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pRE.F- A L._E

The hetegodieneé are of great interest to organic chemists
bgcauSe 6? the'important role they play in synthetic organic
cﬁemistry. Their study has illuminated many aspects of
synthétic and mechanistic'chemistry. The chemistry of thio-
amide vinylogs and related compounds has developed enormously
over the laét ten to fifteen years. The synthetic scope of
these versatilé.synthons still remains unexploited to a
consigerable extente. This{dissertation reports the reactions

of thioamide vinylogs and related compounds with dienophiles,

heterodienophiles and other potential heterodienes,

A brief survey of reports concerning the chemistry and synthetic
versatility of thioamide vinylogs and related compounds is

presented in chapter I.

Chapter II concerns the reactions of thiocamide vinylogs with
ethyl azodicarboxylate. The formation of various substituted
thiadiazines in these reactions has been substantiatéd with

i

the help of C NMR, PMR and analytical data.

‘Chapter III describes the reactions of thioamide vinylogs with
nitroalkenes, nitroscalkenes, dicyclopentadiene and norbornylene,
The structures assigned to products have been supported by

spectral and analytical evidences,

Chapter IV deals with the reactions of thioamide vinylogs with

isonitriles and isothiocyanates and the reactions of N,N-dimethyl-
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CHAPTER I

INTRODUCTION

The cyclenic x,;B-ethylenic thioketoheé (1) are known to be
relatively stable., However the acyclic AL 4B8=ethylenic thio=-
ketones are unstable and are known to polymerise rapidly1g

é _ The conjugation of the two 7 bonds with the lone pair of
va-hetero,atom‘(S,N......) stabilises the corresponding
Aethylenic thioketonesZ by a push'pull efféct between the

electron donor nitrogen and electron acceptor the thiocarbonyl,



—he B-aminovinylthioketones 2 are examples of this and are

¢ =
S S S
THis | D
R=C~C=C—NC R-C=C-C=NT
1 a 2D

referred to as "thiocamide wvinylogs" or "enamino=thiones" in

this thesis,

iSynthesis of the thicamide Vinylogs/enamino~thiones3

i-A careful scanning of literature reveals that almost all

f reporteé methods of synthesié of thioamide vinylogs are based
" on one of the following three abproaches. The first apprdach
. involves the conversion of carbonyl or its O-alkylated deri-
: vative info a. thiocarbonyl or of a carbon chloride ihto a
thiol or thiolate. The sulfur is introduced in the last step

and is provided by phosphorous sulphides, hydrogen sulphide,

alkaline metal sulphides etc. The methods under this category

- are summarised in Scheme 1.

The second approach involves the reaction of an amine with
ethylenic B-mercapto=-aldehydes where the mercapto group is

. attached before condensation of the amine on the aldehyde15-17

‘;_(Scheme 234

%The third approach to the synthesis of thiocamide vinylogs

:ginvolves the opening of sulfur-containing rings (1,2=dithiole
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ér isothiazole) which are usually of a cationic nature. The
ring opening 1is effected by an amine or hydrogen sulfide
j%cbeme 3)e

Reactions of thioamide Vinylogs:

éﬁe thioamide vinylogs are gtable crystalline red compounds

and form a group of extremely reactive synthons which undergo

- number of addition elimination reactions. These alsoc undergo -
gilarge variety of (4+1) and (4+2) cycloaddition reactions
;?esulting in various heterocyclic compounds. The characteristic

reactions of these thioamide vinylogs also include the electro-

jodide resulted in imminium salts (3) which can be hydrolysed
to aldehyde (4) and in turn reduced to alcohol (5)s The depro-
“tonation of the imminium salts formed in case of N-arylethioamide

 ;inylogs (Q) resulted in a potential heterodiene, l=aryl=1-
29,38

fza-1,3-butadiene (7) (Scheme 4),

'&he similar imminium salt obtained on treatment of 2 with

};bromomethylketones could be cyclised £042-acylthiophenes

m)31

Similarly when 2 was reacted with phenylacetyl chloride

f:e resulting iminium chloride (9) on addition of triethylamine
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underwent cyclisation to thiopyrancne (1Q)31. This could be
considered as a phenylketene equivalent reaction of thioamide

vinylogs (2) (Scheme 5).

Nucleophilic reactions at carbons 1 and 3:

- The thiocamide vinylogs are known to undergo nucleophilic reac-
tions at carbons 1 and 3 with a number of nucleophilic reagents,
For example, isothiazoles (12) are isolated when the thioamide
vinqugs (g) are reacted,wifh ammonia in presence of elemental
sulfur and the reaction was thcught to proceed fhrough the
intermediate vinylog with no substituent at nitrogen (11)30.
The.intermediate vinylog could be isolated by the reaction of
aqueous ammonia with the thioamide vinylog having identical
substituents at carbon 1 and 3 (Scheme 6); The transamination
af thioamiae vinylogs is a very general reaction32 (Scheme s
Reactions 1=6), The alkylamine and arylamine gréups could be
substituted by other alkylamines and arylamines using amine -
acetate or amine hydrochloride in ethanolsz. The attack of
amines on the thiocarbonyl group could be realised by their
Teaction in presence of acetic acid and sodium acetate33(5cheme T

 The thioamide vinylogs have also been known to react with hydroe

Fa Xylamine, hydroxylamine-g-sulphonic acid and with hydrazine to

10 0,35

- give iéoxazoles - isothiazoles3a and pyra201853 respectively.

When the thioamide vinylogs are reacted with organomagnesium

- or organolithium compounds the nucleophilic attack at carbon 3
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of the vinylog at 0°C (or at -80°C) resulted in 1,4~addition

36,37 have studied these reactions in

reaction. Quiniou et al
detail and have made a number of interesting revealations. For
example, when organcmagnesium (or lithium) reagents were treated
with thiocamide vinylogs the initially formed metal complex on
alkylation led exclusively to Z= L 4B=unsaturaced thioether(l&).

In contrast the inverse reaction of the iodomethylated thicamide
viﬁylogs resulted‘in a mixture of Z énd‘E isomers. Interestingly,
the intermédiate-lg obtained in the case of the addition of_'
arylmagnesium halide to the thiocamide vinylogs did not lead

either to the aminated and possibly engthiolyzed thioketone,

or its elimination product the ethylenig thioketone. The only
Ecompound isolated was the dimer of ethylenic thioketqne 15.

The intermediacy of the metal complex 13, in these reactions

was proved by its reéction with another dienophile which gave

~g% of 16 and ~ 55% of 15 (Scheme 8)., Compounds of the type

16 could also be obtained in excellent yields by heating the

dimer 15 in presence of acrylic compounds.

The treatment of the thicamide vinylogs 2 with iodomethyl-
mégnesium chloride gave the thiophene derivative 17 and is
one of the rare examples of (1+4) cycloaddition reactions of

metal carbenoidse

Cycloaddition reactions:

Thiocamide vinylogs have been shown to behave as excellent hetero-

dienes resulting in innumerable thiopyran derivatives with various
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dienophiles., Diels=Alder cycloaddition reactions of 2 with
dienophiles like ketenes, sulphenes, aldehydes, ketones, esters,
nitriles, acrylic amides and carbocyclic/heterocyclic compounds
possessing an endocyclic double bond are summarised in Scheme S.
The reaction of thiocamide vinylog with 1,3-dipolar benzonitrile
oxide resulted in the conversion of thioamide vinylog to its
oxygen analoé.' The reaction was believed to proceed through

the oxathiazole intermediate (18) which decomposed to amide

L nyion, (99)30 9%,

N,N-dimethyl=N’=thicaroyl formamidines (20), a structural analog
of thiocamide vinylog where the carbon adjacent to tbibcarbonyl

is replacéd by a nitrogen atom, constitute another group of
extremely réactive synthons which leadé to the synthesis of

a large variety of heterocyclic compounds. The thioaroylfor=-
mamidines (20) formed easily by tﬁe reaction of thioamides with
N,N=dimethylformamide dim‘e’t:hylat:Ea‘(:alé‘5 have been found to
decompose to starting thiocamide on exposure to moisture. Lin

et al have reported that the reaction of N’—thicaroyl=N,N-
dimethylformamidines (20) and N’=-phenylthiocarbamoyl=N,N-dimethyl-
formamidin9546 (21) with an aminating agent such as O=(mesitylene-
sulfonyl) hydroxylaminea7 or hydroxylamine-O=sulfonic acid48

led to the formation of 1,2,4=-thiadiazoles (22) (Scheme 10),
Quiniou et al have shown that thioacylformamidines like thiocamide
vinylogs, undergo successful (4+2) cycloaddition reactions with

ketenes, sulfenes, « ,B-unsaturated ketones, A 4B=unsaturated
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esters, J{ ,B-unsaturated nitriles, and <« ,B-unsaturated amides
resulting in various thiazines derivatives, Thicacylformami=-
dines (20) were also found to react with K< =haloketones to

48-50 (Scheme 11). Quiniowiet al have

give thiazole derivative
reported that the cycloadducts 23, formed in<the case of the
reactions of thiocacylformamidines with acetylenic esters undergo
retero Diels-Alder reactions resulting in new thiocamide vinylogs
-which in turn reacted with different dienophiles to yield
—'various thiopyran derivative551. It has been established that
the presence of electrbn donating substituents (N(:) at C=3
position of thioamide vinylogs stabilizes the monomeric forms
and discourages the (4+2) dimerization reaction which normally
occurs in other 1-thiabutadienessz. It also improves the 477

participation of thiocamide vinylogs in Diels=Alder reactions

with typical electron deficient dienophiles,

The literature survey clearly reveals that although there are

.a number of reports concerning the réactioﬁs of thiocamide
vinylogs and related compounds with electrophiles, nucleophiles
and carbon-carbon dienophiles, The synthetic potential of these
compounds still remain unexploited to a considerable extent.

For example there are no reports concerning the reactions of
these compounds with heterodienophiles, strained alkenes and
other potential heterodienes. Hence it was considered worth-
while to investigate these aspeéts of thioamide vinylogs and

related compounds,
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The azodicarbonyl compounds ﬁave been found to participate
both as 477 and 27 components in the DielF-Alder cycloaddi-
tion reactions with dienophiles and dienes. However their
behaviour towards other potential heterodienes have not been
investigated. With a view to establish the high reactivity
of thioamidenvinylogs as heterodienes. towards azo carbonyl
compoundsn the inQestigations concerning the reactions of
thiocamide vinylogs with ethyl azodicarboxylate are reported
in chapter II. The various substituted thiadiazines resulting
from these reactions are characterized on the basis of analy-
tical and spectral data. The stereochemistry at C~4 in these
thidiazines isvclearly‘defihed on the basis of coupling

constants JHQHS..

Thelnitroalkeneé, in general, participates as a 27 component
in Diels=Alder reactions with all carbon dienesSB’Sa. It has
‘also been found to participate as 4 77 component in case of
reactions with alkenes, enol ethe;s, enolates, allylsilanes
and enamines>>~52, Also, Gilchrist and co-workers have shown
that the nitiosoalkenes»participate as 27 and 47 components
in case of reactions with all carbondienes and dienophiles
respectively. We have investigated the reactions of nitro-
alkenes and nitrosoalkenes with enaminothiones in order to

- understand as to which of these components behaves as a diene

- and which as a dienophile., The results of these investigatiohs

are reported in chapter III. 1In case of nitroalkenes the
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products, thiopyran derivatives are characterized on the

basis of analytical and spectral data., The stereochemistry

a¥ the individual carbon atoms is défined-on"the basis of
coupling constants. In case of nitrosoalkenes the producté
have been characterized as 3-aryl-=3-(2-aryl-2-oximinoethylthio)

prop=2=enal.

There have been few reports of formal 471 participation of
1—thiabutadienes.mith strained alkenes such as m:n:t:nornyleness"68
(Scheme 12). We have investigated thé 47v participation of
thioamide“vinylogs with norbornylene and dicyclopentadiene

which also form part of chapter III.

Thé chapter IV deals with the reactions of thioamide vinylogs
with isonitriles anﬁ isothiocyanates. This chapter also includes
the reactions of N,N-~dimethyl-N’=thiobenzoylformamidine and
N,N«dimethyl—N;-phenylthiocarbamoylformamidine with N-aryln‘
benzimidoyl‘chlbiides. The probable mechanistic pathways

leading to the formation ofjvarious products in these reactions

have also been discussed,
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