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PREFACE

Heterocyclic compounds constitute one of the most important classes
of organic compounds and it is estimated that approximately half of all
known organic compounds, natural and unnatural, incorporate a heterocyclic
structural component.

In view of the remarkable biological activity exhibited by many
heterocyclic compounds, developing new synthetic methodologies for
heterocyclic construction has been an area of immense interest. In recent
years much attention has been focused oh the application of 1,3-dipolar
cycloadditions in heterocyclic synthesis. In this context 1,2-diones appeared
particularly attractive due to their potential ability to undergo a range of
cycloadditions. A systematic investigation of the dipolar cycloaddition
reactions of various 1,2-diones such as 1,2-benzoquinones, isatins and
cyclobutenediones with different dipoles and some aspects of the chemistry
of the cycloadducts has been carried out and the results are presented in the
thesis entitled “NOVEL DIPOLAR CYCLOADDITION REACTIONS
OF 1,2-DIONES AND RELATED CHEMISTRY”.

The thesis 1s divided into three chapters. Relevant references are given
at the end of each chapter.

A general introduction to the cycloaddition chemistry with special
emphasis on the dipolar cycloadditions of 1,2-diones such as
1,2-benzoquinones, 1satins and cyclobutene-1,2-diones are presented in
Chapter 1. A definition of the present research problem is also incorporated.

The second chapter contains the results of our systematic 1nvestigation
of the dipolar cycloaddition reactions of carbonyl ylides with various

1,2-diones. The photolytic rearrangement of the cycloadducts obtained by the



reaction between 3,5-di-fert-butyl-1,2-benzoquinope and carbonyl ylides are
also incorporated. General information on experimental procedure is given in

this chapter.

The third chapter deals w1th the dipolar Cycloaddltxon reactions of
azomethine yhides with various 1 2-d}oncs

It may be mentioned that each chapter of the thesis is presented as an
independent unit and therefore the structural forntlulac, schemes and figures
are numbered chapterwise. |

A summary of the work is give:n towards the end of the thesis.
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‘CHAPTER 1

' AN INTRODUCTION TO THE DIPOLAR
CYCLOADDITION REACTIONS OF 1,2-
BENZOQUINONES, ISATINS AND

CYCLOBUTENEDIONES

1.1 GENERAL

The focal theme of the thesis is the dipolar cycloaddition reactions of
1,2-diones such as 1,2-benzoquinones, agenaphthenequinone, isatins and
cyclobutenediones (Figure 1) with various.dipoles along with some aspects
of the chemistry of the cycloadducts. Tq put things in perspective, this
-chapter begins with a bnef overview to theé Diels-Alder type cycloadditions
of 1,2-benzoquinones and this is followed by a comprehensive review of the

|
.dipolar cycloadditions of the 1,2-diones under constderation.

0 0 0
° 1 O N
O
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Chapter } 2

1.2 1,2-BENZOQUINONES

Compounds with quinonoid skeleton consﬁtute an important and
interesting class of orgamc mole%ules and they serve as versatile
intermediates 1n orgamc synthesis. |Among the quinonoid compounds,
1,2 benzoquinonoid functlonahty 1S ]?resent in a number of biologically
active natural products.'?

1,2-Benzoquinones can be prepared from phenols by oxidation with
cerium(IV) sulfate in 'dilute acids,‘$ Fremy's salt’ benzene seleninic
anhydride,® iodosobenzene or iodoxybenzene.” The most commonly used
method for the preparation of 1,2-bengoquinones involves oxidation of the
corresponding catechols with appropriate oxidizing agents such as Ag,O,
Ag,COs, FeCly, NalO4,® MnO, or so]I

| phase transfer catalyst.’

lium hypochlorite in the presence of

1.2.1 [4n+2n] Cycloaddition Reactio*:s of 1,2-Benzoquinones

The chemistry of l,2-benzoqu4nones has been a subject of great
interest both from the synthetic and thepretical standpoints because these are
unique conjugated 1,2-diones that can exhibit diverse modes of
cycloadditions. In cycloadditions, 1,2-benzoquinones can participate as
carbodiene, heterodiene, dienophile or [as heterodienophile as highlighted in

Figure 2.

s :“‘\ RAR N I“‘ NS
\O I vl O >3 \0 . ‘0
Carbodiene  Heterodiene  Dienophile Heterodlenophile

Figu*'e 2
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The electronic and steric features of the substituents on the quinone
play an important role in the cycloaddition reactions of 1,2-benzoquinones.
Recent investigations in our laboratory have highlighted the influence of
these factors on the cycloaddition reactions of 1,2-benzoquinones.!"™

The different types of reactivity shown by 1,2-benzoquinones in
[4n+27] cycloaddition reactions are briefly outlined in the following

sections.

1,2-Benzoquinone as Carbodiene

3,5-Di-tert-butyl-1,2-benzoquinone yndergoes facile cycloaddition
with pentafulvene 2 to afford bicyclo[2.2.2]octene dione 3 in good yield
(Scheme 1)."!

CMe;
o N Benzene
80
Me; (4]
1 i 2 3
Scheme 1

Similarly 1,2-benzoquimones undergo inverse electron demand
Diels-Alder  reactions  with  6-(2-phenylethenyl)  fulvene.  The
bicyclo[2.2.2]octene diones resulting from these reactions undergo facile
photolytic double decarbonylation reactions providing an efficient route to
the synthesis of highly substituted indenes, wglich show interesting chemical
and physical properties (Scheme 2)."?
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Sc?,heme 2

1,2-Benzoquinone as Heterodiene'
1,2-Benzoquinone has a higflﬂy activated heterodiene moiety and it
participates in facile Diels-Alder reﬁction with tetracyclone 8 leading to the

formation of benzodioxin derivatives (Scheme 3).

CMC:; CMC:;
1)
h -
MC) (8]
1 | 8 9
Scdeme 3

1,2 Benzoquinone as Dlenophlle |

1,2-Benzoqumone functions a% an electron deficient dienophile in its

reaction with 2 3-dimethyl butadiene I(Scheme 4)."

Bed I———-

CM63

4a 10 11
Scheme 4
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1,2-Benzoquinone as Heterodienophile |

1,2-Benzoquinone can serve as a Hetcrodienophile in cycloaddition
reactions due to the presénce of two |activated carbony! groups. An
illustrative example is the reaction of 3,5-di-tert-butyl-1,2-benzoquinone

with 1,4-diacetoxy-1,3-butadiene (Scheme #).'5

Oﬂlc .

CMe; Ac [ CMe;
0 Z Més I (4] J,.rOAC
+ —_—> E—
Me; 0 Me; 0 H““'"/\OAc
Ac ] - €3 Ar
1 12 13 l‘ 14
| Scheme §

1.2.2" Dipolar Cycloaddition Reactions of |,2-Benzoquinones

The presence of two potentially dipolarophilic ﬁxncﬁonalities viz.,
C=C and C=0, renders 1,2-benzoquinones very interestinlg from the vantage
point of dipolar cycloaddition,' Although such reactions can potentially lead
to novel heterocyclic compounds, there has been very little information
available on the reaction of I,2-benzoquinones with various dipoles; the
available data is restricted to the reactions qf diazomethane, nitrile oxides

and certain mesoionic compounds.*'¢ |

Reaction with Diazomethane |

. The reaction of 3,6-di-tert-butyl-'?,2-benzoquinone 15 with
diazomethane has been reported to afford corresponding indazole 16.
With excess of diazomethane, the spirooxirane 17 s also formed

(Scheme 6)."
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CMC3 | (0

(¢) MCJC MCJ 0

Ether N o N
+ CHN; —— N + N’ o

0 I CMC3 CMC3
CMC3
15 16 17

Scheme 6

Reactions with Mesoionic Compounds'

Mesoionic compounds have been extensively utilized as substrates in
I,3-dipolar  cycloadditions.  The thydro—S-hydroxy—l,3-oxazolium
hydroxide or miinchnone 19 reacts with 1|1nsubstituted 1,2-benzoquinone 18,
affording the lactone 20; evidently the open chain ketene form of

miinchnone participates in this reaction ( cheme 7.8

0

e Je@t 1 1

0o Me” Ph

18 19 20
Scheme |Ll

The reaction of minchnone 22 with o-chloranil 21 in CH;CN yielded

only the lactone 23, while the same reactaLats in benzene afforded 23 and 24

(Scheme 8). 19 l |

a N OCOPh

a 0 Ph a
\(Gf—> + R

a Qa

R = CONHPh
21 22 23 24
Scheme §
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Interestingly, 3-methyl-5-(4-nitrophenyl)-1,3-0xazolium-4-olate 25a
and 1,3-diazolium-4-olate 25b u:Fdergo [4+4] ¢ycloaddition with o-chloranil,
affording highly oxygenated heterocyclic systems 26(a-b) (Scheme 9).20

7 Ph a i

a o . ()7<
' \g \ N-Me
o ‘ A

a a. X 'j O 0

a b. X = NMe Q. Ph

21 25(a-b) | 26(a-b)
Scheme 9 |

| Similar reactivity was observed in thc eaction of thioisominchnone

28 with phenanthrenequinone 27|as shown in heme 102

PaSe s

Scheme 10
o
o-Chloranil reacts . with 1, -disubstitute{d-3,6-dihydro-6-

oxopyrimidinium-4-olates 30 affording the product 31. The open chain

ketene form of the dipole participates in this redction (Scheme 11).2%
a 0o Qa
a 0O RJ\?})k/fRz Ri< a
+ oy | |
a o Rl)\l\ll 0% a
Qa R3 a
21 30 31

Scheme 11 |
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Ar
o 09
- F—

R 0 | N
a.R=Me Ar Ar
b. R=CMe3 Ar= Mesltyl-

4(a-b) 37a | 38(a-b)

|
Scheme 14

Reactions of 4(a-b) with 2,6-dichlorobenzonitrile oxide 37b, afforded
the diadducts 39 and 40 by participation of ¢ne of the C=C and C=0 bonds
(Scheme 15). '

Ar
; Ar
o m fon M
N® N > </ I
o T ¢ o+
R o ? o 4)
a. R=Me Ar
b. R=CMe3 . Ar = 2,6-dichlorobenzo-
4(a-b) 37b 39(a-b) 40(a-b)
Scheme 15
1.3 ISATINS

Isatin and its derivatives have been used for the synthesis of a wide
vanety of compounds with mtérestmg pharmacological qctivitics % Isatin is
well known as an inhibitor af alkaline phosphatase activity. N-alkylated
1satms act as antxmlcroblalls, excitat amino ‘acid antagonists,
iTmunomodulators and énti-cancer drugs,®  ulcer  inhibitors,

afetylcholmcsterase inhibitors for the treatment of mcmory dysfunction, and

reversible and competitive 1nh1b1tors of monoamine oxxdase A and B.
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. The methods for the preparation of NJ[alkylated isatins have been
' revipwed.” It appears that reaction of isatins with alkyl halide in DMF in the
e easiest method for the

i

presence of calcium hydride as a base is
 preparation of N-alkyl isatins.** |

The reaction of N-methyl t5atin with a slf“ght excess of diazomethane
has been reported to give the hydroxy quin('jlinc 42a. With excess of
diazomethane, the epoxide 43 was, 1solated togct|l|1er with the quinolines 42a

and 42b (Scheme 16).%°

0 0*1 [0
X
\ \ N N0l N

|
Me

l\l'le l\ile
a. R=H
b. R=Me
41 ' 42(a-b) 43
Scheme 16

The mechanism of these reactions does not involve a 1,3-dipolar
cycloaddition, instead diazomethane acts as a m%cleophile, attacking the

ketonic carbonyl group of the isatin. |

1.4 CYCLOBUTENE—I,Z-DI(I])NES

1,2-Diones such as squaric acid and its denivatives bhave attracted
considerable attention as versatile C~4 'synthons for c\omplex carbocyclic and
hetérocyclic construction.” ‘ -

3,4-Diphenylcyclobutene-1,2-dione 46 can be Teadily prepdred via the
dichloride 45 obtainable by treatment of squaric |acid 44 with thiony}

chloride and a trace amount of N N-dimethy! formamide. This dichloro
|
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derivative on treatment with anhydrous|AICl; in benzene afforded the
dione 46 (Scheme 17).*

0] Qa o Ph 0

NI s0Q1, DMF /| CgHg 4

| \ Cé6Hs, 80°C | N AlQ3,0°C,3h | N

HO o 750, 1 O o 80% Ph o
44 45 46

~ Scheme 17
Although the chemistty of cyclobutenediones has received

considerable attention,”’ veryi]ittle is known about their reactivity towards
dipoles, the only known reports being cpncerned with the reaction of

diazomethane and mcsitonitn'lf: oxide.

Reaction with Diazomethane
3,4-Diphenylcyclobutene-1,2-dione |46 reacts’ with  excess

diazomethane to give 47 and 48 (Scheme 18)|**

| .
Ph
|
l + 3C"2N2—~——>
| \ |
* Ph o

46 | 48
'Scheme 18

RLachon with Nitrile Oxide
| Cyclobutene-1,2-diones, dcsplte their \weak dlpolamphlhc behavior

toWards benzonitrile oxide, on: prolonged hiatmg (30-40 h) with excess
madsitonitrile oxide 37a afforded mono, bis and tris adducts (Scheme 19).%
Int:;ercstingly, the 1,3-dipole preférentially attacks the C=0 bond.
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N N N |
Oe 7 Ar 7N Ar Ar 7N Ar
X2 ] X YR L XY
B i + ° .V 0
X (o) X :

Ar | o. 4 X O_ 7

X = Cl, Ph etc | N7 AT N7 AT
. Ar = Mesityl-
37a 49 50 51
Scheme 19

1.5 THEORETICAL CONSIDERATIONS

The Woodward-Hoffmann orbital symmetry rules apply only to
|

concerted reactions and are baded on the principle that a réaction takes place

in such a way as to maintain maximum bondipg throughout the course of the

réaction. > |

The rate of a Diels-Alder reaction is determined largely by the degree

of interaction between the highest occupied molecular orbital (HOMO) of
one component and the lowest unoccupied mcLlecu]ar orbital (LUMO) of the
other. The smaller the energy Eeparation betchen these brbitals, the more
readily the reaction proceeds. Electron withdrawing substituents on the

double bond of the dienophile in a normal Diels-Alder reaction facilitate the

reaction by lowering the energy of the LUMO and thus decreasing energy
separation between LUMO of khe dicnophilJ, and the HOMO of a given
diene. Electron donating substitdents on the diéne accelerate the reactions by

raising the energy level of the HOMO.

1,3-Dipolar Cycloaddition Reactions®*
The 1,3-dipole is defined as a spegies that is represented by
zwritten'onic octet structures and undergols I,3-cycloaddition to a

multiple-bond system, the dipolarophile.
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All 1,3-dipoles, in common, ha|ve a three atomic 7 orbital system
containing four electrons analogous ﬁo an allyl anion. The 1,3-dipoles
contain an -onium center atom b, who'sle charge compensates the negative
charge distributed in the two all octet structures over the two termini a and ¢
and the whole system can be considered as a heteroallyl anion, which bears

no net charge (Scheme 20).

® @
Octet structures gD <« > P
Scheme 20

1,3-Dipolar cycloadditions are single step, four centered, concerted
reactions, 1n which the two new o bonds |are formed simultaneously and are
susceptible to electronic and steric influerices, which affect the nature of the
transition state. This is a ‘thermally allo&ved’ process on the basis of the
" Woodward-Hoffmann rules.
Depending on the relative disposition of 1,3-dipole and dipolarophile,
1,3-dipolar cycloadditions are classified inqo three types (Figure 3).
1. HOMO-controlled, in which the interaction of the dipole HOMO with
dipolarophile LUMO is greatest.
2. Both HOMO and LUMC) controlled, which involves large interaction
between both frontier orbitals. II
3. LUMO-controlled, in which the interaction of the dipole LUMO with the

dipolarophile HOMO is greatest. |
- |
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Dipole | |
LUMO A 3 Dipolarophile |

N, —
AN
A Y
.
N
AN
Y
~
N
~
Y

HOMO \“-\ )
HOMO

Type 1 (HOMO-controlled)

Dipole Dipolarophile
LUMO % « LUMO

~

\)’l

an P |
' HOMO

BOMO

Type I (HOMO, Llﬁ‘MO controlled)
| Dipolarophile
Dipole A LUMO

LUM(

4
| s

T
HOM$“

Typé_ M (LUMO-controlled)

Figure 3. Sustmann’s classification of l}|,3-dipolar cycloadditions

The substituents that raise the dipole\HOMO enérgy or lower the
dipolarophile LUMO energy will accelerate HOMO-controlled reactions and
decelerate LUMO-controlled reactions. Cor'pvcrsely, substituents, which
lower the dipole LUMO encrg}lr or raise the ldipolarophile: HOMO energy,
will accelerate LUMO-contrd"llcd reaction% and decelerate HOMO-
controlled reactions. HOMO, LUMO controlle(g reactions will be accelerated

by an increase of either frontier orbital interaction.

14
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The HOMOs and LUMOs of heterodienophiles (Figure 4) will, in
- general be located at energy levels) similar to those of electron deficient
dipolarophiles. All 1,3-dipoles have the larger coefficient at the anionic
terminus in the HOMO and at the neytral terminus in the LUMO.

LUMlp %— %\
| b

HOMO /8-5 |
Figure 4. Frontier orbitals of heterodipolarophiles

Both of these intéractions as well as the better overlap of carbon with
carbon than with oxygen or nitrogen .ead to preferential formation of 52.%
Coulombic and closed shell repulsion effects will also favor the formation

of 52.

1.6 STATEMENT OF THE P$OBLEM

It is clear from the literaturd survey presented above that the
information available orn the dipolar éycloadditions of 1,2-benzoquinones
with various dipoles is very limited. ém]icr studies 1 our laboratory have
unraveled the novel readtivity patterng of 1,2-benzoquinones towards aryl
nitrile oxides.”” A subjeét of continuh}lg interest in this area has been the
systematic investigation of the dipolas# cycloaddition reactions of various
1,2-diones with different: dipoles such ‘.as carbony] ylhides and azomethine

ylides and the author's work in this areaconstitutes the subject matter of this
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thesis. The 1,2-diones selected for ourf investigationg are 1,2-benzoquinones,
acenaphthenequinone, isatins and cycl})butenc-l,2-dJones (Figure 1).

~ The first phase of the present jinvestigations| was mainly concerned
with the dipolar cycloaddition rcactiq'ns of carbony| ylides with these 1,2-
diones. It is noteworthy that the dipolar cycloaddition reactions of carbonyl
ylides with 1,2-dicarbonyl compounds have not been previously reported in
the, literature. The photochemical rearrangement of the cycloadducts
resulting from the dipolar cycloadditkon reactions Ef 3,5-di-tert-butyl-1,2-

. benzoquinone with different substituted carbonyl ylides was also
invésﬁgaﬁed. |

"The second and final phase of the investigatigns involved the dipolar
cyclloaddtition reactions of azomethine ylides with 1,2-diones.

Details of these studies are pres¢nted in the following chapters.
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CHAPTER 2

|
DIPOLAR CYCLOADDITION REACTIONS OF
CARBONYL YLIDES WITH 1,2-DIONES

2.1 INTRODUCTION

The 1,3-dipolar cycloadditions affer one of the most convergent
approaches for the construction of five rn‘cmbered heterocycles.! The ease of
generation of 1,3-dtpoles, coupled with the highly regio and stereoselective
nature of their cycloaddition reactions hag resulted in a number of syntheses
which utilize such a reaction as key stcapyl.2 The stereoselective synthesis of
highly substituted oxygen heterocycles, especially structurally complex
tctrahydroﬁlrans and tetrahydropyrans, ha's attracted considerable attention
in recent years. Conceptually the 1,3-dipolar cycloaddition of carbonyl
ylides to m-bonds represents an attractive strategy for tetrahydrofuran

formation (Scheme 1).!
At

Scheme 1 !
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Carbony! ylides can be generated by la number of methods.”™® The
transition metal-catalyzed decomposition of an a-diazo ketone 4 in the
presence of a carbonyl functionality § provides the simplest and the easiest

route to these dipoles 6 (Scheme 2).!""

@
R, -
RCOCHN; + O=( Tﬂr::::hon RCOYO\%RI
R; H R,
4 5 6

Scheme 2

The earliest example of the reaction of a carbonyl ylide involves the
demonstration by Kharasch tbat ethyl  diazoacetate 8 undergoes
decomposition in cyclohexanone to afford the enol ether 10 and the 2:1

adduct 11 of cyclohexanone and ethoxycarbonylcarbene (Scheme 3).'°

] [ ®
~ oy~ CO:CoHs
ij + Na-CH-CO5CoHs CUEC2 C(/ cH
7 8 ' ) '
7 .
0, C Hs
o
[j\ 0._C0,C;Hs
: J
11 10
Scheme 3

Copper-catalyzed decomposition of dimethyl diazomalonate in the

presence of excess benzaldehyde, leads to the formation of two

diastereomeric dioxolanes 14 and 15, and the epoxide 16 (Scheme 4). 16c.d
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| N,C(CO;CH3);  , PHCHO _ Cu(adach

o 12 13 125pC
( o CO,CH; . C0O,CH; | o
gx CO,CH; . /<q CO,CH; | Ph CO,CH;
Ph" o—~H Ph* g—-Ph | )X
| Ph H . H CO,CH,y
| 14 15 | 16
Scheme 4

Among all the catalysts that have been develci)ped for carbene addition
to' 7 bonds, rhodium(11) carboxylates are the most |cffective for bimolecular
reactions that employ diazo carbonyl compounds.”i In general, the reactions
can be carried out under mild conditions, often at ]d_) °C and the products are
obtained in high yields.'*" |

The rhodium(Il) catalyzed decomposition of diazo carbonyl
compounds is believed to involve a metallo-carbenojd intermediate 18 which
retains the highly electrophilic propefties associated with free carbenes.’*”’
Therefore, in an appropriate acyclic substrate, sucl}| an intermediate can be
intercepted intramolecularly by the nonbonding electrons on the neighboring

carbonyl to effect overall cyclization (Scheme 5).

R R - R
0 RhLy 0 A 8)
“—_> —]I__.
rcuwz 1/ =RhL, | o
o 0 1 O

17 18 19

Scheme 5

The two types of diazo ketones, which can undergo tandem

cyclization-cycloaddition chemistry,? are shown i[,L Scheme 6. First one
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involves systems in which the diazo ketone and tHle remote carbonyl are
attathed in a 1,2-fashion on a benzene ring 20.** This arrangement provides
intetatomic distances and bond angles that are ideal for dipole formation and
the second system involves the 1-diazo-2,5-pentan | ione backbone as the
target.>*** With this system, the ylide 19 was formed by reaction of the less
nucleophilic ketonic carbonyl on the rhodium carbcjnoid center. The tether
utilized corresponds to a simple dimethylene chai:h, which introduces a

certain conformational flexibility not' available to !thc more rigid benzo

systems.

o (0]

(C)HNz RKID) )\ /B
XR A

XR

20 22

R .

o _RNID,

rCHNz

o

17

Scheme 6

- The carbonyl ' ylides generated by the t?ndem intramolecular

carblienoid!r-carbonyl cyclizations are knbwn to react with both external and

internal dipolarophiles including acetylénic and olefinic dipolarophiles, such
as dfmethyl acetylenedicarboxylate and N-phenylmaleimide.”

An attractive feature of the above tandem cyrlization-cycloaddition

process i¢ the opportunity to control the stereochemistry of the product at

several centers. The final product represents a highly functionalized rigid
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bicychic system that is amenable to subsequent synthetic elaboration.

Application of this methodology to iihe synthesis of natural products is well

establighed 6%

Padwa has reported the formation of a seven

membered carbonyl ylide

intermediate,’® where the connecting chain contains three methylene units.

The rhodium(Ill) acetate catal

d reaction

of 1-diazo-6-phenyl-2,6-

hexanedione 24 with dimethyl acetylenedicarboxylate 25 afforded a 2:1

mixture of products. The major

F

minor compgnent is identified as the

cycloadduct 26 (45%) whereas the }
cycloheptatriene 27 (22%) (Scheme 7).

R =C(

0
Rhy(OAQ),|
CHN hz(OAc)q|
CHs |
Ph -
(0) —_ k P
25
24 : 26
Schleme 7

roduct corresponds to the expected

The formation of a mixture df products indicates that extending the

tether to three methylene grouL)s sufficient]

y retards the rate of

: L | : . :
intramolecular cyclization so as to allow the bimolecular reaction with

benzene to occur. The minor comp
addition of the rhodium carbeno

tautomerization.

Padwa has also reported a 'dipblc cascade pr

nent 27 is de

rived from a4 bimolecular

Td on to benzene, followed by nng

pcess' which interconverts

a-diazo ketones 28 to azomethine ylees 30 via the intermediacy of carbonyl

ylides 29 (Scheme 8).”!
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R, R, R,
@
R‘\N’g Rh(IT) R'\N)\\g Rl‘N)\o
kr(cmvz " H(’e eer
o) o
28 29 30

Scheme 8
| |

- Rh(I) acetate catalyzed tranisformation of|the closely related a-diazo
ketoamide 31 to the ylide 32 and its njzlcloaddition to dimethyl

acetylenedicarboxylate was also reported (Sche 9).%2
Rl\ -R2 | R\ ,Rz- ' .
N R,
! I‘q o 0 Q
< 8 kz' RT—=——R R y
—1 T 1"
CHN; (@) . q ﬁl R R
o | R=C0,CHj3
Ry =R2 =Ph, C2H5 etc {
31 32 33 | 34
Scheme 9

Cycloaddmon wnth Aldehydes
There is only one report on|the trapping Tf this transient dipole with

carbonyl compounds such as aldchydes (Scheme [10).”

R
E::o Rhy(OAc)y R,CHO
CHN,
o
:.. ll:==P(l:‘H3 ITII = Ph, C;Hg, CyoH,; etc
"17(a-b) 19(a-b) 35

Scheme 10
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In the case of 17b, trace amount of higher ortfer cyloadduct denved by
further dipolar cycloaddition of the ¢arbonyl ylide|across the keto group of
the initially formed 1:1 cycloadduct was also formed.

2.1.1 The Present Work |
It is noteworthy that, although Padwa has| studied the reactions of

carbonyl ylides with electron rich: and electron deficient dipolarophiles
including benzaldehyde and alkyl aldehydes, there| has been no work on the
addition of carbonyl ylides to 1,2- and 1,4-diones.

Against the literature backgroiund presented| above and in the context
of the general interest in the cheJnistry of 1,24diones,”* especially their

reactivity towards dienes, dicnoph*lcs and dipoles, it was obligatory to

explore the cycloaddition reactions of carbonyl Xlide dipoles with vanious
| |

1,2-diones. . I
1

We have undertaken a detafled investigation of the cycloaddition
reactions of various 1,2-diones such as substituted 1,2-benzoquinones,

acenaphthenequinone and isatins with different |carbonyl ylides and our

results' are discussed in this chapter. jPrelimjnary rgsults of our studies on the

cycloaddition reactions of carbony:jlide with a 1,4-dione are also presented.
The 1,2-diones and the a-diazo ketones selected for our investigations

are shown in Figures 1 and 2 respectively.
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e ol 38 o

Ri 36(a-e) 39(a-e)
a.R1=H,R2=R3=CMe3 | a.R=Ph,R1=H
b. R; = OMe, R; = R; = CMe; | b.R=Bn, R, =H
c. Ry = OMe, R, = CMe;, R; =H c¢. R=CHs, R;=H
d R; =R;=H, R, = CMe; d R=R;=H
e. Ry = OMe, R, = R; = CHPh, | e. R=H,R;=Br

17(a-e)
a. R=Ph
b. R = CH3
c. R=(CsHs)Fe
d. R = p-C¢Hy-CH3
e. R=p-CgH4-OCHj3 ‘
Figure 2

2.2 RESULTS AND DISCUSSION

2.2.1 Dipolar Cycloaddition Rkactions of Carbonyl Ylides with
1,2-Benzoquinones |

The diazo ketones required for our investigations were ¢onveniently
pﬂ'eparéd from the corresponding ca}boxylic acids|by the known farocedm‘e
(Scheme 11).%
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R R
| I
0 QCOMe s) CH;N; o
| : CHN
OH Et;N 0./ _OMe 3
| Tr '
0 (4] o
41 2 17
Scheme 11 |
. Owlr studies were initiated with the Rh(]) acetate lcatélyzed
cyclqaddit%'ion reaction of 1-diazo-5-phenyl-2,5-pentanedione 1:7a with
[3,5-d|1'-ter1‘-butyl-l,2-bcnzoquinone 36a. This reaction proceeded smpotlhly to
afford a yellow crystalline product 43 in|76% yield (Scheme 12).%
CMC;
Ph - Ph 0
o | ™ | o
imb €3 6a
‘ -CHNI ‘)G ' i
L 0 P
| | "
17a 19a 43 (76%)
i. Toluene, Argoll, RT, 30 min
Scheme 12
The structure of the product was assigned on the basis of spectral data.
The IR spectrum of 43 showed two strong bands at 1735 and 1708 cm™ due
to C-4 and C-11 carbonyls respectively. [In the "H NMR spectrum, the phenyl
protons appeared as a multiplet centered at 5 7.57. C-7 protoni resonated

as a doublet at 5.85 (1H, J = 2.1 Hz
doublet at § 6.76 (1H, J = 2.1 Hz) du

'proton on C-5 appeared as a singlet
|

) and the C-9

at & 4.58. T

proton appc,'ared as a

 to allylic cogpling. The tim'déchead

he methylené protons
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resonated as a multiplet centered at 8§ 2.54. The singlets at & 1.18 and 1.11
were assigned to the two fert-butyl groups. Inl"I the >’C NMR spectrum, the
two carbonyl signals were observed at 8 201.85 and 199.33 and signals due
to the two bridgehead carbons C-1 and C-5 ap!peared at 6 110.51 and 82.08
respectively. The characteristic spiro carbon C-6 was discemible at 6 87.90.
All the other signals were in agreement \{'lvith the proposed structure.
Satisfactory elemental analysis was also obtained. Finally the structure
assigned was confirmed unequivocally by singﬁe crystal X-ray determination
(Figure 3).

VX po Qo

o

cAN \#’v
AN

) C18 \ C8 >

A AL

C20 . O

Figure 3. X-ray crystal structure of 43
Similarly 36a and 3-meﬂ10xy-4,6-di-tJert-butyl-1,2-benzoquinone 36b

underwent facile cycloaddition with other sugstituted diazo ketones, yielding

the spiro acetals (44-47). The results obtained are summarized in Table 1.
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Table 1. Cycloaddition reactions of carboﬂy] ylides with o-quinones 36(a-b)
_ .
Entry 1,2-Benzoquinone Diazo ketone Product Yield (%)
l |
CH; MesC O
(4]
1 ¢° ‘ CH; 53
é CHN; |
CMe, 5 Ml ¢
0 17b 44
R <©
Me3 0 ' Mesc 0 '
36a 0 (o) Fe
| 0 42
2 ]/CHNZ
o FMe;
R = (CsHs)2Fe |
17¢ 45
Ph
3 0 63
CHN,
€3
4]
17a
Me; (4]
Me
4 36b (0] 48
CHN,
Me;C  OMe g
| 17b . 47

Reaction conditions: Rh 2(o4c)4, Toluene, Argon, RT, 30 min., alsolated yield
The cycloadducts |[(44-47) were charactenzed by spectroscopic
methods. All these compounds showed To carbonyl absorptions each in the

IR spectrum and they shoned typical proton and car:bojh signals in the 'H
and "*C NMR spectra.
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Reactions of 3-methoxy-4-tert-butyl-1,2-benzoquinone 36¢ and 4-tert-
|
butyl-1,2-benzoquinone 36d with the diazo ketone 17a furnished similar

spiro oxabicyclic derivatives. The resultg are given in Table 2.

Table 2. Cycloaddition regctions of carbbnyl ylide with o-quinones 36(c-d)

Entry 1,2-Benzoquinone' Diazo kctonj! Product Yield (%)
' 0
o 10 0

1 O pn 48
Me3 l

|
o Ph
OC}IJ . |
(4]
36¢ CHN;
4]

0

Me; 0 " y,

Me;C

]
MCJC Me O
10

36d
Reaction conditions;: Rh 2(0‘(\0)4, Toluene, ATgon, RT, 30 mm asolated yield.

|

T

The structure of the product in}each case was ascertained from the
spectral data. The IR spectrum of 48 ishowed two carbonyl absorptions at
1732 and 1682 cm™. Compound 48 shc#wéd typical 'H and ’C NMR signals
as in 43. The doublets at 8 6.79 (1H, .)X = 7.3 Hz) and 5.33 (1H, J = 7.3 Hz)
were a§signed to the C-P and C-10 pr'r)tons respectively. The two carbonyl
carbons resonated at § 205.92 and 195.81 in the °C NMR spectrum. The
signal due to the spiro carbon was dtiemible at 5 88.98. Cycloadduct 48
gave satisfactory elemcq‘ial analysis algo.

In the IR spectmlm of 49, the two carbonyls absorbed at 1735 and

1691 cm™. In the '"H NMR spectrum,| the bridgehead proton appeared as a
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singlet at 6 4.57. The olefinic proton on C-9 displayed a double doublet at
8 7.05 (1H, J = 2.3 Hz and 10.2 Hz) whereas the C-7 and C-10 protons
resonated as separate doublets at § 5.90 (1H, J = 2.0 Hz) and 6.02 (1H,
J = 10.2 Hz) respectively. The '3C} NMR spec showed two signals at
§ 201.39 and 198.25 corresponding to C-4 and C-11 carbonyl groups

respectively. ]. |
3-Methoxy-4,6-bis( l,l-dipheﬁ'lylmethyl)-l, -benzoquinone 36e on
treatment with the diazo ketone 173 in the presence of Rh(ll) afforded a

mixture of regioisomers in 77% yield (Scheme 13).

R
o o~ Dlpn
+ ,
R o ;
OMe
R = CHPh3
36e %(1:1.1) 51

i. Rhy(OAc), Toluene, Argon, RT, 30 min
S#Iheme 13
The products were separatéd by silica gel column chromatography
and characterized by spectral da*’a. The IR spectrum of 50 showed two
strong bands at 1732 and 1675 ¢cm™’ due to the (C-4 and the C-11 carbonyl
groups respectively. In the 'H |:|NMR specrn.rm, the bridgehead proton
resonated as a singlet at 8 4.70.] The signal due to the methoxy protons
appeared as a sharp singlet at & :1.13. The singlet at 6.42 is due to the C-9

proton. The °C NMR spectrum, with resonance signals at & 204.78 and
196,58 also revealed the presence|of two carb:rrm}/ls.
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The IR spectrum of 51 shgwed two strong bands at 1739 and 1695
cm” due to the C-4 and C-11 carﬁ)onyl groups tespectively. In the '"H NMR
spectrum, the C-8 proton resonatéd as a singlet|at § 6.29. The signal due to
the bridgehead proton appeared as a singlet at 8 4.38 and the methoxy
protons at & 3.67. The "*C NMR §pectrum also [showed the presence of two
carbonyl groups at 5 203.82 and 195.99. |

A similar reaction was obsérvcd with 1,2-naphthoquinone 37 and the
carbonyl ylide 17a leading to the I-ixture of regjoisomers 52 and 53 in 45%

I

yield (Scheme 14). The major product isolated was the cycloadduct 53

(39%).
D
0O Ph 1P:.
O . |
) ¢o i Ny 2 .
CHN, 0]
0O
37 17a 52 (45%) 53
i. Rhy(OAc)y, Toluene, Argon, RT, 40 min
Spheme 14

The IR spectrum of 52 showed two carbonyl absorptions at 1729 and
1688 cm”. In the 'H NMR spectrf.lm, the bridgehead proton resonated as a
singlet at & 4.51. The C-7 and C{IS protons appeared as doublets at & 6.11
(1H, J = 9.8 Hz) and 6.52 (1H, J = 9.8 Hz) respectively. In the °C NMR
spectrum, the C4 carbonyl was visible at § 203.83 and the other carbony! at
190.40. The signals due to the two methylene carbons C-2 and C-3 were
discarnible at § 33.43 and 34.57 respectively. All the other signals were in
agreement with the proposed structure.



Chapter 2 34

The IR spectrum of §3 showed twp carbonyl absorptions at 1731 and
1694 cm™'. In the '"H NMR spectrum, the bndgehead proton resonated as a
singlet at § 4.52. The C-8 and C-9 protdns resonated as doublets at 8 6.07
(1H,.J = 9.9 Hz) and 6.71 (1H, J = 9.9 |Hz) respectively. In the °C NMR
spectrum, the two carbonyls C-4 and C-7 resonated at § 201.17 and 195.96
respectively. |

Subsequent to the abbve investigations, we turned our attention to the
generation of a seven membered carbonyl ylide and its reactivity towards
1,2-benzoquinones. Treatment of the diazo ketone 24 with 3,5-di-fert-butyl-
1,2-benzoquinone 36a in the presence lof Rh(II) acetate resulted in the
formation of a yellow solid 55 in 37% }%’eld. Trace amount of 3 5-di-tert-

butyl-catechol was also observed in the reaction mixture (Scheme 15).

CMCJ

0 [ P |

I\)\C“sz» (5 Do | MesT36a
| i
Ph . 6
(0) k o
24 54 55 (37%)

i. Benzene, Argon, ILT, 60 min

Scheme 1

The structure of the adduct 55 was elucidated by spectroscopic
methods. The IR spectrum of 55 showed two carbonyl absorptions at 1708
and 1695 cm™. In the 'H NMR spectrum, tlw‘e C-8 and C-10 protons appeared
as doublets at § 5.69 (1H, J=2.0 Hz) and 6{70 (1H, J = 2.0 Hz) respectively.

'The singlet at & 4.53 was assigned to the bridgehead proton. In the 3C NMR

Jspectrum, the two carbonyl signals were vi#ible at  210.89 and 198.89. The
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presence of three methylene carbons has beer conﬁrmed by DEPT-135

NMR experiments. All the other swgnals were 1n agreement wnth the assigned

Structure.

2.2.2 Theoretical Calculations |

In order to explain the observed m}ode of cycloaddition and
regioselectivity in the above redctions, we have carried out some AMI
calculations using PC SPARTAN /Graphical Int rface Package for Molecular
Me¢hanics and Molecular Orbital Models.’® The correlation diagram for the
reaction of 3,5-di-tert-butyl-1,2-benzoquinone E6a with the carbony! ylide

17a is illustrated as an example inl Figure 4. }

CMe; | | Ph
t3001s 0.05212
; (0
) 029666 \ &)
-1.36096 eV -1.40895 eV 2.10073
Me; g 031043 L
030172 I o
: LUMO 17a
LUMO 36a AE|=8.345 eV .
AE J= 6.464 eV
. Ph
CMe; ' 0.03875
@ 010451 1.82595 eV o®
A 001326 |
Ve, {50 a0 L 017017
0.01376 -9, 75445 eV o
_—'_ !
HOMO 36a HOMO 17a

Figure 4. Molecular orbital correlation diagrams of 3,5-di-fert-butyl-1,2-
benzoquinone 36a a.&ld the carbonyl yhde 17a.

|
Frontier molecular orbltal theory correctly rationalizes the

rgglochemlshy of the product ‘m this 1,3- dlbolar cycloaddltlon The most
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favorable FMO interaction is between the HOMO of the dipole and the
LUMO of the dipolarophile. The HOMO(36a)-LUMO(17a) interaction is
uqlmpoﬂant due to large cnergy’ gap. ,

|

|

2.2.3 Dipolar Cycloaddition Reactionj of Carbonyl Ylides with

Acenaphthenequinon'e

In the second phase of (#ur investigations, cycloaddition of carbonyl
ylides with acenaphthenequinoxﬁe was undertaken. Acenaphthenequinone 38
on treatment with the diazo ketone 17a, derjved from 3-benzoyl propionic
~acid in the presence of a catalytic amount of Rh(Il) acetate at room

temperature under argon amTOSphcre underwent facile cycloaddition to
afford a mixture of isomers 56/and 57 in the ratio 1.3:1 (Scheme 16). These

were separated by silica gel colhmn chromatography.

The products were char?ctenzed on tqe basis of spectral data. The IR
spectrum of 56 showed a strong band at 1730 cm™ due to. overlapping of the
C-4 and C-7 carbonyl groupi. In the 'H spectrum, - the bridgehead
proton on C-5 resonated as a)singlet at 8 4.54. In the ‘ﬁC NMR spectrum,

the signals due to the two carbonyls C-4 an} C-7 appeared at 6 202.34 and
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198,25 respectively. The charactefistic spiro carpon signal was discernible at
3 86.79. The two bridgehead carbons C-1 and G-5 resonated fat & 111.22 and
87.60 respectively. ANl the other sjgnals were in|agreement v_ylith the assigned

struf:ture. Finally the structure was confirmed unambigupusly by single

crystal X-ray structure determination (Figure 5),
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Figure 5. X-n{y crystal structure of 56
The IR spectrum of 57 showed strong band at 1730 cm™ due to
overlapping of the two carbonEI groups. In|the 'H NMR spectrum, the
bridgehead proton on C-5 appeared as a singlet at § 4.63. The signal due to
thg four methylene protons appeared as separaie multiplets -cellhtered at 2.85
anﬁi}l 2.71, integrating for two protons each. Irj the '’C NMR spectrum, the
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two carbonyls resonated at § 202.72 and 199/36 and the bridgehead carbons

were discernible at 8 110.51 and 85.25. The spiro carbon displayed a

characteristic signal at 5 98.12 and the two methylene carbons were visible
at 8 33.90 and 33.56. Final proof for the ster%ochemistry of the cycloadduct

57 was obtained by single crystal X-ray analysis (Figure 6).

Figure 6. X-ray crystal structure of 57

Similarly, acenaphthenequinone underwent smooth cycloaddition with
other substituted diazo ketones yielding the sqiro oxobicyclic derivatives in

good yields. These results are summarized below (Table 3).
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Table 3. Cycloaddition reactions of carbonyl ylides with 38

_ ) Yield
Entry 1,2-Dione Diazo ketone Prolhucts (1%)51
R H
1 ¢0 0
CHN,
0]
o 0 R=p-CegH4-CHj3

. 17d !

Reaction conditions: Rh 2(0OAc)4, Toluéne, Argon, RT, 3 h. alsolated yield.
Ratio of isomers are given in paranthesis. |

The cycloadducts 58-61'showed spec,tlroscopic data comparable to
those of 56 and 57.

Attempted reaction between the' diazo ketone 40 and
acenaphthenequinone in the presence of thlll) acetate did not succeed; a
dimer 63 derived from head-tortail coupling :of the transient carbonyl ylide
dipole together with unreacted acenaphthenequinone was isolated from this

|
reaction (Scheme 17). As expected, the blank reaction also gave the
dimer 63.
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Ph Ph
' @
O _ Rh() ~0
€CHN, o
o) 0
|,40 62 _ - 63 (84%)
i. Toluene, Argan, RT,3 h
Scheme{ 17

The product was characterized o the basis of Fpectral data. Tllle IR
spectrum <:::f 63 showed strong carbon#'l absorption at 1701 cml'll. In the
jH NMR spectrum, the bridgehead protons resonated as a sharp s:lingllct at
§ 4.23. In the C NMR spectrum, the signal due to the carbopyl group
?ppearcd at & 197.82. Satisfactory elcmclhtal analysis \fas also obtainedi.

J | oo
tions of Carbonyl Ylides with

2.2.4 Dipolar Cycloaddition Reac
. Isatins | |
. Subsequently, we focused our att;ntion on the qg,'cloadditiom' profile of
carbonyl ylide with isatin. 1-phenylisafin 39a when freated with, the: diazo
ketone 17a and a catalytic amount of RH(II) acetate in|dry toluene at ambient
temperature under argon atmosphere for 3 h afforded the adduct 64 1n 75%

yield along with <10% of 65 (Scheme 18).
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Ph
0 NN
0 Cl'lNz |
N N0
Ph o ;"h

39a 172 64 (715%) 65 (<10%)
i. Rha(OAc)4, Toluene, Argon, RT,3 h
Scheme 18

The products were separated by silica !igel column chromatography
and characterized by spectral analysis. The IR spectrum of 64 showed a
strong band at 1733 cm™ due to overlapping i:of the C-4 and C-7 carbonyl
groups. In the 'H NMR spectrim, the bridgehead proton resonated as a
singlet at § 4.63. One of the four methylene pfotons appeared as a separate
multiplet in the region § 3.38 while the other three protons were discernible
as multiplet centered at 2.61. In the "°C NMR spectrum of 64, the spiro
carbon signal appeared at 83.04. The C-4 carbényl was observed at § 202.40
and the lactam carbonyl at § 171.04. The bn'cligehead carbons C-1 and C-5
resonated at & 109.77 and 87.61 respectively! The two methylene carbons
C-2 and C-3 gave signals at & 33.73 and 35.55 respectively. Finally the
structure assigned was established unequivog¢ally by single crystal X-ray
analysis (Figure 7). !
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The IR spectrum of 65 showed two carbon){l absorptions at 1718 and
1684 cm™. In the '"H NMR spectrum, the characteristic bridgehead proton
resonated as a singlet at § 4.84. The'resonance sighals of the four methylene
protons were visible as a multiplet centered at | 2.81. In the C NMR
spectrum of 65, the signal due to the C-4 carbonyl was discernible at
3 202.60 and the lactam carbonyl at & 173.52| The characteristic spiro
carbon signal was observed at & 81,64 and the br+dgehead carbons C-1 and
C-5 were visible at & 110.39 and 85.34 respect{vely. The two methylene
(l*,arbons appeared at 6 33.28 and! 33.04. All the other signals were in

agreement with the assigned structure.

| Similar reactivity of the carbonyl ylide 17+ was observed with other

isating 39(b-e) yielding the spiro oxindoles as a si;ng]c isomer in good yields

fmd the results are summarized in Table 4.
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Table 4. Cycloaddition reactions of carbonyl ylide with isatins 39(b-¢)

Entry Isatin Diazo ketone Product Yield (%)2
| o)
I @j&o 78
N
Bn
39b
0
2 @\)g:o 83
. N Ph
| ¢n, 0
39¢ CHN;
.0 o
17a
3 @\/&0 71 (80)
N
B
39d
0
Br
) \CE‘;O 70 (81)
N
H
39%e

Reaction conditions: Rh2(0Ac)4, Tolucn# Argon, RT, 3 ﬁ aJsolated yield.
Yield based on recovered isatins is given in paranthesis. |

T he cycloadducts 66-69 were cIaractcnzed b* spectroscopic methods.

BC NMR spectra. In the 'H NMR spectra of 68

d 69, the -NH protons

All these compounds showed typical proton and carjnon signals in the 'H and
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resonated as singlets at 8 10.53 and‘ 10.51 (exchangeable with D,0)

respectively. | |
‘Similarly, 1-phenylisatin underwent smooth cycloaddition with other

substituted diazo ketones yielding the gpiro oxindoles and the results are

summarized in Table 5.

Table §. Cycloaddition reactions of the %iazo ketones 1(7(c-e) with 39a

Entry l:p*atin Diazo ketone ' Product Yield (%)a

<>

R .
Fe
(4
1 CHN, 33 (45)
o

R = (CgHg)yFe
17¢ !

51 (59)

39 (45)

R =p-CgH4-OCH3
17e
Reaction conditions: Rh 2(0OAc)4, Toluene, Argon, RT, 3 h. ﬁlsflated yield.
Yield based on recovered isatin is given in paranthesis.

Diagnostic spectral data were obtained for the cycloadducts 70-72. All

these compounds also gave satisfactory high resolution mass.
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The 1,2-diones 73-76 failed to give any cycloadduct with carbonyl
ylides. In all these cases, the diones were recovered quantitatively
|

(Figure 8).

H C 0
NI 0 N0 #J o Ot cme
| 3
| 1L °
\Y
R° o i O g Ph
0  MeC
R = Ph, p-Toly! etc
73 74 75 76
Figure 8

2.2.5 Dipolar Cycloaddition Reai:tion of Carbonyl Ylide with
1,4-Naphthoquinone

In view of the interesting results gbtained in the dipolar cycloaddition
reactions of carbonyl ylides with various 1,2-diones, some preliminary
studies were conducted with 1,4-diones as exemplified by
1,4-naphthoquinone 77.

Rh(Il) acetate catalyzed cycloaddition of 1-diazo-5-phenyl-2,5-
pentanedione 17a with 77 proceedec:i smoothly to afford a colorless
crystalline product 78 in 30% yield (Scheme 19).

77 17a 78 (30%)
i. Rb(OAc), Toluene, Argon, RT, 3 h
Schem4 19
|
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The structure of the product was e]Jcidated by spectroscopic methods.
The IR spectrum of 78 showed two strong bands at 1738 and 1688 ¢ due
to the ¢arbohyl groups. In the '"H NMR sprctrum, the pr ton on C-2 and' C-8
resonated as doublets at 6 3.63 (1H, J = 81 Hz) and 5 3.86 (1H, J= 8.1!Hz)
respect:ively'. The bridgehead proton on Cf-

In the *C NMR spectrum, the three carbdnyls resonated at 8 205.27, 194 .47
~ ] )
-3 carbon. The two

7 appeared as a singlet at 5 5.08.
|

and 192.92. The signal at § 96.06 was assigned to the

methylene carbons appeared at 6 36.88 32.68. The gresence of these two
by DEPT-135 studies.: All the

cture. The sfructure

methylene carbons has been confirmed
other signals were in agreement with th#: assigned s

was finally established unequivocally h)y single crystal X-ray analysis

(Figure 9).

Figure 9. X-ray cryst$l structure of 78
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The product of cycloadPition of lcarbonyl ylide with
1,:1-naplhthoquinonc is a novel heterocyclic compound which is potentially
amenable to a number of synthetic transformations. Further SIHldiICS of the
cylcloacidition of different 1,4-diones and carbouyl ylides are cuér'lrently being
explored in detail by other members +f our group.

2.3 Photochemical Rearrangement OJ the cycloadducts

The photolysis of the cyclgadduct 43 i | CH,CN in a Rayonet
Photochemical Reactor using quartz filter at 350/ nm afforded a colorless
crystalline product in 94% yield. This has been characterized as 79
(Scheme 20). | |

i MexC 0

Me;C 0

i. hv, CH;C]*I, Argon, 12 mi

43 4‘79 (94%)
Scﬂeme 20

The IR spcétrum of 79 stgjed two strong carbonyl absorptions at
1741 and 1689 cm™ due to the and C-8 carionyls respectively. In the
'H NMR spectrum, the aromatic pqutons appeared as a multiplet centered at
8 7.43 integrating for five protons. ’lJ,fhc C-10 proton displayed a|sharp singlet

at & 7.01. The signals due to the bridgehead protons on 'C-5' and C-7

afppeared as sharp singlets at 8 4.39/and 2.65 respectively. The sharp singlet
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at & 1.16 and 1.01 are due to the two tert-butyl groups. In the C NMR
spectrum, the spiro carbon resonated at & 85.44. The signals due to the two
carbonyls C-4 and C-8 appeared at § 200.28 and 198.74 respectively and the
two bridgehead carbons C-1 and C-5 were observed at & 110.90 and 80.29
respectively. The C-7 carbon was discernible at|5 46.77. All the other signals
were in agreement with the assigned structure. Finally the structure assigned

was confirmed unequivocally by single drystal X-ray determination

(Figure 10).

Figure 10. X-riily crystal strycture of 79

A mechanistic rationalization as outlined in Scheme 21 may be
invoked for the photolytic realrrangement of the cycloadduct 43. The

preferred pathway involves a bond-switching mechanism, probably via the

nn* singlet state.”’
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+ Me;yC o
| Me;C
O
43
O Ph -
. CM&J 07 CMC;
‘—
. e
Me; . 0 MesC
O 79

Scheme 21 |

Similarly the cycloadduct 44, whien subjected| to photolysis in
acetonitrile in a quartz tube at 350 nm, using a Rayoret Photochemical
Reactor afforded a compound which was identified as 80 (74%) on the basis

of spectral data (Scheme 22).

Me;C [0

MCJC 0
44 80 (74%)
i. hv, CH3CN, Argon, 20 min '
Scheme 22

The IR spectrum of 80 showed two strong bands at 1736 and

1688 cm™ due to the C-4 and C-8 carbonyls respectiveiy. The 'H NMR
spectrum exhibited two signals at § 1.14 and 1.13 integrirting for eighteen
protons, corresponding to the two fert-butyl groups. The si?nal at 8 4.20 has
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been assigned to the bridgehead proton on C-5. The methyl proton was
discernible at & 1.60. The olefinic proton C-10 displayed a singlet at 8 7.02.
The signal due to the C-7 proton was discemible at § 2.53 as a sharp singlet.
The C NMR spectrum showed two signals at & 200.28 and 199.00
corresponding to the C-4 and C-8 carbonyl groups respectively. All the other
signals were comparable to those of 79.

In conclusion, it has been shown that carbonyl ylides undergo facile
cycloaddition to 1,2-diones thus offering an efficient method for the
synthesis of novel spiro oxabicyclic dérivatives. In all cases the
cycloaddition s highly regio and stereoselective. Interestingly in the case of
1,2-benzoquinones, the ylide _preferentia]lyl adds to the more electron
deficient of the two carbonyls of each quinone. Such preference is precedent
in the reactivity of dicarbonyl compounds towards dipolar species.> In the
case of 1,2-benzoquinones 36e and 37, 1:11ixturcs of regioisomers are
obtained. The reaction of carbonyl ylide with acenaphthenequinone proceeds
n a highly stereoselective fashion. With isatjﬁs too, the reaction 1s regio and
stereoselective and affords novel spiro oxindole derivatives in good yields. It
is anticipated that the products of cycloaddition may exhibit some interesting
biological properties. It has been shown that the cycloadducts obtained by
the reaction of 3,5-di-fert-butyl-1,2-benzoquinone with the carbonyl ylides

19(a-b) undergo facile photochemical rearranigement.
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2.4 EXPERIMENTAL DETAILS

All the reactions were camied out in oven dried glasswares under an
atmosphere of argon unless otherwise mentioned. Melting points were
recorded on a Toshniwal or Biichi-530 melting point apparatus and are
uncosrected. 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 chloroform-d as
the solvent unless otherwise mentioned. The chemical shifts are given in the
& scale with tetramethylsilane as internal standard. Elemental analyses were
carried out using Perkin-Elmer 2400 CHN analyzer. High-resolution mass
spectra were done using Finnigan MAT model 8430 mnstrument. Solvents
used for experiments (toluene, benzene, acetonitrile and ether) were distilled
and dried according to hiterature procedures.

Analytical thin layer chromatography was performed on glass plates
coated with silica gel (E. Merck) containing 13% calcium sulfate as the
binder. Purification by gravity column chromatography was carried out
using silica gel (100-200 mesh). Mixtures of ethy! acetate and petroleum
ether (60-80 °C) or hexane were used as eluént. The solvents were removed

using a Biichi-EL rotary evaporator.

Synthesis of Diazo ketones: Typical experimental procedure
The preparation of 1-diazo-5-phenyl-2,5-pentanedione 17a from 3-

benzoyl propionic acid described below, is illustrative of the general

procedure for the synthesis of a-diazo ketones.
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1-Diazo-5-phenyl-2,5-pentanedione (I7a)**

To a solution containing 1.78 g (1 mmol) of 3-benzoyl propionic acid
and 0.9 mL (1.05 mmol) of methyl chloroformate in 50 mL of ether was
added 1.5 mL of triethylamine. The resulting white suspension was stirred at
room temperature under argon for 2 h.. The precipitated triethylamine
hydrochloride was removed by fitration. and the resulting pale yellow
solution was immediately treated with 25 mmol of freshly prepared
diazomethane 1n ether (20 mL) at 0 °C. Thel;. reaction mixture was maintained
at 0 °C for 8 h and then at room temperature and stirred overnight. The
solvent was removed and the resulting yellow oil was chromatographed on a
silica gel column by using 10% ethyl acetate in hexane as the eluent to give
1.36 g of 1-diazo-S-phenyl-Z,S-pentanedioﬁe 17a (67%).

Yellow solid; recrystallized from hexane-dichloromethane.

mp : 55-56 °C.
IR (KBI) Vimax : 3100, 2920, 2110, 1690, 1645, 1360, 755 cm™.
'"H NMR : § 8-7.80 (m, 2H), 7.50-7.30 (m, 3H), 5.30 (s, 1H),

3.25 (t, 2H), 2.65 (t, 2H).

General Procedure for the Rhodinm(II)-catalyzed Cycloaddition
Reaction of 1-Diazo alkanediones with various Dipolarophiles.

A 5 mL toluene solution containing 1.2 equivalent of the approprnate
diazo alkanedione was purged with argon. To this solution was added a
catalytic amount (2 mg) of Rhy(OAc), and stirred under argon atmosphere at
room temperature for 3 min ! equivalent of the appropriate dipolarophile
was added to it and the reaction mixture was allowed to stir at room
temperature until nitrogen evolution ceased (30 min). The solvent was

removed under reduced pressure and the residue subjected to stlica gel
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column chromatography using the appropriate hexane-ethyl acetate mixture
as 'the eluent to give the pure cycloadducts. The prd;ducts were identified on
the basis of their spectral data.
(18,1'S,5'S)-3,5-Bis(1,1-dimeth ylethj'l)-S '-phenytséiro[.?, 5-cyclohexadiene-
1, 7 '-16,8]dioxabicyclo[3.2.1]octane]-2,2'-dione (43}

Treatment of 1-diazo- S-phenyl -2,5-pentanedione 17a (0.243 g,
12 mmol) with 3,5-di-tert-butyl-1 2-benzoqu1none 36a (0.220 g, 1 mmol) in
the presence of a catalytic amount of rhodium(Il) acetate at room
temperature for 30 min followed by purificationt of the residue using a
Chromatotron® afforded the cycloadduct 43 (76%, 6.298 2).

Yellow crystals; recrystallized from hexane-dichloromethane.

mp : 207-209 °C.

[R (KBr) Vinex . 2555, 1735, 1708, 1640, 1276, 1128, 1074, 946,
' 778, 703 cm™. |

'H NMR . §7.72-7.42 (m, SH), 6.76/(d, 1H, J = 2.1 Hz), 5.85

(d, 1H, J = 2.1 Hz), 4.58 (s, 1H), 2.66-2.42 (m, 4H),
1.18 (s, 9H), 1.11 (s, 9H).
C NMR . § 201.85, 199.33, 147.49, 144.75, 138.72, 133.69,
128.70, 128.20, 125.29, 122.54, 110.51, 87.90, 82.08,
35.67, 34.56, 33.26,29.25, 28.37.
Anal. Caled for CysHaO4: C, 76.11; H, 7.66. Found: C, 75.61; H, 7.95.
ﬂlirystal data for 43: CysH;,04 M. 394.49, triclinic, space group Pl_, unit
cell dimensions a = 5.9075(1) A, o = 97.315(1)°; b = 9.7892(1) A,
B=97.692(1)% ¢ =19.2052(2) A;y =91.79°, R indices (all data) RI =
0.0860, wR2 = 0.1427, volume, Z = 1090.36(2) A’, 2, D calc = 1.202
Mg/m, absorption coefficient = 0.080 mm'l,,’i\. = 071073 A. 20474
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reflections measured, 4673 unique [Rgny = 0.06] which were used in all
calculations. (Sheldrick, G. M., Siemens, Analytical X-ray Division,
Madison, WI, 1995). :

(1S,1'S,5R)-3,5-Bis(1, 1-dimethylethyl)-5'-methylspiro[3,5-cyclohexadiene-
1,7'-[6,8]dioxabicyclo[3.2.1]octane]-2,2'-dione (44)

Rhodium(Il) acetate catalyzed reaction of 1-diazohexane-2,5-dione
17b (0.168 g, 1.2 mmol) with 3,5-di-fert-butyl-1,2-benzoquinone 36a
(0.220 g, 1 mmol) in 5 mL of toluene at room temperature for 30 min
according to the general procedure follow?d by silica gel column
chromatography afforded the cycloadduct 44 (0.178 g) in 54% yield.

Yellow crystals; recrystallized from hcxane-dich!oromethane.

mp : 166-168 °C.

IR (KBr) Vimax 1 2974, 2881, 1732, 1679, 1487, 1367, 1277, 1167,
1101, 1067, 988, 922, 893 cm’",

'H NMR : 8 6.76 (s, 1H), 5.70 (s, lH) 4.32 (s, 1H), 2.49-2.38
(m, 2H), 2.26-2.14 (m, 2H'), 1.85 (s, 3H), 1.23 (s, 9H),
1.09 (s, 9H).

BC NMR 5 201.81, 199.84, 151.47, 146.94, 144.49, 133 81,

123.10, 110.45, 87.75, 81.90, 34.66, 34.57, 34.00,
32.81,29.31,28.43,23.13.
|
Anal. Caled for CyoH,304: C, 72.26; H, 8.49. Found: C, 72.71; H, 8.62.

Cycloadduct 45

3,5-Di-tert-butyl-1,2-benzoquinone 36a (0.050 g, 0.23 mmol) was
added to a solution of 1-diazo-5-ferrocenyl-2,5-pentanedione 17¢ (0.845 g,
0.27 mmol) and Rh(I]) acetate in. dry toluene (F mL) at room temperature

under argon atmosphere and stirred for 30 min. The solvent was removed in
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vacuo. Punification of the residue on a silica gel ooluﬁhm gave 45'(0.048 g,

42%).

Orange crystals; recrystallized from hexane-dichloromethane.

mp - 181-183 °C.

TR (KBI) Vmax 1 2962, 1742, 1701, 1485, 1318, 1276, 1142, 1094,
1027, 926, 791 cm™.

'"H NMR - 8 674 (s, 1H), 5.74 (s, 1H), 4.84 (s, 1H), 4.67
| (s, 1H), 447 (s, 1H), 4.27 (s, 2H), 4.19 (s, SH),
2.78-2.52 (m, 4H), 1.23 (s, 9H)| 1.09 (s, 9H).
13C NMR £ §202.10, 199.71, 146.71, 144.54, 133.49, 123.61,
111.08, 96.23, 87.35, 84.40,] 82.08, 69.03, 68.76,
68.00, 67.96, 34.58, 32.89, 32 81, 29.32, 28.35.

(18,1'S,5'S)-3,5-Bis(1, 1-dimeth ylethyl)l-6-methoxy-5 L—phenyl spiro  [3,5-
‘cyclohexadiene-1,7'-16,8]dioxabicyclof3.2.1Joctane]-2,2'-dione (46)
thdium(l[) acetate catalyzed reaction of tlhe diazo ketone 17a

(0.145 g, 0.72 mmol) and 3-methoxy—4,6-d1'-tert-l£utyl-] ,2-benzoquinone
36b (0.150 g, 0.6 mmol) 1in toluene (5 mL) at room temperature for 30 min
followed by silica gel column chromatography afforhed the cycloadduct 46
(0.160 g) in 63% yield. |

Yellow crystals; recrystallized from hexane-ethyl ace’ate.

mp : 168-170 °C.

IR (KBI) Vinax © 2962, 1735, 1688, 1627, 1445, 1303, 1270, 1135,
! 1067, 939, 892, 757 cm’.

'H NMR - § 7.74-7.40 (m, SH), 6.92 (Sj 1H), 4.59 (s, 1H), 3.88

(s, 3H), 2.69-2.50 (m, 4H), 1.23 (s, 9H) 1.17 (s, 9H).
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BC NMR 1 8 203.51, 197.57, 151.73, 141.38, 139.46, 136.97,

132.02, 128.69, 128.21, 125.21, 110.77, 93.39, 82.03,

62.54, 35.31,34.89, 33.90,;32.95, 30.16, 29.18.
(18,1'S,5'R)-3, 5-Bis(1, I-dimethylethyl)-6-methoxy-5'-methyl  spirof3,5-
cyclohexadiene-1,7'-[6, 8]dioxabicyiclo[3.2.1]octane]-2,2'dione (47)

Rhodium(II) acetate catalyﬁed reaction d|f 0.168 g (1.2 mmol) of

a-diazo ketone 17b with 0.250 g (1 mmol) of 3Fmethoxy-4,6-di-tert-butyl-
1,2-benzoquinone 36b in toluene (5 mL) at roo’n temperature under argon
atmosphere for 30 min followed by purification rof the residue by silica gel
colurnn chromatography afforded the cycloadduct 47 (0.174 g, 48%).
Yellow crystals; recrystallized from hcxane-ethyl; acetate.

mp : 156-158 °C. |

IR (KBr) Vinax 1 2962, 1732, 1685, 1643, 1569, 1481, 1379, 1298,
1173, 1053, 989, 839 om”!

'H NMR : 8 6.92 (s, 1H), 4.33 (s, 1H), 3.78 (s, 3H), 2.56-2.44
(m, 2H), 2.26-2.24 (m, 2H), 1.88 (s, 3H), 1.21
(s, 18H). f _

BC NMR © 820326, 198.21, 152.24, 141.23, 137.21, 131.79,

110.91, 93':.39, 82.00, Q2.36, 3491, 34.56, 32.49,
30.29, 29.32, 24.13. |
Anal. Calcd for C51H300s: C, 69.59; H, 8.34. Fo*md: C, 70.05; H, 8.50.

(1S5,1'S,5'S)-5-(1, I-dimethylethylﬁ-&methoxy- "-phenyl spirof3,5-

cyclohexadiene-1,7'-[6,8]dioxabicyclo[3.2.1]octane]-2,2'-dione (48)
Treatment of 1—diazo-S-phenylpentanq-Z,S-dione 17a (0.242 g,

1.2' mmol) with 3-methoxy-4-fert-butyl-1,2- Inzoquinone 36c (0.194 g,

1 mmol) in the presence of a/ catalytic ampunt of rhodium(II) acetate
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according to the general procedure, followcf by silica gel column
chromatography gave the cycloadduict 48 (0.177 g, 48%).

Yellow crystals; recrystallized from| hexane-ethyl acetate.

mp : 164-166 °C, |

IR (KBr) Vinax . 2956, 1732, 1682, 1645] 1574, 1384, 1260, 1084,
992, 887, 760 cm”.

'H NMR  § 7.78-7.40 (m, 5H), 6.7l (d, 1H, J = 7.3 Hz), 5.33

(&, 1H, J = 7.3 Hz), 448 (s, 1H), 3.60 (s, 3H),

269253(:7 4H), 1.16 (s,|9H).

'3C1\fMR 8 205.92, 195.81, 158.57, 139.71, 138.49, 135.36,
129.12, 128)62, 125.77, 111.52, 88.98, 82.20, 55.99,

34.30, 33.54, 29.60.

Anal Calcd for CpoH,40s5: C, 71 72 H, 6.57. Found: C, 71.81; H, 6.61.
| |
(IS I'S 5'S)-5-(1, I-Dimethylethyl)r—S "-phenyl spiro[3, S{yclo{rgxadiene-

[6 8)dioxabicyclof3.2.1]octane]-2,2'-dione (49)

Rhodium(II) acetate catalyzé:d reaction of 0.221 g (1.09 mmol) of the
a—dnzo ketone 17a with 0. ]50 g (091 mmol) of 4-tert-butyl-1,2-
benzoqumone 36d in toluene (5, mL) at room temperature under argon
atmosphere for 30 min followed by silica gel ch#omatography of the residue

afforded the cycloadduct 49 (0. 186 g, 55%).
Yellow crystals; recrystallized frorra hexane-ethy] acetate.

mp | : 112-113 °C. | :

R (KB) Vi £ 2977, 1735, 1691, 1450, 1367, 1279, 1114, 1025,
937, 772 cm||'l.

"H NMR 8 171737 (m, SH), #.os (dd, 1H, J = 2.3 and

10.2 Hz), 6.02 (d, IH, J = 10.2 Hz), 5.90 (d, 1H,
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J =20 Hz), 457 (s, 1H), 2.68-2.44 (m, 4H), 1.12
(s, 9H).
“CNMR 1 3 201.69, 198.69, 147.50, 141.17, 138.58, 128.76,
128.16, 125.49, 125.28, 124.79, 111.00, 86.20, 83.04,
| 35.16, 34,56, 33.26, 28.34. |
Anal. Caled. for CiHpOy: C, 74.94; H, 6.55. Found: C, 74.79; H, 6.65%.

Cycloadducts 50 and 51 . |

Treatment  of 1-diaonS-phenylpent?ne—2,5-dione (0.103 g,
0.51 mmol) with the quinone 366| (0.200 g, 0.42 mmol) in the presence of a
catalytic amount of rhodium(II) acetate afforded a mixture of two products.
Chromatography of the mixturf:|J on silica ge} using 3% ethyl acetate in

hexane as the eluent afforded S0 (0.099 g) in 36[% yield.

(1S,1S",5'S)-3,5-Bis(diphenylmethyl)-6-methoxy-5 '-phenyl spiro[3,5-
cyclohexadiene-1,7'-[6, 8[dioxab|§cyclo[3. 2.1Joctane]-2,2'-dione (50)
Yellow crystals; recrystallized from hexane-ethy] acetate.

mp! - 161-163 PC. ’

IR (KBr) Vo : 3030, 2924, 1732, 1475, 1495, 1452, 1065, 980,
762,707 ¢m’. |

'"HNMR . 8 7.66-6.83 (m, 25H), 6.42 (s, 1H), 547 (s, 1H),

5.24 (s, {H), 4.70 (s, 1H), 3.13 (s, 3H), 2.82-2.80
(m, 1H), 2.54-2.41 (m, 3H). |

BC NMR © 8 204.78, 196.58, 159.88, 144.05, 141.54, 14134,
141.19, 140.05, 137.41, 129.10, 128.71, 128.53,
128.45, 128.29, 128.(#7, 126.65, 126.35, 126.20,
124.53, 123.32, 112.0?, 90.77, 90.10, 62.31, 49.01,
47.61,3392,3324. |
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" Further elution using 5% ethyl acetate in

cycloadduct 51 (0.112 g, 41%). !

Cycloadduct 51

Yellow crystals; recrystallized from hexane-ethyl aceta

mp : 92-94 °C, !
IR (KBr) Viax - 3030, 2943, 1739, 1695, 1494,
| 1072, 1029, 789, 699 cm™. |
'H NMR - § 7.70-6.75 (m, 25H), 6.29 (s
| 541 (s, 1H), 438\(s, 1H), 3.67
| (m, 4H). |
*C NMR . § 203.82, 195.99) 152.81, 142.

141.18, 140.74, 1!39.17, 136.24
128.71, 128.57, 12842, 128.1
126.64, 12631, 125.31, 124.81, 1
62.73, 48.33, 47.56/33.14, 32.82.
Anal. Calcd for Co4H3cOs: C, 81.97; H, 5.63. Found: C, §

Cycloadducts 52 and 53
Rhodium(IT) acetate catalyzed reaction of 0.24

A
4

59

hexane afforded the

te.

1446, 1305, 1128,

1H), 5.59 (s, 1H),
(s, 3H), 2.71-2.58

48, 142.22, '141.44,
;
) 127.60, '126.81,
11.19, 90.70, 82.67,

129.27, 128.77,

3>

1.94;H, 5.75.

|
) g (1.2 mmol) of

the o-diazo ketone 17a with 0.158 g (1 mmol) of 1,2-niphthoquinode 37 in

tofucnef (5 niL) at room temperature unqer argon atmg
followed by removal of the solvent afforded a yellow
subjectéd to 'silica gel column chromatogﬂéphy. The mij
idéntified as the cycloadduct 52 (6%) |
C).clom?duct'SZ

Colorless semisolid

P .
IR (neat) Vimgy

: 3068, 1729, 1688, 1451, 1304, 11

ssphere for 40 min
residue which was

nor componént was
¥

93,932, 785 cm’.
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'H NMR £ $7.94-7.17 (m, 9H), 6.52 (ﬁi’ 14, J = 9.8 Hz), 6.11
(d, 14, J = 9.8 Hz), 4.51 (s, 1@, 295247 (m, AH).
3C NMR 820383, 19040, 14037,136.56, 13542, 134.28,

129.82, 12881, 128.75, 128.43, 127.69, 127.52,
127.16, 124.82, 111.27, 89.19, 85.70, 34.57, 33.43.
The major fraction isolated from the column contained the cycloadduct S3

(0.130 g, 39%). |

Cycloadduct 53

Colorless crystals; recrystallized from hexane-ethyl acetate.

mp . 164-166 °C. |

IR (KBI) Vinax £ 3056, 2942, 1731, 1694|L 1593, 1452, 1303, 1216,
1128, 1061,933, 764 cm™|

'HNMR : 8 7.86-7.18 (m, 9H), 6.71 (d, 1H, J = 9.9 Hz), 6.07

| d, 1H,J = ?.9 Hz), 4.52 (5, 1HD), 2.69-2.46 (m, 4H),

BC NMR 1 8 20117, 195.96, 138.[7, 136.37, 134.66, 130.93,

128.87, 12871, 128.58, 128.14, 127.66, 127.48,

127.44,125.24, 111.11, 85.37, 83.64, 35.64, 33.46.
Anal. Calcd for C;Hys04: C, 75%8; H, 5.17. Found: C, 75.79; H, 4.81.

(18,1'S,5'S)-3,5-Bis(1,1-dimethylethyl)-5 '-pheﬁ|'z iylspirof3,5-cyclohexadiene-
1,8'-[6,8]dioxabicyclo[4.2. Ilnanf'me}-2,2'-dior% (55)

3,5-Di-tert-butyl-1,2-benzoquinone 36a| (0.025 g, 0.11 mmol) was
added to 2 solution of the diazo ketone 24 (0.030 g, 0.14 mmol) and a
cat:alytic amount of Rh(II) acetate in dry tolueqc (2 mL) at room temperature
under argon atmosphere and stirred for 60 mirj. The solvent was removed in
vacuo and the residue on silica gel columnrrchromatography afforded 55
(0.017 g) in 37% yield.
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Yellow crystals; recrystallized from hcxane-cth% acetate.

mp £ 200-202 °C.

IR (KBr) Vs . 2068, 1708, 1695, 1663, 1466, 1370, 1274, 1134,
970, 889, 754 cm™. |

'H NMR . 57.54-1.32 (m, SH), 610 (d, 1H, J = 2.0 Hz), 5.69

(d, 1H, J = 2.0 Hz), 4.53 (s, 1H), 2.97-2.89 (m, 1H)
2.46-2.27 (m, 2H), 2.11-1.84 (m, 3H), 1.13 (s, 9H),
1.10 (s, 9H).

O NMR . 5 210.89, 198.89, 144.50, 143.96, 142.95, 133 46,
127.73, 124.76, 122.98,,115.86, 89.41, 81.85, 42.58,
42.32, 34,73, 34.45,29.30, 28.37, 18.16.

Cycloadducts 56 and 57

To a solution of 1-diazo-5-phenylpentane-2,5-dione 17a (0.242 g,
1.2 mmol) and a catalytic amount of Rhy(OAc)j in toluene (3 mL) was added
0.182 g (1 mmol) of acenaphthdlnequinonc 38/under argon atmosphere and
resulting solution was stirred at room tcmperabrc for 3 h. The solvent was
removed under reduced pressute and the residue purified by silica gel
column chromatography (hexan¢-ethyl acetat:E to give 56 (0.134 g, 38%)
and 57 (0.104 g, 29%) in 67% overall yield in 1.3:1 ratio.
(I}é, I'R,5'R)-5-Phenylspirofacenaphthylene-1
(2H),7'[6,8]dioxabicyclof3.2. 1]ottane]-2,2"-diane (56)
Colorless crystals; recrystallized from hexane-ethyl acetate.
mp- - 194-196 °C.
IR (KBr) Vinax : 3065, 2930, 1730, 1606, 1494, 1278, 1131, 1031,

935, 788, 704 cm’.
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THNMR

BCNMR !

62

. 8 8.11-7.30 (m, 1{1{), 4.54 (s, 1H), 3.50-3.37
(m, 1H), 2.78-2.69 (m, 2H), 2.62-2.5] (m, 1H). "

. § 20234, 19825, 140.77, 139.60,|138.32, 132.19,
131.06, 130.30, 128, £3 128.70, 128.31, 12566,
124.88, 122.28, 120.79, 111.22, 87.60, 86.79, 35.70,
33 87, |

Anal. Calcd for C,3H04: C, 77.52; H, 4.53. FBund C,77.60; H, 4.37.

Cycloadduct 57

Colorless crystals; recrystallized from hexane-élthyl acetate.

mp

R (KBr) Vrnax

(m, 2H), 2.73-2.68 (m, 2H).

- 172-174 °C.
. 3071, 2970, 1730, 16b5 1502, 1312, 1138, 1068,
910, 785 cm’! |
3 820728 (m, 1IH), 463 (5, |HD), 2.88-2.83
520272, 19936, 141)98, 138.93, 134.98, 1331,
13232, 13177, 13047, 12881, 12843, 128.08,
126 48, 125.43, 122.33, 121.72, 110.51, 98.12, 85.35,
33.90, 33.56.

Anal. Caled for Cp3H404: C, 77.52; H, 4.53. Found: C, 77.12; H, 4.47.

Crystal data for 57: Cp3H;¢04. M. 356.36, monoclinic, space group P2(1)/c,
unit cell dimensions a = 14.1‘914(5) A a= 9P°; b = 14.2803(5) A, B =
104.410(3)%; ‘c = 8.7367(3) A, y = 90°, R indiges (all data) R1 = 0.0864,
wR2 = 0.1984, volume, Z = 1714.85(10) A ®,|4, D calc = 1.380 Mg/m’,

absorption coefficient = 0.094 mm"’, reflections dollected = 28171.

l
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Cycloadducts 58 and 59

Treatment of the diazo ketone 17d (0.106 g, 0.49 mmol) with
acenaphthenequinone 38 (0.075 g, 0:41 mmol) ac#:ording to the general
procedure afforded a mixture of two isomeric cycloabducts. Removal of the
solvent followed by silica gel column chromatograph* afforded 58 (0.076 g,
50%) and 59 (0.-027 g, 18%) in 68% yield in the ratio :2.8:1_

Colorless crystals; recrystallized from hexane-ethyl acetate.

mp : 230-231 °C. |
IR (KBT) Vinax : 3068, 2924, 1718, 1716, 1603, 1491, 1351, 1288,
| 1130, 1050, 922, 812, 770 cm™.
'H NMR - & 8.12-721 (m, 10H), 4.5L (s, 1H), 3.49-3.37
(m, 1H), 2.78-2.68 (m, 2H), 2.%1-2.51 (m, 1H), 2.39
_ (s, 3H).
BC NMR : & 202.64, 198.47, 140.86, 138.50, 136.82, 132.29,

131.17, 130.38, 129.08, 12833, 12574, 1124.94,
122.36, 120.94, 111.45, 87.70, 186.89, 35.78, 34.00,

21.29. , .
Anal. Calcd for C,4H 1304 C, 77.82; H, 4.90. Found: C, 77.78; H, 4.88.

Cycloadduct 59

Colorless crystals; recryétallized from hexane-ethyl acetate

mp :201-203 °C. !

IR (KBr) Vrnax © 3043, 2912, 1733, 1710, 1604 1430, 1398, 1262,
. 1128, 1073, 930, 786 cm™".

'"H NMR 8 8.62-723 (m, 10H), 4.70 (s, 1H), 2.94-2.90

(m, 2H), 2.80-2.76 (m, 2H), 2.39 (5, 3H).
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C NMR . § 203.00, 199.50, 142.23, 138_|h3, 136.32, 135.17,
133.41, 13252, 131.95, 130.72, 129.08, 128.64,
12841, 127.54, 126.66, 125.67, 122.52, 121.94,
110.85, 96.50, 85.51, 34.07, 33.82, 21.42.

Anal. Caled for C4H5O4: C, 77.82; H, 4.90. Found: C, 7!7.33; H, 4.87.

Cycloadducts 60 and 61
Rhodium(1I) acetate catalyzed reaction of diazo ketone 17e (0.278 g,

1.2 mmol) and acenaphthenequinone (0.182 g, 1 mmibl) in dry toluene

(5 mL) at room temperature for 3 h and purnification of tIc residue by silica

gel chromatography afforded 1:1.6 mixture of cycloadducts 60 (0.091 g,

24%) and 61 (0.144 g, 37%) in 61% yield.

Cycloadduct 60 |
Colorless crystals; recrystalhzed from hexane-ethy} acetate.

mp 1 190-191 °C. |

R (KBr) vmax. . :3061,1731, 1718, 1437, 1174, 1032, 770 cm™ . .

'Y NMR . & 8.13-7.35 (m, 8H), 6.93 (d, 2H,|J = 8.6 Hz), 4.53

(s, 1H), 3.84 (s, 3H), 3.43-3.40 (m, 1H), 2.75-2.68
(m, 2H), 2.59-2.57 (m, 1H).

PC NMR - § 202.54, 198.38, 159.85, 140.80, 138.46, 132.20,
131.93, 131.13, 130.35, 12896, 128.26, 126.32,
125.67, 122.28, 121.88, 120.87,  113.65, 11131,
87.70, 86.85, 55.12, 35.70, 33.93.

Anal. Calcd for C,4H,30s: C, 74.60; H, 4.70. Found: C, 74.‘?5; H, 4.64.

Cycloadduct 61

Colorless crystals; recrystallized from hexane-ethyl acetate.|

mp : 166-168 °C.
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IR (KBT) Viax + 3030, 2930, 1730, 1717, 1608, 1519, 1252, 1050,
827, 790 cm™. | !

'HNMR | : & 8.12-7.40 (m, 8H), 6.96 (d, 2H, J = 8.7 Hz),.4.70
(s, 1H), 3.83 (s, 3H), 2.94-2.90 (m, 2H), 2.83-2.79
(m, 2H). |

BC NMR 1 8 203.04, 199.74, 160.02, 142.03, 131.85, 131.13,

130.52, 129.38, 12848, 128.22, |127.13, 126.50,

122.39, 121.73, 113.57, 110.58, 85.35, 85.22, 55.16,

o 33,58, 33.53. |

Anal. Caled for Cp4H,50s: C, 74.60; H, 4.70. Found: C, 75.21; H, 4.88.

Dimer 63 |
Rhodiilm(II) acetate catalyzed reaction of 0.082 g|(0.32 mmol) of
a-diazo ketone 40 and 0.050 g (0.27 mmdl) of acenaphthenequinoné in
toluene (5 mL) at room temperature under largon atmosphere for 60 min
gave the head-to-tail dimer 63 (0.061 g) in 84 yield. Acenaphthenequinone

recovered quantitatively.

Colorless crystals; recrystallized from hexanerethyl acetate.

mp - 146-148 °C.

IR (KBr) Viax : 3089, 2878, 1751, 1701, 1589, 1334, 1222, 1147,
1060, 973, 768 cm’".

'H NMR . 5 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).

BC NMR : 8 197.82, 142.63, 135.75, 133.06,| 128.87, 128.66,

127.72, 123.66, 96.22, 59.57. '

Anal. Calcd for C3gHyO4: C, 81.07; H, 4.54. Found: C, 80.5%; H, 4.43.
! |
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Cycloadducts 64 and 65 | |
Treatment of 0.217 g (1.07 mmol) of diazo ketone 164 and 0.200 g
(0.89 mmol) of I-phenylisatin 392 in toluene (5 mL) in the presence of a
catalytic amount of rhodium(I) acetate at room temperatur¢ under argon
atmosphere for 3 h according to the general pro%edure afforded a mixture of
two products which were separated by silica gel column chromatography.
The major pr:oduct was a colorless solid (0.267 g, 75%) whosq structure was
assigned as 64. |
1S8,3'R,58)-5-phenyl-1'-(phenyl)spiro[6, 8—diox4bicyclo[3. 2.1 /?ctane-7,3 "
[3H]indole]-2,2'(1'H)-dione (64)
Colorless crystals; recrystallizcd from hexane-eqhyl acetate.

mp :191-193 °C.
IR (KB) Vimax : 3055, 2943, 1733, 161 1591, 149% 1361, 1297,
1195, 1055, 904, 754, 69
'H NMR : 8 7.69-6.92 (m, 13H) 79 (d, 1H, J 77Hz) 4.63
o (s, 1H), 3.40-3.32 (m, 1 , 2.75-2.48 (m,
"CNMR | 1 5 20240, 171.04, 142161, 139.41, 133.65, 129@4

12847, 12843, 1263 124.94, 124.03, 11157,
109.77; 87.61, 83.04, 35 5,33.73.
. our1d. C, 75.29,,};1,

Anal. Calcd for C;sH;9NOq:
4.69; N, 3.57. |
Crystal data for 64: C,sHjgN;O4. M. 397 A1, orthorhombﬁt:, space graup
Pbca, unit cell dimensions a = 18.0300(4) /A, b = 9.8921(2) A, ¢ =
21.5710(6) A, a ;= f§ = y=90° R indices (al) data) R1 = 0.1068, wR2 =
0.1077, volume, Z = 3847.29(16) A >, Z ='8, D calc = 1.372 Mg/m’,
absorption coefficient = 0.093 mm™, T = 213@2) K, A=0. 7#073 A, 36868
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reflections measured, 3648 unique {Reny = 0.11] whif;h were used 1n all
calculations. |
The minor component was identified as the cycloadJuct 65 (0.029 g) in

<10% yield. |

Cycloadduct 65

Pale yellow semisolid : |

IR (neat) Vimax : 3030, 2912, 1718, 1684, 1593, 1449, 1356, 1229,
997, 745, 688 cm'™'; |

'H NMR  §7.80-7.02 (m, 13H), 6.78 (d, 1H, J = 7.8 Hz), 4.84
(s, 1H), 2.89-2.74 (m, 4H). |

"CNMR © & 202.60, 173.52, 144.22, 138.61, 133.64, 130.73,

129.41, 12887, 128.16, 128.07, 12626, 125.54,
122.92, 121.18, 110.39, 109.87, 85.34, 81.64, 33.28,
33.04.

(1S,3'R, 58)-5-phenyl-1"-(phenylmethyl)spiro[6,8- |
dioxabicyclof3.2.1Joctane-7,3'-[{3H ]indo!le}-2,2 '(1 ’H)-){ione (66)

A solution containing 0.153 g (0.76 mmol) of diazo ketone 16a and
0.150 g (0.63 mmol) of 1-benzylisatin 39b in to]uenj (5 mL) was treated
with a catalytic amount of rhodium(Il) acetate according to the general
procedure. The mixture was allowed to stir at room temperature under argon
atmosphere for 3 h and the solvent was removed under reduced pressure.
Chromatography of the resulting solid on silica gel using 8% ethyl acetate in
hexane as the eluent afforded the cycloadduct 66 (0.20£ g) in 78% yield.
Colorless crystals; recrystallized from hgxane-ethyl acetate.
mp : 218-220 °C.

IR (KBF) Vmax 13062, 2930, 1727, 1487, 1365, 1057, 990, 747cm’.
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'"H NMR

BC NMR

68

1 37.65-6.85 (m, 13H), 6.65 (d, 1H, J = 7.7 Hz), 4.86

(s, 2H), 4.51 (s, 1H), 3.45-387 (m, 1H), 2.75-2.65
(m, 2H), 2.58-2.51 (m, 1H). .

£ 8 202.15, 171.78, 141 .84, 1|39.67, 135.21, 130.34,
129.12, 129.02, 128.59, 128.00, 127.55, 125.15,
124.63, 123.70, 111.69, 10918, 87.78, 83.20, 44.44,
35.92,33.97.

Anal. Caled for CysHayNiOg: C, 75.89; H, 5.15; N,|3.41. Found: C, 75.69;
|

H, 499; N, 3.47.

(1S,3'R,5S)-5-phenyl-1'-(methyl)spiro[6, 8—dioxabic_|{)clo[3. 2.1Joctane-7,3'-

[3H]indole]-2,2'(1'H)-dione (67)

A solution containing 0.150 g (0.74 mmol) of diazo ketone 16a and
- 0.100 g (0.62 mmol) of 1-methylisatin 39¢ in toluene (5 mL) was treated

with a catalytic amount of rhodium(II) acetate and the mixture was allowed

to stir at room temperature under argon atmosphere|for 3 h. Removal of the

solvent under reduced pressure followed by silica gel chromatography
afforded 0.172 g of the cycloadduct 67 in 83% yield
Colorless crystals; recrystallized from hexane-ethyl acetate.

| mp

IR (KBr) Vaax

'HNMR

1217219 °C. /

£ 2999, 1735, 1710, 1612, 1495, 1375, 1127, 1027,
749, 692 cm™.

: 8 7.65-6.88 (m, 8H), 6.78 (4, 1H, J = 7.7 Hz), 4.48
(s, 1H), 3.48-3.36 (m, 1H),|3.20 (s, 3H), 2.72-2.63
(m, 2H), 2.57-2.46 (m, 1H). |
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BCNMR ! : § 201.85, 171.19, 142.54, 139.39,

69

130.20, 12891,

128.72, 128.30, 124*34, 124.32, 123.42, 111.22,

108. 24, 87.20, 82.71, 1’5.78, 33.73,2
Anal. Caled for CoHisN1O4: C, 71.63; H, 5.11; N, 4.18. H
H, 5.04; N, 3.88, |

(1S,3'R, 55)-5-phenylspirof6, s-dioxabicycto/.?iz 1joctane-7,3
2,2'(1'H)-dione (68)

5.48. !
ound: C, 71.59;

3'-[3Hindole)-

A mixture containing 0.164 g (0.81 mmol) of diazo ketone 16a and

0.100 g (0.67 mmol) of isatin 39d in toluene (5 mL) wag

catalytic amount of Rhy(OAc), and allowedi to stir at rof

under argon atmosphere for 3 h. Removal df the solvent

pressure foﬂoweﬁ by silica gel chro‘matograply

(0.155 g, 71%, yield based on recovered isatin (0.011 g) was

Colorless spongy solid |

mp . ": 248-250 °C.

IR (KBr) Vmax
915, 753, 698 cm™

'H NMR (DMSO:dy) : & 10.53 (s, 1H), 7.67{6.95 (m, 8H),
| 77 Hz), 4.45 (s; 1H), 3.39-3

J =
2.63-2.47 (m, 3H).

BC NMR (DMSOQ-dq): & 201.63, 172.84, 140198, 139.33, |
12

128.65, 128.21, 124.78, 124.19,
] 110.36, 87.17, 82.98, 35.63, 33.67.

of the resids

: 3193, 3099, 1732, 17*2 1622, 147

treated with a
m temperadﬁre'
under reduced
ie afforded 68
R0%). K

B, 1287, 1024,

6.83 (d, 1H,
28 (m, 1H),

30.03, 129.27,
2.49, 110.81,

HRMS Caled for C;9H;sN(O4: 321.10009. Found: 321.10011.
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evaporated /n vacuo. The residue :obtained was chromatographed on a silica
gel column to afford 70 (0.045 g; 33%) as an drange solid. Yield based on
recovered 1-phenylisatin (0.016 g) was 45%.

Orange crystals; recrystallized from hexane-dicﬂloromethane.

mp :217-219 °C.

IR (KBI) Vinax . 3083, 2946, 1736, 1615, 1500, 1366, 1108, 1035,
830, 751 cm™. |

'"H NMR : §7.53-6.85 (m, 9H), 4.39 (s, 1H), 4.47 (s, 2H), 4.31

(s, 2H), 4.24 (s, SH), 3/20-3.14 (m, 1H), 2.92-2.87
(m, 2H), 2.92-2.66 (m, 1H).

“C NMR . § 204.13; 171.54, 143100, 133.72, 130.28, 129.62,
129.01, 128.36, 12636, 124.63, 123.97, 112.06,
109.92, 87.67, 85.41, 49.30, 69.11, 67.15, 33.30,
32.54. |

HRMS Caled for C;0H,3N,04Fe: 505.09791. Found: 505.09765.

(18,3 'R, 5S)-5-(4-methyl)-phenyl-1 ’@henyl)spilio[a 8-
dioxabicyclo[3.2.1Joctane-7,3"-[3H indole]-2, Zl(l 'H)-dione (71)

d (0.174 g, 0.81 mmol) and
1-phenylisatin (0.150 g, 0.67 mmdl) in dry toluene (5 mL) was treated with a
catalytic amount of Rhy(OAc)s under argon atm%)sphere at room temperature

and stirred at room temperature for 3 h. The Iolvent was removed under

~ A solution containing the diazo ketone 1

reduced pressure and the residue was subjected fo silica gel chromatography
using hexane-ethyl acetate (85:15) and afforddd 71 (0.141 g, 51%; vyield
based on recovered 1-phenylisatin|(0.020 g) was|59%).

Colorless crystals; recrystallized from hexanc-etl+yl acetate.

mp :215-217 °C.
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IR (KBr) Vinax : 3064, 2952, 1743, 1722, 1614, 1495, 1465, 1371,
1294, 1102, 1053, 815, 749 cm™.

'HNMR :57.57-6.91 (m, 12H), 6.79 (d, 1H, J = 7.8 Hz), 4.60
(s, 1H), 3.42-3.31 (m, 1H), 2.72-2.46| (m, 3H), 2.39
(s, 3H). |

BSCNMR . 8 201.89, 170.82, 142.50, 138.47, 136.54, 133.65,

130.05, 129.49, 128.99, 128.75, 128.23, 12625,
124.82, 124.70, 123.85, 'p11.57, 109.59, 87.51, 82.85,
35.60,33.64,21.18. |

HRMS Calcd for Co6H1NO4: 411.14677. Found: 411.14706.

(18,3'R, 58)-5-(4-methoxy)-phenyl-1 ’(phenyl)séira/ 6,8- |
dioxabicyclof3.2.1Joctane-7,3'-[3H]indole]-2,2!(1'H)-dione I 2)

To a solution containing the diazo ketorie 16e (0.093 g, 0.40 mmol)
and catalytic amount of Rhy(OAc), in dry floluene (2 mL) was added
1-phenylisatin (0.075\g, 0.33 mmol) at roon;1 temperatur' under argoh
atmosphere and allowed the reaction mixture tof stir for 3 h. Removal of the
solvent under reduced pressure followed by|silica gel chromatography
afforded the cycloadduct 72 (0.056 g, 39%;
l-phenylisatin (0.010 g) was 45%). [
Colorless crystals; recrystallized from hcxanc-etpyl acetate.

yield based |on recovered

mp "~ :187-189 °C. | ¥
R (KBr) Vanas 3064, 2946, 1735, 1611, 1504, 1375, 1248, 1049,

838,751 cm™. % | !
'HNMR 57.64-6.94 (m, 12H), 6,82 (d, 1H, J 4 7.7 Hz), 4.63

(s, 1H), 3.86 (s, 3H), 3.{45-3.33 (m, 1H), 2.75-2.5]
(m, 3H). | |
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HC NMR - § 201.99, 1/70.87, 159.90, 142.55, 133.68, 131.70,
; 130.09, 129,52, 128.80, 12827, 126.29, 124.72,
123 88, 113.67, 11153, 1()!9.64, 87.59, 8291, 55.13,
35.58,33.67+ i

|

HRMS Caled for CoeHy N1 Os: 427.14182. Found:|427.14197.

Cycloadduct 78 |

The rhodium(Il)-catalyzed reaction of 0. ﬂ53 g (0.75 mmol) of 16a
with 0.100 g (0.63 mmol) of 1,4-naphthoquinon¢ 77 was carried out in dry
toluene (3 mL) according to the general prpcedure and afforded the
cycloadduct 78 (0.062 g) in 30% yield.
Colorless crystals; recrystallized from hexane-didhloromethane.

mp 1 183-185 °C.

IR (KBT) Viax © 3090, 3osb 2962, 173§ 1688, 1593, 1274, 1035,
_ 768, 707 cm .

'"H NMR : & 7.98-7.02 (m, 9H), 5.08 (s, 1H), 3.86 (d, 1H,

J =81 Hg), 3.63 (d, 1H, J = 8.1 Hz), 2.75-2.61
(m, 3H), 2.49-2.43 (m, 1H).
C NMR : 8 205.27,1194.47, 192.92, 138.86, 136.33, 134.23,
| 133.83, 127.63, 127. 524l 126.63, 126.10, 125.32,
96.06, 87. oé 58.94, 55 o# 36.88, 32.68.
Crystal data for 78: C,1H;6O.. M. 332.34, mon clinic, space group P2(1)/m,
unit cell dimensions a = 5.5993(1) A, a = 90° b = 25.3337(4) A, B =
100.081(1)°; ¢ = 11.2166(%) A,y=90°,R indices (all data)
R1=0.0474, wR2 = 0.0983, volume, Z = 1566.52(5) A, 4, Dealc = 1.409
Mg/m’, absorption coefficient = 0.097 mm';l, A = 071073 A, 28308
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reflections jmeasured, 3187 unique [Reny = 0.027] which were used in all

calculations.

Compound 79

A solution of the cycloadduct 43 ()l,.max =387 nm) 0.050 g, 0.13 mmol)
in dry acetonitrile (30 mL) was purged with argon for 15 min in a quartz

vessel' and irradiated for 12 min inside

using 350 nm lamp. The yellow reactio

solvent was evaporated off and the resi

a Rayonet Photochemicall Reactor
n mixture bedomes colorless. The

due purified by silica gel column

chromatography using 8% ethyl acetate ih hexane as the eluent to afford 79
(0.047'g) in 94% yield.
Colorless crystals; recrystallized from hexane-ethyl acetate.

Amax
mp
IR (KBr) Vpax

'H NMR

3¢ NMR

Compound 80

: 339, 264 nm.
: 148-150 °C.

£ 2959, 1741, 168?, 1450, 1367|1277, 1123, 1048,

931, 768 cm™.
© & 7.50-7.36 (Ar,

2.86-2.80 (m, 1H),

2.34-2.29 (m, 1H),

5H), 7.01 (s, 1H), 4.39 (s, 1H),
2.65 (s, 1H), 2.56-2.45 (m, 2H),
1.16 (s, 9H), 1|01 (s, 9H).

© 8 200.28, 198.74, 15258, 151.55, 138.33, 128.90,

128.32, 124.77, 110.90, 85.44, 8
|
35.97, 32.83, 32.10,30.44, 28.58.

0.29, 46.77, 38.18,

A solution of the cycloadduct 44 (0.035 g, (.10 mmol) in dry

acetonitrile (25 mL) was purged with argoﬂ for 15 min 1n a quartz vessel and

irradiated for 20 min inside a Rayonet Pho'liochemical Rdactor using 350 nm

lamp. The yellow reaction mixture becames colorless. The solvetit was
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evaporated; off and the residue purified by gei column chromatography .and
afforded 80 (0.026 g, 74%).
Colorless crystals; recrystallized from hexane-jthyl acetate. |

IR (KBr) Viuax © 2968, 1736, 1688, 1362, 1265, 1175, 1093, 1043,
l 859 cm™,

'HNMR : 8 7.02 (s, 1H), 4.20 (s] 1H), 2.75-2.63 (m, 1H), 2.53

(s, 1H), 2.43-2.35 (m, L{) 2.24-2.13 (m, 2H), 1.6

| (s,3H), 1.14 (d, 18H, J £ 5.2 Hz). i
PC NMR : 8 200.28, 199.00, 15?.50, 151.40,|110.25, 85.63,
- 80.01, 46.63, 36.22, 36.04, 32.18, 32.00, 31.80,
| 28.60, 28.47, 23.29. |




2.5 REFERENCES

Chapter 2

76

Padwa, A. [,3-Dipolar Cycloaddition Chenfistry; Ed.; Wiley-

Inters¢ience: New York, 1984, Vols. 1 and 2.

(a) Gamner, P.; Ho, W. B.; Grandhee S. K.; Young

O. J. Qrg. Chem. 1991, 56, 5893. (b), Gammer, P.;
J. Am. Chem. Soc. 1993, 115, 10742. (c) Monr
J. Org. Chem. 1994, 59, 2773. (d) Pham, V. C.;
Chem. 1995, 60, 8051. (e) Fiswick,l‘c. W. G.; Fos
Z‘e{ra}fedron Lett. 1996, 37, 3915.
For general reviews', see, (a) BoiviP, T. L. B. T¢
3309. (b) Bartlett, P. A. In AsymmeTric Synthesis;
Academic Press: New York, 1984; Yol. 3, Chapte
Joulliq, M. M. Heterocycles 1980, I 4|4 1825.

For recent examples of stereoselective tetrahydra
(a) Bartlett, P. A.; Myerson, J. J. ~Am. Chem. Sq
Rychnovsky, S. D.; Bartlett, P. A. J. Am. Chem. §
(b) Wjlliams, D. R.; Harigaya, Y.; I'Moorc, J LI
Soc. 1984, 106, 2641. (c) Dolle, R| E.; Nicolaou,
Soc. 1986, 108, 2105; Schreiber, S. L.; Samm
Schulte, G. J. Am. Chem. Soc. 1986, 108, 2106.
Overman, L. E. J. Am. Chem. Soc. IF87, 109, 474
(e) Huisgen, R. Angew. Chem., Int. I‘F,‘d. Engl. 1977
G. W.; Padwa, A. In Photochem#slry of Hetet

Buchart, O., Ed.; Wiley: New York,‘ 1976; Chapter

Das, P. K.; Griffin, G. W. J. Photochem. 1985, 27,

s, W. J.; Kennedy, V.
Ho, W. B.; Shin, C.;
, J. A.; Valli, M. J.
Charlton, J. L. J. Org.
ter, R. J.; Carr, R E.

etrahedron 1987, 43,
Morrison, J. D, Ed.;
r 6. (c) Semple, J. E.;

furan synthe¢ses, see,
nc. 1978, 100, 3950.
foc. 1981, 103, 3963.
D'sa, A. J. Am. Chem.
K. C.J. Am. Chem.
jakia, T.; Hulin, B ;
(d) Hopkins, M. H.;
3 .
, 16, 572. (b) Griffin,
rocyclic Compounds,
2.

317.




C izaprer 2 7"

L0.

11.
12.
13.
14.

15.

16.

17.

18.
19.

Békhazi, M.; Smith, P. J.; Warkentin, J. Can.[J. Chem. 1984, 62, 1646.
Shimizu, N_; Bartlett, P. D. J. 4m. Chem. SOC!. 1978, 100, 4260.
Hoffmann, R. W.; Luthardt, H.'J. Chem. Ber. 1968, 101, 3861.

(a) Keus, D.; Kaminski, M., Warkentin, J. J.Frg. Chem. 1984, 49, 343,
(b) Békhazi, M.; Warkentin, J.J. Am. Chem)] Soc. 1983, |1:05, 1289. (c)
Bekhazi, M.; Warkentin, J. Can. J. Chem. 19193, 61, 619.

Doyle, M. P. Acc. Chem. Res. 1986, 19, 348.

Maas, G. Top. Curr. Res. 1987, 137, 75. |

Détz, K. H. Angew. Chem., Int. Ed. Engl. 1975, 14, 644.

Wulﬁ', W. D. In Comprehebsive Orgam'af7 Synthesis; Trost, B. M.,
Fleming, 1., Ed.; Pergamon Press: New York, 1990; Vol. S.

}'70r a review, see, Wulfman, D. S.; Linstrumelle, G ; Cbope:r, C.EFIn
The Chemistry of Diazonium !and Diazo Groups, Patai, S., Ed.; Wiley
Interscience: New York, 1978} Part 2, Chapter 18.

(a) Huisgen, R. Angew. Chenil., Int. Ed. 1963, 2, 565. (b) Kharasch, M.
S.; Rudy, T.; Nudenberg, W.; Buchi, G. J. Org. Chem. 1953, 18, 1030.
(¢) de March, P.; Huisgen, R. J. Am. Chem. Soc. 1982, 104, 4952. (d)
Huisgen, R.; de March, P. J. Am. Chem. Soc. 1982, 104,4953.
Paulissen, R.; Reimlinger, E.; Hayez, E.;|Hubert, A. J.; Teyssié, P.
Tetrahedron Lett. 1973, 14, 2233.
Padwa, A.; Austin, D. J. Angew. Chem., Int| Ed Engl. 1994, 33, 1797.
(a) Paulissen, R Reimlinger{ E.; Hayez, E.; Hubert, A. J.; Teyssie, P.
Tetrahedron Lett. 1974, 15, 607. (b) Petinoit, N.; Noels, A. F.;
Anciaux, A. J.; Hubert, A. J.[ Teyssié, P. In FFundamental Research in

1
»

Homogeneous Catalysis, Tsdtsui, M., Ed.;| Plenum: New York, 1979;



Chapter 2

20.
21,

22.
23.

. Soc. Jpn. 1972, 45, 2779.
24,
25,

26.
27.

28.
29.

30.

78

Vol. 3, p421.(c) Hubert, A. J; Noels, A. F; ﬂ\.nciaux, A.J.; Teyssié, P.
Synthesis 1976, 600.

Doyle, M. P. Acc. Chem. Res. 1986, 19, 348.

(a) Hubert, A. J.; Noels, A. F.; Anciaux, A. J.; Teyssié, P. J. Chem
Soc., Chem. Commun. 1980, 765. (b) Anciaux, A. J.; Hubert, A. F.;
Noels, N.; Petiniot, N; Teyssié, P J. Org. Chem. 1980, 45, 695.

Padwa, A. Acc. Chem. Res. 1991, 24, 22.

(a) Ibata, T.; Toyoda, J.; Sawadla, M.; Tanaka,l T. J. Chem. Soc., Chem.
Commun. 1986, 1266. (b) Ibata, T.; Toyoda,|J. Bull. Chem. Soc. Jpn.
1986, 59, 2489. (¢) Veda, K ; ibaw, T.; Take¢bayash, M. Bull. Chem.

Padwa, A.; Fryxell, G. E.; Zhi, Lr J. Org. Chem. 1988, 53, 2875.
(a) Padwa, A.; Fryxell, G. E,; thl L. J. Am, Chem. Soc. 1990, 112,
3100. (b) Padwa, A.; Weingarten, M. D. Chem. Rev. 1996, 96, 223.
Dauben, W. G.; Dinges, J.; Smit;h, T.C.J. Org. Chem. 1983, 48, 7635.
McMills, M. C.; Zhuang, L .; Wright, D. L; Watt, W. Tetrahedron Lett
1994, 35, 8311.

Wender, P. A; Kogen, H.; Lee, H. Y ; Mungcr:, J.D. J.; Wilhelm, R. S ;
Williams, P. D. J. Am. Chem. Sdc. 1989, 11, 8957.

Koyama, H.; Ball, R. G.; Berger, G. D. Tetrahedron Lett. 1994, 35,
918s5.

(a) Padwa, A.; Chinn, R. L.; Hombuckle, SJI F.; Zhi, L. Tetrahedron
Lett. 1989, 30, 301. (b) Padwa, A.; Chinn, R. L.; Hombuckle, S. F;
Zhang, Z. ). J. Org. Chem. 1991, 56, 3271.

. (a) Padwa, A_; Dean. D. C.; Zhi, L..J. Am. CHem. Soc. 1992, 114, 593.

(b) Padwa, A.; Dean, D. C.; Lin, Z.J. Am. Chem. Soc. 1989, 111, 6451.



Chapter 2 \

32.

33.

34,

35.

36.

37.

79

(a) Padwa, A.; Price, A. T.; Zhi, L. J. O/Lg Chem. 199F 61, 2283. (b)

112,2037.
Am. Chem.
Tetrahedron
L.J Org

Padwa, A_; Zhi, L.J. Am. Chem. Soc. 199
(a) Padwa, A.; Fryxell, G. E.; Zhi, L. J|
3100. (b) Padwa, A.; Chinn, R. L.; Zhi, L.
1491 (c) Padwa, A ; Fryxell, G. E.; Zhi,
2877
(a) Nalr V.; Radhakrishnan, K. V_; Nair, A. G.; Bha
7etrahedrori Lett. 1996, 37, 5623. (b) Nair, V.; Radhak
Sheela, K. C.; Rath, N. P. Tetrahedron 1999, 55, 14199.
Nair, V.; Sheela, K. C.; Radhakrishnan, K|. V.; Rath, N.
Lett. 1998, 39, 5627.

AMI calculmnons using PC SPARTAN

Soc. 1990, 112,

Lett. 1989, 30,

Chem. 1988, 53,

1
dbhade, M. M.

Tishnan, K. V_;

P. Tetrahedron

phical Intcrf?cc package for

Molecular Mechamcs nd Molecular Orbital Models by Wavefunctlon
Inc 18401 l‘/on Karman, Suite 370 Irvine, Californmia, 92612, USA.

Horspool, Vl’ M. In Photochemistry, Ed.] Bryce-Smith,
Periodical liepoﬂ), The Chemical Society, London,

D. (SpemahLet
1970; Vol. 2




CHAPTER 3

DIPOLAR CYCLOADDITION REACTIONS OF
AZOMETHINE YLIDES WITH 1,2-DIONES

3.1 INTRODUCTION

|
In the Huisgen classification of dipoles, azomef

the ally] type and are regarded as azomethinium betai
|
bond in the sextet structure but with [internal octet

|
dipoles are bent even in the ground state.'? This proper

the charactenstic stereochemical aspects of 1,3-dipo

azomething ylides.

The 1,3-dipolar cycloaddition rdactions of az

hine ylides blclong to
nes without. a dpuble
stabilization. These
ty accounts in part for

lar cycloadditions of

romethine ylides are

invariably stereospecific with respect to both the dipole and the

dipolarophile.'~

According to Sustmann's classiﬁcétion of 1,3-dipolar cycloadditions,’
|

substituents that raise the dipole HOMQ energy or lower the dipolarophile

LUMO energy will accelerate HOMO-cpntrolled reactions. Calculations of

the energies of the various orbitals| involved in

different types of

cycloadditions on this basis revealed that the ylides including azomethine

ylides are 'all electron rich species char#cterized by relatively high energy
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HOMOs and LUMOs. Such species react prefercntiblly with electron-
deficient alk!enes because such a pair o\f reactants h%s a narrow: “dipole
HOMO-diplarophile LUMO gap. oo |

Azomethmc ylides have proven to be exﬁaoranxmly nch m thelr
chemlstry The synthetic utility of their 1 b—d1polar cycloadditions to a wide
range of dlpolarophllcs has made available a variety of mono, bx, and
tricyclii: hetc'trocyclcs.8

It is worthy of note that polycyclié nitrogen con, aining hctefécy'bles
form the basic skeleton of numerous alkaloids and therapeutic agents.”'’
Pyrro]i'diﬁe,' pyrrolizidine and oxindolei alkaloids constitute a class of
compolnds  with  significant  bidlogical  acfivity and  the
spiro[pynol{idine/oxindole] rnng system| i1s common| to most oxindole

alkaloids.'"  Spiropyrrolidinyl-oxindole| skeletons | are  present in

spirotryprosfatine A and spirotryprostatine B,'? the potent inhibitors of
|
mammalian-cell cycle at G2/M phase. Ottlcr examples of 3,3'-spirooxindole

skeleton are found in (+)-Elacomine” andljl(-)-Horsﬁline * (Figure 1).

o
(¢ ,_/,4 Me N
-: 0 | UIIH“II

, (+)-Elacomine (-)-HorsﬁEe/
Figure 1
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A number of methods, including thermal or photolytic ring opening of
aziridines,” desilylation,'® or dehydrohalogena on of iminium salts,'’
tandem reaction of carbenoids with simple imines '* and proton abstraction
from imine derivatives of a-aming acids'® have been developed for the
generation of azomethine ylides. Since they are unstable species, they are
prepared in situ in low concentratiors. |

Grigg et al. reported the formation of |azomethine ylides from
a-amino acid esters."” In this reaction, the imine| derivative of an a-amino
acid ester beaning at least one end,'lizabie hydroéen o to the ester 1 is in
equilibrium with the azomethine y]]l'[de 2 which may be trapped by a vanety

of dip‘blarophiles (Scheme 1).

R
} REHL S come.
RCA=N—CH—CO,Me #~——= | N S COMe
. |
1 2
Sf;bemel
Recently, these workers he{ive reported interesting and general

method for the preparation q'f azomething ylides Wllmich involves
decarboxylative transamination of ,:a-amjno acidﬁ.20

The mechanism of decarboxylative transamination - is. shown in
Scheme 2. It is conceivable that th imine unde?oes decarbaxylation via the

zwitterionic form 3 generating the;1,3-dipole 4.

Scheme 2
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The final Jocation of the proton n the| neutral imine product would

then dcpenr on |a kinetically controlled prdtTn transfer to

dipole (6; alor b) with the greatest electron density.
1 - .
Solutjon phase azomethine ylides resulting from the condensation of

)
the site in :tixe

1,2-dicarbonyl compounds with a-ammno acids or am\ires and their

cycloaddition reactions with maleimides and acrylic esters were studied by
Grigg.”®*' For example, isatin 5, sarcosine 6 aFd menthyl/methyl acrylate:8

react regio :and &creospeciﬁcally in boiling acetonitrile to| give a single

cycloadduct in go:od yield via the azomethine ylide 7 (Scheme 3)H

H
H;C z
l 3, _ RO)C =
,O CH;NHCH,CO;H N 7O A\ N
L ——- ot —(( I o™
NoTo | v SMOY
H H _ H
R = Menthyl, Methyl etc
5 7 9

Scheme 3 |
|

When i,‘satinr pipecolic acid 10 and fumaronitrile 11 were heated in
MeOH, the cycloadduct 12 was obtained in 76%7;|'eld (Scheme 4).%

o NCHC=CH
Qe iGupil
N~ o N” “coH
& I

5 10 | 12
Scheme 4 |
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WHhen nihhydrin was allowed to react with a-amino acids in methanol
at room temperature for 12-18 h in the presence of N-phenyl maleimide 15,
the cycloadducts 16 were formed stercospeL:iﬁcally vig an endo transition
state in 50-80% yield (Scheme 5).2® | |

P
o .
I Fcomtoed g
N |
o pg.N° ~COH onQ: ~( N—
L Oy R
| R 3 H, Me, Ph et¢'
13 14 5 16
Scheme § |

A ' o
Recently it has been reported that an :ﬁomcthinc ylide 7, generated by
w

the decarboxylative condensation of isatin with sarcosine,

trans chalcone 17 to-afford the heterocycle 18/ (Scheme 6).”
| | |

O -
: . ?ﬂs
' y O Dioxane-H20 (3:1) | NCE:
| : 4
5 4 80-90 °C
+
CH;NHCH,COOH J
6
o)

g
17

18 (89%)

Scheme 6
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The product was purified by ilica gel column chromatography and
characterized by spectral analysis. ’lf'he IR spectrum of 22 showed bands
characteristic to -OH, -CO;Me and -CONCH; at 3562, 1728 and 1702 cm’
respectively. In the 'H NMR spectrum, the -OH pioton resonated at § 2.08
as a sharp singlet (exchangeable with D,0). The methyl protons of the ester

appeared as a sharp singlet at § 3.93. The methylene protons on C-5
appeared as separate doublets at 3 4.15 (J/ = 87 Hz) and 3.69
(J = 8.7 Hz). The methyl protons on the lactam nitrbgen appeared as a sharp
singlet at 8 2.85 and the other -NCHj|protons resonated at § 2.06 as a singlet
(Figure 2). In the *C NMR spectrum, the two carbanyl carbonsl'C-Z and C-9

aplpeare!ld at 3 175.84 and 170.31 respkctively. The qignal due to the methoxy
carbon was seen at & 52.16 and the spiro carbon C-3 at & 77.92. The
methylene carbon C-5 appeared at 812.42 and the three quaternary carbons
of the cyclopropane ring resonated atl § 65.03, 54.59 and 42.74 respectively. .
These assignments are supported b§ DEPT-135 NMR studies (Figures 3
and 4). |

) ]

UL QT{?ULJL 1 | L

T T T T 7 = T T

7 —

0 7 6

3
Figure 2. "H NMR spectrum of 22
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) : i £b 60 Q@ 20
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160 140 120 |

ﬁlpm 180
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Figure 3. rsC NMR spectrum of 22

v T T
140 120 100

Figure 4. FEPT.BS spectrum of 22



Chapter 3 88

Ultimately the structure was conﬁn‘hed unequivocally by single
crystal X-ray analysis of 22 (Figure 5).

%)

)
02§ )

Figure 5. X-ray crystal stAucture of 22

Regardmg the mechanism of formation of the product 22, a
rationalization as outlined in Scheme 8 may be invoked. It is reasonable to
assume that the cycloaddition proceeds by the imitial attack of azomethine
ylide preferentially on the carbon-&:a:bon double bond_ of
3,4-diphenylcyclobutene-1,2-dione leading ‘to a cyclobutane derivative

which then undergoes reaxrangqment.”
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| b :
Similar reactivity was observed with o

Scheme 8

results are disci.ussed below.

89

| .
Pwr substituted isatins also. The

" Trapping of the azomethine y]i;dc 24, generated by the

decarboxylativé condensation of l-phcnylfsatin 23 and sarcosine with
3,4-diphenylcyélobutene-1,2-dione 21 I¢_IeOH:H20 system at 90! °C
afforded a colorlless solid product 25 in 38%!yield (Scheme 9). Yield based

on recovered cyclobutenedione was 53%.

|
23 pn
+
CH3;NHCH,CO,H
6

24 |
i. MeOH:H,0 (3:1), 90 °C, 24 b
Scheme 9

N
Ph

25 (38%)
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The structure of the product was established from its spectral data.
The IR spectrum of 25 showed the -OH stretching at [3455 cm™. A broad
band was observed at 1715 cm™ in the IR spectrum due to overlapping of the
ester and lactam carbonyls. In the 'H NI\:/[R spectrum, the methoxy protons
appeared as a sharp singlet at 3 3.96 and the -NCHj; protons were visible as a
singlet at § 2.23, “The hydroxyl proton was discerniblg as a singlet & 2.17
(exchangeable with D,0). In the "°C NNllR spectrum, the lactam and ester

carbony! signals were visible at § 175.38 and 170.21 respectively. The

characteristic spiro carbon signal was discernible at & I77.98. All the other
signals were in agreement with the assigned structure.

The reaction of 1-benzylisatin® 26, sarcosine  and
3,4-diphenylcyclobutene-1,2-dione also proceeded in| a similar fashion
affording a colorless solid product 28 in 48% isolated y{leld. Yield based on

recovered cyclobutenedione was 65% (Scheme 10).

_ . Ph
0 Gy 1N
S I
. ON~Cn, Q
Q
26 e NS0 O

CB3;NHCH,C0H L kPh
6
27 | 28 (48%)
i. MeOH:H;0 (3:1), 90 °C, 24 h |
Scheme 10

g as a broad band

The characterization of the product !was done by!the usual spectral
methods. The IR spectrum of 28 showed thE -OH stretchl&\
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at 3425 cnP'l and the lactam and the ester carbonyls 11689 and 1.732| cm’
reschtivclfy. In the 'H NMR spectrum, the -OH proton appeared as alshaxp
singl?t at ’g 2,16 (exchangeable with D;O). The benzylic protons 'Sesqnated
as doublets at 8 5.00 (1H, J = 16 Hz) and 4.36 (1H, J = 16 Hz). In the
BC N the lactam and ester carbonyls resonated at § 175.57 and 170.54
respmy; 28 gave satisfactory high resolution mass also. |

; SimEFlarly, the azomethine ylide 77 generated in situ from I1§at11n and

sarcqsine| under the above rcactipn conditions underwent facile

cycloaddifion with 3,4-diphenylcyclpbutene-1,2-dione to afford the

|
spiropyrrolidine derivative 29 in 49% |yield (Scheme 11). Yield: based on
recovered|/dione 21 was 57%.

|
o

CHI 3‘ Ph
. . ?NN ]
i et
S H N o ’
+ | '
H

CH;NHCH,COH }
6

00

g

-
i. MeOH:H,O (3:1), 90°C, 24 h
Scheme 11

The structure of the product 29 established from the spectral data.
The R spectrum of 29 showed the -OH stretching af 3431 cm™, [n the 'H
NMR speptrum, the -NH proton resonated as a sharp [singlet at & s-rsq while

the -OH proton was seen as a singlet at 8 2.60 (exchangeable with D;O) The
methoxy jand methyl protons appeared as singlety at & 3.90| and 2.03
respectively. In the >C NMR spcclrum4 the lactam c%rbonyl was discernible
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at & 178.25 vs|/hile the ester carbonyl apqeared at o 1%70.59. From the
DEPT-135 spectrum, the presence of one'methylene lety was easily
discernible. The signals due to the four qua}emary carb:li were absent in
the DEPT-135 spcctrum |

Smpxlar reactivity was shown by 5-‘bromoxsatm 0 sarcosme and
34- dlphenylcyclobutene 1,2-dione. The major product fsolated was, the
colorless sohdi spiropyrrolidine derivative 31 in 31% yield (Scheme 12).

Yield based on recovered cyclobutenedione was 41%.

Br I | o
@Ti NI
i .
5 Yy °r L ——
+ H Ph o
CH;NHCH,CO,H
6 i
(
21 3\ (31%)
i. MeOH:H,0 (3:1), 90°C, 24 h
! Scheme 12

As usuai, the structure of the product was ascenainer from its spectral
data. The stretching bands characteristic to ;-OH and -NH| were observed at
3555 and 3299 cm” respectively in the Il# spectrum. A broad band was
observed at 1721 cm™ in the IR spectrum, dde to the overlapping of the ester
and lactam carponyls. In the '"H NMR spectrum, the -NH proton resonatled at
5 8.17 as a broad singlet and the -OH proton as a sharp singlet at & 2.44;
both disappeaﬁcd on D,0 exchange. In theT:SC NMR spectrum, the lactam

and the ester carbonyls resonated at & 178.08 and 170.4§ respectively. All

the other signals were in good agreement wi;'h the assignecJ| structure.
|
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3.2.2 Tl}heoTetical Calculations

93

In orcier to explain the obsem:je regioselectivity in the above

reaptiong, we have carried out some ¢t
SPART}IKN phlcal Interface Package

oretical calculations usiﬂ'g PC
for Molecular Mechanics dnd

Molecular Orbital Models. The correlation diagram for the reaction of
3,4-dipljenyﬁ?'clobutene-l,2-dione 21 with the azomethine ylide!20! is

provided as ap illustrative example in Figure 6. |
: ! E[;C\@ o
! Pg o 0.02178 T} Nfl
048457 -0.40466 eV | ’ a0cis4
Ph A o -1.40061 eV ~N
én,
LUMO 21 8.651 eV LYMO 20
133 eV
C@ e |
o -7.53373 eV TJ N-6H
Ph. O = 22 ‘6(/ A
| v 0.04692
035769 |
, , -9.05568 eV ©-~N
Ph 5872 0 I |
CH;
HOMO 21 HOMO 20

Figure 6. i!olecular orbital  correlation  diagrams < of < 3,4-

iphenylcyclobutene-1 ,2-di0t{e

21 and the azpmethine ylide 10

Ftom the correlation diagram in Figure 6, it is clepr that the réaction
of 3,4-diphenylcyclobutene-1,2-dione 21 with the azomethine ylide 20 is
controlled by HOMO of the dipole ie, |a type I reaction according to
Sustmann’s classification.® It is found that HOMO(21)-LUMD(20)
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interaction |is unimportant due to ]argF energy gaq
LUMO(2 1) interaction is favorable.

3.2.3 Attempted Cycloaddition Reactions

94

while HOMO(20)-

f Isatin-Derived

Azomethine Ylide with 1,2—B.enzoquinon ]

As a part of our continuing interest in probing the dipolarophilic

profile of 1,,2-benzoquinones,”'2

4 we carried out some work on their reaction

with azomeithine yhde generated in situ from isatin and sarcosine. Attempts

to trap the azomethine ylide 20 with 3,5-di-tert-butyl-

,2-benzoquinone 32

and 4-;eﬂ-butyl-l,2-bcnzoquinone failed ‘to give any cycloadduct under the

1s shown below

reaction conditions. In both cases, thctLquinones were converted tq the

corresponding catechols. An illustrative example

(Scheme 13).

O —
L, o o) C
N 0 - ?N‘C-ﬁl N

1 Me;
+CHo N
CH;NHCH,CO,H Noo

6 | CH, ]

20

O
I CMe;
0 OH
—
Me; OH
33

. i. MeOH:H,0 (3:1),(90 °C, 24 h
. Scheme 13

Presumably, the genesis of the catechol involv

between the ylide and the quinone.

r electron transfer
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|

324chlopddmon Reactions of Azomethu{e Yiides with

Acenaphtheneqmnone

Subsequent to the investigations de#cﬁbed, we focused our attention
on the reaction of isatin with sarcjsine and acenaphthenequinone.
Interestingly, the reaction proceeded sm [othly to afford a mixture of two
products. These were separated by silica' gel column dhromatography and
characterized by spectral analysis as th¢ cycloadducti 35 (52%) and 36
(30%) (Scheme 14).

0 | = ll N
;' XN AN L
_ u ' “OH | , ¢
HO/—"OH
—» Nt e
CH;,NHCH;CO;H A A T
0 Coon °
| |
35 (52%) 36 (30%)
i. McOH:H,0 (3:1), 90°C, 24 h |
Schemé 14 .l

The IR spectrum of 35 showed; stretching b nds characteristic to
hydroxyl and carbonyl groups at 3499, P455 and 1710 cm™ respectively. In
the 'H NMR spectrum, the methylene% protons on C-4 appeared as two
doublets at 5 4.21 (1H, J = 9.9 Hz) and %.77 (1H, J = 10.0 Hz). The two -OH
protc?ns resonated as sharp singlets at F 3.57 and 3.36 (exchangeable with

! '|
D,0). The -NCHj; protons appeared as ja singlet at & 2.01 (Figureu| 57).-{In the
*C NMR spectrum, the signal due to the carbonyl gfoup was discernible at
8 209.92. The three quaternary carbons appeared at & 91.51, 86.96 and

81.31. The methylene carbon C-4 rc{onatcd at § 66.95 while the methyl
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carbon at & 35!18. From the DEPT-135 spectrum, the presence of one

methylene moieﬁy was easily discernible (Figures 8 and 9).

.

[=)]
w
F-N
n
o4

E

| !
Figure 7. '"H NMR spect&um of 35

T v v Tt r ¥ T v v r y
opn 200 150 100 50 ‘ 0

Figure 8. '°C NMR spectfrxm of 35
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rebesomcripvmions S RENPIRUIDTS FSPPERI N NS DI .

¥ 2 * A Riaiiaidas
e T f— b . :
ppa . 150 t{OO 50 r 0

i
|

5 NMR spectrum of 35 J
d unequivoball& by single

Finally the structure assigned was

Figure' 10. X-ray crystal structure of 35
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A mechanistic rationalizat

| invc*kcd for the formation of the

" reaction of sarcosine with acenaphthenequinone
Decbrboxylative transamination of I produceﬁ
' whi¢h undergoes further transformation leading|

' undérgoes cycloaddition to the dip

o 0 |

+ CHgNHCHZCTZH —_

(Ifﬂs |
0 ,%‘832

—t
-COy =~ ' < >
' x
Il |
4
A |

S

. The structure of the product

98

ion as outliljed in Scheme 15 may be

product 35.2

ole II to afforl

CH;

/

cheme 15

12

5 It is conceivable that the
leads to the |forlmation of L.
the aza-alli}llic species II,
to the enedidl IV: the latter

i the spirocompound 35.

' =CH, o %=CH2

| .
36 was ascertained from thp spectral data.

IThe ‘bands characteristic to ~-OH and -NH were observeq' at 3363 and

3176 cm’’ respectively. A strong absorption at lq-89 cm’ was Pssigned to the

carbonyl group. In the 'H NMR

8 10.13 as a sharp singlet and the two -OH

spectrum, the -NH proton rpsonated at

protons applqarqd as sharp
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singlets at S 5|06 and 5.00 (exchangeable

protons on, C-5 iappeared as doublets at 5 4.13 (1H, J = 9|2 Hz) and 3,52

(IH,J=9.2 Hz> In the *C NMR spectrum, the lactam carl
was seen at 8 178.14. The signals at 8 64.81 and 34.40 werg

methylene \and jmethyl carbons respectivcly1 All the othe

comparable to tqose of 35.
The {eacti’fm took a similar course withl| other substitJ

The results are discussed below.

Ponyl resonance

> assigned to. the

r signals were

L

|
ted isatins also.

The reaction of 1-phenylisatin 23, sarcosine and acenaL:hthcnequinb'nc

34 in ;MCOHZHQ'O at 90 °C proceeded smoLthly to affor
products 35/(47%) and 37 (21%) (Scheme 16).,

_ 0
g ¥ s
23 Ph +
+
CH;NHCH;CO;H
6
34 35 (47%) J
i. MeOH:H;O (3:1), 90°C, 24 h
Scheme 16

| |
The structurcs of the products were es

hydroxyl and carbonyl groups at 3488 and 1695 cm’ respg

'"H NMR spectrum the two
and 5.14 (cxchangeable with D,0O). The

at & 2.07. In the ‘3C NMR spectrum, the sxgn due to the lq

blished on the
spectral data The IR spectrum of 37 showed bands ch

-OH protons resonated as sharp st
-NCH3 rotons appeaj

37 (21%)

> basis of thelr
Jaracteristic \t!o
ctively. In t'h!e
L\glets atd s. 27
red as a smglet

ctam carbonyl

99

th D,O). TII}: two methylene

d a mixture ‘of
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was visible at § 174.69. The methylene carbon wtl discernible at & 64.14
and the' methyl carbon at 8 33.75. All the other signals were in agreement

-with the proposed structure.
Similar reactivity pattern was observed lin the multicomponent

roducts 35 (56%) and 38

|
The reaction proceeded smoothly and afforded the

reaction between 1-methylisatin 19L sarcosine ar acenaphthcnequinone.

(31%) (Scheme 17). |

~NSo o o O
AL
L (IR
CH;NECH,CO,H ‘O f
6 |

34 EC) 38 (31%)
. MeOH:qu (3:1), 90°C, 24 h
SclTeme 17

| The products were charactcﬁfcd on the basis of spectral data. The IR
spectrum of 38 showed a broad band at 3438 cTn'1 characteristic for -OH
group; the carbonyl absorption was seen at 1686 cm. In the, 'H NMR
spectrum, the two -OH protons "were discernible at § 4|.01 and 3.68
(:exchgngeablc with D,0) as sharp singlets. The two C-5 protons appeared as
scpméte doublets at  4.04 (1H, J = 9.9 Hz) and 8.62 (1H, J = 9.9 Hz). The
protons of the N-1 methyl group/:resonated at |8 3.23 while that of N-4

methy| group resonated at 8 192 In the °C NMR spectrum, the lactam

carbonyl C-2 appeared at 3 177.86. The signal at & 78.27 was assigned to the
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spiro carbon C-3. All the other signals wer¢' m agneemen{ with the assigned

structure.

The multicomponent reaction between S-bromois|
and acenaphthenequinone proceeded smgothly to aff¢
products:35 (55%) and 39 (20%) (Scheme 18).

atin 30, sarcosine
ord a mixture of

Br o
HO
—»
CH;.NHCH;CO;H
(4]
34 35 (55%)
i. MeOH:H,0 (3:1), 96 °C, 24 h

Scheme 1

The products were characterized on the basis of spectral data. 'ﬂhc lIR
. ! ’ |
spectrum of 31 showed strong bands at 3363 and 1696 cnj”’
MR spectrum, the

hydroxyl and carbonyl groups respectively. In the 'H N

39 (20%)

characteristic for

two -OH p'rotons resonated as sharp |singlets at B 5.23 and/ 5/12

(exchangeable with D,0). The signal due to the -}
discernible at' 1.98 as a sharp singlet. In the 3C NMR s}
carbonyl resonated at § 176.39. All the oth
the assigned structure.

Id order to verify the origin of cicloadduct 35,

reaction of darcosine and excess acenaphthenequinone

p

signals were¢

90 °C. As expected, the blank reaction alsg gave the cyc]
yield (Scheme 19).

NCH; prototi was
pectrum, the llacthm

in agreement with

we carried lout a
in MeOH:H,O at

oadduct 35 in 72%
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.0 o o .
O,I'O + CH;NBCH,CO,H +——» [ , NT
| | 4 §OCH:‘H
34 6 | 35 (72%)
i. MeOH:H,0 (3:1), 90 °C, 24 h
ScbemJ 19

The product was purified by silica gel column chromatography and
charabterizlied by spectral analysis. The| spectra obtained were identical to
those' of 3€r, isolated in earlier experiments. |

| ! - :
3.2.5 Cycloaddition Reaction of 3cenaphthemequinone-Deﬁved
Azomethine Ylide and 3,4-Diphenylcyclpbutene-1,2-dione

Froan the above experiments, it Is clear that an azomethine ylide is
generated by the reaction between acenaphthenequinone and sarcosine.
Therefore we performed an experiment with a view to trap this a;pm:cthinc
ylide, (gemerated in situ) with 3,4-diphenylcyclobutepe-1,2-diane, The
reactjon alfforded a yellow solid product 40 in 25% 1solated yield, together
with 56%of the cycloadduct 35 (Scheme 20). Yield of the cycloaddpct 40

based on recovered dione 21 was 38%. The products were purified by silica

gel column chromatography and chamcqcn'zcd by spectral analysis.
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o o 0 ol
l
Ph
OJO Y
CH,thcazoo,n \
40 (25%)
i. MeOH:H,0 (3;1),90°C, 24 h
Schen?e 20

5 !
The IR spectrum of 40 showed

two sharp bands at 1771 and 1716 cm]
4

the -OH stret

carbonyls respectively. In the
dlscemlble at 8 2.17 as a sharp single
NMlR spchu'um, the ester and aryl
170.'35 axlld 207.86. The characteristic spiro carbon s
) 89.73. Nl the other signals were in a

In, conclusion, we have encountered facile

nyl si

reactions of 3,4-diphenylcylobutene-1,2-dione with

denved from  isatins yieldi novel

I assignable tg
spectrum,

(exchangeabl

103

35 (56%)

ching at 3550 em”’ and
» the ester alllld tPe keto
the -OH proton was
e with D;0), In the ’C
s were obse,lrrvc:d at 8
ignal was diﬁl:crpﬂalc at
the assigncd{ structure.

dipolar cygloaddition
the azomethinq ylides

spiro[pymrolidine-2,3*

oxmdole]denvatwes which may be amenable to a number of useful synthetic

u'ansforn?anons. Itis worthy of note that the spiro[py

system i$ a recurring structural motif in a number @
remarkable biological activity. Novel| spiropyrrolidf
formed in a mechanistically intriguing reaction invq

and| acengphthenequinone. |

rrohdmyl-ompd@e]rmg
f natural products with

ine derivatives are also

slving isatins, sarcosine
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3.3 EXPERIMENTAL DETAILS

General information about the experinients is gich] in section 2.4

(Chaptex; 2) ‘ l

The genmeral procedure for the syntﬂesis of spiro

Typical Experimental Procedure

pymrolidines/oxindoles is exemplified by thc" synthesis of 22.

Methyl 1',2'-dihydro-6-hydroxy-1',3-dimethyl-2'-o0xo0-1,5-diphenyl spirof3-
azabicyclof3.1.0Jhexane-2,3 '-[3H[indale]4iqarboxylate (22)

Toa soFution of 1-methylisatin 19 (d.206 g, 1.28 nhol) in methanol
(6 mL) was added sarcosine 6 (0.228 g, 2.56 mmol) |in distilled ‘water
(2 mL) and thé mixture stirred at 90 °C for § min. This was followed by the
addition of 3,4-diphenylcyclobutene-1,2-dione 21 (0.200 g, 0.85 mmol); The
reaction mixture was allowed to stir at 90 °C for 24 h. The reaction mixture
was diluted 'I:th water (30 mL) and extracted with dichlorome!tlhanc
(3x20 mIL). |

and dnied ovcr‘anhydrous sodium sulfate. The solvent was removed anlcll t.h|e

e combined extract was washed with brine solution (10 mL)

residue was ?hromatographed on a silica gel column. The unregcte!d
cyclobutepediopc 21 (0.031 g) was eluted using hexane-ethyl acetate @5:5,)
mixture. The ¢ycloadduct 22 was separated using 10% ethyl acetate in
bexane as eluent (0.226 g, 58%; yield based|on recovered cyclobutenedione
was 69%). | | |
Colorless crystzials; recrystallized from methaqol-dichloromﬂthane.

mp : 238-240 °C.

R (KBr) v | : 3562, 3063, 2969, 1728, 1702, 1)517, 1499, 1347,

1256, 1114, 762, 711 chf‘.
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'H NMR 5 8.07-7.01 (m, 13H), 6.49 (d, 1H, J = 7.5 Hz), 4.15
(d, 1H, J = 8.7 Hz), 3.93 (s, BH), 3.69 (d, 1H,
J=18.7Hz), 2.85 (s, 3H), 2.08 (s, 1H), 2.06 (s, 3H).

C NMR : 8 175.84, 170.31,' 144.53, 134.$5, 131.59, 131.22,
130.61, 129.46, 12831, 128.21J|, 127.82, 127.67,
127.15, 125.72, 122.91, 107.46, %7.92, 65.03, 62.42,
54.59, 52.16, 42.74,134.85, 25.33.

Crystal data for 22: CyHysN,O4. M. 45451, monodlinic, space group

P2,/n, unit cell dimensions a = 11.8530 (2) A, b E 15.1826 (2) A,

c=13.1144 (2) A, o = 90 °, B = 100.321{1)°, v = 90°, |

R1 = 0.0725, wR2 = 0.1055, volume, Z'= 2321.87 (5[) A%, 4. D calc =

indices (all data)

1.300 Mg/m®, absorption coefficient = 0.087 mm’'] T = 213(2) K,
A = 0.71073 A, 37247 reflections measured, 4744 unique [Renty = 0.06]

which were used tn all calculations. | |

Methyl  1',2'-dihydro-6-hydroxy-1 '-phetln yl-3-meth yl-i—oxo—], S-diphenyl
spiro[3-azabicyclof3.1.0/hexane-2,3 '-[3H]#ndole]-6-car xylate (25)

To a solution of 1-phenylisatin 23 (0.286 g, 1.28 mmol) in methanol
(6 mL) was added sarcosine 6 (0.228 g, 2.56 mmol) in water (2 mL). After
stirring the reaction mixture at 90 °C for 5 min, 3 4-diphenylcyclobutene-
1,2-dione 21 (0.200 g, 0.85 mmol) was added and the| mixture stirred at
90 °C overnight. Aqueous work up of the rdaction mixturé followed by silica
gel column chromatography of the residue (hexane-ethyl acetate, 95:5) gave
0.058 g of unreacted cyclobutenedione. Elution with 10% ethyl acetate in
hexane afforded the cycloadduct 25 (0.166 g, 38%; yieid based on recovered

cyclobutenedione was 53%).

Colorless crystals; recrystallized from methﬁnol-dichloror#ethane.
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mp : 174-176 °C. :

IR (KBr) Vimex : 3455, 3062, 29;56, 1715, 1610, 1498, 1369, 1268,
754, 699 cm™. {

'H NMR : 6 8.07-6.35 (m, 19H), 4.19 (d, 1H, J = 8.7 Hz), 3.96
(s, 3H), 3.75 (d, 1H, J = 8.7 Hz), 2.23 (s, 3H), 2.17
(s, 1H). '

BC NMR : 8 175.38, 170.21, 144.64, 134.12, 133.96, 131.56,

131.32, 130.62,
128.08, 127.83,
o 123.17, 108.71,
52.12,42.77, 34.

129.52, 12930, 128.37,' 128.16,
127.69, 127.06, 126.85, 125.33,
7.98, 65.06, 62.60, 55.03, 53.30,

HRMS Ca‘cd for C33H2eN,04: 516.206662. Found: 5146.204908.

Methyl | 1',2'-dihydro-6-hydroxy-1"'
dipheny! | spirof3-azabicycla{3.1.0]k
(28)

henylmethyl)-3-methyl-2'-0x0-1,5-
ne-2,3'-[3Hfindole]-6-carboxylate

' A mixture of 1-benzylisatin 26 {0.303 g, 1.28 mmol) in methanol
(6 mL) and sarcosine 6 (0.228 g, 2.56 mmol) in water|(2 mL) was! stirred at
90 °C for 5 min. This was then followed by the addition of
3,4-diphenylcyclobutene-1,2-dione 21 (0.200 g, 0.85 mmol) and thé reaction
mixture was allowed to stir at 90 °C overnight. Work up and purification as

described 'in the general procedure

afforded 0.051 g of unreacted

¢yclobutenedione and the cycloadduct 28 (0.218 g, 48%; yield based on

recovered ¢yclobutenedione was 65%).

Colorless drystals; recrystallized from hexane-ethyl acetate.

mp : 164-166 °C.

IR (KBr) Vhnax : 3425, 3052, 1732

, 1689, 1458.(1178, 998, 730 ¢m™".
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1H, J = 16 Hz), 4.36

), 2.16 (s, 1H), 2.08

.07, 134.40, 131.64,

"H NMR : 8 8.15-6.28 (m, 19H), 5.00 (d,
(d, 1H, J = 16 Hz), 4.16 (d, 1H, J = 8.7 Hz), 3.93
(s, 3H), 3.71 (4, 1H, J = 8.7 HZ
(s, 3H).

BC NMR : & 175.57, 170.54, 143.75, 135

131.42, 130.94, 129.48, 128.7
127.81, 127.14, 12632, 125.8
77.62, 65.08, 62.h0, 5433, 5
34.76.

HRMS Calcd for C34H3oN,O4: 530.22262]. Found: 530.]

Methyl I',2'-dz‘hydm-6-hydroxy-3-meti:yl-2 "0x0-1,5;

azabicyclof3.1.0Jhexane-2,3'-[3H]indole]-6-carboxyla,
A mixture of isatin 5 (0.188 g, 1.#8 mmol) in m

2, 128.65, 128.17,
0, 123.02, 108.86,
2.19, 42.95,; 42.54,

20558.

-diphenyl spiro[3-
p (29)

iethanol (6 mL) and

sarcosine (0'.228- g, 2.56 mmol) in water (2 mL) was allpwed to stir at 90 °C

for 5 min. Then 3,4-diphenylcyclobutenei
was added to it and the reaction mixture

1,2-dione 21 (0.200 g, 0.85'mmol)
as allowed ta stir at 90 °C for 24

h. The reaction mixture after work up Ihnd purification according to the

general experimental procedure afforded wnreacted cycl

pbutenedione. (0,028

g) and the cycloadduct 29 (0.184 g 149%; yield based on recovered

cyclobutenedione was 57%).

Colorless crystals; recrystallized from hexane-ethyl acetate.

mp : 106-108 °C.

IR (KB) Vinax : 3431, 3176, 3058, 1683, 1458
823,736 cm™.

'HNMR & 836 (s, 1H), 8.09-6.89

(d, 1H, J = 7.3 Hz), 4.06 (d, 1H

1328, 1222, 1029,

(m, 13H), 6.53
. J = 8.6 Hz), 3.90
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(s, 3H), 3.66 (d, 1H, J = 8.8Hz), 2.60 (s, 1H), 2.03
(s, 3H). , |

C NMR 18 178.25, 170,59, 141.87, 134.43, 131.56, 131.39,
130.69, 129.74, 129.53, 12840, 128.18, 127.78,
127.16, 126.35, 122.99, 109.56, 78.13, 65.17, 62.12,
54.20,52.25,42.39,34.80. |

Methyl  1',2'-dihydro-6-hydroxy-5 !-bromo-3-med|'hyl-2 ‘-0x0-1,5-diphenyl
spiro[3-azabicyclof3.1.0]hexane-2,3'-[3H]indole]-61+carboxylate (31)

To a solution of 5-bromoisatin 130 (0.289 g, i.28 mmol) in methanol
(6 mL) was added sarcosine 6 (0.2281g, 2.56 mmol) in water (2 mL). After
stirring the reaction mixture at 90 °C for 5 min, 3;,4-diphenylcyclobutcne-
1,2-dione 21 (0.200 g, 0.85 mmol) was added. Tl*le reaction mixture was
stirred for 24 h at 90 °C and worked up as usual. The residue on purification
afforded 0.048 g of unreacted cyc¢lobutenediong and 0.138 g of the

cycloadduct 31 (31%; yield based on recovered cyclobutenedione was 41%).

Colorless crystals; recrystallized from hexane-ethyl acetate.

mp : 233-235 °C. |

TR (KBr) Vrax . 3555, 3299, 2935, 1721, 1627, 1479, 1337, 1263,
778,717 cm™. |

'H NMR © 18 8.17 (br s, 1H), 8.10-6.s§ (m, 12H), 6.53 (d, 1H,

J =173 Hz) 4.06 (d, 1H, J = 8.8 Hz), 3.90 (s, 3H),
3.66 (d, 1H, J = 8.8 Hz), 2.44|(s, 1H), 2.03 (s, 3H).
HC NMR : & 178.08, 170.48, 141.82, [134.40, 131.53, 131.35,
130.66, 129.72, 129.49, 128.75, 128.51, 128.38,
128.16, 127.76, 127.13, 1?6.32, 122.95, 109.45,
78.07, 65.13, 62.11, 54.18, 52.19, 42.42, 34.77.
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HRMS Calcd for Cr7H,3N,04Br: 518.084340. Found: il 8.084119.

(5aS,8aR)+5a,7,8, 8a—Teﬂahydro—5a,8a-*ihydroxy—7- ethyl spiro[6H-
acenaphtho[1,2-c]pyrrole-6,1'(2 'H)—ace&naphthylen]- one (35)

To a mixture of isatin § (0.220 g, 1.5 mmol) in‘| methanol (6 mL) and
sarcosine 16 (0.267 g, 3 mmol) in wFter 2 mL) t 90 °C was added
acenaphthenequinone 34 (0.182 g, 1 rﬂmo]) and the rcactlon mixture was
allowed to stir at 90 °C ovcrmght fter completion of the reactian, the
reaction mixtﬁrc was processed | as described above.. Column
chromatography of the residue on si 1ca gel using hexane-ethyl acetate
(90:10) mixture afforded 0.103 g of the chcloadduct 35 (52%).

Yellow crystals; recrystallized from he Ianc-ethyl acetate.

mp , : 175-177 °C.
IR(KBr)'vm 1 3499, 3455, 2062, 1710, 1@3, 1343, 1182, 1114,
- 835,783 cm™. /
HNMR : 8 8.16-7.36 (rq, 10H), 6.76 (1, 2H, J = 6.4 Hz), 4.21

(d, 14, J = 9.9 Hz), 3.77 (d, 1H, J = 10.0, Hz), 3.57
(s, 1H), 3.36 (s, 1H), 2.01 (s, 3H). 0
BC NMR . § 209.92, 1444.42, 143.84, 141.53, 136.95, 136.09,
132.43, 131.61, 130.56, 13049, 12838, 12795,
127.57, 12724, 125.34, 125.05, 12497, 124.05,
123.37, 120.33L 119.61, 91.41, 86.96, 81.31, 66.95,
" 35.18. |
HRMS Calcd for CygH)sN,0: 393.133604. Found: 3#3.132471.
Further elution of the column using hcxa#)c-cthyl acetate (80:20)
afforded 36 (0.107 g, 30%).
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Cycloadduct 36

Colorless crystals; recrystallllizcd from hex#me-ethyl acetate.

mp - 2220224 °C.

IR (KBr) Vi 3363, 3176, 1689] 1620, 1465, 786, 736 cm.

'‘HNMR (DMSO-d;) : & ﬁ0.13 (s, IH),‘/ 7.76-6.72 (m, 9H), 6.10 (d, 1H,
J =112 Hz), 5.06 (s, 1H), 5.00 (s, 1H), 4.13 (4, 1H,
J= $|’ 2 Hz), 3.52 (#l IH,J = 9.2-Hz), 1.98 (s, 3H).
C NMR (DMSO-d;) : & 178.14, 145.3]1, 143.00, 141.22, 136.16, 129.24,
127(98, 127.30, /i 126.64, 12620, 12560, 123.80,
123135, 122.84, 119.42, 118.41, 108.61, 89.97, 85.04,
77.60, 64.81, 34 40. |
Cycloadducts 35 and 37 .[
To a mixture of l-ﬁhenylisatin 23 (0.275 g, 1.23 mmo!) in methanol
(6 mL) and sarcosine 6 (¢.220 g, 2.47 mmol) in water (2 mL) at 90 °C was
added acenaphthenequinone 34 (0.150 g, 0.82 ﬁmmol) and the reaction
mixture allowed to stir aj;o °C for 24 h. The usual Work up and purification
of the product by sihca gel col\ymn chromatogfaphy afforded the
cycloadduct 35 (0.077 g,/47%).
Further elution O;L the column/' using hexane-éthyl acetate (80:20)

afforded 37 (0.074 g, 21%).

Cycloadduct 37

Colorless crystals; recrystallized from hlexane—ethyl acetate.

mp :188-190°C. | o

IR (KBI) Vinax 3488, 3046, 1695, 1602, 1496, 1465, 1359, 1216,

1122, 780, 761|cm.
|
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'H NMR (DMSO-ds) : § 8.59-6.70 (m, 14H), 6.11 (d, 1H, J = 7.0 Hz), 5.27
(s, 1H), 5.14 (s, 1H), 4.20 (d, 1H, }l = 9.] Hz), 3.57
(d, 1H, J = 9.1 Hz), 2.07 (s, 3H). |

BC NMR (DMSO-dq) : & 174.69, 144.97, 143.63, 140.65, 134.12, 133.05,
131.54, 13023, 127.89, 127.60, 126.23, 126.02,
125.62, 125.29, 12337, 122.39, |119.90, 117.94,
117.27, 107.18, 90.30, 89.91, 84.32, 64.14, 33.75.

Cycloadducts 35 and 38

To a mixture of 1-methylisatin 19 (01241 g, 1.5 mmol) in methanol
(6 mL) and sarcosine 6 (0.267 g, 3 mmol) lin water (2 nJ‘L‘,) at 90 °C was
added acenaphthenequinone 34 (0.182 g, 1 mmol) and thei' reaction mixture
was allowed to stir at 90 °C for 24 h. After,completion of the reaction, the
reaction mixture Was processed as descn'i)ed in the general procedure.
Purification of the residue by chromatogra;l:)hy on silica gel (hexane-ethy!
acetate, 90:10) afforded the cycloadduct 35 (0 110 g) in 56% yield.

Further elution of the column using hexane-cthyl acetate (80:20)

afforded 38 (0.116 g, 31%). |

Cycloadduct 38

Colorless crystals; recrystallized from hexang-ethyl acetatel

mp : 189-191 °C. | |

IR (KBr) Viax : 3438, 3058, 1686, 1461, 1376, IIIP, 776,752 em™.

'H NMR : 8 7.77-6.85 (m, 9H), 6.52 (d, IH,t] = 7.2 Hz), 4.04
(d, 1H, J = 9.9 Hz), 4.01 (s, 1H), 3.68 (s, 1H), 3.62

(d, 1H,J = 9.9 Hz), 3.23 (s, 3H), 1.92 (s, 3H).
3 NMR - 5 177.86, 145.33, 144.36, 141.02, 136.99, 130.58,
129.39, 128.30, 127.58, 127.29, 12531, 124.87,

I
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123.54, 121.71, 119.4‘7, 108.04, 90l02, 86.65, 78.21,

66.67, 35.27, 25.64.

Cycloadducts 35 and 39
e of 5-bromoisatin 30 (0|339 g, 1.5 mmmol) in methane!

| To[a mi

(6 mL) a|hd s

osine 6 (0.267 g, 3 mmol)|in water (2 m

added ac¢naphthenequinone 34 (0.182 g, 1

was allovted to
reachon mixt

|
subjected to

(0.108 g, 55%).

column chromatography

elution of the cojumn usin

| Further
afforded 39 (0/087 g, 20%).
Cycloadduct 39
Colérless§ crystals; recrystallized from hexan
mp : 208-210 C.
IR (KBr)' Vmax © 3363, 3164, 1696, 1¢
'HNMR : 8 1036 (s, 1H), 7
5.23 (s, 1H), 5.12 (s,
! 3.48(d, 1H,J=9.1 Hz), 1.98 (s, 3H
3C NMR

obtain the

hexane-ethy

h22, 1468, 111
97-6.67 (m, 8

1H), 4.12 (d,

e-ethyl acetate.

5,785 cm™,
H), 5.92 (s; 1H),

).

|
o

L) at 90 °C was
reaction mblttuxe

stir at 90 °C overnight. After completion of the reaction:L the

re was processed as described above and the residue/wds

cycloaddudt’ 3|5

1 acetate (70:30)

J

1H, J = 9.0 Hz),

: 8 176.39, 144.84, 141.54, 140.4?, 135.37, 1%933,

128.79, 128.46, 126.63, 12529,

123.32, 122.73,

122,02, 117.82, 110.80, 109.36, ]0?.88, 89.91, 89.42,

84.16, 63.61, 33.74.
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Cycloadducts _75 and 40

To'a mixture of acenaphthenequinone 34 (0.175
methanol (6 mL) and sarcosine 6 (0.114 g, 1.28 mmol)|in water (2 mL)
at 90 °C waILs added 3,4-diphenylcyclobutene-1,2-dicne 21 (0.150 g,
0.64 mmol) ar*d the reaction mixture was sti

, 0.96 mmol) in

accordiné to qle general procedure. The r

[

mp : 180-182 °C.
IR (KBr) Vinay : 3550, 2946, 1771, 1716, 1431, 1255, 1102, 1014,
| 790, 709 cm. " :
'HNMR : §'8.43-6.79 (m, 16H), 4.21 (d, 1H, J = 8.8 Hz), 3.95
(s, 3H), 3.77 (d, 14| J = 8.8 H2),2.17 (s, 1H), 2,03
| (s, 3H). -
’3cm . § 207.86, 170.35,/143.13, 136.04, 134.35, 1'31"41,

131.06, 130.56, 130.12, 128.80, 128.43, ;1;28d|39,
128.03, 127.36, 127.31, 12692, 12632, 125.09,
124.64, 119.63, 80.73, 65.25, 62.62, 54.51, 5195,
42.85, 34.48.



Chapter 3

1.

2
3.
4
5

10.

11

2.
13.
14.

114

34 REFERENCES

I-;l'[uisggn, R‘szgew. Chem., Int. Ed. Engl] 1963, 2, 565.

Huisgen, R. J. Org. Chem. 1976, 41, 403

Sustmann, ]R Tetrahedron Lett. 1971, 12) 2717,

Houk;, K. N. Acc. Chem. Res. |,1975, 8, 361.

Houk, K.XL; Sims, J.; Duke, R. E.; Strozier, R. Wi: George, J, K.
J. Am. Chem. Soc. 1973, 95, 7287.

Basti[de, J 5 Ghandour, N. E.;,Rousseau,’io. H. Tetrah¢dron Lett, 1}972P

13,4225, | | ,
EberPard, /IIP.; Huisgen, R. J. Am. Chem. Soc. 1972, 94,/1345.

(a) Lown, J. W. In J,3-Dipolar Cyclogddition Chemiistry; Padwa, A.,
Ed.; Wiley-Interscience: New York, 1984; Vol. 1, Chapter 6. (b) J, W
Léwn, J. [w Rec. Chem. Prog. 1971, 32, 51. o
(a) $2Ant§y, C.; Blesko, G.; Hongy, K/, Démyei, G%In The AIka]Oidg;

Orlando, Vol. 27, 1986, p 131. (b) Széatay, C. Pure 4ppl. Chem. 1990,
62, 1299, |
Cordell, G. A. In Heterocyclic Compounds: The Monoterpenoid [ndole
Alkaloids; Saxton, J. E., Ed.; Wiley: New York, 1983; Vol. 25, Part 4,
ps539. | | .
The,Alka'Ioids: Chemistry and Biolo | Cordell, G. A., Ed: Academic,
San Diegp, 1998; Vol 5. gyf -
Cu, C. -l?.;.Kakeya, H.; Osada, H. Tetrghedron 1996, 52, 12651. ¥
Jamps, M N. G.; Williams, G J.B. Can. J. Chem. 19772, 50, 2407,
Josgang, A.; Jossang, P.; Hgdi, H. A.] Sévenet, T.; Bodo, B. J.,, §0rtg.
Chem. 1291, 56, 6527.



Chapter 3 115

15.

16.

17.

18.

19.

20.

21,

22.

23.

24,

(a) Huisgen, R.; Scheer, W ; Mad¢r, H. Angew. |Chem., Int. Ed. Engl.
1969, 8, 602. (b) Heine, H. W.; Peavy, R. Tetrghedron Lett. 1968, 6,
3123, (c) Padwa, A.; Hamilton, L. ?’etrahea'ron Lett. 1965, 6, 4363.
Vedis, E.; West, F. G. Chem. Rev. 1986, 86, 941.|

(a) Huisgen, R. Angew. Chem., 1m.|Ed. Engl. 1963, 2, 565. (b),Huisgen,
R.; Grashey, R.; Steingruber, E. T ‘rahedron Lert. 1963, 1441.'

(a) B,aret, P.; Buffet, H.; Pierre, J. i Bull. Soc. Chim. Fr. 1972, 6, 2493.
(b) Bartnik, R ; Mloston, G. Terra}*ledron 1984, 40, 2569.

(a) Qﬁgg, R.; Kemp, J; Sheldrick,} G.; Trotter, JL J. Chem. Soc., Chem.
Commun. 1978, 109. (b) Grigg, 1# Kemp, J. Tetrahedron Lett, 1980,
21,2461 | | |
(a) Grigg, R.; Thianpatanagul, S. .J. Chem. Soc.,|Chem. Commun. 1984,
180. (b) Grigg, R.; Aly, M. F; I'Sridharan, V. Thianpatanlalgu;, S. J
Che. Soc.. Chem. Commun. 1984, 182. (c)| Ardil, H.; Grigg, R.;
Shridharan, V.; Surendrakumar, S.; Thianpatanagul, S.; Kanajun, S. J.
Chem. Soc., Chem. Commun. 1986, 602. (d) Gnigg, R.; Sridharan, V_;
Thianpatanagul, S. J. Chem. Soc.,|Perkin Trans.|1 1986, 669,

Coulter, T. Grigg, R.; Malone, J1 F.; Sridharan, V. Tetrahedron Lett.
1991, 32, 5417. | |

Fokas, D. Ryan, W. J.; Casebier, b S.; Coffen, D. L. Tetrahedron Lett.
1998, 39, 2235.
(a) Nair, V.; Radhakrishnan, K. V.; Nair, A. |G.; Bhadbhade, M. M.
Tetrahedron Lett. 1996, 37, 5623. (b) Nair, V.| Radhaknishnan, K. V_;
Sheela, K. C.; Rath, N. P. Tetrahefa'ron 1999, 55, 14199.

Nair, V.; Sheela, K. C.; Radhakrishnan, K. V; Rath, N. P. Tetrahedron
Lett. 1998, 39, 5627, |




Chapter 3

25.

26.

27,

281
29,

Garden, S. J.; Torres, J. C.; S'ilva, I..E.; Pinto, A.

1998, 28, 1679.

116

C. Synth. Cammun.
i

De Selms, R. C.; Fox, C. Ji; Riordan,|R. C. Tetrahedron Lett. 1970, 11,

781,

Chem., |Int. Ed, 1975, 14, 473. (b) Bloomfield, J.

(a) For|a leading reference, see, Conia, J. M.; Robson, M. J. )lngew

J.: Ireland, J. R. S.;

MhmhaLd, A. B. Tetrahedron Lett, 1968, 9, 5647. (c) Ried, W.;
Schmidt A. H.; Medem, H Liebigs Ann. Chem. 1973, 1530. |, |
Joullie, M. M.; Thompson, T. R. Tetrghedron 1991,|47, 8791. | |

J. E.; Mongko
1anpdtanagul, S. J Chem. Soc, Chem. Co

llussavaratanaT T

mun. 1986) 421.

 (b) Grigg, R.; Gunaratne, H. Q. N. Tetrahedron Lett. 1983, 24,4457,

© (c) Grigg, R.; Gunaratne, H. Q. N.; Sridharan, V.

Tetrahedron Lett. 1983, 24) 4363.

;| Thianpatanagul, S.



SUMY
The thesis entitled “NOVEL DIPOLAR i:/
REACTIONS OF 12-DIONES AND RELAT

embodies the results of extensive investigations carrié

CLOADDITION

CHEMISTRY”

d out to galin some

insight into the reactivity of various 1,2- dll)nes with different dipolar| spe!cies,
especiaily ca'rbonyl ylides.

addition che

{} tions of 1,2-bg

I:nedxones are presented in C apter 1. A defj

A genera] introduction to the cyc mistry of 1 2-dxones

|
with special emphasns on dipolar cycloadd ’nzoqumones, 1satms
and cyclobu inition of the prcsent

research problem has also been mcorporat d.

"thc seicond chapter deals with the results of a detailed mvestlgatlorx of
the cycloaddltlon reactions of 1,2-diones such as!| 1,2- benzoqmnones
acenaphthenequmone and isatins with a number of carbo
'r: Lconﬁrmed by

analysis'; It has been shown that carbonyl

nyl ylides. The neg10

and stereoch mistry of the products were single crystal X-ray

lides undergo facile cycloaddmon

with 1,2-diones thus offering an efficient /method for the synthesis of novel

SerO oxablcycllc derivatives. In all oases the cycloaddition is hlghly reg10

and stereoselectlve Interestingly in the cage of 1,2-be
preferentially adds to the more electron deficient of the
quinone. .
benzoquinone and 1,2-naphthoquinone, mixtures o
obtained. The reaction of carbony!
proceeded in a highly stereoselective fashiin. With isati

regio and stereoselective and afforded ngvel spiro o

quinones, the yllde

o carbonyls of each

In the case of 3-methoxy-4,6-bis(1,1-diphenylmethyl)-1,2-

regioisomers are

lide with acenaphthenequinone

-also the reaction is

xihdole derivatives 1n

)

good yields. Interestingly the cycloadducts|obtained by the reaction of 3,5-di-

teﬂ-butyl-l,Z-bcnzoquinone with the ¢arbonyl y]ic#:s undergo facile



Summary llb

photoche+1.ical rearrangement. Pneliminary‘l'mvestigaﬁon lhas revea]e& dﬁat
1,4-aphthoquinone undergoes cycloaddition to carbonyl ylide preferentially
at the C=C bo

The third chapter contains the results of ‘investigations mnﬁdoft
studying the reactivity of azomethine ylides towards 1,2-diones. In thls{ Wi
we 'have observed facile dipolar cydloaddition r¢actions ofl 34-
diphf:nyl lob |tﬁlme-l,2-dionc w1|th the %%omethine ylides derived tJfr m
isatins, yielding novel spiro[pymolidine-2,3'toxindole]denvatives whic
be aine:Ilc to a number of uécﬁil syntheti¢ transformatid
note| that the s ixio[pyrrolidinyl-oﬁinddlc]riﬁ system is a f

| bcr of natural products with remarkable

moti_-ffin A n

Novkl spuopy#ohdmc dcnvatlves|, are also formed by the

sarcosine/and c¢naphthencqmnoxi}e.

In conclugion, we have uncovered spme novel re

1,2-diones such as 1,2-benzoquinones, i

various' dipoldr 'species. In the process,

interestin het*:rH)cyclic compounds has béen achieved. It is conceivable that
cloaddition tof 1,2-diones will be

ic standpaints.

further explorations in the area o#; dipolar
rcwzl{rdin both from the synthetic and mech
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