o-chloranid 92 affording the
heterocyclic system 94 (Scheme 32). >

(@]
. P
“ © h\(I N—CH;
C
a X=0
92 93

Scheme 32
Similarly thioisomiinchnone 96 has been known to react with

phenanthrenequinone 95 leading to 97 (Scheme 33). %

9 ot
P! S
L e —
+
o N
g« Y "**

95 96
Scheme 33
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A recent investigation from our laboratory has shown that aryl
nitnle oxides undergo facile cycloaddition reaction with 1.2-
Pcnzoquinoncs. For example, reaction of 1,2-benzoquinone 75 with aryl

pitrile oxide afforded a regioisomeric mixture of monospirodioxazoles
99 and 100 (Scheme 34). %

Ar
e3 _ 0 <
o a Me; \,N Mes S ar
+ )\\ _on Bl o+ \f’/
MCJ O Al‘ N 0 O/N
CMe3 CMC3
75 98 99 100
Scheme 34

Very recently it was shown that carbonyl ylide 102 undergoes

facile [3+2] cycloaddition with 1,2-benzoquinones (Scheme 35). *

es
_ i o CMe;
O ~ OQ
R !) Me o
O h(I y) ) 2 > Me3 0
CHN2 (9] o

101 T 102 103

Scheme 35
1.3 1,3-DIPOLAR CYCLOADDITION REACTIONS:
THEORETICAL CONSIDERATIONS
A 1,3-dipole 1s a three atom n-electron system with four =-
electrons delocalised over three atoms. It i1s not possible to write

structures for dipolar species without representing them as charged
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species. However, this does not mean that the species are polar in nature
since the charges are delocalized. 1,3-Dipolar species contain a
" heteroatom as the central atom which can be sp or sp’ hybridized.
Dipoles containing sp hybridized heteroatom has a double bond
orthogonal to the delocalized n-system; whereas dipoles with sp’

hybridized heteroatom does not have such a double bond. These are

Qﬂﬂ .-Ra R,-
Ry XY= - )
L I T
(2) With an orthogonal (b) Without an orthogonal
double bond double bond

pictorially shown in figure 5.
R
Y. Q
Q/ ’,’Rd
X" @

Figure 5
Nitrile ylide 104 (Figure 6) represents a typical example of the
type (a), where the central atom is sp hybridized. These species are
easily bent to permit cycloaddition reactions at the termini.*® Carbonyl
ylides 105 are of the type (b) where the central atom is sp’ hybridized
(Figure 6).

+
1 3
R 0O
1 — _
R— C=N—CR'R’ > \C/R:
R/ R

104 105

Figure 6
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Compounds which can react with 1,3-dipoles are called dipolarophiles.
Common dipolarophiles contain groups such as C=C, C=N, C=0, C=S§,
C=C and C=N.
1.3.1 REACTIVITY OF 1,3-DIPOLES

1,3-Dipolar cycloadditions are single step, four centered,
concerted reactions in which two new o bonds are formed
simultaneously. These reactions are susceptible to electronic and steric
influences, which affect the nature of the transition state. 1,3-Dipolar
cycloaddition reactions proceed through a transition state, in which there
is an interaction between the 4mn-component of the dipole and the 2z-
component of the dipolarophile. This is a thermally allowed process on
the basis of Woodward-Hoffmann rules.** Frontier orbital theory
proposes that reaction through such a transition state is favored if there is
an interaction between a filled w-orbital (HOMQ) of one reactant and
empty © -orbital (LUMO) of the other. The orbitals must be of the
correct symmetry for a favorable interaction and it must be sterically.
feasible also. The interaction will be strong if the energy gap between the
orbitals is small. Therefore the course of the 1,3-dipolar cycloaddition
reaction is determined by the HOMO-LUMO interactions of the
reactants. The HOMO-LUMO interactions of the dipole and the
dipolarophile can be represented as shown in Figure 7.

HOMO

h LUMO
Dipole Dipole
. LUMO HOMO
Dipolarophile Dipolaraphile

Figure 7
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According to Sustmann’s classification 1,3-dipolar cycloaddition

reactions are of three types (Figure 8).

A dipolarophile
LUMO
dipole

LUMD

dipole  dipolarophile
Lumo LuMO

dipolarophile dipole

Vi Y N
e 4 5 LS

HOMO oM
HOMD H

Energy

(1) (it) (itf)
Figure 8
()  HOMO-controlled, in which the interaction of the dipole HOMO
| with dipolarophile LUMO is greatest.
(n) Both HOMO and LUMO controlled, which involves large
interaction between both frontier orbitals.
(i) LUMO-controlled, in which the interaction of the dipole LUMO
with the dipolarophile HOMO is greatest.
The substituents that raise the dipole HOMO energy or lower the
dipolarophile LUMO energy will accelerate the HOMO controlled
reactions. Substituents that lower the dipole LUMO energy or raise the
dipolarophile HOMO energy will accelerate the LUMO controlled
reactions. l-.[OMO, LUMO controlled reactions will be accelerated by an
increase of either frontier orbital interaction. It has been estimated that
dipolarophiles with conjugative electron-withdrawing groups have lower
energy LUMO values and hence the predominant interaction in a 1,3-

dipolar cycloaddition reaction will be of the type (i). Conversely electron
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nch dipolarophiles like enol ethers and enamines have high energy

LUMO values and the predominant interaction will be of the type (iii).

1.4 STATEMENT OF THE PROBLEM _

It is clear from the literature survey that although a variety of
dipoles and nucleophiles have been added to Cg, there are a number of
feactions that remain unexplored. In order to find new methodologies for
the functionalization of [60] fullerene, we have undertaken a study of the
reaction of Cgo with carbonyl ylides and allenamides and the first phase
of the investigations was concerned with these reactions.

Very hittle information 1s available on the dipolar cycloaddition
réactions of 1,2 dicarbonyl compounds such as isatiris. Therefore in the
second phase of the work, a study of the dipolar cycloaddition reactions
of nitrile ylides and carbonyl ylides with isatins was undertaken with a
view'to synthesize oxindole fused heterocycles.

During the course of the investigations on cycloaddition reactions
of o-benzoquinones, we encountered a facile synthesis of highly
substituted tropolone derivatives. It was obligatory to study this reaction
in some detail and the results are presented in the final phase of this

thesis.
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CHAPTER 2
REACTIONS OF CARBONYL YLIDES AND
ALLENAMIDES WITH [60] FULLERENE

2.1 INTRODUCTION
| The fullerenes were observed for the first time in 1985 and isolated
in bulk in 1990.% Since then many research groups have been engaged in
@eveloping practical applications of this novel material.’ The interesting
%ropertics of fullerenes make them potentially useful in a broad spectrum of
ience and technology ranging from nonlinear optical materials to
%Glperconductors. Also 1n the biological field, the fullerenes have a strong
impact as it was discovered that functionalized fullerenes can be used in
hotodynamic therapy % or as inhibitors of the HIV-1 protease.” ¢ Natura]ly
it was of great importance to make synthetically modified fullerenes for
;Lysicochcmical as well as biological applications. Conceptually 1,3-
ipolar cycloaddition reactions provide a useful method for synthesizing
heterocycle fused organofullerenes.

The [6,6] double bonds in Cg are dipolarophilic in nature, which
epables the molecule to undergo a vanety of dipolar cycloadditions leading
to a range of heterocycle fused fullerenes.” The first example of a dipolar
cycloaddition reaction to [60] fullerene 1 1is its reaction with
d.}ph,enyldiazomethane to produce a methanofullerene 2 (Scheme 1).°
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‘5‘ ((;))(ans)zmz e ‘is
S e 8D

Scheme 1
Subsequent to this finding, a number of diazoalkanes,®'®
diazoamides'’, and diazoesters, > ° have been found to react with [60]
fullerene to produce methanofullerenes.
Organic azides 3 are known to serve as 1,3-dipoles and these have
been shown to undergo [2+3] cycloaddition raiactions to [60] fullerene,

leading to aza-bridged fullerenes 4 (Scheme 2). !

RCH;N;

_ Scheme 2
Azomethine ylides 5, of general formula (R,R;)C=N"(R3)C (R4R5),
represent one of the most reactive and versatile 1,3-dipoles. Of all the 1,3-

dipolar reactions of Cgp, azomethine ylide addition accounts for generating
the maximum number of compounds called fulleropyrrolidines 6

(Scheme 3). 7%
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CH3NHCH,COOH + CHO—~ 5>

Scheme 3
Meier et al. have found that nitrile oxides undergo facile

cycloaddition with Ceo to give isoxazoline derivatives 8 (Scheme 4). ¢

@ o
RC=N—0 _Ca)_’
7

R = CH; or C;H;

Scheme 4
Cycloaddition of mesoionic compounds with multiple bonds has been
utilized for the preparation of numerous functionalised monocyclic and ring
annulated heterocycles. Wud! and Padwa have reported that isomiinchnone
precursors such as 9, in presence of Rh(Il) acetate, readily react with [60]
fullerene under very mild conditions affording novel heterocycle fused

organofullerenes 10 (Scheme 5).%°
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Scheme 5
It has been reported that pyrazolinium ylide 11 undergoes 1,3-dipolar

cycloaddition with Cg leading to novel heterocycle fullerene derivatives 12
(Scheme 6).%

11

Scheme 6
Yoshida er al have found that nitrile imine adds to Cgg. Thus 1,3-
diphenyl nitrile imine, generated in situ from benzhydrazidoyl chloride 13,
reacts with Cgp leading to pyrazoline fused fullerene 14 (Scheme N
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13
Scheme 7
\ A closely related dipole, nitrile ylde, has also been shown to react
‘with Ceo leading to novel pyrrolinofullerenes. Nitrile ylide 16 generated
from benzimidoy! chloride 15 reacts smoothly with [60] fullerene leading to
the pyrrolinofullerene 17 and its ring opened isomer 18 (Scheme 8).2

|
N~
a 4 ©
15
Cs

Scheme 8
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Similarly, the azirine 19 reacts with [60] fullerene under

photochemical conditions to afford pyrrolinofullerene 20 (Scheme 9). 29

N
e
Cso
19

Scheme 9
Eguchi et al. have found that nitrones undergo facile 1,3-dipolar

cycloaddition with Cg leading to isoxazoline fused fullerenes 22
(Scheme10). *

RCH;NO,
—_
(CH3)»SiCVEGN

Ceo

Scheme 10
Recently thiocarbonyl ylide 24 has also been utilized for dipolar

I‘cycloaddition reaction with [60] fullerene (Scheme 11).*
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23 24

Scheme 11

2.1.1 GENERATION AND REACTIONS OF CARBONYL YLIDES
Carbonyl ylides can be generated by a number of methods.
Commonly used pathways for carbonyl ylide generation include
- thermolysis or photolysis of epoxides having electron withdrawing
groups, 3 34-36

of carbon dioxide from 1,3-dioxolane<4-ones.

extrusion of nitrogen from 1,3,4-oxadiazolines, and removal

7 The transition metal
catalyzéd decomposition of an a-diazo ketone 26 in the presence of a
carbonyl functionality 27 provides the simplest and the eastest route to

these dipoles 28 (Scheme 12). %4

Scheme 12
Among all the catalysts developed for ¢arbene addition to 7 bonds,

rhodium (1]) carboxylates are the most effective for bimolecular reactions

that employ diazo carbonyl compounds.43 In general, the reactions can be
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carmied out under mild conditions, often at 10°C, and the products are
obtained in high yields.** **

The rhodium (II) catalyzed decomposition of diazo carbonyl
compounds is believed to involve a metallo-carbenoid intermediate 30
which retains the highly electrophilic properties associated with free

%47 Therefore, in an appropriate acyclic substrate, such an

carbenes.
mtermediate can be intercepted intramolecularly by the nonbonding
electrons on the neighbouring carbonyl group to effect overall cyclization

(Scheme 13).

R R R
o) RhL, o = g
— Lt - .
CHN, CH=RhL, o
o o 0
29 30

31

Scheme 13

The two types of diazo ketones, which can undergo tandem
cyclization-cycloaddition chemistry,*® are shown here. First one involves
systems in which the diazo ketone and the remote carbonyl are attached in a
1,2-fashion on a benzene ring 32 (Scheme 14). ** This arrangement provides
interatomic distances and bond angles that are ideal for dipole formation
and the second system involves the flexible 1-diazo-2,5-pentanedione
'backbone.’®*' With this system, the ylide 31 was formed by reaction of the
less nucleophilic keto carbonyl on the rhodium carbenoid center. The tether

utihzed corresponds to a simple dimethylene chain, which introduces a
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conformational flexibility not available to the more rigid benzo systems

(Scheme 15).

0 - 0 - o
CHN; _Rh(l) © | A=B B
o _0® 0/

XR A

XR XR

32 ) 33 ) 34

Scheme 14
R - R R
o _Rb) 0% A= o T
C]:IN)_ (&) B
) | 0 ] o
29 31 35
Scheme 15

The carbonyl ylides, generated by the tandem intramolecular
carbenoid-carbonyl cyclizations are known to react with both external and
intemal dipolarophiles including acetylenic and olefinic dipolarophiles,
suich as  dimethyl acetylenedicarboxylate (DMAD) and N-
phenylmaleimide.*!

2.1.2 REACTION OF CARBONYL YLIDE WITH |60] FULLERENE

There 1s only'an isolated report on the dipolar cycloaddition reaction
of carbonyl ylide with [60] fullerene. This involves addition of TCNE oxide
36, via the carbony! ylide 37, to [60] fullerene (Scheme 16). *2
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®
NC 0_§<CN A NC 0\‘G/CN
NC: Toluene

36 37

Scheme 16
2.1.3 THE PRESENT WORK

It 1s noteworthy that although a large vanety of reactions of carbonyl
yhdes with electron deficient dipolarophiles are known, there has been no
'work on the addition of cyclic carbonyl ylides with {60] fullerene. Against
ithe literature background presented above and in the context of our general
interest 1n the functionalization reactions of Ceg, it was of interest to
}undertake an nvestigation of the dipolar cycloaddition reactions of
carbonyl ylides with [60] fullerene; such reactions were anticipated to
afford novel furanofullerenes. The results of our investigations form the

core of this chapter. The a~-diazo ketones selected for our investigations are
shown here (Figures 1, 2 and 3).

00

39, X=H

40 5 X=CH3
41, X=0CH;
42 X=Cl

Figure 1
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@)}\/\nf CHN; ' 0
o 7\
! o o . L can,
Q)

CHN,
43 44 45

Figure 2

CeHs

IVL“““’ :

0

CsHs
CHN,
46 47 48

Figure 3

22 RESULTS AND DISCUSSION

\2.2.1 CYCLOADDITION REACTIONS OF CARBONYL YLIDES
| WITH [60] FULLERENE

‘ The diazoketones required for our investigations were conveniently

?repared from the corresponding carboxylic acids by a known procedure

@cheme 17).°!

Ph Ph
0 CICOMe CHN, 4]
OH E‘JN OCOch CHN,
o o
49 39

Scheme 17
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Our preliminary investigations were focused on the dipolar
cycloaddition reaction of carbonyl ylide dipole 52 generated from 3-

benzoy! propionic acid as shown in scheme 18.

" h ) W
o Rh(I1) o 0%
. CH.N2 =Rh[4 Qe
. 4 o
39 5% ) )

Scheme 18
The experiment was performed by the addition of the diazoketone 39

to a solution of Cg 1n toluene in the presence of Rh (1I) acetate. The 1,3-
dipolar cycloaddition reaction of the carbony! ylide with [60] fullerene
occurred smoothly to afford the product 53 (Scheme 19).

h
8 Ceo
O Rh{m Toluene, rt
CHNZ S 45‘%)
O O
.39 5
Scheme 19

The product was purified by chromatography on silica gel column
and it was characterized by spectroscopic analysis. The IR spectrum of S3
showed the carbonyl absorption band at 1732 cm™and in its 'H NMR
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spectrum (Figure 4) the characteristic bridgehead proton resonated at 6 6.05
as a singlet. In the "C NMR spectrum (Figure 5) the characteristic sp’
carbons at the [6,6] junction on the [60] fullerene resonated at § 75.24 and
79.43. The two bridgehead carbons resonated at 6 92.26 and 92.15. The
signal at §92.15 1s due to the bridgehead methine carbon. These
assignments were confirmed by DEPT studies. In the DEPT-135 spectrum
of 53 (Figure 6) peaks at & 92.26, 79.43 and 75.24 disappeared. The mass
spectrum showing a molecular ion peak at 894 and the HRMS data

supported the assigned structure.

s
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Figure 4. 'H NMR spectrum of cycloadduct 53
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Figure 5. °C NMR spectrum of cycloadduct 53
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Figure 6. DEPT-135 spectrum of cycloadduct 53
The experiments were repeated with carbonyl ylides 54, 56 and 58

derived from diazoketones 40, 41 and 42 which were synthesized from
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3-(4-toluoyl) propionic acid, 3-(4-amsoyl) propionic acid and 3-(4-chloro
benzoyl) propionic acid. The results are shown in Table 1.

Table 1. Cycloaddition of Carbonyl Ylides 54, 56 and 58 with

[60] Fullerene

) b
Carbonyl Ylide Adduct Yield*®

48 (87)

31 (43)

39 (79)

a.Isolated yield, b.Based on recovered CgQ
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The cycloadducts were characterized by spectroscopic methods. All
these compounds showed one carbonyl absorption each in the IR spectrum
and they showed typical proton and carbon signals in the 'H and *C NMR
spectra. Satisfactory HRMS data was also obtained for all the cycloadducts.

Materials containing two different covalently linked redox centers are
very Interesting from the vanatge point of applications in molecular
electronics.> Steady state fluorescence and time resolved flash phc;tolytic
investigations carried out on fulleropyrrolidine bridged ferrocene diads have
shown that electron transfer occurs from the ferrocene donor to the
fullerene acceptor. Only very few methods are available for the construction
of such systems. The combination of these two electroactive species, Ceg
and ferrocene, in a single unit 62 can be achieved by the carbonyl yhde
addition methodology.

The diazoketone required for this experiment was synthezised from
3-ferrocenoyl propionic acid 60, which was prepared by the reaction of
succinic anhydnde and ferrocene in presence of anhydrous aluminium
cti)lon'de. Treating the acid 60 with methyl chloroformate and triethylamine
under the standard .conditions afforded the mixed anhydride 61. This was

treated with excess diazomethane to afford the diazoketone 43 (Scheme 20).
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Scheme 20
A solution of [60] fullerene in toluene on treatment with 43 in
presence of Rhy(OAc), afforded the cycloadduct 62 in 40% yield (Scheme
21).

Scheme 21
The IR spectrum of 62 showed a band at 1725 cm! indicating the
presence of the carbonyl group. In the'H NMR spedtrum, the bridgehead
proton resonated at & 5:94 as a singlet. In the °C Nl\rfR spectrum of 62 the

chhracteristic sp’ carbons on the fullerene cage resmglated at § 75.23 and
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80.01. The carbonyl carbon was discernible at & 202.56. Signals due to the
ferrocene moiety were observable at & 65-75.

Subsequently, 3-(2-thenoyl) propionic acid 63 was converted to the
corresponding diazo ketone 45 by the usual procedure (Scheme 22).

xS D P
o CiCO,Me o CH,N, 0
OH Et;N LOCOMe CHN,
063 O 64 o 45
Scheme 22

This diazo ketone on treatment with [60] fullerene in presence of

Rhy(OAc), in toluene under the stanidard conditions afforded the fullerene
derivative 66 1n 53 % yield (Scheme 23).

[ r—
— S _ S i
~—
Ceo
S |Toluene, rt
O _M Jldsinshet Nk
(8
O4s L 65 J
Scheme 23

The product 66 was characterized by spectral analysis. IR spectrum
showed a typical carbonyl absorption at 1725 cm™. In the 'H NMR

spectrum the bridgehead proton resonated at & 5.98 as a singlet. :In the '°C
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&/2024
NMR spectrum, the carbonyl carbon was discernible at & 200.41. Other
signals were also in agreement with the proposed structure.

Similarly, the ditazo ketone 44 obtained Ifrom levulinic acid was
allowed to react with [60] fullerene under Rh (II) catalysis to afford the
furanofullerne 68 1n 40 % yield (Scheme 24).

» Scheme 24

The product 68 was also characterized by spectroscopic analysis. [R
spectrum showed the carbonyl absorption at 1732 cm™. In the 'H NMR
spectrum, the bnndgehead and the methyl protons ;wcre observable at & 5.77
and 2.25 as singlets. The "C NMR spectrum of 68 showed signal for the
carbony! carbon at § 201.12.

As a follow up of the investigations descrnibed above, it was of
interest to study the cycloaddition of the five membered carbonyl ylide ' 69
with Cgo. Thus when diazo ketone 46 was treated with {60] fullerene in
i)resencc of Rh (II) acetate, in dry toluene under an atmosphere of argon at
ambient temperature, the cycloadduct 70 was obitained in 54 % yield. The

yield based on recovered Cgy was 92% (Scheme 25).
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Scheme 2§

The product was separated by chromatography on silica gel column
and characterized by spectroscopic analysis. The IR spectrum of170 showed
the carbony! absorption band at 1745 ¢cm™ . In the 'H NMR spectrum of the
same, the bridgehead methine proton resonated' at 8 5.96 as a singlet.
Protons of the cyclopropyl group were discernible at & 1.35-1.99. Methyl
group on the oxabicyclic system resonated at § 2.13 as a singlet. In the °C
NMR spectrum, typical Cg carbons resonated between 8§ 139.00 and
154.00; sp® carbons at the [6,6] junction on the fullerene mgiety were
observable at 3 74.61 and 80.02. The spirocarbon and the carbonyl carbon
of 70 showed signals at & 39.38 and 208.21. All these assignrﬁents were
confirmed by DEPT-135 NMR analysis.

Subsequently we attempted the reaction of a seven membered
carbony! ylide’' derived from the diazo ketone 47 with [60] fulletene under
the experimental conditions described earliér. No reaction was observed 1n
this case and (Scheme 26) and most of the C¢y was recovered as such. The
reason for the failure of this reaction is not clear. However 1‘t may be
surmised that extending the tether to three methyl\ene groups séﬂiciently
retards the rate of intramolecular cyclization to form the carbonyi iylide and

its subsequent cycloaddition.
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47

Scheme 26
Attempted reaction between the diazo ketone 48 and [60] fullerene in
the presence of Rh (II) acetate also did not succeed; a dimer 73 derived
from head to tail coupling of the transient carbonyl ylide dipole 72, along
with the unreacted Cgp, was 1solated from the reaction’ mixture (Scheme 27).

The product 73 was characterized by spectroscopic analysis.

i ; 0
C6H5 C6H5 C6H5
02 g - T
CHN; 7) o
CeHs
48 © | 7120 | 0 43
Scheme 27

2.2.2 CYCLIC VOLTAMETRY OF CARBONYL YLIDE-
|60] FULLERENE ADDUCTS

Theoretical calculations have shown that Ceo 1s an clectronegative
system and it was further shown that the lowest uhoccupied molecular
orbitals (LUMO) of Ce have low energy and are triply degenerate. The

electrophilic nature of [60] fullerene have been proved experimentally by
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cyclic voltametry studies.> Cgp is reducible up to the hexa anion, C606‘: The
reduction has been found to be reversible also. For any applications it was
of fundamental importance to verify the extent to which the characteristic
fullerene properties are retained in the derivatives. Saturation of a double
bond in Cg causes partial loss of conjugation in the extended n—system.
Due to this effect, four reduction peaks for the Cg moiety in
organofullerenes have been detected so far in the accessible potential range.

The electrochemical properties of compounds 53, 62, and 66 were
studied by cyclic voitametry (CV) at room temperature. Cycloadduct 62
showed a cyclic voltammogram, (Figure 8), with four reduction waves at

potentials shifted to more negative values compared to the parent Cgg
(Figure 7).

Current, uA
- . N N N
o o o o (4,
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Figure 7. Cyclic Voltammogram of Cg,
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Figure 8. Cyclic Voltammogram of 62
This is due to the saturation of a double bond in the cage. This indicates that
the electrophilicity of the cycloadduct is slightly less than that of [60]
fullerene itself. The reduction potentials estimiated by the %position of
reduction peaks for compounds 53, 62 and 66 are given in Tabie 2 together

with those measured for Cg, under identical condittons.
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Table 2. Reduction Potential of Cgy Adducts 53, 62, 66 and Ce,.

1 2 k] 4

Compound E red Ered Ered Ered
Ceo -0.852 -1.308 -1.799 -2.294
53 -0.932 -1.352 -1.891 -2.394
66 -0.942 -1.381 -1.963 -2.451
62 -0.949 -1.423 -1.993 2470

Experimental Conditions: V vs Ag'/Ag; Glassy carbon electrode as working electrode;
BuN'BF((0.1M) as supporting electrolyte; Scan rate 100 mv/s, Toluene/Acetonitrile
(5:1) as solvent.

3.2.3 REACTIONS OF ALLENAMIDES WITH [60] FULLERENE

| Five and six membered ring annulated {60] fullerenes can be
' prepared by a number of methods. However four membered ring annulated
Ifullerenes55 are less common. The most widely used method for their
;prcparation 1s the [2+2] photochemical cycloaddition reaction. The reaction
||of benzyne and ketenes are also known to give cyclobutane fused {60]
fullerene derivatives. Allenyl groups attached to nitrogen atom can, in
principle, add to Cg leading to cyclobutane annulatéd fullerenes. Allenes of
the type 76 can be prepared by the reaction of the corresponding cyclic

amide 74 with propargyl bromide 75 in presehce of sodium hydride
(Scheme 28). >
|
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Scheme 28
Our studies were initiated with the reaction of 76! with [60] fullerene.
Thus, heating a solution of allene 76 and Cg in tolugne under refluxing

conditions, afforded the cyclobutane annulated fullereng 77 (Scheme 29).

e

‘\

G N— CH=C=CH, L oluenc OO
O 110°C, 12h '
Q 45%

77

Scheme 29
The product was purified by chromatography lon silica gel column
and characterized by spectroscopic analysis. IR spec’Fum of 77 showed a
typical band for amide group at 1687cm™. In the 'H NMR spectrum (Figure
9), tpe exocyclic metﬁylene hydrogens resonated as'two broad triplets at
6;5.93 and & 6.29. The proton on the cyclobutane ring also resonated at &
700 as a broad triplet. In the C NMR spectrum q:f 77 (Figure 10), the
' characteristic signals for the amide carbonyl and the d:axocyclic double bond
ere discernible at & 175.24 and 115.38 respectively. The two sp’ carbons

f the [6,6] fused fullerene resonated at & 73.08 and 74.46. The three
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Figure 10. °C NMR spectrum of compound 77
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Figure 11. DEPT-135 NMR spectrum of compound 77



Chapter 2

=

Loe

Y‘v‘YY‘YUIIrllIYIY’ITYVf"Vlrll]||V|lr'YY'ﬂ

ppa 150 - 100 50

Figure 12. 2D-HETEROCOSY spectrum of compound 77
A mechanistic rationalization as outlined in the following scheme

may be invoked for the annulation (Scheme 30).
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Scheme 30
It 1s conceivable that the electron deficient fullerene cage can
stabhize the neéativc charge, thereby facilitating the intramolecular attack
on the immium moiety. The experiments were repeated with two other
- allenes 79 and 81 and 1in these cases also the reaction proceeded smoothly to

afford the cyctoadducts. The results are summarized in table 3.
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Table 3. Cycloaddition of Allenes 79 and 81 with [60] Fullerene.

L >

O‘ |
| é - 28(38)
81 _ ‘ $2 a

(a)lIsolated yield, (b) Yield based dn recovered Ci60

The produc|t 80 was fully characterized by IR, 'H NMR, '°¢ NMR, and
HRMS analysis. Cyclobutane derivative 82 wab characterized by IR, 'H
NMR and UC. NMR analysis. It s!howcd 1’;1 very ||weak signal for molecular

1on 1n the mass spectrum.
|
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2.3 EXPERIMENTAL

All the reactions were carried out in oven dried glassware under an
atmosphere of argon, unless otherwise mentioned. The IR spectra were
recorded on Bomem MB series FT-IR spectrophotometer, using potassium
bromide pellets. NMR spectra were recorded on Bruker-300 MHz FT-NMR
spectrometer using CDCL;-CS; (1:2) mixture as solvent for fullerene
adducts. For other samples CDCl; was used as the solvent. The chemical
shifts are given in the & scale with tetramethylsilane as internal standard.
Elemental analysis were carried out using Perkin-Elmer 2400 CHN
analyzer. High resolution mass spectra were obtained in EI mode on a
Kratos MS50 instrument. Solvents used for experiments (toluene, benzene,
ether and methanol) were distilled and dried according to the literature
procedures.
2.3.1 SYNTHESIS OF DIAZO KETONES: TYPICAL
EXPERIMENTAL PROCEDURE

The preparation of 1-diazo-5-phenyi-2, 5-pentanedione 39 from 3-
benzoyl propionic acid described below is Iillustrative of the general
procedure for the synthesis of a-diazo ketones. The y-keto acids required
for the synthesis of diazoketones were either purchased or prepared by the
literature procedure. »Keto acids required for the synthesis of diazoketones
40, 41 and 42 were prepared by procedures similar to the one reported for
the synthesis of 3-benzoyl propionic acid.”’ 3-Ferrocenoyl propionic acid 60
was prepared by the known procedure.”® 3-(2-Thenoyl) propionic acid was
prepared by the Friedel-Crafts reaction of thiophene and succinic anhydride

using anhydrous AlCIs.
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1-Diazo-5-phenyl-2, 5-pentanedione 39

To a solution of 3-benzoyl propionic acid (1.78 g, 9.88x107 mol) in
50 mL dry ether was added methylchloroformate (0.99 g, 10.5x10”mol) and
triethylamine (1.07 g, 10.5x10”mol). The resulting white suspension was
stired at room temperature under argon for two hours. The precipitated
triethylamine hydrochloride was removed by filtration and the resulting
pale yellow solution was immediately treated with freshly prepared
diazomethane (25x107 mol, in 20 mL ether) at 0° C. The reaction mixture
was maintained at 0° C for 8 hours and then warmed to room temperature
and stirred overnight. The solvent was removed and the resulting yellow oil
was chromatographed on a silica gel column using hexane-ethyl acetate

mixture (80:20) to afford 1-diazo-5-phenyl-2, S-pentanedione 39 (1.36 g,

67%).
Yellow solid; recrystallized from hexane-dichloromethane.

mp . 55-56°C

IR (KBr) vmae 755, 1360, 1645, 1690, 2110, 2920, 3100 cm™.

'"H NMR . 82.65(t, 2H), 3.25 (t, 2H), 5.30 (s, 1H), 7.30-7.50 (m,

3H), 7.80-8.00 (m, 2H).
1-Diazo-5- (4-methyl phenyl)-2,5-pentanedione 40
To a solution of 3-(4-toluoyl) propionic acid (1.5 g, 7.81x10> mol) in
50 mL dry ether, was added methylchloroformate (0.775 g, 8.20x10* mol)
and triethylamine (0.836 g, 8.20x107 mol). The reaction mixture was stirred
for two hours and filtered. The filtrate was treated with freshly prepared
diazomethane (25x10~ mol, in 20 mL ether) at 0°C. The reaction conditions

described previously were maintained and the resulting crude product was
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chromatographed on a silica gel column using hexane-ethyl acetate mixture
(80:20) as eluent to afford 40 (0.360 g, 21%,).

Yellow solid; recrystallized from hexane-dichloromethane.

mp : 67-69°C [

IR (KBr) vmax © 1389, 1601, 1638, 1670, 2100, 2912, 3093 cm".

'HNMR . 82.40(s, 3H), 2.74 (br s, 2H), 3.32 (t, 2H, J = 6.25
Hz), 5.39 (br s, 1H), 7.23 (d, 2H, J = 7.92 Hz), 7.86 (d,
2H, /.= 8.1 Hz). |

"CNMR  : 521.70, 33.08, 3436, 54.62, 12823, 129.30, 134.15,

143.92, 193.40, 197.74, |
1-Diazo-5- (4-methoxy phenyl)-2, 5-pentanedione 41
_ To a solution of 3-(4-anisoy}) prppionic acid (;'g, 9.6x10 mol) in 50
mL dry ether was added methylchloroformate (0.953 g, 10x10~ mol) and
triethylamine (1.028 g, 10x10° mol). The reaction mixture was stirred for
two hours and filtered. The filtrate was treated with freshly prepared
diazomethane (25x10” mol, in 20 mL ether) at 0°C. The reaction conditions
described previously were mamntained and the resulfting crude product was
chromatographed on a silica gel column using hexar_ﬁe—ethyl acetate mixture
(80:20) as eluent to afford 41 (0.248 g, 11%).
Yellow solid; recrystallized from hexane-dichlorométhane.
mp . 53-55°C
IR (KBr) vmax 827, 1170, 1245,11382, 1601, 1632, 1682, 2106, 3087
cm’. _I
'"H NMR © 82.73 (brs, 2H),:3.29 (t, 2H, J = 5.83 Hz), 3.85 (s, 3H),
5.37 (br s, 1H), 6.90 (d, 2H, J = 8.09 Hz), 7.94 (d, 2H, J
= 8.03 Hz).
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BC NMR . 83271, 34.18, 54.47, 55.24, 113.64, 129.61, 130.23,
163.49, 193.29, 196.42.

1-Diazo-5- (4~chloro phenyl) -2,5-pentanedione 42

To a sotution of 3-(4-chloropheny!) propionic acid (1 g, 4.7x10" mol)
in 40 mL dry ether was added methylchloroformate: (0.466 g, 4.93x107
mol) and triethylamine (0.503 g, 4.93x10” mol). The reaction mixture was
stired for two hours and filtered. The filtrate was treated with freshly
prepared diazomethane (20x10” mol, in 20 mL ether) at 0° C. The reaction
conditions described previously were maintained and the resulting crude
product was chromatographed on a silica gel column using hexane-ethyl
acetate mixture (80:20) to afford 42 (0.530 g, 47%).
Yellow solid; recrystallized from hexane-dichloromethane.
mp . 68-70°C
IR (KBr) viax : 781, 1009, 1109, 1350, 1389, 1588, 1639, 1672, 2112,

3092 cm™.

'"H NMR T 8276 (brs, 2H), 3.33 (t, 2H, J = 6.32 Hz), 5.37 (br s,
tH), 7.43 (d, 2H, J = 8.38 Hz), 7.91 (d, 2H, J = 8. 37
Hz),

C NMR T 83294, 34.11, 54.55, 128.87, 129.42, 134.79, 139.66,

192.87, 196 .84.
1-Diazo-5- (ferrocenyl)-2,5-pentanedione 43
To a solution of ferrocenoyl propionic acid (0:20 g, 6.99x10* mol) in
25 mL dry ether was added methylchloroformate (0.069 g. 7.34x10™ mol)
and triethylamine (0.075 g, 7.34x10™ mol). The reaction mixture was stirred
for two hours and filtered. The filtrate was treated with freshly prepared
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diazomethane (10x10” mol, in 10 mL ether) at 0°C. The reaction conditions

described previously were maintained and the resulting crude product was

chromatographed on a silica gel column using hexanerethyl acetate mixture

(70:30) to afford 43 (0.051 g, 23%).

Red colored solid; recrystallized from hexane-dichloromethane.

mp 83-85°C

IR (KBr) vmax 479, 824, 1062, 1261, 1314, 1374, 1460, 1666, 2103,
2906, 3091 cm”.

'H NMR 5268 (brs, 2H),3.11 (t, 2H, J = 6.37 Hz), 4.23 (s, SH),
4.48 (br s, 2H), 4.78 (br s, 2H), 5.39 (br s, 1H).
C NMR © 33351, 33.66, 54.19, 68.75, 69.51, 71.72, 7791,

193.09, 201.70. !
1-Diazo-5- (thienyl)-2,5-pentanedione 45
To a solution of 3-(2-thenoy!) propionic acid (0.60 g, 3.25x10” mol)
in 30 mL dry ether was added methylchloroformate (0.323 g, 3.42x10”
mol) and triethylamine (0.348 g, 3.42x10” mol). Thé reaction mixture was
stirred for two hours and filtered. The filtrate was treated with freshly
prepared diazomethane (15x10™ mol, in 20 mL ethef) at 0° C. The reaction
conditions described previously were maintained and the resulting crude
product was chromatographed on a silica gel coluinn using hexane-ethyl
acetate mixture (70:30) to afford 45 (0.185 g, 27%).
Yellow solid; recrystallized from hexane-dichloromethane.
mp : 56-58°C
IR (KBr) Vemax 741, 857, 1042, 1125, 1243, 1321, 1365, 1621, 1663,
2106, 3108 cm™.
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'H NMR ©82.75 (brs, 2H), 3.29 (t, 2H, J = 6.48 Hz), 5.37 (br s,
IH), 7.12 (¢, 1H,J = 4.22 Hz), 7.63 (d, 1H,
J=444Hz), 7.76 (d, IH, J = 3 Hz).
BC NMR © 33.69, 3418, 54.62, 128.08, 132.00, 133.58, 143.65,
191.00, 192.93.
2.3.2 GENERAL PROCEDURE FOR THE Rh (II) CATALYSED
CYCLOADDITION REACTION OF 1-DIAZO ALKANEDIONES
WITH [60] FULLERENE
Ceo was completely dissolved in dry toluene by sonication. To this
solution a catalytic amount (0.002 g) of Rhy(OAc); was added and dry
oxygen free argon was passed through it. The diazo ketone 1in toluene, (10-
15 mL), taken in a pressure equalizing funnel, was slowly added to the Cg
solution with constant stirring, at the rate of five to six drops in a minute.
After the addition was complete, the reaction mixture was allowed to stir
for another 30 minutes. The solvent was then removed under reduced
pressure and the contents were charged on a silica gel (100-200 mesh)
column and eluted with toluene: hexane mixture (1:4). The unreacted Cep
was eluted first and then eluting with toluene: hexane mixture (1:1)
afforded the product. The product was dissolved in dry carbon disulfide (2
mL) and dry methanol was added dropwise to it till the product got
precipitated completely. The supernatant liquid was decanted off to obtain
the product, which was then washed three times with dry methanol and
dried in a vacuum oven at 60° C and the products were identified on the

basis of their spectral data.
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§'-(Phenyl)-fullereno-Cep- [1', 9': 6,7][8] oxabicyclo [3.2.1] octan-2’-one
(53)

Ceo 1 (0.036 g, 5x10° mol) dissolved in 36 mL dry toluene was
treated with 1-diazo-5-phenyl-2, 5-pentanedione 39;(0.0101 g, 5x10” mol)
jin 10 mL toluene in presence of a catalytic amount of Rhy(OAc)s, over a
| period of 90 minutes. Chromatography of the prodict on silica gel column
using hexane-toluene mixtures afforded the product 53 as a black solid
(0.0201 g, 45%, 86% based on recovered Ceo).

IR (KBr) vamax 525, 691, 751,883, 1029, 1062, 1215, 1434, 1732,
2859, 2959, 3058 cm .

'H NMR . $3.08-3.23 (m, 2H), 3.62-3.85 (m, 2H), 6.05 (s, 1H),
| 7.24-7.40 (m, 3H), 7.94 (br s; 2H).
BC NMR .8 33.62, 36.52, 75.24, 79.43, 92.15, 92.26, 125.52,

128.27, 128.66, 134.44, 135.68, 137.15, 139.05,
140.08, 14025, 14035, 14140, 14158, 141.67,
141.87, 141.90, 142.00, 142,02, 142.18, 14226,
14230, 142,61, 142.72, 142.87, 143.03, 143.15,
144.06, 14424, 14438, 144.49, 14500, 145.17,
145.25, 145.43, 14551, 14561, 14571, 14581,
14592, 146.05, 146.13, 146.30, 146.41, 14657,
147.08, 147.18, 149.19,1151.11, 15326, 153.71,
202.23, |

- DEPT-135 . 5 33.62, 36.52: Negative; & 92.26, 125.52, 128.27,
128.66: Positive.

HRMS Caled. for CyHioO,: 894-0680. Found::894.0676.
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5'-(4-Methyl phenyl)-fullereno-Cso- [1', 9': 6,7][8] oxabicyclo [3.2.1]
octan-2'-one 55

Ceo 1 (0.036 g, 5x10° mol) dissolved in 36 mL dry toluene was
treated with diazo ketone 40 (0.011 g, 5x10° mol) in 10 mL toluene in
presence of a catalytic amount of Rhy(OAc)s, over a period of 90 minutes.
Chromatography of the crude product on silica gel column using hexane-
toluene mixtures afforded the product 55 as a black solid (0.022 g, 48%,
87% based on recovered Cg).
IR (KBr) viax © 814, 1226, 1438, 1738, 2918, 2955 cm™.

'H NMR . 82.35(s, 3H), 3.08-3.22 (m, 2H), 3.60-3.84 (m, 2H),
6.03 (s, 1H), 7.20 (d, 2H, J = 7.6 Hz), 7.81 (br s, 2H).
C NMR © §21.26, 33.58, 36.74, 75.18, 79.39, 92.03, 92.20,

12538, 129.30, 135.64, 137.53, 137.75, 138.50,
139.05, 140.00, 140.18, 140.24, 140.29, 14125,
141.29, 141.48, 141.57, 141.62, 141.82, 141.89,
14196, 14208, 142.10, 142.16, 14222 14253,
142.60, 142.65, 14295, 143.06, 143.96, 14414,
144.17, 14431, 14441, 14492 14506, 14514,
'145A29, 145.35, 145.43, 145.50, 145.68, 145.70,
145.82, 14596, 146.03, 14621, 146.37, 146.55,
146.97, 147.05, 148.20, 151.16, 153.16, 201.58.
HRMS Calcd. for C71H 0O, : 908. 0837. Found : 908.0805
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5'-(4-Methoxy phenyl) -fullereno-Cs [1', 9°: 6,7[[8] oxabicyclo [3.2.1]
octan-2'-one 57

Cso 1 (0.072 g, 1x10™ mol) dissolved in 72 mL dry toluene was
treated with diazo ketone 41 (0.023 g, 1x10™ mol) in 10 mL toluene in
presence of a catalytic amount of Rhy(OAc), over a period of 90 minutes.
Chromatography of the crude product on silica gel column using hexane-
toluene mixtures afforded the product 57 as a black solid (0.021 g, 31%,
43% based on recovered Cep).

IR (KBr) v 525, 817, 1029, 1248, 1507, 1613, 1725 cm’”.

'H NMR . $3.12-3.30 (m, 2H), 3.66-3.82 (m, 2H), 3.86 (s, 3H),
6.09 (s, 1H), 6.98 (d, 2H, J = 9Hz), 7.90 (br s, 2H).
BC NMR . 833.54, 36.67, 54.84, 75.09, 78.30, 91.98, 92.08,

11379, 126.67, 133.52, 134.18, 137.52, 139.11,
140.10, 14022, 141.25, 14131, 141.46, 141.52,
141.58, 141.78, 141.86, 14192, 142.00, 142.05,
142.12, 142.49, 142.57, 142.60, 142.89, 143.04,
143.92, 144.10, 144.13, 14431, 14435, 14486,
144.89, 145.02, 145.05, 145.11, 145.16, 14531,
14578, 145.92, 14599, 146.16, 146.34, 146.45,
146.95, 147.01, 148.09, 151.13, 153.39, 153.69,
159.07, 201.60.
HRMS Calcd. for CH,,05: 924.0786. Found: 924.0774.
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5'~(4-Chloro phenyl)-fullereno-Ceo- [1', 9: 6,7][8] 0xa bicyclo [3.2.1]
octan-2'-one 59

Ceo 1 (0.072 g, 1x10™ mol) dissolved in 72 mL dry toluene was
treated with diazo ketone 42 (0.024 g, 1x10™ mol) in 10 mL toluene in
presence of a catalytic amount of Rhy(OAc)s, over a period of 90 minutes.
Chromatography of the crude product on silica gel column using hexane-
toluene mixtures afforded the product 59 as a black solid (0.036 g, 39%,

79% based on recovered Cep).
IR (KBr) v | 865, 1066, 1091, 1419, 1729 cm”'.

'H NMR : $3.09-3.26 (m 2H), 3.65-3.88 (m, 2H), 6.06 (s, 1H),
7.41-7.43 (d, 2H, J = 8.29 Hz), 7.93 (br s, 2H).
C NMR ; 533.63, 36.82, 75.29, 79.30, 91.92, 92.214, 127.06,

128.99, 134.68, 137.35, 137.64, 13939, 140.13,
140.29, 140.50, 141.54, 141.66, 141.77, 14181,
141.97, 142.14, 142.28, 14237, 142.41, 14278,
142.85, 142.89, 143.15, 14329, 143.41, 14441,
14425, 144.37, 144.51, 144.59, 145.06, 145.10,
14523, 14530, 145.38, 145.57, 145.76, 145.89,
14591, 14598, 146.05, 146.20, 146.28, 14642,
14721, 148.18, 150.89, 152.90, 153.62, 201.17.

HRMS Calcd. for C7iHsO,Cl: 928.02911 : Found: 928.02829.

f "(Ferrocenyl)-fullereno-Cg-[1', 9' : 6,7][8] oxa bicyclo [3.2.1] octan-2'-

ne 62

Cso 1 (0.072 g, 1x107 mol) dissolved in 72 mL dry toluene was
m?amg with diazo ketone 43 (0.031 g, 1x10” mol) in 15 mL toluene in
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presence of a catalytic amount of Rhy(OAc)s, over a period of 120 minutes.
Chromatography of the crude product on silica gel column using hexane-
toluene mixtures afforded the product 62 as a black solid (0.041 g, 40%,

85% based on recovered Cgp).
IR (KBr) vimx 811, 1023, 1122, 1420, 1593, 1725, 2846, 2925,

3403 em™.
'H NMR : 83.21-3.45 (m, 2H), 3.64-3.81 (m, 2H), 4.21 (s, 2H),
4.33 (s, 1H), 4.36 (s, SH), 4.74 (s, 1H), 5.94 (s, 1H).
C NMR . $33.32, 35.10, 67.14, 67.79, 68.08, 68.62, 69.29,

75.23, 80.01, 91.42, 91.66, 92.19, 133.74, 135.68,
136.38, 137.53, 139.25, 139.92, 140.02, 140.11,
141.29, 14144, 14151, 141.71, 141.79, 14192,
14199, 14201, 142.06, 142.12, 14242, 14253,
142,57, 14287, 14295, 143.09, 14395, 144.04,
14428, 14435, 14437, 14481, 144 88, 14494,
14501, 145.07, 14534, 145.58, 14564, 14579,
14587, 14592, 146.07, 146.16, 14634, 146.39,
146.97, 148.33, 151.02, 153.50, 154.09, 202.56.
HRMS Caled. for C;sHysFeO,: 1002.0343. Found: 1002.0331.
'-(2-Thienyl)-fullereno-Cyg- [1', 9°: 6,7]f8) oxabicyclo [3.2.1] octan-2-
one 66
Ceo 1 (0.050 g, 6.94x10” mol) dissolved in SO mL dry toluene was
treated with diazo ketone 45 (0.015 g, 7.21x10” mol) in 10 mL toluene in
presence of a catatytic amount of Rhy(OAc)s, over a period of 90 minutes.

Chromatography of the crude product on silica gel column using hexane-
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toluene mixtures afforded the product 66 as a black solid (0.033 g, 53%,
82% based on recovered Cqgp).
IR (KBr) vawx 525,698, 890, 1420, 1513, 1725 cm™".
'HNMR 8 3.13-3.32 (m, 2H), 3.54-3.61 (m, 1H), 3.74-3.83
(m, 1H), 5.98 (s, 1H), 7.02 (dd, 1H, J, = 5.0 Hz, J, =
3.6 Hz), 7.30 (dd, 1H, J; = 5.1 Hz, J,= 1.1 Hz), 7.37
(dd, 1H,/, =3.5Hz, J,=1.1 Hz).
BC NMR . §33.57, 37.68, 74.78, 79.54, 91.76, 92.17, 124.94,
125.53, 127.09, 134.63, 135.73, 136.97, 137.55,
139.08, 140.11, 140.16, 140.25, 141.31, 14144,
141.47, 141.52, 141.74, 141.94, 142.10, 142.20,
142.32, 142,63, 142.66, 142.95, 143.09, 143.96,
144.06, 144.13, 14435, 144.40, 144.54, 14484,
144,98, 145.04, 145.16, 145.23, 14538, 14561,
145.70, 145.84, 145.94, 146.01, 146.10, 146.20,
146.23, 146.30, 146.42, 147.01, 147.08, 147.77,
150.43, 152.56, 153.22, 200.41.
HRMS Calcd. for C4oHs0,S: 900:02508. Found: 900.02489.
5'-(Methyl)-fullereno-Css [1', 9°: 6,7][8] oxabicyclo [3.2.1] octan-2'-one
68
Ceo 1 (0.072 g, 1x10” mol) dissolved in 72 mL dry toluene was
treated with diazo ketone 44 (0.014 g, 1x10* mol) in 15 mL toluene in
presence of a catalytic amount of Rhy(QAc),, over a period of 120 minutes.

Chromatography of the ¢rude product on silica gel column using hexane-
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toluene mixtures afforded the product 68 as a black solid (0.033 g, 40%,

87% based on recovered Cgp).
IR (KBr) v 864, 1220, 1395, 1457, 1501, 1539, 1645, 1732,

2850, 2942 cm™.

"H NMR . 82.25(s, 3H), 2.88-3.10 (m, 3H), 3.50-3.66 (m, 1H),
5.77 (s, 1H).
BC NMR . §27.23, 33.66, 37.14, 75.62, 78.13, 89.64, 92.15,

134,93, 135.53, 136.77, 137.51, 139.70, 140.17,
140.30, 141.46, 141.58, 141.63, 141.85, 141.89,
141.93, 142,04, 142.05, 142.12, 142.57, 142.64,
142.68, 142.85, 142.95, 143.12, 14394, 144.14,
144.34, 144.40, 14443, 144.64, 144 86, 145.04,
145.09, 145.19, 14536, 14546, 145.51, 145.62,
145.77, 145.87, 145.95, 146.05, 146.16, 146.34,
146.95, 147.04, 148.62, 151.49, 15324, 15349,
201.12.

HRMS Calcd. for Ces Hg O;: 832.05243; Found: 832.05146.

4"-(Methyl)- 3'-spirofcyclopropane-1] fullereno-Cep- [1', 9'-5, 6] [7]

oxabicyclo [2,2,1] heptan-2'-one 70

Cso 1 (0.072 g, 1x10” mol) dissolved in 72 mL dry toluene was

treated with diazo ketone 46 (0.015 g, 1x10™® mol) in 15 mL toluene in

presence of a catalﬁic amount of Rh(OAc),, over a period of 120 minutes.

Chromatography of the crude product on silica gel column using hexane-

toluene mixtures afforded the product 70 as a black solid (0.045 g, 54%,

92% based on recovered Cg).
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IR (KBr) Viax
'H NMR

' bEPT-ws

525, 824, 1016, 1381, 1507, 1745.cm™.,

8 1.35-1.45 (m, 2H), 1.70-1.75 (m, 1H), 1.93-1.99
(m, 1H), 2.13 (s, 3H), 5.96 (s, 1H).

§15.55, 15.65, 1677, 39.38, 74.61, 80.02, 90.57,
9324, 139:85, 139.80, 139.98, 140.33, 139.85,
139.89, 139.98, 140.33, 141.58, 141.73, 14182,
141.89, 14194, 142,05, 142.18, 14251, 142.62,
142,65, 142.95, 143.03, 144.06, 144.16, 144.24,
14454, 144.66, 145.19, 145.35, 14531, 14547,
145,51, 145.56, 145.69, 145.80, 14592, 145.95,
14598, 146.18, 146.27, 14695, 147.05, 14921,
150.40, 151.47, 153.08, 208.21. -

16.77, 90.54: Positive; 15.56, 15.68: Negative.

I-'FRMS Calcd. for Cg7HgO,: 844:05243. Found: 844, 05060.
Dimerized product 73 |

mp

R (KBr) viuax

'H NMR

- BC NMR

146-148° C ‘
3089, 2878, 1751, 1701, 1589, 1334, 1222, 1147,
1060, 973! 768 cm™. J

8 8.06-8.03 (m, '2H), 7.89-7.86 (m, 2H), 7.35-7.25

(m, 3H), 7.18-7.16 (m, 2H), 4.23 (s, 1H).
8 197.82, 142.63, 135.75, 133.06, 128.87, 128.66,
127.72, 123.66, 96.22, 59.57. !

Analysis Caled. for CgHagO4: C, 81.07; H, 4.54. Found: C, 80.54: H, 4.43.
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2.3.3 GENERAL PROCEDURE FOR THE REACTION OF
ALLENAMIDES WITH (60| FULLERENE
To a solution of Cg (1 equivalent) in dry toluene (ImL/mg) was

added the appropnate allenamide (1.3 equivalents) in toluene. The reaction
mixture was thoroughly deoxygenated using argon. The reaction mixture
as then heated to reflux under an atmosphere of argon for 12 hours. The
solvent was removed under reduced pressure and the contents were charged
on a silica gel column and eluted with toluene. The unreacted Cg was
eluted first and then eluting with toluene-ethyl acetate mixture (9:1)
{aﬁ‘orded the product.
Cyclobutane derivative 77

Ceo 1 (0.036 g, 5x10° mol) was dissolved in 36 mL toluene and to
this solution allenamide 76 (0.0080 g, 6.50x10™ mol) in 2 mL toluene was

added. The reaction mixture was refluxed for 12 hours under an atmosphere

‘of argon. Purification according to the standard procedure afforded the
product 77 (0.019 g, 45%, 60% based on recovered Cgp).
IR (KBr) vaex : 915, 1273, 1395, 1511, 1687, 2885, 2976 cm™.
'H NMR . $2.23-2.33 (m, 2H), 2.58-2.64 (m, 2H), 4.19-4.30 (m,
1H), 4.37-4.45 (m, 1H), 5.93 (t, 1H, J = 2.09 Hz), 6.29
(t, 1H,J = 2.13 Hz), 7.00 (br s, 1H).
3C NMR .8 19.16, 30.93, 45.19, 6235, 73.08, 74.46, 115.38,
136.51, 136.82, 137.59, 138.75, 140.49, 14053,
140.61, 140.77, 141.37, 141.80, 141.84, 141.94,
141.97, 142.04, 142.28, 14231, 14235, 14261,
142.68, 142.72, 14277, 142.88, 144.17, 144.24,
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Cyclobutane derivative 83
Ceo 1 (0.095 g, 1.31x10™ mol) was dissolved in 95 mL toluene and to
this solution allenamide 81 (0.025 g, 1.7x10® mol) in 2 mL toluene was
added. The reaction mixture was refluxed for 12 hours under an atmosphere
of argon. Purification according to the standard procedure afforded the
product 82 (0.032 g, 28%, 38% based on recovered Cqp)
IR (KBr) vamx 519, 1410, 1507, 1553, 1653, 2925 cm™.

" '"HNMR . 51.87-2.19 (m, 6H), 2.84-2.86 (m, 2H), 4.11-4.19 (m,
1H), 4.62-4.69 (m, 1H), 6.04 (s, 1H), 6.40 (s, 1H),

745 (s, 1H).
3CNMR . §37.68, 47.22, 66.60, 73.10, 74.83, 115.00, 136.72,

137.78, 138.82, 140.56, 140.69, 140.81, 14142,
141.75, 141.87, 142.00, 14210, 14236, 14241,
142.65, 14271, 142.88, 14427, 144.64, 145.03,
145.07, 145.14, 145.17; 14526, 14531, 145.45,
145.51, 14577, 145.80, 14585, 145.89, 145091,
146.02, 146.55, 146.76, 146.82, 14757, 147.66,
147.81, 149.66, 150.48, 151.82, 153.92, 176.49.
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CHAPTER 3
DIPOLAR CYCLOADDITION REACTIONS OF
NITRILE YLIDES AND CARBONYL YLIDES
WITH 1,2-DIONES

3.1 GENERATION AND REACTIONS OF NITRILE
YLIDES

3.1.1 INTRODUCTION

The name nitrile ylide was conceived by Huisgen while
developing the concept of 1,3-dipolar cycloadditions.’ It has a triad of
atoms (C-N-C), that has a n-system of four electrons and three ligands
linked to the carbon atoms. It is possible to write three electronic
arrangements with a linear C-N-C framework; they are the 2-azonia -1-
allenide 1, the 2-azonia-1-propynide 2, and the 2-azapropene -1,3-diyl 3
(Figure 1).

® @ ” ® ©._
\( —N=C —C-—T:N—C< \.Czﬁ “g/

N
1 2 ' 3

Figure 1
Nitrile ylides are'isomeric with isocyahides and isoelectronic with

nitrous oxide. Nitrile ylides, along with nitdile imines, oxides, sulfides,
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and selenides, belong to the general category of nitrilium betaines and

can be represented by the structural type 4 (Figure 2).

® ©O
R—C=N—1X
4
Figure 2

Chemistry of nitrile ylides has received the attention of organic
chemists both from synthetic and theoretical standpoints and a number of
methods have been developed for the generation of nitrile ylides.

3.1.2 GENERATION OF NITRILE YLIDES

The very first nitrile ylide, named benzonitrilio p-
nitrophenylmethanide 6, was prepared from N-(p-nitrobenzyl)
benzimidoylchloride 5 in presence of triethylamine at room temperature

(Scheme 1).2

. ?,,N—cm—@»lvoz %»[Phﬁ(‘,z—g—%ﬂ—Q—Noz}
a 5 | 6
Scheme 1

Since imidoyl chlorides can be easily prepared from N-
monoalkylated carboxamides and chlorides like SOCl,, PCls, COCl,, the
base catalysed elimination of hydrogen chlonde from imidoy! chlorides
represents a general method for the in situ preparation of nitrile ylides.

The photochemical ring opening reaction of easily accessible 2H-
azirine system represents the most versatile route to nitrile ylides. An
illustrative example s the irradiation of 3-phenyl 2H-azinne 7 with a

high pressure mercury lamp in solvents like benzene, cyclohexane or
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acetonitrile at room temperature, resulting in the efficient formation of

nitrile yhide 8 (Scheme 2). 34

Scheme 2

In addition to the two methods described above, nitrile ylides can
be generated by a number of other pathways. It has been reported that
carbon dioxide extrusion from oxazolin-5-ones produces nitrile ylides.
Thus irradiation of 2,2-dimethyl-4-phenyl-3-oxazolin-5-one 9 results in

the lose of CO, leading to the nitrile ylide 10 (Scheme 3).°

Ph 0
;/ E hV @ O CH3
N O — > Ph—C=N-—
-CO, J KCI:I;,J
H;C CH;
9 10
Scheme 3

Alkyl  phosphate '~ and thiophosphate  extrusion  from
oxazaphosphole 11 and thiazaphosphole 13 also produces nitrile ylide 12
(Scheme 4). ¢
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N—= ® © CF
R B o QCEN ~er,
F3C /P - (CHSO)BPO 3

AN
R = OCH;3
11
FiC /ll,\ —~ (CH30)PS

R R R

R = OCH;
13
Scheme 4

It has been reported that addition of isocyanide 14 to

triphenylborane 15 leads to nitrile ylide 17 (Scheme 5). ’

Ph;B
® o 15 o
PmCH-N=C ——» PisB—C=N—CHPh,
14 16

PhLi 6 ® 6
16 ——» | PlyB—C=N—CHPh, 1;°
~CoBs 17

Scheme 5

Isocyanide extrusion from 3-imino-1-azetines 18 (Scheme 6)® and
base mediated reactions of iminochlorosulphides 19 (Scheme 7) ° are

also known to produce nitnle ylides 12 and 21 respectively.
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Ph
N—= ® 6
c/}_;( _hv Ph—CEN—C\’E]F??'
F; Cr, N~Ceyy —CsHINC 3
18 12
Scheme 6
S 2]
RSC(Qy=NCH;X RSC=NCHXQ
19 20
B RSC=N~CHX
21
Scheme 7

Rhy(OAc)s catalyzed reaction of a-diazocarbonyl compound 22
with benzonitrile 23 produces acyl substituted nitrile ylide 24 (Scheme
8). °

| Rhy(OAc) 06
“~CHN2+Ph—CEN——> —(Ii—NEC—Ph
0o

22 23 24

Scheme 8

3.1.3 [243] CYCLOADDITION REACTIONS OF NITRILE
YLIDES
Reactions of Activa.ted Alkenes, Allenes and Acetylenes
Activated alkenes, acetylenes, and allenes carrying electron
acceptor groups react efficiently with nitrile ylides in a [2+3] manner.
Thus acenaphthylene,” norbornene,'' styrene,'> vinyl pyn'dine,”
acrylates,'* acrylonitriles,'> fumaric and maleic acid derivatives,'® vinyl

phosphonium bromides'’ and vinyl sulphones'® undergo dipolar
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cycloaddition reactions with nitrile ylides generated by various methods.
Methy! allene carboxylates, dimethyl allene 1,3 dicarboxylates, phenyl
acetylene, acetylene dicarboxylates and propiolates also react with nitrle
ylides in a [2+3) manner."
Reaction of Nitrile Ylides wtih Carbony! Compounds

Huisgen and co-workers have observed that aldehydes exhibit
pronounced reactivity towards nitrile ylides. Treatment of imidoyl
chlonde 5 with benzaldehyde in presence of triethylamine in benzene

resulted in the formation of cis and trans 3-oxazolines 25 and 26

(Scheme 9).%°

® O
5 2N lP—(NOz)CJL—'CEN—CH CeHsCHO,
Benzene 6 45%

H

Ph
P—(N OZM-‘H P—(NO2)CeH,4 ~B
| | O

N>{O + N>/

H
25 26

Scheme 9
Ketones like benzophenone,?' diethylmesoxalate,® and ethyl
pyruvate ** have also been found to react with nitrile ylides, leading to
oxazoline derivatives. Ibata et ag/. bave shown that nitrile ylide 24
generated by the decomposition of a-diazoketone 22 in presence of
Rh;(OAc), in benzonitnile, undergoes intramolecular cyclisation leading

to oxazole derivative 27 (Scheme 10).'°
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QC—CHN2+Ph—C:NM . —% N=C—Ph
o —N» 60°C

22
1,5-cyclisation

oo

27

Scheme 10

a,f-Unsaturated aldehydes, ketones and 1,4-quinones undergo
[2+3] cycloaddition reactions with nitrile ylides across the carbon-carbon
and carbon-oxygen double bonds. Irradiation of 2H-azirine 28 in
presence of f-ethoxy methacrolien 30 afforded the carbonyl addition
product 31 exclusively. However, reaction of 29 with fmethoxy vinyl
methy] ketone 32 led to the formation of both carbonyl and carbon-
carbon double bond addition products 33 and 34 (Scheme 11). 2
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® ©_CH
Fh CH; hy Ph—C=N—C__°
N CH; | CH,

28 29

29
(8] CH,
H
CH;;O/\)J\CHa Ph x OCH; ph ' .OCH,
32 !
N_ O wH
29 ~ X + NsScoc,
CH3 CH:’ H;C CH;
33 34
Scheme 11

Reaction of nitrile ylide with 2-cycloalkenones® and diethyl
chelidonate ** afforded exclusively the product resulting from addition to
the carbon-carbon double bond. In the reaction of 1,4-quinones with
nitrile ylides, the [2+3] cycloaddition occurs across the carbon-carbon
double bond and the carbonyl group. Irradiation of 2,3-diphenyl 2H-
azinne 35 in presence of 1,4-benzoquinone afforded a product 38 which
is formed by the [2+3] addition across the carbon-carbon double bond
(Scheme 12).
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0
O Ph
Ph Ph
Y/ hv ‘ & o J 37 0 N\
N Ph—C=N—-CHPh| ——» N
(o) Ph
35 36 38

. Scheme 12
Irradiation of 2H-azinne 28 in presence of 2,3-dimethyl and
tetramethyl 1,4-benzoquinone resulted in the formation of the carbonyl
as well as the carbon-carbon double bond addition products 40, 42 and
43 (Scheme 13). 2

0
1
R o 1
R’ R
Ph CH; & © 39 §
A\ o by, Pb-—C:N—C<CH3-, — R’
28 29 t 2 N
R =R=CHj; HyC CH,
0o 40
H; CH;
0
Hj CH; Ph 0 R R
41 O ) R
N R
2 : +
9 - R
HiC RO N
H;C CHj
42 R=CH, 43

Scheme 13
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3.2 CYCLOADDITION REACTIONS OF ISATINS
3.2.1 INTRODUCTION

Isatin and its derivatives have interesting biological activities 2%
and have been widely used as precursors of many natural products. It
may be noted that the spirooxindole skeleton 44 (Figure 3) is common to

many naturally occurring alkaloids with significant biological activity.

OIS

|
R

44

Figure 3

Conceptually, 1,3-dipolar cycloaddition reactions involving isatins
can lead to oxindole fused heterocycles. There have been many reports
of isatin denived dipoles taking part in cycloaddition reactions with
vanous dipolarophiles. An illustrative example is the [2+3]
cycloaddition of dipole 47, generated from isatin 45 and sarcosine 46,
with methyl acrylate 48 (Scheme 14). *'
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o H3C\%/CH2
]

(I L+ cnucmcoon —— o
N0 N
H |
H

45 46

Scheme 14
Very recently, studies in our own laboratory have shown that
1satin 52 participates as dipolarophile in cycloaddition reaction with

carbonyl ylide 51 to afford novel spirooxindole 53 (Scheme 15). *

' Scheme 15
Except for this work there has been no report of any cycloaddition
in which isatin participates as a dipolarophile.
3.2.2 THE PRESENT WORK
From the Iiterature survey 1t i1s clear that there has been no report
of dipolar cycloaddition of nitrile ylides with isatins and 1,2-

benzoquinones. In the context of our general interest’™ * in the dipolar
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cycloaddition reactions of 1,2-diones, an investigation was undertaken to
gain insight into the reactivity of mitrile ylides towards various 1,2-
dicarbonyl compounds such as isatins, acenaphthenequinone and
phenanthrenequinone. The details of the investigations carried out are

presented here.

3.3 RESULTS AND DISCUSSION

3.3.1 CYCLOADDITION REACTIONS OF NITRILE YLIDES
WITH ISATINS

Our studies were initiated with the reaction of mitnle ylide 6,
generated by the base catalyzed reaction of 4-nitro-N-benzyl
benzimidoyl chlonde S5, and N-methyl isatin 54 in benzene at room
temperature. The reaction proceeded smoothly to afford an oxazoline
fused spirooxindole derivative S§ in 81% yield. As expected, the [2+3]
addition occurred across the more electrophilic ketonic carbonyl
(Scheme 16).

Et;N
©
O:NQ—CHZ—qu-Ph Benzene {OZNQCH—I%EC—Ph}
Q —Ei;NHC1
S 6
? Ph
b
N "‘-.
54
6
81%

Scheme 16
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The product was purified by chromatography on silica gel column, and
characterized by spectroscopic analysis. The IR spectrum of §5 showed a
band at 1731 cm™. In the 'H NMR spectrum, the benzylic and methyl

protons resonated as singlets at 8 5.79 and 2.91 respectively. In the Bc
NMR spectrum of 55, the amude carbonyl resonated at & 171.45 whereas
the spirocarbon was discernible at 8 87.01. The characteristic imine

carbon of the oxazoline ring showed a signal at & 165.17. These
assignments were confirmed by DEPT-135 NMR analysis. In the DEPT-

135 NMR spectrum of 55, peak at § 79.29 for the benzylic carbon was

positive and the spirocarbon signal at & 87.01 disappeared. Finally the
structure assigned was confirmed unequivocally by single crystal X-ray

analysis (Figures 4, 5, 6 and 7).

m T r T T ' T T I ! I
po 8 7 6 5 4 3

Figure 4. 'H NMR spectrum of 55
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Figure 6. DEPT-135 NMR spectrum of 55

Chapter 3
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. }
Figure 5. °C NMR spectrum of 5§
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Figure 7. X-ray structure of 55

The reaction was extended to other isatins. In all cases, the

reaction proceeded smoothly to afford the spircoxindoles. The results are

summarized 1n table 1.
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Table 1. [2+3] Cycloaddition Reactions of Nitrile Ylide 6 with Isatins.

Entry [satin Product Yield( %)

Ph
=x
H
0,

All the products were fully characterized by spectroscopic analysis.
Similarly, reaction of nitrile ylide 62 denived from 4-nitro-N-

benzyl -(4 methyl) benzimidoy! chloride 61, with N-methyl 1satin 54 was
carried out. In this case also the reaction proceeded smoothly to afford

the spirooxindole 63 in 70% yield (Scheme 17).
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Ar = p-CHzC¢Hy

Scheme 17

The product was purified by chromatography on silica gel column
and characterized by spectroscopic analysis. The IR spectrum of 63
showed a band at 1725 cm’’ characteristic of the carbonyl group. In the
'H NMR spectrum, the benzylic and methyl protons on the oxindole
moiety resonated as singlets at 8 5.77 and 2.91. The methyl group on the
aromatic ring wés discernible at § 2.44. In the °C NMR spectrum, the N-
methyl and C-methyl carbons resonated at & 2|'6.04 and 21.76
respectively. The characteristic signal for the spiro carbon was visible
at & 86.91 and the benzylic carbon was discermble at & 79.32. The
carbonyl carbon of the oxindole moiety and the imine carbon of the
oxazoline ring resonated at & 171.53 and 165.29 respectively.

As in the earlier case, the reaction was repeated with different
isatins and the products were obtained in high yields. The results are

summarized in table 2.
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Table 2. [2+3] Cycloaddition of Nitrile Ylide 62 with [satins.

Entry [satin Product Yield(%)
O
| ©j&o 90
N
Ph
52
O
N
Et
57
| 0]
| [ :2 />=0 63
| 3 )N
Ph Ph
66
> Ar = p-CHyCsHy

| the products were fully charactenized by spectroscopic analysis.
.3.2 REACTIONS OF NITRILE YLIDES WITH 1,2-QUINONES
In view of the encouraging results obtained with the nitrile ylides
d 1satins it was of interest to study the reaction of nitnle yhdes with

cenaphthenequinone and  phenanthrenequinone. Thus  when
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acenaphthenequinone 67 was allowed to react with imidoyl chioride 5 in
presence of triethylamine, a product was obtained in 78% yield, and this

was identified as spirooxazoline 68 (Scheme 18).

Et;N e @
o,rw~©—cn;—~= —pn Benzeng NQCH—N =C—Ph
—E&NHC :
6

5
‘ Ph

Scheme 18
The product was purified by chromatography on silica gel column,

and characterized by spectroscopic analysis. The IR spectrum of 68
shawed the carbonyl absorption at 1726 cm™. In the "H NMR spectrum,
the benzylic proton resonated at 8 5.99 as a singlet. In the *C NMR
spectrum of 68 the spirocarbon and the imine carbon of the oxazoline
ring resonated at § 90.16 and 165.39 respectively. The signal due to the
benzylic carbon was present at & 79.68 and the carbonyl carbon was
discernible at 8 197.58.

The reaction of 6 with phenanthrenequinone 69 was also
performed as described above to afford the corresponding oxazoline
derivative 70 in 48% yield. Subsequently, the nitrile ylide generated
from 4-nitro-(N-benzyl)-4-methyl benzimidoylchloride 62 was also
allowed to react with acenaphthenequinone and phenanthrenequinone.

The results are summarized in table 3.



Chapter 3 104

Table 3. [2+3] Cycloaddition Reactions of Nitrile ylides 6 and

62 with Phenanthrenequinone and Acenaphthenequinone.

Entry Nitrile Yide  Quinone Product Yield (%)

1 6 48
) 62 83
N
67 71 2
Ar =p-CH3-Cg¢H,
Ar
3 62

All the products were fully characterized by spectroscopic

analysis.
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The reaction of nitnle yhde 6 with 3 5-di-tert-butyl o-
benzoquinone was also attempted. Inexplicably the reaction failed and
most of the o-benzoquinone was recovered as such.

3.3.3 REACTIONS OF CYCLIC CARBONYL YLIDE WITH
ISATINS

It has been recently observed in our laboratory that six membered
carbony!] ylides undergo facile [2+3] cycloaddition reaction with isatins
leading to highly oxygenated spirooxindoles.”® As a logical extension of
this work, it was of interest to undertake a study of the reaction of a five
membered cyclic carbonyl ylide with isatins. The results of a hmited
study are presented here. The diazo ketone 75 required for the
investigation was conventently prepared from the corresponding

carboxylic acid 73 by the known procedure (Scheme 19). >

H; 3
0 aco,Me CHzN 2
_—
OH Et3N OCO2MC Cl{Nz
o (8]

73 74
Scheme 19

\{Vhen a mixture of the diazo ketone 75 and N-methy) isatin was allowed

tp react in presence of a catalytic amount of Rhy(OAc)s at room
|

tfmperaturc, the product 77 was obtained in 82% yield (Scheme 20).
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Rhy(OAc) o®
c —
CHN, "% o
Toluene
o rt. 15 min
O Y
75 ! ]
76
Scheme 20

The product was purified by column chromatography and
charactenzed by spectroscopic analysis. The IR spectrum of 77 showed
two carbonyl absorptions at 1730 ¢m™ and at 1684 cm™. In the 'H NMR
spectrum, (Figure 8), the brnidgehead proton resonated at 6 4.62 as a
singlet. The N-methyl protons and C-methyl protons resonated at 5 3.18
and 1.60.

In the *C NMR spectrum (Figure 9) of 77, the spirocarbons of the
oxindole ring and cyclopropyl ring resonated at & 80.32 and 39.46
respectively. The methine carbon adjacent to the keto group resonated at
8 86.97 and the spirocarbon at the bndgehead position was discernible at
8 113.67. The lactam carbonyl and the keto carbonyl were discernible at
3 172.99 and 204.79. These assignments were confirmed by DEPT-135
NMR analysis (Figure .10).
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pon 8 [ 4 2

Figure 8. '"H NMR spectrum of 77
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Figure 9. "C NMR spectrum of 77
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Figure 10. DEPT-135 NMR spectrum of 77
The reaction was extended to different isatins and in all cases the
cycloaddition proceeded smoothly to afford Spirodxindolcs in good

yields. The results are summarized n table 4.
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Table 4. Cycloaddition of Carbony! Ylide 76 with Isatins.

Entry [satin Product Yield (%)

52

80

78

86

All the products were fully characterized by spectroscopic analysis.
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3.4 EXPERIMENTAL

All the reactions were carried out in oven dried glassware under
an atmosphere of argon, unless otherwise mentioned. The IR spectra
were recorded on Bomem MB senes FT-IR spectrophotometer, using
potassium bromide pellets. NMR spectra were recorded on Bruker-300
MHz FT-NMR spectrometer using CDCl; as solvent. The chemical
shifts are given in the & scale with tetramethylsilane as internal standard.
Elemental analysis was carried out using Perkin-Elmer 2400 CHN
analyzer. High-resolution mass spectra were obtained in EI mode on a
Kratos MS50 instrument. Solvents used for the experiments (benzene,
cyclohexane, and toluene) were distilled and dned according to the
standard procedures. Starting matenials required for the synthesis of
imidoyl chlorides (4-nitro benzylamine hydrochloride, benzoy! chloride
and toluoy! chloride) were purchased from Aldrich and used as such.
Thionyl chloride was fractionally distilled over quinoline before use.
[satins required for the study were either purchased or synthesized
according to the literature procedure.’
3.4.1 SYNTHESIS OF IMIDOYL CHLORIDES
4-Nitro-N-Benzyl Benzimidoyl Chloride 5

The preparation of 4-nitro-N-benzyl bezimidoyl chloride S5 was
carried out according to the kmown procedure.? 4-nitro benzylamine
hydrochloride (12 g, 0.0638 mol) was dissolved in 84 mL of distilled
water. To this benzoyl chloride (9.08 g, 0.0648 mol) and NaOH (43 mL,
3 molar solution) were added simultaneously. The reaction mixture was
stired for 30 minutes at 50° C and filtered. The solid obtained was
washed and dned to afford 4-nitro-N-benzyl benzamide (8.9 g, 54%).
This amide was then refluxed with freshly distilled thionyl chloride
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(206 g, 0.1738 mol) for 30 minutes. A clear solution was obtained.
Excess thionyl chloride was removed: under reduced pressure and the
solid obtained was recrystallized from rigorously dried icyclohexane
under an atmosphere of argon to afford the imidoyl chloride 5 (668
70%)
Pale yellow solid; recrystallized from dry cyclohexane.
mp . 70-72°C
IR (KBr) viax : 657, 689, 834, 858, 1027, 1106, 1345, 1511, 1603,
1636, 1657, 3065 cm™.
'H NMR . 8 4.97 (s, 2H), 7.40-7.52 (m, 3H), 7.59:(d, 2H, J =
8.43 Hz), 8.06 (d, 2H, /= 7.15 Hz), 8.20 (d, 2H, J =
8.5 Hz)
4-Nitro N-Benzyl (4-Methyl) Benzimidoyl Chioride 61
4-Nitro benzylamine hydrochloride (1 g, 5.3x10° mol) was treated
with 4-toluoyl chlonide (0.819 g, 5.29x10 mol) in presence of NaOH (4
mL, 3 molar solution) to afford 4-nitro-N-benzyl (4-methyl) benzamide
(1g, 70%). This amide on refluxing with freshly distilled thipnyl chlionde
(2.18 g, 0.0185 mol) afforded the imidoyl chionide 61 (0.630 g, 60%).
Pale yellow solid; recrystallised from dry cyclphexane.

mp : 90-92°C

IR (KBr) vmax © 724, 858, 889, 1012, 1105, 1347, 1409, 1517, 1599,
1640, 1676 em™.

'H NMR ;8241 (s, 3H), 4.98 (s, 2H), 7.23 (d, 2H, J = 7.9Hz),

7.61 (d, 2H, J = 8.4 Hz), 7.96 (d, 2H, J = 8.1 Hz),
821 (d, 2H, J = 8.4 Hz).

BC NMR . 52150, 56.59, 12376, 12388, 127.09, 12830,
128.35, 129.16, 129.21, 129.30, 168.38.
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3.4.2 GENERAL PROCEDURE FOR THE REACTION OF
IMIDOYL CHLORIDES WITH ISATINS AND QUINONES

The preparation of the cycloadduct (55) from N-methyl isatin 54
and 1midoyl chloride § 1s Mlustrative of the general procedure for the
synthesis of spirooxazolines. N-methyl isatin (0.042 g, 2.60x10™ mol)
and imidoylchloride 5 (0.10 g, 3.91x10* mol) were taken in 2 mL
rigorously dried benzene. To this, triethylamine (0.0434 g, 4.30x10™
mol) was added and sturred for three hours under an atmosphere of argon
at room temperature. The orange red reaction mixture turned colorless. it
was then filtered through a celite pad using dichloromethane (50 mL) as
eluent. Dichloromethane and benzene were removed on a rotary
evaporator and the crude product was subjected to chromatography on
silica gel column using hexane-ethyl acetate (85:15) as eluent to afford
the cycloadduct 55 (0.084 g, 81%).
(3R, 4’R)-1-Methyl-2'- (phenyl)-4'-(4-nitrophenyl) spiro [3H-indole-3,
5°(4'H)-oxazol)-2(1H)-one 55
Colorless crystals; recrystallized from hexane-dichloromethane.
mp o 221-223°C
IR (KBr) viax : 089, 751, 854, 1020, 1088, 1338, 1513, 1607, 1657,

1731 cm™.

'H NMR . 8291 (s, 3H), 5.79 (s, 1H), 6.85 (d, 1H, J = 7.8 Hz),
7.22-7.31 (m, 3H), 7.43-7.58 (m, 5H), 8.07-8.12 (m,
4H).

BC NMR . $26.04, 7929, 87.01, 10878, 12333, 12378,

124.29, 126.63, 127.50, 127.71, 128.54, 128.96,
131.29, 132.29, 144.16, 147.76, 165.17, 171 45.



Chapter 3 113

Anal. Caled. for C;3HigN3O4: C, 69.17; H, 4.29; N, 10.52. Found: C,
69.16; H, 4.51: N, 10.40.
Crystal data for 55: C33H,7N;04. M. 399 .40, orthorhombic, space group
pbca, unit cell dimensions a = 16.0787 (3) A, a = 90°, b = 12.2058 (3)
A, B =90°c=19.8996 (4) A, y = 90°, R indices (all data) RI = 0.1753,
wR2 = 0.2670, volume, Z = 39054 (1) A%, 8 Dy = 1.359 Mg/m’,
absorption coefficient = 0.095 mm™, A = 0.71073 A, reflections collected
64797.
(3R,4'R)-1-Phenyl-2'-(phenyl)-4'-(4-nitrophenyl)spiro[3 H-indole-
3,5'(4'H)-oxazol]-2(1H)-one 56

N-phenyl isatin 52 (0.025 g, 1.12x10™ mol) and imidoylchloride 5
(0.046 g 1.68 x10” mol), taken in 2 mL benzene was stirred with
triethylamine (0.0186g, 1.84x10™ mol) for three hours. Chromatography
of the crude product on silica gel column using hexane-ethyl acetate
(85:15) as eluent afforded the eycloadduct 56 (0.0485 g, 94%).
Pale yellow crystals; recrystallized from hexane-dichloromethane.
mp . 201-203°C
IR (KBr) vmax 745,993, 1081, 1346, 1511, 1614, 1651, 1726 cm’.

'H NMR : 55.86 (s, 1H), 6.82 (d, 1H, J = 7.83 Hz), 6.90 (d, 2H,
J=17.19 Hz), 7.25-7.65 (m, 11H), 8.11-8.16 (m, 4H).
BC NMR 5 80.17, 8722, 110.09, 123.39, 12422, 12453,

125.88, 126.60, 127.13, 127.87, 12843, 128.57,
129.01, 129.70, 131.12, 132.34, 133.15, 144.03,
147.81, 165.36, 170.78.

| Anal. Caled. for CysHiN;Ox: C, 72.88; H, 4.15; N, 9.11. Found: C,

17274, H, 4.37; N, 8.84.
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(3R, 4'R)-1-Ethyl-2'- (phenyl)-4'-(4-nitrophenyi) spiro [3H-indole-3,
5'(4'H)-oxazol]-2(1H)-one 58
N-ethyl isatin 57 (0.030 g, 1.71x10™ mol) and imidoylchloride 5

(0.070 g, 2.57<10" mol), taken in 2 mlL benzene, was stirred with

triethylamine (0.0285 g, 2.82x10™ mol) for three hours. Chromatography

of the crude product on silica gel column using hexane-ethyl acetate

(80:20) as eluent afforded the cycloadduct 58 (0.059 g, 83%)).

Colorless crystals; recrystallized from hexane-ethyl acetate.

mp . 84-86°C ,

R (KBr) vix @ 691, 751, 844, 1023, 1202, 1341,1467, 1520, 1613,
1650, 1725 cm™.

'H NMR ;8 0.87-0.95 (m, 3H), 3.25-3.32 (m, 1H), 3.55-3.62

| (m, 1H), 5.77 (s, 1H), 6.85 (d, 14, J = 7.7 Hz), 7.18-

7.32 (m, 3H), 7.41-7.58 (m, 6H), 8.08-8.11 (m, 3H).

CBCNMR - 1224, 34.54, 79.57, 87.05, 108.77, 123.24, 123.53,
124.46, 126.66, 127.61, 127.87, 128.54, 128.98,
131.19, 132.28, 14324, 144.05, 147.75, 165.33,

. 171.01.

Anal. Caled. for C;sH19N304 : C, 69.72; H, 4.63; N, 10.16. Found C,

69.74; H, 5.18; N, 9.89.

(3R,4'R)-1-Benzyl-2'-(phenyl)-4'-(4-nitrophenyl)spiro[3 H-indole-

3,5'(4'H)-oxazol]-2(1H)-one 60

| N-benzyl isatin 59 (0.046 g, 1.94x10™* mol) and imidoylchloride 5

(0.080 g, 2.91x10* mol), taken in 2 mL benzene, was stirred with

triethylamine (0.032 g, 3.21x10™ mol) for three hours. Chromatography

;of the crude product on silica gel column using hexane-cthyl acetate

k80:20) as eluent afforded the cycloadduct 60 (0.077 g, 84%).
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Pale yellow crystals; recrystallized from hexane-dichloromethane.

mp
IR (KBr) Vymax

'H NMR

B3C NMR

168-170° C

692, 753, 848, 1021, 1172, 1349, 1522, 1604, 1647,
1732 cm™, _
84.23 (d, 1H,J =15.3 Hz), 4.88 (d, 1H, J = 15.3 Hz),
5.79 (s, 1H), 6.75-6.80 (m, 3H), 7.11-7.59 (m, 11H),
8.02 (d, 2H, J = 8.4 Hz), 8.10 (d, 2H, J = 7.2 Hz).
54398, 7953, 87.14, 109.63, 123.42, 123.74,
124.47, 126.66, 127.03, 127.43, 128.02, 128.14,
128.58, 128.63, 12899, 13127, 132.34, 13485,
143.55, 143,63, 147 82, 165.44,171.58.

Anal. Caled. for Cy6H2iN3O4: C, 73.25; H, 445; N, 8.84. Found: C,
73.12; H, 4.52; N, 8.63.
(3R,4'R)-1-Methyl-2'-(4-methylphenyl)-4'-(4-nitrophenyl)spiro[3H-
indole-3,5'(4'H)-oxazol]-2(1H)-one 63

N-methyl isatin 54 (0.024 g, 1.49x10™ mol) and imidoylchloride
61 (0.064 g, 2.23x10™ mol), taken in 2 mL benzene, was stirred with
triethylamine (0.024 g, 2.45x10™ mol) for three hours. Chromatography

of the product on silica gel column using hexane-ethyl acetate (85:15) as
eluent afforded the cycloadduct 63 (0.043 g, 70%). .

Pale yellow crystals; recrystallized from hexane-dichloromethane.

mp
R (KB1) Vs

'H NMR

213-215°C

685, 744, 764, 830, 996, 1076, 1235, 1348, 1467,
1520, 1613, 1646, 1725 cm’™".

8 2.44 (s, 3H), 2.91 (s, 3H), 5.77 (s, 1H), 6.84 (d, 1H,
J =1.7 Hz), 7.19-7.57 (m, 7H), 7.96 (d, 2H, J = 7.8
Hz), 8.10 (d, 2H, J = 8.4 Hz).
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C NMR . §21.76,26.04, 79.32, 8691, 108.74, 123.32, 123.76,
123.85; 12429, 127.65, 127.74, 12896, 12927,
131.23, 142.78, 144.16, 144.31, 147.75, 165.29,
171.53.

HRMS: Calcd. for C36H 19N304: 413.13756. Found: 413.13752.

(3R, 4’°R)-1-Phenyl-2'- (4-methylphenyl)-4'-(4-nitrophenyl) spirof3H-

indole-3,5'(4'H)-oxazol]-2(1H)-one 64

N-phenyl isatin 52 (0.025 ig, 1.12x10™ mol) and imidoylchloride

61 (0.048 g, 1.68%x10™ mol), taken in 2 mL benzene, was stirred with

triethylamine (0.019 g, 1.84x10™ mol) for thre¢ hours. Chromatography

of the crude product on silica gel column using hexane-ethyl acetate

(85:15) as eluent afforded the cycloadduct 64 (0,048 g, 90%).

Pale yellow crystals; recrystallized from hexanerdichloromethane.

mp ;. 105-107°C

IR (KBr) vaex 699, 750, 1080, 1344, 1514, 1608, 1651, 1740 cm™".

'H NMR © 8245 (s, 3H), 5.85 (s,1H), 6.82 (d, 1H, J = 7.8 Hz),
6.90 (d, 1H, J=7.7 Hz), 7.25-7.44 (m, 10H), 7.64 (d,
1H,J = 7.1 Hz), 8.00 (d, 2H, J = 7.90), 8.14 (d, 2H. J
=84 Hz) :

C NMR : §21.77, 8023, 87.14, 110.09, 12341, 123.83,
124.22; 124.55, 12591, 127.29, 127.90, 12843,
129.02, 129.30, 129.72, 129.86, 131.08, 133.20,
142.87, 144.05, 144.19, 147182, 165.52, 170.89.
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(3R, 4’R)-1-Ethyl-2'- (4-methylphenyl)-4'-(4-nitrophenyl) spiro[3H-
indole-3,5'(4'H)-oxazol[-2(1H)-one 65

N-ethyl isatin 57 (0.030 g, 1.71x10™ mol) and imidoylchloride 61
(0.074 g, 2.57x10" mol), taken in 2 mL benzene, was stirred with
triethylamine (0.028 g, 2.82x10™ mol) for three hours. Chromatography
of the crude product on silica gel column using hexane-ethyl acetate
(80:20) as eluent afforded the cycloadduct 65 (0.065 g, 89%).

Pale yellow crystals; recrystallized from hcxane—eihyl acetate.

mp . 186-188°C

IR (KB, . 685, 744, 830, 1009, 1082, 1175, 1208, 1467, 1513,
1606, 1646, 1725 cm”.

'H NMR . $0.87-0.91 (m, 3H), 2.44 (s, 3H), 3.24-3.31 (m, 1H),

3.55-3.62 (m, 1H), 5.75 (s, 1H), 6.84 (d, 1H, J=7.79
Hz), 7.17-7.57 (m, 5H), 7.97 (d, 2H, J = 8.03 Hz),
809 (d, 2H, J = 8.48 Hz).

PCNMR 1 51226,21.75, 34.54, 79.60, 86.95, 108.73, 123.24,
123.51, 123.89, 124.46, 127.74, 127.89, 128.97,
129.25, 131.13, 142.77, 14322, 14422, 147.73,
165.45, 171.09. |

(3R, 4’R)-1-Benzyl-2'- (4-methylphenyl)—4'-(4-nitrophenyl) spirof{3H-

indole-3,5'(4'H)-oxazol]-2(1H)-one 66

N-benzyl isatin 59 (0.044 g, 1.85x10™ mol) and imidoylchloride

61 (0.080 g, 2.78x10™ mol), taken in 2 mL benzene, was stirred with

ttiethylamine (0.030 g, 3.05 x10™ mo}) for three hours. Chromatography

oﬁ the crude product on silica gel column usiné hexane-ethyl acetate

(80:20) as eluent afforded the cycloadduct 66 (0.057 g, 63%).

Pale yellow crystals; recrystallized from hexane-dichloromethane.
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mp . 192-194° C

IR . 696, 751, 847, 1074, 1174, 1349, 1518, 1607, 1650,
1733 cm™.

'H NMR © 5244 (s,3H),4.23 (d, 1H,J =15.0 Hz), 4.89 (d, 1H,

J =153 Hz), 5.79 (s, 1H), 6.78 (br s, 3H), 7.14-7.39
(m, 9H), 7.59 (d, 1H, J = 7.02 Hz), 7.98-8.05 (m,
4H).

YC NMR . §21.72,43.95, 79.49, 87.05, 109.63, 123.42, 123.75,
124 44, 127.08, 12741, 12795, 128.15, 128.59,
12891, 129.29, 131.22, 134.87, 14294, 143.54,
143.72, 14775, 165.61, 171.72.

HRMS Caled. for C30H23N304: 489.168857. Found: 489.16675

Cycloadduct 68

Acenaphthenequinone 67 (0.030 g, 1.64x10* mol) and

imidoylchloride 5 (0.067 g, 2.47x10™ mol), taken in 2 mL benzene, was

stimed with triethylamine (0.027 g, 2.71x10®) for four hours.

Chromatography of the crude product on silica gel column using hexane-

ethyl acetate (80:20) as eluent afforded the cycloadduct 68 (0.054 g,

78%).

Colorless crystals; recrystallized from hexane-dichloromethane.

mp . 204-205° C

IR (KBr) vamax : 780, 830, 1017, 1272, 1340, 1521, 1651, 1726 cm’.

'H NMR 1 85.99(s, 1H), 7.13 (d, 2H, J = 8.5Hz), 7.26-8.28 (m,
11 H), 7.97 (4, 2K, J = 8.6 Hz).
PC NMR . 579.68, 90.16, 120.73, 12199, 122.57, 123.37,

126.69, 127.89, 128.44, 128.59, 128.97, 129.02,
12923, 130.49, 130.70, 131.98, 132.28, 132.47,
13722, 142.04, 144.30, 147.57, 165.39, 197.58.



Chapter 3 119

HRMS Calcd. for CysH16N204: 420.1110. Found: 420.1112.

(3R,4'R)-2'-(phenyl)4'-(4-nitrophenyl)spiro/oxazole-5(4H),9'(10'H)-

phenanthren]-10"-one 70

Phenanthrenequinone 69 (0.030 g, 1.44x10*" mol) and

imidoylchloride 5 (0.059 g, 2.16x10™ mol), taken in 2 mL benzene, was

stimed with triethylamine - (0.024 g, 2.37x10* mol) for four hours.

Chromatography of the crude product on silica gel column using hexane-

ethyl acetate (70:30) as eluent afforded the cycloadduct 70 (0.031 g,

48%).

Colorless crystals; recrystallized from hexane-dichloromegthane.

mp . 196-198° C -;

IR (KBr) viax 694, 751, 834, 916, 994, 1096, 1334, 1449, 1517,
1599, 1654, 1707 cm’". ,

'HNMR  : 5563 (s, 1H), 6.76 (d, 2H, J = 8.5 Hz), 7.03-7.25
(m, 3H), 7.53-7.81 (m, 9H), 8.14 (d, 1H, J = 7.6 Hz),

- 825(d, 2H,J=17.0 Hz).

C NMR © 8 78.60, 92.58, 122.44, 123.27, 123.97, 126.24,
126.38, '127.74, 12823, 12859, 128.66, 128.94,
129.00, 129.07, 130.15, 132.41, 13343, 135.53,
137.67, 144.10, 147.17, 165.86, 195.34.

Anal. Caled. for C3HisN2O,: C, 75.33; H, 4.06; N, 6.27. Found: C,

75.84;H,4.20; N, 5.97.

Cycloadduct 71 !

Acenaphthenequinone 67 (0.033 g, 1.81x10* mol) and
imidoylchloride 61 (0.078 g, 2.71x10™ mol), taken in 2 mL benzene,
was stirred with triethylamine (0.030 g, 2.97 x10™ mol) for three hours.

Chromatography of the crude product on silica gel column using
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hexane-ethyl acetate (70:30) as eluent afforded the cycloadduct 71
(0.065 g, 83%). i

Colorless crystals; recrystallized from hexane-dichloromethane.

mp . 185-187°C !

IR (KBr) vimax 785, 829, 1014, 1073, 1272, 1348, 1520, 1601, 1645,

1726 cm™.

'H NMR : 8244 (s, 3H), 5.97 (s, 1H), 7.12 (d, 2H, J = 8.4 Hz),
7.28(d, 2H,J = 7.58 Hz) 7.70-8.17 (m, 10H).

PC NMR © 82173, 79.73, 90.10, 12070, 122.50, 123.34,

12397, 126.62, 127.93, 12896, 129.22, 129.30,
130.50, 130.79, 131.93, 137.38, 142.02, 142.76,
144 .48, 147.59, 165.50, 197.65.
Anal. Caled. for C7HisN,O4: C, 74.64; H, 4.18; N, 6.45. Found: C,
74.73; H, 4.36; N, 6.48.
(3R, 4'R)-2'-(4-Methylphenyl)-4'-(4-nitrophkenyl) spirofoxazole-5(4H),
9'(10'H)-phenanthren]-10'-one 72 |
Phenanthrenequinone 69 (0.030 g, 1.44x10"% mol) and
imidoylchloride 61 (0.062 g, 2.16x10™ mol), taken in 2'mL benzene,
was stirred with triethylamine (0.024 g, 2.37x10* mol) for three hours.
Chromatography of the crude ;')roduct,on silica gel column using hexane-
ethyl acetate (70:30) as eluent afforded the cycloadduct 72 (0.036 g,
54%). a | |
Colorless crystals; recrystallized from hexane-dichloromethane.
mp ;. 204-206°C | - i
IR (KBr) vmay @ 718, 744, 830, 1089, 1268, 1341, 1454, 1513, 1593,
1646, 1706 cm™.
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'H NMR . 5249 (s, 3H), 5.61 (s, 1H), 6.76 (d, 2H, J = 8.5 Hz),
7.03-7.18 (m, 3H), 7.35 (d, 2H, J = 7.9 Hz), 7.51-
7.59 (m, 2H), 7.74-7.80 (m, 4H), 8.12-8.15 (m, 3H).
C NMR . 21.82, 78.69, 92.60, 122.2, 123.35, 123.67, 124.04,
126.33, 127.90, 128.34, 12865, 128.73, 129.0l,
129.08, 129.12, 129.48, 130.22, 133.62, 135.55,
137.78, 143.06, 144 .34, 147.22, 166.06, 195.53.
HRMS Caled. for CyoH;y0N>04: 460.14231. Found: 460.1420.
3.43 TYPICAL EXPERIMENTAL PROCEDURE FOR THE
CYCLOADDITION OF CARBONYL YLIDE WITH ISATINS
The experimental details given here for the synthesis of the
cycloadduct 77 1s illustrative of the general procedure for the synthesis
of cycloadducts 78, 79, 80, 81 and 83. The diazo ketone 75 (0.102 g,
6.7%10™ mol) taken in 2 mL of rigorously dried toluene was stirred with
a catalytic amount of Rh,(OAc)s (0.002 g) for 1 minute under an
atmosphere of argon. To this, N-methylisatin 54 (0.098 g, 6.1x 10* mol)
was added and stirred for 30 minutes at room temperature. The orange
red reaction mixture turned colorless. The solvent was then removed
under reduced pressure and the contents were charged on a silica gel
column and eluted with hexane-ethyl acetate mixture (80:20) to afford
the cycloadduct 77 (0.142 g, 82%).
Cycloadduct 77

Colorless crystals; recrystallized from hexane-dichloromethane.

mp . 158-160° C
R (KBr) vax 988, 1147, 1475, 1611, 1684, 1730, 3007 cm™.
'H NMR 8§ 1.11-1.18 (m, 1H), 1.25-1.31'(m, 3H), 1.60 (s,

3H), 3.18 (s, 3H), 4.62 (s, 1H), 6.83 (d, 1H, J =7.0
Hz), 7.11 (t, 1H,J = 7.3 Hz), 7.37 (t, J = 7.3 Hz)
751 (d, 2H, J = 7.1 Hz).
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"C NMR . 51348, 14.51, 15.19, 26.45, 39.46, 80.32, 86.97,
108.32, 113.67, 12336, 124 63, 128.00, 130.47,
143.19, 172.99, 204.79.

HRMS Cacld. for C,¢H;sN,O4: 285.100. Found: 285.0989.

Cycloadduct 78 _

The diazo ketone 75 (0.059 g, 3.89x10™ mol) taken in 2 mL of
rigorously dried toluene was stired with a catalytic amount of
Rhy(OAc)s (0.002g) for 1 minute under an atmosphere of argon. To this,
isatin 45 (0.052 g 3.53x10™ mol) was added and stirred for 30 minutes at
room temperature. Chromatographic purification of the crude product
using hexane-ethyl acetate mixture (70:30) afforded the cycloadduct 78
(0.050 g, 52%).

Colorless crystals; recrystallized from hexane-ethyl acetate.

mp © 180-182°C

IR (KBr) vmx  © 751, 812,993, 1107, 1333, 1402, 1469, 1620, 1729,
1769, 3099, 3180 cm™.

'H NMR - 1.09-1.16 (m, 1H), 1.23-1.29 (m, 2H), 1.51-1.55

(m, 1H), 1.59 (s, 3H), 4.63 (s, IH), 6.85 (d, 1H, J =
7.71 Hz), 7.05 (t, 1H, J = 7.34 Hz), 7.28 (t, 1H, J =
7.7 Hz), 7.46 (4, 1H, J = 7.31 Hz), 8.30 (br s, 1 H).
BC NMR 1345, 14.53, 15.15, 39.49, 80.60, 87.15, 110.21,
 113.71, 123.26, 125.01, 128.41, 130.39, 140.27,
173.84, 204.86.
HRMS Calcd. for CysH;3NOy4: 271.084. Found: 271.08499.
Cycloadduct 79
The diazo ketone 75 (0.112 g, 7.4x10™ mol) taken in 2 mL toluene
was treated with N-phenyhisatin (0.15 g, 6.7x10™ mol) in presence of
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Rhy(OAc)s. Chromatographic purification of the crude product using

hexane-ethyl acetate mixture (80:20) afforded the cycloadduct 79 (0.179

g 77%).

Colorless crystals; recrystallized from hexane-dichloromethane.

mp . 139-141°C

R (KBr) v 761, 833, 985, 1109, 1209, 1327, 1406, 1503, 1613,
1729, 1770, 3071 cm’.

'H NMR . 1.09-1.16 (m, 1H), 1.24-1.31 (m, 2H), 1.53-1.58 (m,
1H), 1.62 (s, 3H), 4.73 (s, 1H), 6.84 (d, 1H, J =7.8
Hz), 7.10-7.58 (m, 8H).

“C NMR . 13.69, 14.61, 15.32, 39.53, 80.51, 87.25, 105.50,
109.80, 113.94, 12392, 125.11, 126.27, 127.81,
128.23, 129.57, 130.44, 133.86, 143.20, 171.48,
204.53. _

HRMS Cacld. for C;H7N1O4: 347.1157. Found: 347.1159.

Cycloadduct 80

The diazo ketone 75 (0.085 g, 5.56x10™ mol) taken in 2 mL

toluene was treated with N-benzylisatin (0.120 g, 5.06x10™ mol) in

presence of Rhy(OAc)s;. Chromatographic purification of the crude

product using hexane-ethyl acetate mixture (80:20) afforded the

cycloadduct 80 (0.146 g, 80%).

Colorless crystals; recrystallized from hexane-dichloromethane.

mp © 63-65°C

IR (KBr) vmax : 755, 836, 994, 1145, 1355, 1472, 1615, 1729, 1763,
3071 cm’™

'H NMR © 0 1.12-1.19 (m, 1H), 1.24-1.30 (m, 3H), 1.59 (m,
3H), 4.61 (s, 1H), 4,76 (d, 1H, J = 15.6 Hz), 4.92 (d,
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1H, ./=15.6 Hz), 6.67 (d, LH, J=7.7 Hz), 7.03 (t, 1H,
J=17.3Hz),7.18-7:31 (m, 1H), 7.49 (d, 1H, J = 7.34
Hz). : | .

C NMR ©13.49, 14.51, 15.18, 39.45, 44.05, 80.36, 87.11,
109.40, 113.78, 123.32, 124.65, 12724, 127.70,
127.93, 128.79, 130.32, 135.03, 142.19, 172.05,
204.63. |

Anal. Caled. for: CoHypoN1O4: C, 72.99; H, 5.42; N, 3.64. Found: C,

73.11: H, 5.29; N, 3.87.

Cycloadduct 81

The diazo ketone 75 (0.041 g, 2.70x10™ mol) takén in 2 mL

toluene was treated with N-ethylisatin (0.043 g, 2.45x10* mol) in

presence of Rhy(OAc)s. Chromatographic purification of the crude

product . using hexane-ethyl hcetate‘ mixture (80:20) ql‘ﬂ'ordcd the

cycloadduct 81 (0.057 g, 78%). ' 3

Colorless crystals; recrystallized from hexane-ethyl acetate.

mp . 168-170°C ' e |

IR (KBr) v : 685, 751, 837, 983, 1096,.1222, 1348, j374, 1467,
1613, 1719, 1765 cm’. !

HNMR  : 51.13-1.17 Gm, 1H), 1.24-1.29 (m, 6H), 1.59 (s, 3H),
3.63-3.68 (m, 1H), 3.76-3.81 (m, 1H), 4%58 (s, 1H),
6.83 (d, 1H,:J = 7.7 Hz), 7.07 (t, 1H, J| = 7.4 Hz),
733 (¢, 1H,J = 7.7 Bz), 7.49 (d, 1H, J = 1.3 Hz).

3C NMR . 812.55, 13.52, 14.57, 1528, 35.14, 34.52, 80.40,
87.0, 108.51, 113.71, 123.22, 124.9?;4, 128.27,
130.47, 142.32, 171.64, 204.77. L

HRMS Caled. for C;7H;sNO4: 299.1157. Found: 299.1151
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Cycloadduct 83

The diazo ketone 75 (0.066 g, 4.38x10* mol) taken in 2 mL
toluene was treated with S-bromoisatin 82 (0.90 g, 3.98x10™ mol) in
presence of Rhy(OAc)s. Chromatographic purification of the crude

product using hexane-ethyl acetate mixture (70:30) afforded the
cycloadduct 83 (0.119 g, 86%).

Colorless crystals; recrystallized from hexane-ethyl acetate.

mp © 234-235°C

IR (KBr) vaax © 813,994, 1122, 1218, 1330, 1450, 1621, 1730, 1773,
3184 cm.

'H NMR © 1.12-1.13 (m, 1H), 1.25-1.28 (m, 3H), 1.59 (s, 3H),
4.59 (s, 1H), 6.77 (d, 1H, J = 8.1 Hz), 7.35-7.49 (m,
2H), 10.38 (s, 1H).

HC NMR © 1291, 14.08, 14.76, 39.04, 80.32, 86.52, 111.71,

113.38, 114.59, 127.30, 130.02, 132.65, 140.36,
172.84, 204.13.

Anal. Cacld. for CisH)sN,O4Br: C, 51.45; H, 3.45: N, 4.00. Found C,
51.00, H, 3.51, N, 3.46.
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CHAPTER 4

A FACILE ONE POT SYNTHESIS OF TROPOLONE
DERIVATIVES BY THE LEWIS ACID
CATALYZED REACTION OF 0-BENZOQUINONES
AND ARYLACETYLENES

4.1 INTRODUCTION

As described 1n the 1ntroductory chaptdlr, quinones have been the
subject of extensive investigations at least partly due to the potential offered
by them in the synthesis of natural products;’ Much of the interest has
centered around p-quinones which are excellent dienophiles in Diels-Alder
reacoons. In contrast, the reactivity profile of 0-quinones has received less
attention, presumably due to the instability and inaccessibility of these
compounds, and much of the work on the cycloadditions of o-quinones has
involved the readily available and stable o-chloraml and o-bromanil. As
part of the systematic investigation of the cycloadditions of o-quinones, a
detatled study of their Diels-Alder reaction with various dienophiles was
carried out in our laboratories. * It has been shown that fulvenes undergo

facile [4+2] cycloaddition reactions with o-benzoquinones to afford novel
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bicyclo [2.2.2] octene diones.’ These !bicyclic systems can be
decarbonylated and aromatized efficiently to the i corresponding
benzofulvene derivatives. An illustrative example is the cycloaddition of
3,5-di-tert-butyl o-benzoquinone 1 with diphenyl fulvene 2 to the tnicyclic

compound 3 and its transformation to 5 (Scheme 1).* 1

Scheme 1
Similarly, bicyclic dione 6 obtained by the cycloaddition of o-
benzoquinone 1 and phenylacetylene also underwent pl'i)otjlytic double
decarbonylation to afford the biphenyl dcﬁvativci7 (Scheme 2).*

ﬂ%m T [ 3
Me;C

Scheme 2



Chapter 4 131

In a related reaction, it was found that the bicyclo [2.2.2] octenedione
6 rearranged smoothly on refluxing with BF3-OEt; in chloroform to afford
the bicyclo [3.2.1] octenedione '8 (Scheme 3).° '

o CMe; Chei)
BFOEYy,
Me;C " CHQ
Ph 3 MC3 Ph
6 8
Scheme 3

As a follow up of this reaction, attempts were made to
photodecarbonylate the [3.2.1] addudt 8 to produce a trapone derivative.
However this reaction did nat occur; instead a bicyclo [3.3.0] system 9
resulted (Scheme 4).°

CMe; % Tropone
(0]
hv
Me;
Ph [ 5
8
Scheme 4

The bicyclo adduct 11 synthesized from 3,5+di-tert-butyl o-
benzoquinone and styrene 10, on treatment with BF;-OEt, afforded the
[3.2.1] adduct 12 (Scheme 5).’
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CMe;
CMe;
r/(i Ej 4+2] a{( .

Me3C
CMe;
BFy-OEt 0O
11 —
Me; 12 Ph
Scheme 5

This bicycloadduct 12 on treatment with potassium hydréxide
afforded ketoacids 13 and 14 as a mixture of isomers (Scheme 6).°

j@“ §5 . M\@'

MC3C

Scheme 6 .
Very recently Suzuki et al. have found that the reaction of hismuthonium

ylide 15 with 1,2-benzoquinone leads to tropolone 16 (Scheme 7).°

R Me3 é
3
(4] ' OH
0 @ CMe 0
. Phsne/\(( ) _Base
Me3 0O BF4 CMC3
Me3C
1 15 16

Scheme 7
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Ebin et al. have found that biphenylene-2,3-quinone 17 reacts with
dlazomethanc 1 presence of BF3-OEt2 to afford tropolone denvatwes 18
and 19 (Scheme 8).1°

. o ~ 0 O™~BF,
= - CH,N ~ - Y ]
N N o BFgOEt) " N x>
17 18 19

Scheme 8 I

Kogler et al. have reported a facile synthesis of acetyl howlone 22
from o-chlorani! 20 (Scheme 9). ! | |

’

20 21 a,,
Scheme 9

4.1.1 THE PRESENT WORK

Synthesis, characterization and reactions of stable dlaxiged species
like aromatic cation radical 23, radical 24, and anion 25 (Figure 1) have

been of considerable interest recently. - !
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Figure 1

Stable cation radicals relate dir(::ctly to the contemporary interest in
organic matenals for molecular devices like electrical and photoconductors,
sensors, optical switches etc.'? Development of organic polyradicals and
anions is also of current interest from the standpoint of basic research as
well as practical applications.'> Because of our general interest in the
cycloaddition chemistry of o-benzoquinones and, intfigued by the
possibility of the synthesis of polyarylated compounds of the type 26 and
27 (Figure 2) by utilizing thel Diels-Alder cycloaddition, édecarbonylation

protocol (cf. Schemes 1 and 2), some work was undertaken..

s¥sIN oo
L0 QLC

R'=CH3

Figure 2
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The proposed synthetic route involves the [4+2] cyclpaddition of
quinones of the type 28 (Figure 3) withlarylacetylene 29'>anc;l subsequent
photodecarbonylation (Scheme 10). ! . o

hv
' 30 @ -
| -C0 > Ph Ph
I | Ph R Ph
R=H,OCH, 31

T |
S¢heme 10 |
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The o-benzoquinones required for the sfudy werei ccinvenient]y
synthesized by a method developed earlier in our: laboratory. Tjreating the
corresponding catechol 32 with benzhydrol 33 in presence of co;%)c. sulfunic
acid afforded the substtuted catechol 34 (Seheme 11). |

| .
f

Ph._ _Ph
j)\H Conc Hzm
OH P,, dH;COOH |

| J

32 33 |

:RF'H | 3 R—H(IOO%) ‘
y RFOCH; b, R—OCHJ(Bg%)

Scheme 11 i
The catechols 34a and 34b on oxidation with NalO4 aﬁforded the

correspond'ing o-benzoquinones in excellent yields (Scheme 12).

Ph_Ph |

!

Nalog o

CH,Q, B0

Ph R o R f

Ph
a,R=H ' a,R-H(92%)
b, R=0CH, ,R=OCH3(90‘%)
Sch¢me 12

A prototype experiment mvolvcd an ‘attcmpt at the cy¢loaddition of
quinone 28b !an,d phenylacetylene 3§. In mﬂs react on, it was found that in
addition to the expected [4+2] addutts 36 4nd 37,'jwhich were abtained in
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we decided to explore this reaction further. It should be emphasized that
tropones and tropolones have aroused considerable interest as non-
benzenoid aromatic compounds.'*?** Also, the tropolone ring, has attracted
attention due to its presence in a number of natural products. In this context,
naturally it was of considerable interest to test the feasibility of the reaction
and we extended the study further with other quinones and p-tolylaectylene

also. The details of the investigations carried out are presented here.

4.2 RESULTS AND DISCUSSION

The present work was imtiated by allowing the quinone 28b to react
with phenylacetylene 35 under Lewis acid mediation. It was found that the
tropolone denvative 39 was formed in 60% yield along with the [3.2.1]
adduct 40 1n 18% yield (Scheme 14). :

Scheme 14
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The products were separated by column chromatography and
characterized by spectroscopic analysis. The IR spectrum of 39 showed a
very weak carbonyl absorption band at 1686 cm™ indicating that the
carbony! character of the C=O bond is attenuated due to the resonance

contribution of the polanzed structure 41 (Figure 5).

Figure 5

In the '"H NMR spectrum (Figure 6), the methoxy protons resonated
at § 2.99 as a singlet. The benzylic protons were discernible at 6 5.93 and
6.10 as singlets. The signals due to brotons on the tropolone ring were also
visible as singlets at & 6.95 and 7.07. In the *C NMR spectrum (Figure 7)
of 39, benzylic carbons resonated at & 51.23 and 52.52. The methoxy
carbon showed a signal at § 59.94 and the carbonyl carbon at 6 184.52.

Finally, the structure assigned was confirmed unequivocally by single

crystal X-ray analysis (Figure 8).
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i

Figure 8. X-ray structure of 39

The structure of the product 40 was also elucidated by spectroscopic
analysis. IR spectrum showed two bands at 1669 and 1781 cm™
corresponding to the o, f-unsaturated and bridging carbonyl groups. In the
'‘H NMR spectrum, the methoxy protons resonated at 3.54: as a singlet.
Benzylic protons of 40 were observed at 8 4.67 and 4.97. The olefinic
protons showed signals at & 5.72 and 6.41. In the *C NMR spectrum, the

signal due to the methoxy carbon was seen at  55.53. The benzylic carbons
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resonated at & 49.29 and 53.61, and the quaternary carbons at the
bridgehead positions were discernible at § 64.69 and 99.29. The signals due
to a,f-unsaturated carbonyl carbon and the bndgehead carbonyl carbon
were visible at  188.54 and 198.00 respectively.

The mechanistic details of the formation of 39 are not clearly
understood. However, a rationalization along the following lines may be
invoked. It is reasonable to assume that the initial reaction will be a [4+2)
cycloaddition between the o-benzoquinone and phenylacetylene, catalyzed
by SnCly, leading to the [2.2.2] adduct 36. This can undergo a Lewis acid
mediated rearrangement leading to the [3.2.1] adduct 42. Such
transformations have ample precedence in the literature.” Conaeivably this
bicyclo system spontaneously eliminates a molecule of carbon monoxide to

afford the tropolone derivative 39 (Scheme 15).

0
Ph Ph
0 CeHsC=CH o R
SnCl,
—_—  »
Ph 0 CH,Ch
Ph  OMe R Me Pil
28b % s,
|
P
g o
pph  —CO
Ph OMe Ph OMe CGHS
Ph
39 - 42 .

Scheme 15
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The mechanism for the conversion of 36 to 42 can be depicted as

follows (Scheme 16).

[8) R
_SoQy
R Me Ph
36
Ph
(0]
Ph~ OMe CeHsg D
Ph .
42
, Scheme 16

!
|
]
]

In order to adduce some evidence (for the mechanistic pathway

suggested above, the following expeniments . were performed.

Bicycioadducts 36 and 37 were freated with SnCl, : under identical
conditions. It was found that the [2.2.2] adduct 36 produced only the
tropolone 39 whereas 37 was transformed to the [3.2.1] adduct 40

exclusively (Schemes 17 and 18).
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1 2%
- Ph Me Ph :

36

.Scheme 17 ,

80%

Schemé 18

It is evident from this experiment that the precursor fqr the tropolone

39 is the bicyclo adduct 36. The [3.2:1] addizct 40, on heating above its
melting point, lost one molecule of carbon jmonoxide to |afford another
tropolone denivative 43 which is isomeric with{39 (Scheme 1p).

A

Scheme 19
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From these experiments, it can be reasonably concluded that
compound 39 was formed from the, bicyclpsystem 42, which could not be
isolated.. The ease of decarbonylation of 42 wis a vis 40 may be attributed to
the rejease of steric strain in the former. | { '

The reaction was extended. to twp other quinpnes and phenyl
acetylene and the results are quscussqd m the following,pa#sages.

Thus, the quinone 44 was allpwed tp react with qhenylacetylene m
presence. of SnCly under the conditions gescnbed earlﬁer. The reaction
proceeded smoothly to afford the Woducts 45 and 46 m 58 % and 12 %
ylelds respectlvely (Scheme 20).

44 Ar=p-Tolyl 45
Scheme 20 .

The products were separated by column ohroLmtOgraphy and

characterized by spectroscopic analysis. The IR spectmm' of 45 showed a

very weak carbony! absorptioh at 1683 cm"( In the 'H spectrum, the

methoxy protons resonated at & 2. 9’7 as a smglet The benzyhc protons

resonated at & 5.83 and 6.00 as smglets Thc . spectrum of 45

showed the methoxy carbon at & 59. 94 The benzylic carbons were

observable at & 50.52 and 51. 89 and the carbonyl carbon sjgnal was visible
at 3 184.68.
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The bicycloadduct 46 was also characterized by, spectroscopic
analysis. IR spectrum showed two carbonyl absorptions at 1680 and 1781
cm’ due to the enone and bridging carbony! groups respcct}’vcly. In the 'H
‘NMR spectrum, the methoxy protons resonated at & 3.54 a$ a singlet. The
benzylic protons were discernible at & 4.60 and 4.88 as singlets. In the °C
NMR spectrum, the four methyl carbons on the aromatic riné resonated at 6
21.06 and 21.25. The two benzylic carbons, ithe methoxy ;ﬁcarbon and the
two quaterary carbons resonated at 8 48.58, 52.65, 55.60, 4.73 and 99.42
respectively. The enone and the bridging carbonyls were discernible at &
188.83 and 198.11 respectively.

The reaction of quinone 47 with phenylacetylenc aJso;proceeded na
similar way affording the tropolone derivative 48 and the bxpycloadduct 49
(Scheme 21).

{

Ar
O CHsC=CH Ar
SnCl4 Ph
0 CH;O;
Ar  OMe OMe
Ar

Ar=(4-'BeC¢H,),CH
47 48  (64%) 49 (13%)

Scheme 21 2
As usual, the structure of the product 48 was estab!ished from its

spectroscopic data. The 'H NMR spectrum showed two si-gnajs at 5 1.27 and
T
1.31 for the r-butyl hydrogens. The methoxy and benzylic protons were
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seen at & 3.02, 5.89 and 5.98 respectively. In the °C NMR spectrum of 48
the t-butyl carbons resonated between 8 26.00 and 35.00. The benzylic
carbons were observable at & 50.50 and 51.65. The methoxy and carbonyl
carbons resonated at & 60.07 and 184.19. The [3.2.1] adduct 49 was also
characterized by spectroscopic analysis.

Subsequently we carried out the reaction of o-benzoquinone 28b and
p-tolylacetylene 50 under Lewis acid catalysis. This reaction also afforded
the tropolone denvative 51 and the bicyclo [3.2.1] adduct 52 in 61 % and

i
1

14 % yields respectively (Scheme 22).

Ph. _Ph
o
. SnCI4
Ph 0 CH;CI;
Ph  OMe Ph ' OMe

28b
Ar = p-Tolyl

Scheme 22

The products were separated and, purfied by column
chromatography and identified by spectroscopic analysis. The IR: spectrum
of 51 showed a weak band at 1689 cm™. In the 'H NMR spegtrurn, the
methyl and methoxy groups were discernible at & 2!.38 and 2.99. Benzylic
protons of 51 resonated at & 5.93 and 6.09. The protons on the :trOpolone
ring were observable at § 6.93 and 7.06. In the H.C NMR spectrum, the
methyl and methoxy carbons resonated at § 21.32 and 60.01.
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The benzylic carbons showed signals at & 51.36 and 52.63. The {3.2.1]
adduct 52 was also characterized by spectroscopic analysis.

The reaction of p-tolylacetylene was extended to quindnes 44 and 47
also. In these cases also the reaction’ proceéded smoothly to afford the
corresponding tropolones and the bicycloadducts. The results are
summarized in Table 1. ;

Table 1. Reaction of Quiriones 44 and 47 with p—Tolyli{Lcetylene.

[ _
Quinones Products . ? Vield* %
Tropolone (3,2,1] adduct |
f
R o Ar 57(13)
' Me R OMe
R=(p-CH;CcHs)CH
44 53 .
r
O
i 60(18)
R’ OMe Ar
R=(P- ButC¢Hs),CH Ar=p-CB3CeHs |

47 55 | 56 '
* Yield of the [3.2.1] adduct is given in brackets
All the products (53-56) were characterized by spectroscopic analysis.
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4.3 EXPERIMENTAL

General information about the experiment$ is given in section 3.4
(Chapter 3). Arylacetylenes (phenylacetylene and p-tolylacetylene) and
SnCl; (IM solution in heptane) required for the teactions werd purchased
from Aldrich and used as such. 2
4.3.1 EXPERIMENTAL PROCEDURE FOR THE 'BHERMAL
REACTION BETWEEN 0-QUINONE AND PHENYLACETYLENE

o-Benzoquinone 28b (0.25 g, 5.3x10™ mol) and phenylacetylene
(0.108 g, 1.06x10™ mol) were taken in a Schlenk tube. The S¢hlenk tube
was evacuated and filled with argon. It was then heated at 90% C for 8 h.
The crude product was then subj?cted to chromatography Olil silica gel
column using hexane-ethyl acetate mlxture (90 10? Cycloadducli 36 (0.0609
g, 20%) was eluted first. Further elution afforded the cycloadduc:t 37 (0.018
g, 6%) and the dimeric product 38 (0 164 4 46%)

Btcycloadduct 36

Orange crystals; recrystallized from hexane-dichloromethane.

mp . 195-197°C "

IR (KBr) Viax 694, 932 1031, 1238,1445, 1492, 1741, 2948, 3020,
3067 cm’’ | |

'H NMR . 8315 (s, 3H), 5.13 (s, 1H), 53_40 s, 1H), 576 (s, 1H),
6.36 (s, LH), 6.86-6.91 (m, 4H), 7.13-7.34 (m, 21H).

BC NMR 1§ 4825, 50.59, 57.03, 60.58, 89.80, 126.53, 126.67,

128.18, 128.40, 128.51, 128.63, 129.14, 129{557, 129.80,
129.94, 134,97, 140.03, 140.28, 140.77, 141,‘27, 143.89,
149.04, 178.05, 182.19. ‘

Anal. Calcd. for C41H1,0s: C, 85.99; H, 5.63. Found: C, 85.39; H, 5.75.



Chapier 4. 150

Bicycloadduct 37 |
Pale orange crystals; recrystallized from hcxa}ne—djchlorpm?thane,
mp . 177-179° C | | |
IR (KBr) vmex @ 697,745, 1025, 1276, 1447, 1490, 1746’;, 3023 cm™.
'H NMR . 5344 (s, 1H), 519 (s, 1H), 531, (s, 1H) 6.26, (s, 1H)
6.49 (s, 1H), 6.66-6.69 (m, 2H), 6.76-6.79 (m, 2H),
6.86-7.40 (m, 21H).
C NMR . 547.21, 50.42, 54.38, 63.59, 86.54, |125 75, 126.34,
126.53, 126.69, 127.49, 127.84, 128;271 128.33, 128.74,
128.90, 129.31, 130.66, 136.87, 139. 561 140.27, 140.86,
141.45, 145.90, 147.05, 179.77, 181.24;
Anal. Galed. for CayHyOs: C, 85.99; H, 5.63, Found: C, 86445 H; 5.78.
Dimeric Product 38 | | i
Yellow crystals; recrystallized|from hcxane—dlchloromethm}e
mp : 188-190° C | ,
IR (KBr) vmax 695, 744, 1034, u097 1246, 1314, 1145 1488, 1691,
. 1759, 3026, 3065 ¢m™. |
'H NMR : §2.78 (s, 3H), 2.87 (s, 3H), 4.83 (s, 1@ 5.27 (s, 1H),
571 (s, lH) 5.74 (s, 3H), 6.21 (s, 11{[) 6.73-6.77 (m,
SH), 6.87-7.37 (m; 35H)." |
|
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BC NMR 5 48.12, 49.79, 49.88, 52.39, 57.48, 59.47, 81.59, 97.52,
124.29, 125.99, 126.12, 126.55, 126.80,%127.12, 127 88,
127.92, 128.06, 128.44, 128.67, 128.83,128.96, 129.07,
130.03, 130.73, 13131, 135.26, 135.74,/138.06, 139.33,
141.32, 142.18, 143.18, 143.34, 143.62,[145.52, 145.58,
147.90, 181.29, 181.88. |

Anal. Caled. for CesHs20s: C, 84.23; H, 5.57. Found C, 84.04; H, 5.61.

4.3.2 TYPICAL EXPERIMENTAL PROCEDURE, FOR THE

SYNTHESIS OF THE TROPOLONE DERIVATIVES AND THE

BICYCLO [3.2.1) ADDUCTS |

The general procedure for the synthesis of tropolone denvatives and

bicycloadducts is exemplified by the pyntheqis of 39 and 40. To a stirred

mixture  of o-benzoquinone 28b; (020, g, 4.25x10 mol) and

phenylacetylene (0.052 g, 5.10x10™ mol) in dry dichloromethane (2 mL)

was added SnCl; (0.85! mL, 1 molar solution of SnCly in heptane) and

stirred for two hours under an, atmosphere of argon at ro

temperature.
After that the reaction mixture was quenched with water (5 mL) and
extracted with dichloromethane (2x10 mL). The or
concentrated and the crude product subjected to column chramatography on
the tropolone
derivative 39 (0.139 g, 60%,) anfid the [3|.2.1] aflduct 40 (0.044 g, 18%).
4-Methoxy-3-phenyl-5, 7-bis (fliphenyl metlﬁyl) 2,4,6-cych?heptalriene-1-
one 39

silica gel using hexane-ethyl acetate mixture (90:10) to affo

Pale yellow erystals; recrystallized from hexanﬂ-dichloromeﬂ!lanc.
mp . 200-202° C |
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[R (KBT) Viax

'H NMR

BC NMR

152

689, 752, 989, 1151, 1201, 1439, 1489, 1551, 1686,
2930, 3030 cm™.

82.99 (s, 3H), 5.93 (s, 1H), 6.10 (s, 1H), 6.84-6.85
(m, SH), 6.95 (s, 1H), 7.07 (s, 1H), 7.13-7.45 (m, 20H)
8 51.23, 52.52, 59.94! 126.22, 126.49, 128106, 128.18,
128.43, 129.00, 129.13, 12920, 138.11, 140.09,
140.26, 140.66, 142.15, 142.24, 146.81, 150.99,
158.12, 184.52. '

Anal. Caled. for C4H0y: C, 88.20: H, 5.92. Found C, 88.28; H} 6.04.

Crystal data for 39: C4,H3,0,. M. 544.66, Triclihic, space grotip P-1, unit
cell dimensions a = 10.2641 (1) A, a = 108.907(1)°; b=10.6112(1)A, B =
90.290(1)°; ¢ = 14.3475'(2) A, y = 95.119(1)°, R indices (all :data) RI =
0.0805, wR2 = 0.1411, volume, Z = 1471 48 (3) A'J, 2, Dearc = 1.229 Mg/m3,
absorption coefficient = 0.074 mm’, A = 0.71073 A, reflections collected

27852.

1

1,6-Bis (diphenyl methyl)-5-methoxy-3-phenyl-bicyclo [3.2.1] oct-3, 6-

diene-2, 8-dione 40

Colorless crystals; recrystallized from hexane-dichloromethane. '

mp
IR (KBr) vinax
~ 'H NMR

132-134°C

1032, 1151, 1238, 1438, 1494, 1669, 1781, 2949 cm™.
§3.54 (s, 3H), 4.67 (s, 1H), 497(3 1H), 5.72 (s, 1H),
6.41 (s, 1H), 6.80-6.87 (m, 4H) 6.96-6. 9b (m, 8H),
7.05-7.13 (m, 4H), 7.21-7.24 (m, 9H), |

549.29, 53.61, 55.53, 64.69, 99.29, 126.09, 126.45,
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126.68, 12699, 127.38, 127.73, 112793, 12827,
128.43, 128.77, 12896, 129.32, 1129.8]1, 130.86,
137.49, 137.58, 138.57, 139.31, 1139.53, 14042,
'147.40, 165.25, 188.54, 198.00. |
Anal. Caled. for C4H3,0;5: C,85.99; H, 5.63. Found: C, 86.26; H, 6.38.
4-Methoxy-2-phenyl-5, 7-bis (diphenyl methyl) 2,4,6-cycloheptatriene-1-
one 43 .
Bicycloadduct 40 (0.110 g, 2.01x10* mol) was taken in a Schlenk
tube under an atmosphere of argon. It was then heated 4t 150° C for 30
minutes. Thé product obtained was subjected to column chtomatography on
silica gel using hexane-ethyl acetate mixture (90:10) to afford the product
43 (0.099 g, 94%). -
Pale yellow crystals; recrystallized from hexane-ethyl acetate.
mp - 152-154°C .
R (KBr) vaax : 738, 1026, 1092, 1152, 1208, 1441, 1487, 1571, 1613,
1697, 3024, 3061 cm™.
'H NMR . 3.82 (s, 3H), 5.17 (s, 1H), 6.17 (s, 1H), 6.51-6.53 (m,
4H), 6.78 (s, 1H), 6.84-6.86 (m, 4H), 6.93-6.96 (d, 1H,
J =6.76 Hz), 7.09-7.30 (m, 16 H).
BC NMR 8 51.60, 56.66, 59.00, 126.42, 126.53, 127.67, 127.93,
128.17, 128.26, 128.44, 129.32, 138.86, 139.64, 140.35,
14177, 141.98, 142.24, 14495, 151.22, 161.86, 180.68.
Anal. Calcd. for C40H;,0,: C, 88.20; H, 5.92. Found: C, 88.48; H, 5.92.
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-Methoxy-3-phenyl-5, 7-bis (di-4-methylphenyl  methyl) 2,4,6-

ycloheptatriene-1-one 45 and 1,6-Bis (di-4-methylphenyl methyl)-5-

1ethoxy-3-phenyl-bicyclo [3.2.1] oct-3, 6-diene-2, 8-dione 46

To a stirred mixture of o-benzoquinone 44 (0.160 g, 3.04x10™ mol)

nd phenylacetylene (0.037 g, 3.65x10™ mol) in dry dichloromethane (2

1IL) was added SnCl, (0.608 mL, 1 molar solution of SnCl, in heptane) and

arred for two hours under an atmosphere of argon at room temperature.

he reaction mixture was worked up by the procedure described previously.

he crude product was subjected to column chromatography on silica gel

sing . hexane-ethyl acetate mixture (90:10) to afford the tropolone

erivative 45 (0.106 g, 58%) and the [3.2.1] adduct 46 (0.023 g, 12%).

ropolone Derivative 45

ale yellow crystals; recrystallized from hexane-ethyl acetate.

p . 189-191°C

L(KBr) vimax : 764, 805, 996, 1153, 1242, 1370, 1445, 1510, 1576,
1613, 1683, 2921, 3020 cm™.

[NMR © 0229 (s, 6H), 2.33 (s, 6H), 2.97 (s, 3H), 5.83 (s, 1H),
6.00 (s, 1H), 6.72-6.76 (m, 8H), 6.92-7.00 (m, BH),
7.04 (s, 1H), 7.25 (s, 1H), 7.36-7.45 (m, SH).

C NMR 8 21.02, 50.52, 51.89, 59.94, 128.00, 128.14, 128.79,
129.01, 129.07, 135.38, 135.76, 138.55, 139.42, 139.49,
140.13, 140.23, 140.49, 146.77, 151.31, 157.82, 184.68.

nai. Calcd. for C44H400;: C; 87.96; H; 6.71. Found: C; 88.05, H, 6.69.

icycloadduct 46

olorless crystals; recrystallized from hexane-dichloromethane.
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mp . 177-179°C |
IR (KBr) vuax © 746, 1151, 1259, 1438, 1510, 1680, 1781, 2937 cm™.
'H NMR © 8219 (s, 3H), 2.28 (s, 3H), 2.35 (s, 3H),.3.54 (s, 3H),

4.60 (s, 1H),14.88 (&, 1H), 5.71 (s, 1H), 16.39 (s, 1H),
6.67-6.88 (m,10H), 6.99-7.09 (m, 11H).
BC NMR .8 21.06, 21.25, 48!58, 52.65, 55.60, 64.73, 99.42,
126.41, 126.51, 127.90, 128.46, 128.57, 128.90, 128.95,
129.20, 129.51, 129.68, 130.00, 135.36, 135.86, 136.02,
136.35, 136.60, 136.73, 136.97, 137.39, 137.77, 137.80,
1 147.48,165.53, 188.83, 198.11. |
4- Methoxy: -3- phenyl-S, 7wbis (di<4-'butylphenyl methyl) 2,4,6-
cycloheptatriene-l1-one 48 and’ 1,6-Bis (di-4-"butylphenyl methyl)-5-
methoxy-3iphenyl-bicyclo [3.2.1] vet-3, 6-diene-2, 8-dione49 |
To a stirred mixture of o-benzoquinone 47 (0.20 g,.;2.%l8><10"' mol)
and phenylacetylene (0.035 g, 3.453x10™ mol) in dry dichjorpmethane (2
mL) was added SnCls (0.6 mL, 1 molar solutio of SnCl in Heptane) and
stirred for two hours under an atmosphere of argon at room {emperature.
The reaction mixture was workedi up- as described préviousl The crude
product was subjected to column chroﬁnatog:qlphy on silicd gel using
hexane-ethyl acetate mixture (95:3) to afford the tropolone derivative 48
(0.121 g, 55%) and the [3.2.1] adduct 49 (0.039 g, 17%).
Tropolone Derivative 48
Pale yellow crystals; recrystallized from hexane-ethyl acetate.
mp o 130-132°C
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IR (KBT) Vinax

'H NMR

C NMR

Bicycloadduct 49

156

575, 699, 821, 997, 1018, 1155, 1258, 1364, 1508,
1582, 1614, 1686] 2867, 2961 cm™. |

§ 127 (mj 18H),1.31 (th, 18H), 3:02|(s, 3H), 5.89 (s,
1H), 5.98 (s, 1H),6.70-6/74 (m, 8ED), 4.90 (s, TH), 7.07
(s, 1H), 7.16-7.42/(m, 13H). |

§26.92, 31.44, 3432, '34.40, 50.50, 51.65, 60.07,
125.01, 125.25, 128.03, 128.14, 128:93, 129.03, 129.09,
139.28, 130.43, 140.44, 141.07, 146.75| 148.68, 149.17,

151.29, 157.85, 184.19.
i |

Colorless crystals; recrystal]ize;d from hexane-dichloromethane.

mp

IR (KBr) Vmax
'H NMR

194-196° C

820, 1138,[1257, 1432, 1812, 1688, 1769, 2962 cm™.
5121 (s, 9H), 1.26 (s, 9H), 1.33 (s, 18H), 3.52 (s, 3H),
455 (s, 1H). 4.90] (s, 1H) 570, (s, 1H) 6.43, (s, 1HD),
6.71-7.24 ( ,211—[?. 5 |
531.27,3130,31.38, 34. Io, 34.35,48.03, 52.88, 55.27,
64.93, 99.18, 124.30, 124.62, 124.84, [125.38, 126.20,
126.36, 127.57, 127.92, 128.42, 128.55,129.38, 130,78,
136.05, 136.24, 136.39, 137,70, 137,77,(137.91, 147.08,
148.42, 149,01, 14528, 149.63, 165.47,{188.47, 198,02,
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4-Methoxy-3-(4-methyl phenyl)-5, 7-bis (diphenyl methyl) 2,4,6-
cycloheptatriene-1-one 51 and 1,6-Bis (diphenyl methyl)-5-methoxy-3- (4-
methyl phenyl)-bicyclo [3.2.1] oct-3, 6-diene-2, 8-dione 52

To a stirred mixture of o-benzoquinone 28b (0.20 g, 425x10™ mol)
and p-tolylacetylene (0.059 g, 5.10x10* mol) in dry dichlotomethane (2
mL) was added SnCL (0.85 mL, IM solution of SnCls in heptane) and
stirred under an atmosphere of argon for two hours at room!; temperature.
The reaction mixture was worked up as usual The crddeiproduct was
subjected to column chromatography on sxhca gel using hexane-ethyl
acetate mixture (95:5) to afford the tropolone denvatwe 51 (O 145 g, 61%)
and the [3.2.1] adduct 52 (0.035 g, 14%).
Tropolone Derivative 51 . .u ]
Pale yellow crystals; recrystallized from 1|aexane-ethyl acetate. |
mp . 160-162° C |
IR (KBr) v © 699, 743, 994, 1153., 1368, 1447, 14'92,'[ 1572, 1601,

1689, 2931, 3024 cm’’ :

'H NMR © 8238 (s, 3H),299 (s 3H) 5.93 (s, lH),\609 (s, 1H),
6.84-6.87 (m, 8H), 6.93 (s, 1H), 7.06 (s, 1H) 7.12-7.36
(m, 16 H).

BCNMR' ¢ §21.32, 51.36, 52.63, 60.01, 12632, '126.59, 128.29,

128.54, 128.90, 129.06, 129.;27, 129.33, l§7.36, 138.06,
138.25, 140.30, 140.59, 142.534, 142.42, 146.89, 151.00,
158.44, 184.71.

HRMS Calced for C4yH340,: 558.2558. Found: 538. 2553.

Bicycloadduct 52

Colorless crystals; recrystallized from hexane-dichloromethane.
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mp : 167-169°C

IR (KBr) v, : 689, 1022, 1146, 1177, 1448, 1493, 1686, 1775, 2947,
3025 cm™. , '

'H NMR : 8224 (s, 3H), 3.53 (s, 3H), 4.71 (s, 1H), 4.96 (s, 1H)
5.71 (s, 1H), 6.39 (s, 1H), 6.80-6.97 (m, 13H), 7.22-
7.24 (m, 11H).

C NMR . 8 21.15, 49. 18, 53. 24 55 32, 64.51, 9? 22, 125.92,

126.02, 126. 31 126. 55 126.87, 127.26, 127 64, 128.15,
128.51, 128.64, 128.83, 129.21, 129.65, 130.77, 134.63,
137.30, 138. 37 138. 44 139.23,139.62, 140 30, 147.11,
165.37, 188. 51 197.92.
Anal. Caled. for CxH3405: C, 85.98; H, 5.84. Found: C, 85.92; H, 6.04.
4-Methoxy-3-(4-methyl phenyl)-5, 7-bis (di-4-rhethylphenyl methyl) 2,4,6-
cycloheptatriene-1-one 353 and 1,6-Bis (di<4-methylphenyl methyl)-5-
methoxy-3- (4-methyl phenyl)-bicyclo [3.2.1] oct-3, 6-diene-2; 8-dione 54
To a stirred mixture of o-benzoquinone 44 (0.226 g, 4:29x10™ mol)
and p-tolylacetylene (0.059 g, 5.15x10* mol)!in dry dichloromethane (2
mL) was added SnCly (0.85 mL, 1M solutior of SnCl in 'heptane) and
stirred under an atmosphere of drgon for two hours at room temperature.
The crude product was subjected to column chromatography! on silica gel
using hexane-ethyl acetate mixture (90:10) to afford tixe tropolone
derivative 53 (0.137 g, 57%) and the [3.2.1] adduct 54 (0.036 8, 13%).
Tropolone Derivative 53 )
Pale yellow crystals; recrystallized from hexane-<ethy! acetate. !
mp . 83-85°C
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IR (KBr) Vinax

'H NMR

159

766, 996, 1153, 1204, 1368, 1510, 1572 1594, 1611,
2921, 3020 cm” .

52.31 (s,|6H), 2135 (s, 6H), 2.40 (s, 3H), 3.00 (s, 3H),
5.85 (s, 1H), 6.03 (s, 1H), 6.74-6.76 (m, 4H), 6.94-7.38
(m, 14H),7.06 (s, 1H), 1.20 (s, 1H). |

521.10, 2129, 5062, '51.98, 5998, 12887, 129.08,
129.13, 129.16, 13544, 135 82, 137.4&2&, 138.09, 138.49,
39.64, 140.16, 140.40, 146.83, 151.29, 158.11,
184.82. o

Anal. Caled for CysHezOy: C; 87.91; H; 6.89! Found: C; 87158, H. 7.15.

Bicycloadduct 54

Colorless crystals; recrystallized from hexadc-dichloromeﬂmanc.

mp

IR (KBI) Vpax
'"H NMR

120-122°C

1807, 1020, 1145, 1245, 1439, 1676, 1‘476 2987 cm™.

5220(5,.3}1) 2125 (s, BH) 227 (s, iH) 2.35 (s, 3H),
2.36 (s, 3H) 392 (s, 3H), 4.64 @, 1¢H) 4.87 (s, 1H),
5.70 (s, 1H), 6§6 s, TH), 6.66 (d gH J =78 Hz),
6.75-7.10/(m, 18 H). | '

520,97, 7111, 21.16, 2127, 48.45, 52,23, 55.41. 64.53,
99.36,-125.98, 126.42, 128.31, 128.41, 128.51, 128.78,
128.83, 129.08, 129.39,1129.49, 130.66, 13436, 135.24,
135.75, 135.92, 136.27,’ 13654, 136.63, 137.13, 137.25,

137,66, 138.43, 147.15,165.72, 18k 8$ 198.05.
! |
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4-Methoxy-3- (4-methyl phenyl)-S, 7-bis (di-4-'butylphenyl methyl) 2,4,6-
cycloheptatriene-1-one 55 and 1,6-Bis (did-"butylphenyl methyl)-5-
methoxy-3- (4-methyl phenyl)-bicycle [3.2.1] oct-3, 6-diene-2| 8-dione 56

To a stirred mixture of o-benzoquinone 47 (0.183 g, 2/63x10™ mol)
and p-tolylacetylene (0.037 g, 3.16x10? mol) in dry dichloromethane (2
mL) was added SnCls (0.55 mL, 1M solution; of SnCl, in heptane) and
stired under an atmosphere of argon for two hours at roomrtemperature
The reaction mixture was worke¢ up as, usual and the cmde]product was
subjected to column choMogaphy on sﬂma gel using hexane-ethyl
acetate mixture (95:5) to afford the tropolonc denvatwe 58 (0}1 15 g, 56%)

and the [3.2.1] adduct 56 (0.115 g,| 18%). | | |

Tropolone Derivative 55 |
Pale yellow crystals; recrystaﬂmq from hpxane-ethyl acetate |
mp : 115-117°C . o
IR (KBr) vy © 996, 1018, 1109, 1268, 1364, 1406, 1510, 1573, 1610,
1685, 2878, 2503 cm”’. |
'H NMR : §1.26 (s, 18H), 1.31 (s, 18H), 2.37 (s, IH), 3.02 (s,

3H), 5.88 (s, 1H), 598 (s, 1H), 6.90-6.74 (m, TH),
6.87 (s, 1H), 7.05 (5, 1H), 7.15-7.35 (m, 13H).

BC NMR : 82130, 31.4p, 34.35, 3443, 50.51, 51.64, 60.07,
12502, 12526, 128.78, 12895, 129.05, 137.60,
137.99, 139.08, 13933, 139.49, 140.94, 141.08,
147.04, 14867, 149.16, 151.45, 158.06, 1;

HRMS Caled for Cs7HesOy: 782.50628; Found: 782.50568

|
.
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Bicycloadduct 56 |
Colorless crystals; recrystallized from hexane-dichloromethane,
mp .. 203-205°C ' |
IR (KBr) vmax : 578, 825, 1149, 1269, 1363, 1510, 1692,(1770, 2867,
2961 cm™. : |

'"H NMR 8 1.21 (s, 9H). 1.26 (5, 9H), 1.30 (s, 9H), 1.33 (s, 9H),
2.23 (s, 3H), 3.49 (s} 3H), 4.58 (s, 1H), l.s9 (s, 1H),
569 (s, 1H), 6.43 (s, 1H), 6.72-6.74 (m, 4H), 6.83-
6.97 (m, 8H), 7.13-7.23 (m, $H). o
PCNMR | 52119, 31.37, 31.40, 31.48, 34.18, 3445, 48.15,
| 52.91, 55.27,65.15,'99.34,. 124.42, 124.57, 124.95,
12548, 12621, 12636, 12834, 128.33, 12867,
129:51, 130.39, 13509, 136.10, 136.48, 136.58,
137.84, 138.03, ' 14698, 149.14, 14941,
149.75,165.76, 188.64, 198.53.
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SUMMARY |

The thesis entitled “NOVEL CYCLOADDITION REACTIONS OF
[60] FULLERENE, 12-DIONES AND RELATED CHEMISTRY”
embodies the results of investigations carried out to gain somei insight into
the reactivity of [60] fullerene, isatins and IQ-ben&ociiumones in
cycloaddition reactions. ' -

A gcncral-introduction to the cycloaddition and nucleopliilic addition
chemistry of [60) fullerene is presented in chapter 1. In addition, a brief
overview of the Diels-Alder and'dipolar cycloaddition re'act'lfons of 1,2-
benzoquinones is presented in this chapter. A 'definition ofl the present
research problems has also been mcorporated ; ’ l

The second chapter deals with the 'results of an investigaﬁon of the
cycloaddition reactions of [60) fullerene with cdrbonyl ylidesj It has been
found that six and five membered cyclit carbany! ylides mjdergo facile
dipolar cycloaddition with Cq, under very mild conditions leading to novel
organofullerenes. The products ' were 'characterized by l ctroscopic
analysis. Cyclic voltametry studies have shown that the Cso adducts are less
electrophilic compared to the parent [60] fullerene. In anf ther set of
experiments it has been found that allenamides undergo facilt cyclization
with [60] fullerene leading to novel cyclobutane derivatives. It may be
emphasized that, there are very few metﬁods available for the% synthesis of

cyclobutane annulated fullerenes.

3



The third chapter; contains the results of investigations aimed at
studying the reactivity of nitrile ylides and carbonyl yhdes towards 1,2-
diones. It has been observed that nitrile ylides undefgo facile 1,3-dipolar
cycloaddition with isatins leading to oxindole fused spiro oxazolines. These
reactions are chemoselective and the more electrophilic keto carbonyl
participates as the dipolarophile. Reactions of accnﬁiphthcneqm'nonc and
phenanthrenequinone wifh nitrile ylides also afforded povel spiro
oxazohines. Novel spiro onindole denvatives were plso formed by the
reaction of a five membered cyclic carbonyl ylide with isatins.

The fourth and final chapter of the thesis deals with a facile one pot
synthesis of highly substituted tropolone derivatives from o-benzoquinones.
It has been found that SnCl; catalyses the Diels-Alder reaction of o-
benzoquinone and arylacétylcncs. The bicyclo [2.2:2] adduct formed,
further rearranged to another bicyclo adduct which extruded a molecule of
CO spontaneously to afford the tropolone derivative.

In conclusion we have uncovered some novel reactivity patterns of
(60] fullerene, isatins and o-benzoquiones in cycloadd;ﬁ_tion reactions. It is
especially noteworthy that this work has opened up efficient routes to the
synthesis of novel organofullerenes, oxindole fused oxazolines and highly

substituted tropolone derivatives.
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