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P 'R E F A C E 

The heterodienes are of great interest to organic chemists 

because of the important role they play in synthetic organic 

chemistry. Their study has illuminated many aspects of 

synthetic and mechanistic chemistry. The chemistry of thio-

amide vinylogs and related compounds has developed enormously 

over the last ten to fifteen years. The synthetic scope of 

these versatile synthons still remains unexploited to a 

considerable extent. This-dissertation reports the reactions 

of thioamid~ 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 thioamide vinylogs with 

ethy~ azodicarboxylate. The formation of various substituted 

thiadiazines in these reactions has been substantiated with 

the help of 13c NMR,· PMR and analytical data. 

Chapter III destribes the reactions of thioamide vin~logs with 

nitroalkenes, nitrosoalkenes, 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• 



.. 
II 

N'-thiobenzoylformamidines and N;N-dimethyl-N'-phenylthiocarba-

moylformamidines with N-arylbenzimidoyl chlorides. Mechanistic 

pathways leading to the formation of various products have also 

been discussed. 

The entire documentat~on in this thesis is supported by appro-

priate references. 



CHAPTER I 

INTRODUCTION 

The cyclenic ~ ,0-ethylenic thioketones (1) are known to be 

relatively stable. However the acyclic ~ ,0-ethylenic thio­

ketones are unstable and are known to polymerise rapidly1 ~ 

The conjugation of the two ~ bonds with the lone pair of 

a hetero atom (S,N •••••• ) stabilises the corresponding 

ethylenic thioketones 2 by a push pull effect between the 

electron donor nitrogen and electron acceptor the thiocarbonyl • 

• 
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The G-aminovinylthioketones 2 are examples of this and are 

e 

b 
s s 
II 2 3 I EB__..... 

R-C-C=C-N/ R-C=C-C==N 
1 I I ' I I ' 

1 2o 2b 

referred to as "thioamide vinylogs" or "enamino-thiones" in 

this thesis. 

Synthesis of the thioamide ~inylogs/enamino-thiones : 

A careful scanning of literature reveals that almost all 

reported methods of synthesis of thioamide vinylogs are based 

on one of the following three approaches. The first approach 

involves the conversion of carbonyl or its 0-alkylated deri-

vative into a thiocarbonyl or of a carbon chloride into 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 G-mercapto-aldehydes where the mercapto group is 

attached before condensation of the amine on the aldehyde15- 17 

(Scheme 2). 

The third approach to the synthesis of thioamide vinylogs 

in~olves the opening of sulfur-containing rings (1,2-dithiole 
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or isothiazole) which are usually of a cationic nature. The 

ring opening is effected by an amine or hydrogen sulfide 

(Scheme 3). 

fl~actions of thioamide Vinylogs: 

The thioamide vinylogs are stable crystalline red compounds 

and form a group of extremely reactive synthons which undergo 

a number of addition elimination reac~ions. These also undergo 

a large variety of {4+1) and {4+2) cycloaddition reactions 

resulting in various heterocyclic compounds. The characteristic 

reactions of these thioamide vinylogs also include the electro-

philic reaction~ at sulphur, nucleophilic reactions at carbon 1 
28 and ~ • 

Electrophilic reactions at sulphur: 

The thioamide vinylogs have been known to react readily with 

methyl iodide leading to S-methylated salt. For example, N,N-

dialkylated thioamide vinylogs (~) on treatment with methyl 

iodide resulted in imminium salts (~) which can be hydrolysed 

to aldehyde (~) and in turn reduced to alcohol (5). The depro-

tonation of the imminium salts formed in case of N~aryl-thioamide 

vinylogs (§) resulted in a potential heterodiene, ~aryl-1-

aza-1,3-butadiene (1) 29 ' 3g (Scheme 4). 

The similar imminium salt obtained on treatment of 2 with 

~-bromomethylketones could be cyclised to-2-acylthiophenes 

(~) 31 • Similarly when£ was reacted with phenylacetyl chloride 
• 

the resulting iminium chloride (9) on addition of triethylamine 
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n 
0 

underwent cyclisation to thiopyranone (1Q) 31 • This could be 

considered as a phenylketene equivalent reaction of thioamide 

vinylogs (£) (Scheme 5). 

Nucleophilic reactions at carbons 1 and 3: 

The thioamide vinylogs are known to undergo nucleophilic reac-

tions at carbons 1 and 3 with a number of nu~leophilic reagents. 

For example, isothiazoles (ll) are isolated when the thioamide 

vinylogs (£) are reacted with ammonia in presence of elemental 

sulfur and the reaction was thought to proceed through 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 

of thioamide vinylogs is a very general reaction 32 (Scheme 7, 

Reactions 1-6). The alkylamine and arylamine groups could be 

substituted by other alkylamines and arylamines using amine -

acetate or amine hydrochloride in ethano1 32 • The attack of 

amines on the thiocarbonyl group could be realised by their 

reaction in presence of acetic acid and sodium acetate33 (Scheme 7). 

The thioamide vinylogs have also been known to react with hydro-

xylamine, hydroxylamin~~ulphonic acid and with hydrazine to 

. . 1 10 . th' 1 34 d 1 30,35 t• 1 
g~ve ~soxazo es , ~so· ~azo es an pyrazo es respec ~ve y. 

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 

reaction. Quiniou et al36
t
37 have studied these reactions in 

detail and have made a number of interesting revealations. For 

example, when organomagnesium (or lithium) reagents were treated 

with thioamide vinylogs the initially formed metal complex on 

alkylation led exclusively to Z-~,G-unsaturated thioether(~). 

In contrast the inverse reaction of the iodomethylated thioamide 

vinylogs resulted in a mixture of Z and E isomers. Inter~sti~gly, 

the intermediate 13 obtained in the case of the addition of 

arylmagnesium halide to the thioamide vinylogs did not lead 

either to the aminated and possibly enethiolyzed thioketone, 

or its elimination product the ethylenic thioketone. The only 

compound isolated was the dimer of ethylenic thioketone 12• 

The intermediacy of the metal complex JJ., in these reactions 

was proved by its reaction with another dienophile which gave 

...--g% of 1§. and ,......_55% of 12 (Scheme 8). Compounds of the type 

1£ could also be obtained in excellent yields by heating the 

dimer 12 in presence of acrylic compounds. 

The treatment of the thioamide vinylogs £with iodomethyl­

magnesium chloride gave the thiophene derivative 11 and is 

one of the rare examples of (1+4) cycloaddition reactions of 

metal carbenoids. 

Cycloaddition reactions: 

Thioamide 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 £with 

dienophiles like ketenes, sulphenes, aldehydes, ketones, esters, 

nitriles, acrylic amides and carbocyclic/heterocyclic compounds 

possessing an endocyclic double bond ar~ summarised in Scheme ~· 

The reaction of thioamide vinylog with 1,3-dipolar benzonitrile 

oxide resulted in the conversion of thioamide vinylog to its 

oxygen analog. The reaction was believed to proceed through 

the oxathiazole intermediate (lQ) which decomposed to amide 

. 33 34 
v~nylog (~) ' • 

N,N-dimethyl-N'-thioaroyl formamidines (20), a structural analog 

of thioamide vinylog where the carbon adjacent to thiocarbonyl 

is replaced by a nitrogen atom, constitute another group of 

extremely reactive synthons which leads to the synthesis of 

a large variety of heterocyclic compounds. The thioaroylfor­

mamidines (20) formed easily by the reaction of thioamides with 

N,N-dimethylformamide dimethylacetal 45 have been found to 

decof~!pose to st.arting thioamide on exposure to moisture. Lin 

et al have reported that the reaction of N'-thioaroyl-N,N-

dimethylformam.i:dines (20) and N'-phenylthiocarbamoyl-N,N-dimethyl­

formamidines46 (£1) with an aminating agent such as 0-(mesitylene­

sulfonyl) hydroxylamine47 or hydroxylamine-0-sulfonic acid46 

led to the formation of 1,2,4-thiadiazoles (22) (Scheme 10). 

Quiniou et al have shown that thioacylformamidines like thioamide 

vinylogs, undergo successful (4+2) cycloaddition reactions with 

ketenes, sulfenes, ~ ,B-unsaturated ketones, ~ ,B-unsaturated 
• 
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esters, ,(, , 13-unsaturated ni tr i 1 es, and tiC , 13-unsa tura ted ami des 

resulting in various thiazines derivatives. Thioacylformami-

dines ( 20) were also found to react with ~ -.haloketones to 

give thiazole derivative48- 50 (Scheme 11). Quiniou 1et al have 

reported that the cycloadducts 23, formed in the case of the 

reactions of thioacylformamidines with acetylenic esters undergo 

retero Diels-Alder reactions resulting in new thioamide vinylogs 

which in turn reacted with different dienophiles to.yield 

. th. d . t. 51 var1ous 1opyran er1va 1ves • It has been established that 

the presence of electron donating substituents (N() at C-3 

position of thioamide vinylogs stabilizes the monomeric forms 

and discourages the (4+2) dimerization reaction which normally 

occu~ in other 1-thiabutadienes 52 • It also improves the 4fl 

participation of thioamide vinylogs in Oiels-Alder reactions 

with typical electron deficient dienophiles. 

The literature survey clearly reveals that although there are 

a number of reports concerning the reactions of thioamide 

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 aspects of thioamide vinylogs and 

related compounds • 

• 
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The azodicarbonyl compounds have been found to participate 

both as 47T and 2 7T components in the Di els-A! der eye! oaddi-
1 

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 thioamide vinylogs as heterodienes.towards azo carbonyl 

compounds, the investigations concerning the reactions of 

thioamide 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 is clearly defined on the basis of coupling 

The nitroalkenes, in general, participates as a 2 n component 

in Diels-Alder reactions with all carbon dienes 53 , 54 • It has 

'also been found to participate as 4 n component in case of 

reactions with alkenes, enol ethers, enolates, allylsilanes 

and enamines 55- 62 • Also, Gilchrist and co-workers have shown 

that the ni trosoalkenes participate as 2 7T and 47\ components 

in case of reactions with all carbondienes and dienophiles 

respectively. We have investigated the reactions of nitro-

alkenes and nitrosoalkenes with enamin~hiones in order to 

understand as to which of these components behaves as a diene 

and which as a dienophile. The results of these investigations 

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

basis of analytical and spectral data, The stereochemistry 

at the individual carbon atoms is defined on -the basis of 

coupling constants. In case of nitrosoalkenes the products 

have been characterized as 3-aryl-3-(2-aryJ-2-oximinoethylthio) 

prop-2-enal. 

There have been few reports of formal 4n participation of 

1-thiabutadienes with strained alkenes such as norbornylene 63 - 66 

(Scheme 12). We have investigated the 4n participation of 

thioamide ·vinylogs with norbornylene and dicyclopentadiene 

which also form part of chapter III. 

The chapter IV deals with the reactions of thioamide vinylogs 

with isonitriles and isothiocyanates. This chapter also includes 

the reactions of N,N-dimethyl-N'-thiobenzoylformamidine and 

N,N-dimethyl-N'-phenylthiocarbamoylformamidine with N-aryl­

benzimidoyl chlorides. The probable mechanistic pathways 

leading to the formation of various products in these reactions 

have also been discussed • 

• 
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CHAPTER II 

CYCLOAODITION REACTIONS OF THIOAMIDE 
VINYLOGS WITH ETHYL AZODICARBOXYLATE 

2.1 INTRODUCTION 

In gen~ral, the -N=N- dienophiles are more reactive than 

the corresponding -C=C- compounds, because of their low 

energy L~~o. Azo compounds in which the azo bond is 

flanked by one or two carbonyl groups, in contrast to 

the aliphatic or aromatic azo compounds, possess a highly 

reactive -N=N- bond which reaoilyparticipates in cycle-

addition reactions. In recent years the azo compounds 

• 



• 

2Z> 

flanked by carbonyl groups have found wide use as reactive 

dienes, dienophiles, enophiles and electrophiles. Many 

of these reactions easily lead to a variety of heterocyclic 

compounds. Some of these aspects concerning azo carbonyl 

d . d . t . 1,2 compoun s are summar1se 1n recen rev1ews • 

The first use of diethyl azodicarboxylate as a dienophile 

was reported in the formation of Diels-Alder adduct A 

with cyclopentadiene3 • The Diels-Alder reactions of 

diethyl azodicarboxylate and 4-substituted butadienes 

B occur rapidly, and the adducts £ are obtained in high 

yield wherein the initial configuration of the diene 

substituents is retained 4 • It has also been reported 

that in certain cases the initial Diels-Alder adducts 

of azodicarbonyl compounds are labile and undergo 'rearran­

gements. In a series of articles Mackay et al 5 have 

shown the initial Diels-Alder add~cts the diazines 

formed by the reactions of cyc~~pentadiene~ cyclopenta-

dienones and 2,5-dimethyl-3,4-diphenyl cyclopentadiene 

with azodicarboxylates rearrange to 1,3,4-oxadiazines 

·the formal Di els-Al der ad ducts formed by 4 7T par ti cipa-

tion of azodicarbonyl compounds (Scheme 1). In a recent 

review article O.L. Boger has discussed that azodicarboxy-

lates are best recognised, for their ability to participate 

as 2n components in Diels-Alder reactions with dienes 

and for their effective participation in the reactions 

w i t h simp 1 e o 1 e f i n e s 2 ~ However o 1 e fines 1u h i c h do not 
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contai~ a reactive allylic hydrogen and therefore cannot 

enter into an ene reaction may react with azo dicarbonyl 

~ompounds by two different modes: (2+2) cycloaddition to 

give 1,2-diazetidines and (4+2) cycloaddition to give 

1,3,4-oxadiazines with the azo dicarboxylate acting as 

47T component of the c ycl oaddi ti on. Typical 4 7\ Die 1 s­

Alder reactions are summarised in Scheme 26- 11 • 

Apparently a number of reports have appeared in litera-

ture concerning the reactions of azo carbonyl compounds 

with electron rich olefines and all catbon dienes but 

the reports concerning reactions of azo carbonyl compounds 

and heterodienes are very rare. We have investigated the 

reactions of thioamide vinylogs with ethyl azodicarboxylate 

in order to examine the reaction pathway followed and the 

nature of the products formed in these cases. 

2.2 RESULTS AND DISCUSSIONS 

• 

For the present studies the thioamide vinylogs have been 

prepared from enaminones (Scheme 3). A number of methods 

have been reported in literature 12- 15 (Routes A and B) for 

the preparation of these enaminones and almost all of 
I 

these have been used with varying degrees of success. 

For our purposes we have followed the method described 

in'~oute c' 16- 18 which have been found to give the best 

results. The enaminones are then converted to enaminothiones 
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by the methods described in Scheme ~ 19 , 20 • 

Treatment of 3-N-arylamina-1-phenylprapene-1-thione(?) 

with an equivalent amount of ethyl azadicarbax¥late (l) 

in dry benzene fallowed by careful work-up of the reaction 

mixture resulted in very goad yields (70-90%) of (4+2) 

cyclaadducts which have been characterized 

as hitherto unknown 2,3~diethaxycarbonyl-4-N-arylamina-

6-phenyl-4H-1,2,3-thiadiazines (~). The ather possible 

structures, diazetidine derivatives 5 and axadiazine 

derivatives£ farmed via the (2+2) cyclaadditian of~ 

and l and (4+2) cyclaadditian of ~ and 3 involving l as 

4~ component respectively are ruled aut an the basis 

1 1 3 . of H NMR and C NMR spectra of the adducts. 

Analytical results far compound 4a, far example, have 

shown that it has molecular formula c21 H23 N3o4 s and its 

t . -1 IR spectrum showed a NH s retching frequency at 3375 em 

and·the carbonyl absorption bands at 1730 and 1715 cm- 1 • 

The proton NMR spectra of ~ are of interest, far example, 

1H NMR.spectrum (COC1 3 ) of 4a (Fig.1) showed two triplets 

at 60.B3(3H) and 61.33(3H), a multiplet at b4.04(2H), 

another multiplet at b 4.36(3H), a doublet at b 6.00 

(J=6Hz) (1H), a multiplet centred around ~ 6.24, a 

'I doublet at ~ 6.74(J=BHz) and a group of partially res olvP.d 

signals at b 7 .30( BH). Of the twa triplets due to two 

methyl groups, the methyl group marked 'a'appears at 
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higher field probably due to the shielding effect of N-aryl 

functi6n. The multiplet at b4.04 is assigned to methylene 

protons 'b', the multiplet at b 4.36 is assigned to the 

other methylene protons and NH proton. This is supported 

by the appearance of a quartet due to the two methylene 

protons in this region in o2o exchange 1H N~R spectrum 

(Fig.2). The doublet at b 6.00 is assigned to the vinylic 

proton Hd and the multiplet at b 6.24 is assigned to the 

methine proton. This multiplet would be expected in view 

of the fact that He proton will be split both by Hd and 

-NH- proton. The o2o exchange proton NMR further confirms 

this assignment which showed a quartet for He and Hd 

(Jcd=6 cps). Coupling constant value of Jed of 6Hz indicate 

an equatorial position for H 21 • The doublet at ~6.74 c 

is assigned to the ortho protons of the aniline nucle~ 

as one would expect these protons to appear at a higher 

field due to the electron donating ability of the amino 

function. Finally the group of. partially resolved signals 

at b 7.30 is assigned to the other aromatic protons. The 

PMR spectra of other thiadiazine derivatives are reported 

in table 1. Surprisingly the methylene protons marked '~ 

appear as a multiplet, except in case of 4f where these 

appear as a quartet, in the PMR spectra of ~· The cause 

of this multiplicity is not well understood and could 

probably be due to the somehow non-equivalence of these 



~0 

methylene protons. 

Further support for the structure of 1 4a was obtain~d from 

the 13 c NMR spectrum assignments made with the help of· 

coupled spectrum (Figs. 3 & 4). The methyl carbon attached 

to protons marked 'a'is assigned at b13.55 whereas the 

other methyl carbon is observed at b14.47. The methylene 

carbon attached to protons 'b'and the other methylene 

carbon are observed at b 63.11 and 63.80 respectively. 

The carbons C-4, C-5 and C-6 are assigned at 6 61.51, 

113.88 and 139.29 respectively. The signals at b113.07 

3 (one JC,H ?Hz'in the coupled spectrum), 119.03 (two 

3 Jc,rF-7Hz indicated by the splitting of each line of the 

doublet into a triplet), 134.47 (two 3JC H ,.._7Hz), 139.29 
' 3 ~ 

and 144.31 (two JC H :.-.?Hz) are assigned to-N-Q -N-Q~ 
' H-"' ) H 1 

and -N~ respectively. All other 
H J"Y 

aromatic carbons are assigned at b127.03, 129.08 and 130.08. 

Finally the two carbonyls ar.e assigned at b 154.74 and 

155.23. Further confirmation about the structure of 4a 

was obtained from its mass spectrum which showed the 

absence of molecular ion peak and showed the peaks due 

+ + + -t-t o M -5 , M - C 6 H 5- C == C , l'fl - 2 C 0 2 C 2 H 5 and _....C= c......_ ~ • • 
H

5
C6 H 

In continuation of our investigations we have examined 

the reactions of 3-N,N-dimethylamino-1-arylpropene-1-

thiones (1) with ethyl azodicarboxylate (~). Thus the 

•benzene solution of l:quimolar amount of 3 was added dropwise 



to th~ benzene solution of 1 at room temperature. The 

reaction was complete within 10 minutes as indicated by 

the disappearance of the red colour of t~ thioamide vinylogs 

(1)• The complete removal of the solvent under reduced 

pressure resulted in a viscous mass, the TLC of which 

showed traces of impurities. It defied all attempts of 

final pu~ification and passing it through a silica gel 

column resulted in the isolation of ethyl hydrazodicar-

boxylate. The probable mechanism for the formation of 

ethyl hydrazodicarboxylate is outlined in Scheme 5. The 

viscous imass has been characterised as previously unknown 

2,3-diethoxycarbonyl-4-N,N-dim~thylamino-6-aryl-4H-1,2,3-

thiadiazines (l) on the basis of spectral evidences. The 

IR spectrum of 7b, for example, showed carbonyl absorption 

bands arounq 1735 cm- 1 and 1725 -1 em • Its 1H N~R spectrum 

showed superimposed triplets at b 1.38(6H) due to two methyl 

protons, a singlet at b 2.42(6H) due to -N(CH 3 ) 2 protons, 

two. superimposed quartets at b 4.35(4H) due to four methylene 

protons, a doublet at ~ 5.57 due to methine proton H4 (J 4 , 5 = 

3Hz), another doublet atb5.94 due to vinylic proton H5 

(J 4 , 5=3Hz) and a group of unresolved signals at ~ 7.4U(4H) 

due to aromatic protons. The coupling constant value J 4 5 ' 
of 3Hz indicates an axial position for H4 • Further confir­

mation about the structure of 7b is obtained from its mass 

spectrum which showed the molecular ion peak at 399(7) and 

the other important peaks are observed at 366(3)(~+-SH), 
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326(3)(M~-co 2c 2 H 5 ), 299(16)(Mt-N~~?.CO), 264(21)(Mt-s, 

-co 2c 2H5 , -c 2H5), 225(36)(1b), 210(25)(1b-CH3 ), 192(78) 

(1b-SH), 181(15)(1b-N(CH3 ) 2),157(44)(1b-N(CH3 ) 2 , -S) and 

29(1DO)(c 2H5). 

The equatorial and axial orientation fur H4 in case of 4 
I 

and l respectively indicate the concerted nature of 

enamino-thiones cycloadditions with ethyl azodicarboxylate. 

The difference in coupling constants J 4 , 5 in case of 4 and 

1 cannot be attributed to the diff~rence in the substituted 

amino function at position-3 since in that case the J 4 , 5 

for thiadiazine 7 should have been higher than that of 

th . d. . 422 la laZlne • 

• 



2.3 EXPERIMENTAL SECTION: 

• 

All the melting points were determined on a "Toshniwal" 

melting point apparatus and are uncorrected. IR spectra 

were recorded on a Perkin-Elmer model 297 IR spectrometer. 

1H NMR traces were recorded on a Varian EM 390 90 MHz 

spectrometer. 

Starting materials: 

The commercial samples of 4-Chloroacetophenone, 4-bromo-

acetophenone, 4-methylacetophenone, aniline, o-chloroani-

line, m-chloroaniline, p-chloroaniline, p-bromoaniline, 

a-toluidine and p-toluidine were purified before use. 

N,N-Dimethylformamide dimethylaceta1 23 and N,N-dimethyl­

formamide diethylacetal 23 were .prepared according to the 

known procedure. 

General procedure for the preparation of 3-d~m~thylamino-

19 1-arylpropene-1-one : 

A solution of 25g (0.19 mol) of 4-methylacetophenone in 

50 ml of N,N-dimethylformamide diethylacetal (N,N-dimethyl-

formamide dimethylacetal was used for 3-dimethylamino-1-

phenylpropene-1-one, 3-dimethylamino-1-(4-chlorophenyl) 

propene-1-one and 3-dimethylamino-1-(4-bromophenyl) 

propene-1-one) was refluxed for 20 hours during which 

time some ethanol was formed and removed through condenser. 

After cooling the solution deposited yellow crystals of 



3-dimethylamino-1-(4-methylphenyl)propene-1-one,ni•P• 95°C 

(lit. 19 m.p. 95-96°C). 

3-Dimethylamino-1-phenylpropene-1-one, m.p. 96-98°C, 3-dimethyl­

amino-1-(4-chlorophenyl)propene-1-one,m.p. 84-86°C and 3-

dimethylamino-1-(4-bromophenyl)propene-1-one, m.p. 75-77°C 

were prepared similarly. 

General procedure for the preparation of 3-dimethylamino-

1-arylpropene-1-thione19: 

To a sol~tion of 22.6g (D.12 mol) of 3-dimethylamino-1-

(4-methylphenyl)propene-!-one in 80 ml of anhydrous dichloro­

methane at D°C was added a solution of 11.2 ml(D.12 mol) 

of phosphorous oxychloride_ in 3D ml of anhydrous dichloro-

methane over a period of 2 minutes. The reaction mixture 

was then stirred at room temperature for 1D minutes during 

which peiiod ( 1-chloro-p-methylcinnamylidine) dimethylammo­

nium phosphorodichloridate precipitated out from the reaction 

mixture as yellow crystals (if necessary the reaction mixture 

was scratched with a spatula to induce the precipitation of 

the phosphorodichloridate salt). The stirring was continued 

at room temperature for another 1D minutes and then at 0°C 

for 1D minutes. The yellow crystals were collected by 

filtration, washed with small amount of dry djchloromethane 

and added to a stirred ice cooled solution of 50.4g (D.3 mol) 

of sodium perchlorate in 1DO ml of water. The reaction 

mixture ~as vigorously stirred at D°C for 20 minutes • • 



The perchlorate separated out as yellow crystals was 

collectep by filtration, washed with an ice-cold solution 

of 10g of sodium perchlorate monohydrate in 100 ml of water, 

dried'by suction and then washed with 50 ml of cold ethanol 

followed by 50 ml of cold ether, m.p. 0 201-203 c. 

The yellow perchlorate (56.3g) was added over a period of 

3 minutes to a stirred ice cold mixture of N,N-dimethyl-

formamide (250 ml) and a solution of sodium sulfide nona-

hydrate (35.0g, 0.14~ mol) in 40 ml of water. The reaction 

mixture wa~ stirred at room temperature for two hours and 

then diluted with 600 ml of water. After being cooled in 

a refrigerator over night, the solution deposited the 

reddish orange crystals of 3-dimethylamino-1-(4-rnethyl­

phenyl)propene-1-thione (1), m~p. 135-136°C. · 

3-Dimethylamino-1-(4-chlorophenyl)propene-1-thione, m.p. 

119-120°C; 3-dimethylamino-1-(4-bromophenyl)propene-1-thione, 

m.p. 118-119°C and 3-dimethylamino-1-phenylpropene-1-thione, 

m.p. 115-116°C were prepared similarly. 

General procedure for the preparation of3-anilino-1-phenyl­

propene-1-thione (2) 20 a: 

A solution of 0.5g of 3-dimethylamino-1-phenylpropene-1-

thione (1) and 0.36g of aniline in benzene (80 ml) was 

refluxed for 4 hours. The solvent was then removed under 

reduced pressure and the residue containing 3-anilino-1-

phenylpropene-1-thione was recrystalised from ethanol, 
• 
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( . 20b o ) m. p • 1 0 2 l.1. t. m. p • 1 0 5-6 C • 

Similar procedure was followed for the preparation of 

3-o-chloroanilino-1-phenylpropene-1-thione, rn.p. 90°C: 

3-m-chloroanilino-1-phenylpropene-1-thione, m.p. 118°C: 
' 

·3-p-chloroanilino-1-phenylpropenc-1-thione, m.p.129°C: 

3-p-bromoanilino-1-phenylpropene-1-thione, m.p. 138°C: 

3-o-toluidino-1-phenylpropene-1-thione, m.p. 82°C (lit. 20 a 

m.p. 84-85°C): 3-p-toluidino-1-phenylpropene-1-thione, rn.p. 

140°C (lit. 20 a m.p. 142-145°C)· •. 

Procedure for the preparation of Ethyl azodicarboxylate: 
. 24 

A. Ethyl hydrazodicarboxylate : 

• 

In a 3-1 three necked flask, equipped with a mechanical 

stirrer, two 500 ml dropping funnels and a thermometer, 

is placed a solution of 75g (1.5 mol ) of 100% hydrazine 

·hydrate in 750 ml of 95% ethanol. The reaction flask 

is cooled in an ice bath and 326g(3 mol ) of ethyl 

chloroforrnate is added dropwise with stirring a rate 

sufficient to maintain the temperature between 15° to 

20°. After exactly one half of the ~hyl chloroformate 

has been introduced, a solution of 159g (1.5 mol ) of 

sodium carbonate in 750 ml of water is added dropwise 

simultaneously with the remaining ethyl chloroformate. 

The addition of these two reactants is regulated so 

that the temperature does not rise
1
above 20°. The 

addition of the chloroformate is comrleted slightly 
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in advance of the sodium carbonate, thus maintaining 

an excess of the chloroformate in the solution at all 

times. During the course of addition of the reagents, 

a p~ecipitate is formed. 

After addition of the reactants is complete, the wnlls 

of the flask are washed down with 200 ml of ice cold 

water and the reaction mixture is allowed to stirr 

for 30 minutes. The precipitate is then ~ollected 

on a Buchner funnel, washed well with about 1 lit. of 

cold water and dried in a vacuun1 desiccator. The product 

0 melts at 131-133 c. 

B. fthy!_§Zodicarboxylate: 

A mixture of 20g of ethyl hydrazodicarboxylate in 

12.5 ml of 70% nitric acid is placed in a 1 lit. 

three necked flask e~uipped with mechanical stirrer, 

gas out let tube and thermometer. The flask is cooled 

in an ice bath and when the temperature of the solution 

reaches 5°, cold yellow fuming nitric acid (90-95% HN0 3 ) 

(22,ml) is added. The reaction temperature is maintai­

ned at 0-5° for two hours with stirring and the reaction 

mixture is then carefully poured on a stirred mixture 

of SOg of ice, 50 ml of ice water and 10 n1l of methylene 

chloride. After melting of ice the solution is trans -

ferred carefully to a 2 lit. sepatatory funnel. The 

• organic (lower) layer is removed and the acid layer ·is 
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extracted with three 10 ml portions of methylene chloride. 

The combined organic layers are washed with 10 ml port-

ions of ice water and are then stirred mechanically 

for 10 minutes with 50 ml of ice cold 10% potassium 

bicarbonate solution. The organic layer is fin~lly 

washed ~ith 10 ml of ice water and dried quickly with 

a small portions of anhydrous magnesiurrr sulfate. The 

solution is then dried over night with a fresh rortion 

'of anhydrous magnesium sulfate. The methylene chloride 

is then removed on a steam bath under reduced rressure 

and the residue is rapidly distilled under vacuum (1-5 mm) 

from a flask immersed in an oil bath whose temperature 

· · d d 11 f 75° to ,-zo 0
• 1s ra1se gra ua y rom J The crude distillate 

is then fractionally distilled under vacuurn using an 

oil bath to heat the distillation flask. The main 

f r a c t i on i s c o 11 e c ted a t 9 3- 9 5°/ 5 rlllll • 

General~procedure for the reactions of 3-anilirlo-1-phenyl-
I 

propene-1-thione with ethyl azodicarboxylate: 

To a stirred solution of 3-anilino-1-phenylpropene-1-thione 

(0.48g, 0.002 mol) in dry benzene (15 ml) was added a benzene 

solution {5 ml) of ethyl azodicarbpxylate (0.35g, 0.002 mol) 

and the reaction mixture was stirred at room terTiperature 

for 10 minutes. The oily residue obtained after the removal 

of the solvent under reduced pressure was stirred tuith 

hexane. The solid so obtained D.Gg (70~) was f3ltcred and 
• 



recrystallised from a mixture (1:1) of benzene and hexane 

and was characterised as 2,3-diethoxycarbonyl-4-anilino-

6-phenyl-4H-1,2,3-thiadiazine,- rn.p. 118°C: IR(I<Dr) ~max= 

~C=O 173~ cm- 1 , 1715 cm- 1 ; C=C 1605 cm- 1 ; NH 3375 cm- 1 ; 

Analysis calculated for c21 H23 N3o4s: C,61.02; H,5.56: 

N,10.17%; Found: C,60.75; H,5.35: ~J,10.20%. 1H ~JI'rlR(COCl 3 ) 

b ppm : 0 • 8 3 ( t , 3 H , - fJ-~-C ~ 3 ) ; 1 • 3 3 ( t , 3 H , C H 3 ) ; 4 • 0 L~ ( rn , 2 H b ) ; 

4.36(m,3H,-OCH 2- and NH); 6.00(d,1H,Hd,J=6Hz), 6.24(m,1H, 
H . 

He); 6,74(d,2H,-~ ): 7.30(m,BH,aromatic). 
. H . 

The reactions of other substituted 3-N-arylamino-1-phenyl-

propene-1-thione with ethyl azodicnrboxylate were carried 

out by following the same procedure (Table 1 and 2). 

Thneral Procedure for the reactions of 3-~J,r,l-dir;,ethylamino-

1-arylpropene-1-thiones with ethyl azodicarbnxylate: 

To a stirred solution of 3-N,N-dimethylamino-1-2rylprorene-

1 - th ion e ( 0 • 0 0 2 rn o 1 ) in dry ben y c n e ( 1 5 r:il ) was <1 d u c d a 

benzene solution (5 ml) of ethyl azodicarboxylate (0.002 

mol) and the reaction mixture was stirred at room tempera­
! 

ture for 10 minutes. The complete removal of the solvent 

under reduced pressure yielded quantitative an1ount uf a 

viscous mass ~hich was washed with cold petroleum ether 

0 ' (40-60 ), dried under reduced pressure and characterised 

as 2,3-diethoxycarbonyl-4-dimethylamino-6-aryl-4H-1,2,3-

thiadiazines (Table 3) • 

• 



Table 1: F'hysicaJ 2tk"'i '"n':'l vtical ,~r:~:a f1-:r cnm'-ounos 42-40 
~ 4 --

---------·----
CcJ~11r :()1J11,-: n ··~; e ld Calc. 

r. rr~,.~J. 
FO\.m,1 ac c ,_ 

---- - ---·-
42 H 1H3 7n f1.r;; 

6C:.75 

4b o-Cl 78 75 SE·. 37 
S6o50 

1c m-Cl 144-146 75 56.37 
56.4 5 

4d p-Cl 138 88 56.37 
S6.43 

Lle p-Br 140 92 51. 22 
51. t;2 

4f o-CH, 98-100 76 61o83 
..J 

61.97 

4a p-CH 120-122 90 61.83 -- 3 
6.1.86 

·-.n::::.=.'-."'~.~ '" 

!-1 N 

c;c r,c, l<'~o17 
5.3!:::. - 1n. ~;:~ 

4 0 Q ;'1 ':.Jo40 
4.86 9.11) 

4 0 9 2 9.40 
4.93 9.32 

4.92 9o40 
4.81 ~./7 

4.47 e. 54 
4.C::.6 8.82 

s. 8 s 9.84 
t;. 9 7 9.81 

s. 85 9.81 
5. 96 G.63 

c . ' 
----

7.75 
7.7-:.. 

7.49 
7.4S 

7.49 
7.36 

c.n 
1-· 
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Com~;oun8 

d-. n. 

11) 

J.c 

4<1 

3:Jec~.:.-~ll 'L~ta f0r c:Jrr:~:ounci s 4-.=t-40 --
. 

:!. -~· \ ~~-~Er) v 
em-" 

~ax 

:-1 3375, 1731) 1 1715, loGS 

.")-·-=1 :::Ji~, 17:::51 1715, lr',t)Q 

-~, 

'":1-·-J. : ] 7 .:: 1 1 7 3 0 1 1 7 1 ~ R 1 i~ ("l ~) 

;-·-.:1 333·J, 1740 1 1720, 16,-JO 

l__ T - ( ~"""'C 1 ) ~ !. 1· !"< -.-J _.4., 3 ~p~m 

' ("'\ n 3 ( ._ '"'.- " C -CH l ' - 3 ( '"" '"'. . ...,. - ) 'J.c "-",.J~,-~...~- .-J,l_•~J _,)M,~_,,:-13 I 4.04 
, a.J 

( ...,H' ~ 3~( 3·· ,-u '.,..) 6 1 0 m,~ ;.....)I '-*• 0 ffie 1!.,-_.;.l...,- .::J..nQ -tr. 1 •·~ 
-~~ L. 

(d,1Hind 1 J=6Hz)" 6.24(m,1H 1 ~c), o.74(d, 
H ...,.. ·T·o J ;:;~·· ) 7 3""" ( g-- - -·' L«!--:,-,_·H~ ' =_,nz,' • 1) m,, :1~ .. -... r-r-!) 

~ ...., ( '- ..., --< . - ), -~- • ) ' ..., ..., ( '- J - - . v • ) -, 
()o.-;4. '-l·):.,-• .. ••r-•J~ 3 1 Loj<· . ._,.J:"!,~-·"1 3 1 .).9() 

(m, 2.H.) 1 .:1-. 3 3 (m, 3H, -cE
2

- and :,;H) 1 6. 0 3 

( 'lt••J J-··) ~'"'-·( 1"•;_.r) 7'"'...,( ,1, .l,.~."J.d' =tJnZ I o.L.,.c rn, ~,l.lt.c , .·.)~ m, 

.. - a . • T' ?r-:., ,.,_c-~.; 
I 

''l 'l ~ ( .J_ 'l -;...... - ( ... -: .... -· t --":...:' ) • - • -· - '-, - ~ 1, - ... ...,J .... --:: fl 

I a~ 

• ( +- 3-. ~- ~ ' 1 • • 3 ~ 1 ;-;I ~; • -;, )_ I 
1 --7 • ) ',_,I 

( ...., . . ' 
rl, "-l~)· , 

,, ' r:: ( 'J .., ~ ,~-.; ) 
'""±-.·-:-·) '· tc-o.J..,- .... ..i..l2-' • ~- (' 1"" --··) ~ ..... ,--._ h 'r-·• b ,.._,, ~_,_...__·, 

- 1'1(- 1•• ·- ~ ··:...<-) Q • ..._. '! 1 ~ ~"""! t l""1 d p V :t) ~ .~ I 6.:4(m 8 1~,~c), 7.17 

(m, 9H, ,:,r-r.) 

I 
'I 8 6 ( t 3.. c ~ ~-. ) 1 • 3 ( .._ 3.. ,.,p ) ..., ·:),... 
· .. •' I n,- -\J-t_,.'J.3 I "-' ~ ..... ,. n, ............ --:..., I ..) •-- V 

' a· . J 

(rn, 2l~J I 4. 33 (ql 2£-1, -CH...,-) I 4. 56 (bl u~l ;,JH) I 
jJ ,_ 

6.00(d,1H,Hd 1 J=6Hz), 6.23(m,1H,Hc), 6.76 
HA~ Hx 

(d 1 2H, -Nj:} ) I 7. 12 (dl 2H, ··NQ , J c x= 
HA . Hx -~ ui 

8Hz), 7. 30 (ml 5H, c
6

H
5

) l\) 



Table 2: Contd o o 2/-

-1 
Compound R IR(KBr) \> em 

max 
--

4e p-Br 338 !:)1 17401 1720, 1600 

4f o-cH
3 

33751 1730, 1715, 1600 

4c p-CH
3 

337c;, 1730, 172\J, 1600 

1n i'JMR (CDC1
3

) 6ppm 

I 
0.92(t,3H,-0-~-CH3 ) 1 1.40(t,3H,CH3 ), 

. a 
4olO(m,2~), 4.44(q,2H,-CH2), 4.58(b,lH, 

NH), 6.06(d,lH1Hd,J=6Hz), 6.26(m,1H,Hc), 
HA~ 

6.80(d,2H,-N~ 1J=8Hz) 1 7o40(m17H, 

~
Hx ~ 

-N and c6H
5

) 
X I 

Oo83(t,3H,-0-C-Cn3), lo33(ti3H,CH3), 2.13 
' a 

(s, 3H, CH3-Ar) 1 3 o 87 (q, 21~), 4. 26 (m, 3H, 

-cH2- and NH) 1 6.06(d 1 1H1Hd,J=6Hz), 6.33 

(m 11H,Hc), 7.16(m,9H,Ar-H) 

0.83(t,3H,-0-~-CH3 ), lo32(t,3H,CH3), 2o25 
a 

(s,3H1H3C-Ar), 3.97(m,2~), 4.32(q,2H1 -

CH2-), 4.17 (b, 1H1 ~JH), 6.10 (d 1 1H1 Hd 1 J=6Hz), 
HA 

6o28(dd,1H,Hc), 6.77(d,2H,-N~ X, 7.04 
Hx H~ 

(d,2H,-N~ ,JAX=8Hz), 7.46(m,5H,C6H
5

) 
Hx 

c .. n 
C.:> 



Table 3: Spectral data for compounds 7e-7d 

Compound R 

7FJ. H 

7b Cl 

7c Ci-13 

7,-1 '3r 

IR (KBr) ~max 

1731), 1725 

1735, 172'1 

1735, 172S 

1740, 1730 

-1 em ~olecular 

formula 

(.f'vi+) 

C17H23N304S 

(36 S) 

c 17H22 clN3o 4s 

( 399) 

C18H2SN304S 

( 3 79) 

c
17

rr
22

3rN 3o
4

s 

( ·i 4 4) 

lH NMR(CDC1
3

)o ppm 

1.30(m,6H,2cH
3
), 2.33(s,6H,-

N(CH3)2),. 4.20(m,4H,2CH 2), 5.50 

(d 1 1H,H4 ,J=3Hz), S.90(d,1H,HS, 

J 4 , 5=3Hz), 7.13(m,r.H,Ar-n) 

1.38(m,6H,iCH~), 2.42(s,6H, 
~ 

N (CH
3

) 
2
), 4. 35 (m, 4H, 2CH

2
), 5. 57 

( d , 1 H 1 H 4 , J 4 , 5 
= 3 Hz ) , 5 • 9 4 ( d , 1 E, 

H5, J 4, s=3Hz) I 7. 40 (ml 4HI .\r-I·I) 

1. 30 (rn, 6H, 2CH
3

) 1 2. 30 (s, GH, 

N(CH
3

) 2), 2.40(3 1 3H,H
3
C-Ar), 

4 ') 0 ( A • • "'~• • ) !:: !:: 3 (r-=l 1• • '• 
• ,_ 1,. ffi 1 : t f1 1 .t- L..i1..-, 1 I • J .. ,....t I r1 1 n 4 1 

£, ·-t 

J=3Hz), S.90(r'l 1 1E,!-I .... ,J=3H::::), 
'J 

7. 30 (m, 4H 1 .\r-11) 

1 3 3 ( 6 .. , C" ) , <,... ( c 6r- -• m, n,t:- r13 ,~ ..... o ... J, .cl, 

N( r~ ) ) .1 ..., 3 I~ 'c.: ..., ru ) c: A ? '-'" ' 3 .., I -= • L. \ 'll, "-t ... .. I ~ L.o.&. J.""' , ) • -:r _ _.J 

~ L 01 
( ' 1' · ': .,. - 3 "- ) r.; 9 '"' ( ..:) 1' · r • ~~ Q I M I l .o. ., I 0 - "- .i. L. I · • J l.J.. 1 .f1 I J. ~ c:; I 

~ ~ 

J -]··~' 7 3 .... (- .•.. ~ ••) 
A 5- n~) I • ) IL11 ~r-:, ~...._r-1-1 .,, 
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3.1 INTRODUCTION: 

CHAPTER III. 

REACTIONS OF THIOAMIDE VINYLOGS 
(ENAMINO-THIONES) WITH NITROALKENES, 
NITROSOALKENES, DICYCLOPENTADIENE 
AND NORBORNYLENE 

As discussed in chapter I the thioamide vinylogs have 

been known to participate as 4~ component in a large 

' 
va,riety of Diels-Alder cycloaddi tions with carbon-carbon 

dienophiles. Also, nitroalkenes have been reported to 



participate as 2~ or 4rr components in a variety of 

cycloaddition reactions. The reactions of enamines 

with nitroolefins have been studied in detail and it 

has been observed that the products depend upon the 

choice of enamine, substituents in the nitroolefins 

and the conditions used 1- 4 • The reactions of 1:1 

cycloalkanone derived enamines and nitroolefins lead 

to three types of 1:1 adducts via the Zwitterion inter-

mediate~ (Table 1). With substituted nitroolefins 

lacking an ,(;-substituent, C":'protonation, which is 

usually ob~erved in polar solvents such as acetonitrile, 

~esults in substituted acyclic nitroalkane (~). In 

non-polar solvents such· as hexane intramolecular 

reactions are favoured only with nitroethylene and 

C-alkylation leads to bicyclic nitrocyclobutane (£). 



Table 1: Reactions of 1:1 cycloalkanonesnamine-nitroolefin 

Zwitterion intermediate adduct in aprotic solvents • 

R1 R2 n . Aprotic Reaction solvent type Product Ref. 
type 

Aryl, H n Polar C-protonation ~ 1-3 (C 

Alkyl,H C H(R,)C H(R2)N02 

(N) 
\ 

X ~ 
Aryl, Aryl /2 Polar or C-protonation 

Alkyl,H alkyl non-polar 8 

H H 0' 1 Non-polar Intramolecular 

C-alkylation (~ 4 
N02 

C) 
c 

Aryl, Aryl 0' 1 '2 Polar or. Intramolecular 

~2 Alkyl,H Alkyl Non-polar [1-alkylation (C 1 

"'o 

() 
X 
D 



60 
The ~-substituted nitroolefins with enamines from 

cycloalkanones of less than eight membered ring, in polar 

or non-polar aprotic solvents I ead to cyclic nitronic 

esters (Q) via intramolecular 0-alkylation of Zwitterion 

~· Interestingly, acyclic enamines do not give cyclic 
I 

nitronic esters and instead produce substituted nitro-

alkanes and nitrocyclobutanes with nitroolefins 5• The 

(4+2) cycloaddition reactions of nitroolefins and cyclo-

pentadiene have also been repor~ed in which nitroolefins 

6 participate as 2 7T component • 

Nitrosoalkenes are. usually isolable only if substituted 

7 8 with bulky alkyl or aryl groups, but have been trapped 

as intermediate in a variety of cycloaddition reactions 

wherein these behave as a 4 7\ or 2 7T components. Gilchrist 

et al on the basis of the comparison of orbital energies 

and orbital co-efficients of nitrosoethylene and butadiene 
' 

have clearly indicated that the major jnteraction is 

~ikely to be that between the HOMO of diene and LWMO of 

nitrosoethylene i.e. butadiene acts as the donor and 
g 

nitrosoethylene as acceptor • 

g 
Gilchrist and Faragher have investigated the cycloaddition 

reactions of nitrosoethylene and other simple nitrosoalkenes 

with dienes such as cyclopentadiene, furan and 2,3-

dimethylbutadiene. In all these reactions, nitrosoalkenes 

behave as 4n component (Scheme 1). The adduct so formed 



0 ClH2CyR 

+ HO.....-N 

R = Ph,p-Br C6H5, 

2-furyl 

R'(yR + ClH2CyRh 
HO.,....N 

H3Cy . + ClH2C}(Ph 
H3CA HO/ 

mR 
0~ 

R -
--~R~y-)TPh 

. ~,N 

(l(Ph 

11:'91-J 
HjCCH3 _ 

Scheme 1 
(j.) ..... 



was isolable with ~-nitroso styrene, whereas the one 

formed frum the reaction of nitrosoethylene with cyclo-

pentadiene was unstable. They also observed another mode 

of addition of nitrosoalkene i.e. via N=O bond in the 

reaction between 2,2-dichloronitrosoethylene and cyclo-

pentadiene, but the adduct so formed was unstable. The 

adducts 1,2~oxazines, which possess the inherent weakness 

of the N-0 bond were further used as the precursors for 

other heterocyclic and acyclic systems12 •13 • The nitroso-
I 

alkenes have also been found to behave as 4~ components 

in cycloaddition reactions with electron rich olefins 

1 0 . 11 such as enol ethers and enam~nes (Scheme 2). The 

reactions of nitroalkenes, nitrosoalkenes with enamines, 

cyclopentadiene and cyclohexadiene have been well investigated 

' 
but there are no reports concerning the reactions of 

nitrosoalkenes and nitroalkenes with heterodienes. We 

have investigated the reactions of nitroalkenes and 

nitrosoalkenes with enamino-thiones in order to examine 

the reaction pathway followed and the nature of the 

products formed in 'these cases. As the examples of 

cycloaddition reactions of heterodienes with alkenes 

unsubstituted by a polar electron donating (or withdrawing) 

are very rare. We have investigated the reactions of 

enamino-thiones with dicyclopentadiene and norbornylene. 

The results of all these investigations are ~resented 

here. 



R3 

R10)lR2 

OJt.Ph 

+ 

+ 

CITICOCH3' 

HO"N 

lbase 

yCOCH3 
0~ 

~Ph 
o~N 

fbase 

Cl~Ph 
HO ... N 

R3 
2~~COCH3 

Ft+o ... N 
Rlo 

• ()(Ph 
(N1'-o .. N 
oJPh 

Scheme 2 

Ref. 

10 

11 

(1; 
C..) 



3.2 RESULTS AND DISCUSSIONS: 

3.2.1 Reactions of thioamide vinylogs (enamino-thiones) with 

ni troalkenes 

The reactions of 3-dimethylamino-1-arylpropene-1-thione(l) 

with B-nitroalkenes (l) in methylene chloride at room 

~emperature resulted in the stereospecific formation 

of (2S,3~,4R)-6-aryl-2-aryl/furyl-3,4-dihydro-4-dimethyl­

amino-3-nitro-2H-thiopyranes (~) in qood yields (78-93%). 

The cycloadducts ~ are formed by (4+2) cycloaddition 

reaction of 1 and 3 in which thioamide vinylogs (1) 

participate as 4 7T components. The c yc 1 oadduc ts !!_ are 

characterized on the basis of 'analytical and spectral 

evidences. The cycloadduct 4a, for example, analysed 

for c20 H22N2o2s. Its ~ass spectrum showed the absence 

of molecular ion peak but exhibited strong peaks due 

to retero Diels-Alder fragments at m/z 205 correipond-
~~ /CH 3 · 

ing to the ion CH 3c Q-c-CH=CH-N,CH
3
JT and at m/z 

149 due to LH 5c6-CH=CH-No 2_7 t. ·Further proof for its 

struc~ure could be obtained f~6m its 1H N~R spectrum 

(CDC1 3 ) hppm which showed two singlets at 6 2.33(3H) 

and 2.66(6H). The singlet at 0 2.33 is assigned to 

three methyl protons of H3c-c 6H4 whereas the one at 62.66 

is assigned to six protons of -N(CH 3 ) 2 • The doublet 

of doublet at 6 4.26(JH 3H4= -11 Hz; JH 4H
5

::: ~3Hz), the 

doublet at cS 4.79(JHll 3 :::....-11Hz), unothP.r doublet of 

doubl,et atb5.26(JH 2H3 :=-11Hz, JH 3H4 ""'.-11Hz) and the 



R 

R=H 

+ 
,N, 

H3C CH3 

, 

R1)(H Dry CH2CI2 RlQ .. H
3 

H N02 RT H~N02 

.... -

3 H3C'" 'CH3 4a: R=CH3 , R1=C6H5 

Ill b: R=CH3 .. ~=p-OC!-bC6H4 

H2 c: R=CH3 , R1 = )(J 

HJC H4 
\N 1~~ 

~~1 d: R=CI , R1=C5H5 
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doublet. at 6 6.00 .(JH4H5 =-3Hz) are assigned to the 

protons H4 , H2 , H3 and H5 respectively. The nine 

aromatic protons are .observed as a multiplet at b 7.06-

. 7.13. The coupling constants JH 2H3 =---11Hz and JH 3H4 = 

-11Hz indicate a trans diaxial configuration for H2H3 

and H3 H4 • Also, the coupling constant val~e JH 4H5 of 

about 3Hz indicate an axiai brientation for H4
14 • 

To o~r knowledge this is the first known case of cyclo-

addition reactions of thioamide vinylogs where the 

stereochemistry at C-2, C-3 and C-4 could be clearly 

defined, since in most of the cycloaddition reactions 

of thioamide vinylogs the initial cycloadducts very 

rapidly undergo elimi~ation of dimethylamine. The 

values of the coupling constant between H2H3 , H3 H4 and 

H4H5 are consistent with a stereochemistry which results 

from a concerted cycloaddition of the thioamide vinylogs 

E-isomer with 0-nitrostyrene. Its infrared spectrum 

(KBr) showed strong absorptions at 1610 and 1550 -1 em 

due to C=C and ND 2 stretchings. The final proof for 

the structure of 4a ~as obtained from its 13 c NMR spectral 

assignments made with the help of off resonance decoupled 

spectrum. Its decoupled 13c NMR spectrum exhibited 
I CH 

the peaks atb21.07 (Ar-CH 3 ), 40.51 (-N~CH 3 
), 49;02 

3 
(C-2), 65.99(C-4), B9.29(C-3), 115.54(C-5), 139.02(C-6 

or C-7), .138.20( C-7 or C-6), 134.85( C-10 or C-11) and 
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134.15(C-1.0 or C-11 ). The other aromatic carbons are . 

4a 

observed at6126.34, 127.34, 128.34, 128.98 and 129.28. 

Interestingly the white crystalline cycloadducts ! result 

in dark red solution when dis~olved in chloroform or 

methylene chloride at room temperature and the unchanged 

white cycloadducts are reco~ered on evaporation of the 

dark red solution. This is probably due to retro Diels-

Alder dissociation of 4 ta ~ and l in chloroform/methylene 

chloride solution which is supported by the following 

observations: 

(i) Disappearance of the red colour when other dieno-

philes like dimethylacetylene dicarboxylate are 

added to the methylene chloride solution of 4. 

(ii) Isolation of thiopyran derivative 2 by refluxing 

equimolar amounts of 4 and acrylamide in methylene 

chloride. 



The product~ is identified by its undepressed melting 

point and superimposable IR spectrum with that of authen­

tic sample15 • The dissociation of 4 to 1 and 3 appears 

to be slower in non-polar solvents like benzene since 

the solution of ! in benzene slowly starts turnin~ 

yellowish and becomes red only on prolonged heating. 

The cy.cloadducts !!_undergo elimination of dimethylamine, 

on eluting 1t through silica gel column and on stirring 

its'methylene chloride solution with few drops of acetic 

,acid resulting in good yields (65-BD%) of hitherto 

unknown red crystalline 6-aryl-2-aryl(furyl)-3-nitro-

2H-thiopyrans (~). It is worthwhile to mention here 

that in presence of bases like triethylamine the benzene/ 

methylene chloride solutions of 4 undergo very slow 

' 
elimination of dimethylamine even under refl.••xing 

conditions. This fact probably also indicates cis 

stereochemistry for H3 and -N(CH 3 ) 2 • The formation of 

the adducts !, 2 and £ in these reactions is outlined 

in Scheme 3. The products .after the elimination of 

dimethylamine were characterized as thiopyran derivatives 

§ on the basis of analytical and spectral evidences. 

For example, Sa analysed satisfactorily for c 18H15No 2s. 

Its 1 H NMR spectrum showed two singlets at d 2.36 and 

5.69. The singlet at 62.36 is assigned to three methyl 

protons of H3c-c 6H4 and the one at b5.69 is due to the 



proton H
2

• Two doublets at b 6.63 (J=7-8Hz) and bB.OO 

(J=7-8Hz) are assigned H5 ~nd H4 respectively. The nine 

aromatic protons are observed as a multiplet in the 

region b7.13-7.50. Its mass spectrum exhibited the 

molecular ion peak at m/z 309(M+). Further structural proof 

for Sa was obtained from its decoupled 13 c N~R spectrum 

which showed the peaks at b21.31 (H 3C-Ar), 39.98(C-2), 

113.31(C-5), 147.42 (C-3), 141.38(C-6 or C-7),"139.79 

(C-6 or C-7), 136.76(C-10 or C-11) and 133.09(C-10 or 

C-11). Other aromatic carbons and C-4 are observed at 

6126.46, 127.57, 127.98, 128.39, 128.75, 129.51 and 131.15. 

5o 

In continu3tion of our studies, we have examined the 

reactipns of nitroalkene~ with 3-N-arylamino-1-phenyl­

propene-1-thiones (2) in which the preferred geometry 

involves intramolecular hydrogen bonding between NH 

and sulphur of thione. The treatment of thioamide 

vinylogs (2) with G-nitroalkenes (~) in anhydrous benzene 
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gave (70-78%) of previously unknown (25,3R,45)-2-aryl-

4-arylamino-3-nitro-6-phenyl-3,4-dihydro-2H-thiopyrans(Z)• 

The structure Z has been assigned to products on the 

basis of analytical data and spectral evidences. Compound 

12., fo~ example, analysed for c 24 H22 N2o
2
s. Its mass 

spectrum showed the absence of ~olecular ion peak and 

exhibited strong peaks at m/z 149 and m/z 253 correspond-

+ - ij 
, ing to the ions L- c6 H 5-CH=CH-~JO 2_7. and (_ C 6H 5-C-CH=CH-~-
o-cH3_7! respectively. Its IR spectrum (I<Dr) showed 

absorption peaks at 3400 cm-1 ( .,) rm), 1610 ern -
1 

( -.)C=C) 

and 1545 cm- 1 ( v f\10
2
). The 1 H r.JfY!R spectrum (CDC1 3 ) bppm 

of compo-und ?a sho~ed one singlet at b 2.20 which corres-

ponds ·to three methyl protons and one broad doublet at 

b 3.76, exchangeable with o
2
o, is assigned to NH proton. 

·A multiplet, changing to a clear dd on o2o exchange, at 

64.80 (JH 3 H4 =4Hz, JH 4H
5

=6Hz) could be assigned to H4 • 

The doublet at 6 5.00(1H 2 H 3 ~10-11Hz) is ass~gned to H2 • 

The doublet of doublet at ~ 5.36(JH
2

H3 =1D-11Hz: JH 3 H4 = 

4Hz) is assigned to the proton H3 • The doublet at b6.1B 

(JH 4 H5=6Hz) is due to the vinylic proton H5 • The two 

doublets· at b 6.50 and 6.96 with a coupling constant 

of 8Hz are assigned to the protons Ha and Hb respectively. 

Other ten aromatic protons are observed in the region 

67.13-7.60. The values of coupling constants between 



which results from a cycloaddition of z-isomer of 

thioamide vinylogs (?) involving an endo transition 

state~ We can therefore conclude that the addition 

of 2 and 3 is concerted and results in stereospecific 

product ]_. The coupling con~tant values Jll2H 3 and 

JH 3 H4 .of 10-11Hz and 4Hz respectively indicate trans 

diaxial arrangement for H2H3 and axial-equatorial 

arrangements for H3 and H4 respectively. Further more 

the coupling constant value JH 4 H5 of 6Hz also indicate 
f,. 

an equatorial orientation for H4 • 

The kinetically controlled products ]_ havinq equatorial 

N0 2 at C-3 and axial -NH-Ar at C-4, change to more stable 

products .§. h"l'J3.ng equatorial-rJo
2 

and -1'-HI-/\r at C-3 and 

C-4 under the following reaction condition: 

(i) Stirring a solution of 7 in dry benzene containing 

few drops of acetic acid at roorn temperature for 

five hours. 

(ii) By refluxing a solution of 7 in dry benzene for 

ten hours. 

It is worthwhile to mention here that the same rroducts 
I 

~ have been obtained directly by refluxing a solution 

of 1 and ~ in dry benzene/acetonitrile. The reaction 

is much more faster in acetonitrile as it takes about 

five hours in acetonitrile whereas it takes about ten 

hours in benzene. 



The structure .§. has been. assigned on the basis of analytical 

and spectral data. The analytical results indicated that 

compound Ba has molecular formula cz4 HzzNzOzS• Its mass 

spectrum exhibited the molecular ion peak at m/z 40Z and 

peaks due to retro Diels-Alder fragments at m/z Z53 and 

m/z 149. Its IR spectrum showed absorption bands at 3400 

c m _, ( h r ~ad - N H ) , 1 6 t 0 c m _, ( ~ C = C ) an J 1 S 50 c m - 1 ( -\) ~In ~)· 
. The characteristic evidence in support of assigned 

structure Ba was obtained from its 1 H NMR spectrum. The 

singlet at h Z.23 and a broad doublet at 6 3.6~, exchangeable 

with DzD, are assigned to th~ three methyl protons and 

-NH proton respectively. The doublet at b4.95(JH H = 
z 3 

--11Hz) is assigned to the proton Hz• A multiplet 

converting to a dd on DzD exchange, at 65.09 could be 

assigned to proton H4 (JH H =-3Hz: JH H :c:-11Hz). 
4 5 3 It 

Another doublet of doublet at6 5.31 have been assigned 

to proton H3 (JH H =.JH H =-11Hz). The vinylic proton 
. z 3 3 4 

H5 appeared as a doublet at66.03 (JH H =3Hz). The two 
4 5 

doublets at 6 6.63 and 0 7.02 are assigned to two protons 

H1 and two protons Hb (JH H = 8Hz) respectively. The 
a b 

multiplet in the region b 7.13-7.53 is due to the ten 

aromatic protons •. The coupling constant values JHzH
3 

and JH H of about 11Hz indicate trans diaxial arrange-
3 4 

ments for Hz, H3 and H 3 , Ht
1

• Also, the coupling constant 

value Jfl l of 3Hz indicatt? an axi<1l oriPntation for H
4

• 
·4d5 



Further proof for the structure of Ba was obtained 

from its 13c Nf~R ( COC1 3 ) bppm spect
1
ral assignments 

'14 

made with the help of off resonance decoupled spectrum. 

It showed peaks ato20.37(H 2C-Ar), 49.02(C-2), 57.01 

(C-4), 91'.23(C-23), 115 •. 12(C-8 and C-9'), 119.47(C-5), 

129.98(C-1~), 133.80(~-12), 138.73(C-6 or C-7), 137.15 

(C~6 or C-7) and 142.90(C-C). nther aromatic carbons 

ar,e observed at()126.46, .128.48, 128.63, 129.16 and 

129.34. The formation of thiopyran derivatives 1 and 

8 in these cases is outlined in Scheme 4. The conversion 

of thiopyran derivative 7 to its epimer 8 probably takes 

place by initial opening of 1 to qivE the intermediate 

g followed by ring closure leading to thermodynamically 

more stable thiopyran derivative ~· 

3.2.2 Reactions of thioamide vinylogs with Nitrosoalkenes: 

Treatment of 3-dimethylamino-1-nrylpropenc-1-thione (!) 

·with an equivalent amount of ~-halogeno oxime (1Q), in 

the presence of 1.2 equivalent pyridine, in dry dichlnro-

methaneat room temper8ture resulted in 50-75~ yields of 
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products (11.)• These products have been identified as 

3-aryl-3(2-aryl-2-oximinoethylthio)-prop-2-enal (ll) 

(Scheme 1). The product 1J~, for example, analysed 

for C~ 8 H 17 ~JOS. Its mass spectrum exhibited tueak ( 2%) 

molecular ion peak at m/z 311(~+) while the base peak 

at m/z 177(M+-134) is assigned to 
ij Q + 
C-CH-C-fiJ formed probably by 

from the molecular ion. The IR spectrum (KBr) of 11a 

showed strong absorption peaks at 3200 and 1620 cm- 1 

assigned respectively to imino and aldehydic carbonyl. 

stretchings. Its 1H NMR spectrum (CDC1 3 ) exhibited two 

singlets at o2.33(3H) and 4.15(2H) assigned to three 
' 

methyl protons (H 3c-Q-) and two methylene protons (-r:H 2-) 

respectively. The presence of one doublet at 6 6.27 

(J:;::Bflz) could be due to vinylic proton. The nin8 aromatic 

protons appeared as a multiplet in the region b 7.06-7.51 

and the aldehydic proton appeAred as a doublet at 09.24. 

Finally the broad peak at 6 9.45, exchangeab~~ with o2n, 

is assigned to th~ OH orotun of the oximino functional 

group-. 

Further structural pioof for 11R was obt~ined from its 

· 13 c N~R spectral assignments made on the basis of off 

resonance decoupled srectrum. It shewed the peaks at 

o 21.32(H 3c-Q- ), 27.01(.C-5), 190.31(C-1·), 167.LJ6 

(C-6), 152.82(C-3), 1LJO.B7(C-G), 13LJ.17(C-~ or C-7), 
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131.82(C-7 or C-9) and 123.32(C-2). Other aromatic 

I'•J r'l 

10 

carbons are observed at b126.48, 128.52, 128.67, 129.66, 

129.28, 129.48, 130.25 and 130.36. 

l lG 

The three probable mechanistic. pathways leading to the 

formation of 11 are outlined in Scheme 6. In the pathway 

1 it is assumed that the initial nucleophilic attack of 

the sulphur of thioamide vinylog at ·t~methylene bearing 

the leaving group chlorine results ~n the iminium,salt 

intermediate 1£ and its hydrolytic decomposition results 

in product 1!• The pathway ll assumes the formation of 

initial (4+2) adduct (Jl.) formed by the 2 71 participation 

of C=C of vinylnitroso compound. This is less likely 

si~ce in most of the known cycloadditions of vinylnitroso 

co~pounds the N=D is known to partlcipote as 2~ componento 

T h e p a t h way I I I l e a d s i n i t i a 11 y to {Ia 2 ) c y c l o <:1 d d u c t ~ 

formed by the 2 n participation of N=O of vinylnitroso 

compound. This cycloadduct unJrrgocs hydrolytic decom­

position leading to 17 vi<:J oxathiazine d~rivative 16. 
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The compound 11 subsequently undergoes [1,3_7 sigmatropic 

shift resulting in the·product 11· The precise mechanism 

followed in these reactions is still being investigated. 

3.2.3 Reactions of thioamide vinyloss with norbornylene and 

dicyclopentadiene: 

The treatment of 3-dimethylamino-1-arylpropene-1-thiones 

(1) with norbornylene (jJU in refluxing benzene resulted 

in Diels-Alder adducts 19 characterized as exo-4-aryl-6-

dimethylamino-3-thiat~icyclo L~.2.1.D 2 '~7 undeca-4-ene 

on the basis of analytical and spectral evidences. The 

compound 1 9a analysed for c 18 H 23 ~JS ~nd its mass sp.ectrurn 

showed the molecular ion peak at m/z 285(4) (~+). Oth~r 

important peaks are observed at m/z 241(4)(~+-N(CH 3 ) 2 ), 
191(320(M+-norbornylene) ·and 15B(r+-norbornylenc-SH). 

The 1H rJfV:R spectrum of 19a showed lliUl tiplets spread in 

the'region b1.10-2.60(9H) assigned to si~ rrotons of 

.thr.ee methylene groups, two bridgehead protons (11
1 

nnd 

H
8

) and H
7 

proton. The singlet at b 2.36( 51!) is assigned 

to N(CH 3 )
2 

protons. The protons H? and H
6 

appeared as 

d d at 6 3 • 0 6 ( .1 H = 2 H z , J H == 8 H z ) and b 3Jl 2 ( J H =-: 811 z , 
. 1,2 2,7 6,7 

JH =4Hz) respectively. The doublet at b6.58(JH =4Hz) 
5,6, 5,G 

is assigned to the vinylic proton He an~ the five aromatic 
..J 

protons appeared as a: multiplet in the region b 7.?3-7.67. 

Although it is difficult to nssiqn siqnals due to H7 nnd 

various other protons still the nppcarance of a dd at 



8J 

b 3.06 llJith coupling constants of n.o Hz and 2Hz imJicr3tP 

that the coupling constant between H
2 

<Jild H7 is B.O Hz. 

This value indicates cis configuration for the fusion of 

th . d b . t" I The 13 r. rJr·"R t 1opyran an nor ornane mo1e 1es. - _ ·:'. spec ra 
•, 

of 2-substituted norbornanes have been well studicd 16 ~ 

It has been reported that the exo-2 gp usually shields 

C-11 (the'resonance of c~11 is upfield 1.3-4.4 rpm) whil~ 

the endo co~nterpart shields C~1D~the resonance of C-10 

) 1 F3 is upfield by 4.9-9.7 ppm from the one in norbornane ·• 

Hence the final proof <Jbout the structurr of 1Qa was 

obtained from its 13 c NMR spectrum. The noise de-cpupled 

13 C spectrum of 12~ showed C-9 and C-10 as triplets at 

b29.13 and 29.93 respectively. The pair of doublets 

because ·of the tw~ protons with widely separated chemical 

shifts are attributed to the C-11 absorption at b34.41. 

In addition it showed- peaks at b41.04 (C-1 or C-8), 

·41.92(~J(CH 3 ) 2 ), 43.39(C-8 or C-1), 51.17(C-7), 52.87 

(C-2), 66.60(C-6), 123.63(C-5) and 139.38(C-4). nther 

phenyl carbons are observed at b 123.64, 12?.17, 128.36 

and 128.77. Thus the C-11 resonance is shifted upfield 

by 5.09 ppm and those of C-9 and C-10 are shifted upfield 

by 0.95 and 0.49 compared to those of norbornane • These 

values probably indicate exo-cis configuration for 19 

(Scheme 7). 
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Similarly the reactio~s of 3-dimethylamino-1-arylpropene-

1-thiones (!) with dicyclopentadiene (4,7-methano-3a,4, 

7,7a-tetrahydro-1H-indene)(20) resulted in regiospecific 

addition of thioamide vinylogs across 5,6-double bond 

of 4,7-methano-3a,4,7,7a-tetrahydro-1H-indene(~Q). The 

products so obtained have been characterized as exo-

4-aryl-6-dimethylamino-3-thiat~tracyclo LD.s.1.0 2 ' 7 , 

o9 , 13_7 tetradeca-4,11-dienc (21) on the basis of analy-

tical and spectral data and on ~he basis of literature 

evidences concernino the dicyclopentadiene adducts. 
- I 

Thus the compound 21 a analysed for c21 11 251\IS and its 

mass spectrum exhibited the molecular ion peak at m/z 

~3(M+). The base peak at m/z 191(100~) is assigned to 

the fragment lE 6 H 5-~-CH=~H-N(CH3 ) 2J+ obtnined by the 

los~ of dicyclopentadiene fragment. Its 1H r·!~R spectrum 

showed a multiplet in the region b1.4R-1.90(2H), multi­

plet in the region b 2.12- 2.311( 31!), t1 sinQlPt at 

b2.38(6H), multiplet in the regirm b2.50- 2.70(3H), 

m u 1 t i p l e t i n t h e r e g i on b 3 • 0 0- 3 • 2 4 ( 3 II ) , rP u 1 t i p 1 e t i n 

the reg~on b s.so- 5.68(2H), a doublet at 6.51(1H, 

J=4Hz} and a multiplet at b7.17- 7.57(5!1). Of these 

the multiplet at b 3.00- 3.2t-4(3H) is nssigned to the 

.Protons H2 ,H 6 and H7 while the multiplet ot b5.50- 5.68 

and the doublet at b 6.51(JH
5

H
6

=4Hz) are assigned to the 

vinylic protons H11 ,H 12 and H5 respectively .• The forn1n­

t.ion of exo adducts across 5~n-doublR bond of 1H-incJenr?(29_) 
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is preferred over the formation of r.xo 8dducts across 

. . 17-19 
2,3-double bond of 1H 1ndene (20) • This rnay be 

due to higher strain across 5,6-double bond over 2,3-

double bond. Also, it has been reported that in case 

of the epoxide A17 and aziridine 818 the two vinylic 

protons appear as multiplet around b 5.60 while the 

viny,lic protons in case of epoxide C have been reported 

'to appear as a multip-let around bB.o 17 • 

A 8 c 
be concluded that the cycloaddu~ts formed in case of 

reactions of .1 with 2lJ r.1ay have the struct11re ?1 <Js 

indicated in the Scherne 7. The: sarr.c products 21 are 

obtained on heating a solution of 1 and freshly ~istilled 

cyclopentadiene in dry benzene in a sealed tube for 

8 hours • 

. 
EXPERT~ENTAL SECTION: 

General conditions are same as described in chapter II. 

Starting materials: 

The commercial samples of acetophenone, 4-chloroacetophenone, 

4-bromoacetophenone, 4-methylacetophenone, chloroacetyl 

chloride, carbondisulphide, benz8ldehyde, p-anisaldehyde, 



2-f u r a 1 d e h y d e , n i t r om e than e , N , f,i- d i rn e t h y 1 f o rrn n rn i de and 

dimethyl ?Ulphate were purified before use. 

0 20 lll-Ch1orvacetophenone, m.p. 56-57 C : W-ch1oro-4-rnethyl-

acetophenone, m.p. 67°c 21 : W-ch1oro-4-bromoacetophenune, 

m.~. 116-117°C 22 : W-ch1oro-4-ch1oroacetophenone, m.o. 

101-102°C 23 : G-nitrostyrene, m.p.56-58°C~4 : 0-nitro-p-

0 2~ ) methoxystyrene, m.p. 87 C und 0-nl tro- ~-( ~ -furyl -

ethylene, m.p. 74-75°c 26 hJere ·prepared by the reported 

procedures. 

0 27 3-Dimethy1amino-1-pheny1propene-1-one, m.p. 96-98 C 
. 0 27 

3-dimethy1amino-1-(4-chloropheny1)prupenG-1-one, m.p.B4-86 C ; 

3-dimethy1amino-1-(4-methylphenyl)propene-1-one, m.p.95°C 

(lit. _95_ 96 oc)
27

: 3-dimethylamino-1-(4~bromophenyl) 

ptopene-1-one: m.p. 75-.77°c 27 : 3-dimethy1amino-1-pheny1-

propene-1-thione, m.p. 115-116°C27 : 3-dimethy1amino-1-

(4-chlorophenyl)propene-1-thione, m.p.119-12D 0 c 27 ; 3-dimethy1-

amino-1-(4-methylpheny1)propene-1-thione, m.p.135-136°c 27 : 

3-dimethylamino-1-(4-bromopheny1)propene-1-thione, m.p. 

118-119°c 27 ; 3-ani1ino-1-pheny1propene-1-thione, m.p. 

102°C(lit. 20 105-106°C): 3-p-toludino-1-phenylpropene-1-

0 ( . 29 0 ) thione, m.p. 140 C 11t. m.p. 1~2-1~~ C : or1u 3-~l-chl nro-

pheny1amino-1-phenylpropene-1-thlone, rn.p. 
r) 

129 C uJere 

prepared as detailed in chartor TI, by follnwing the r~ported 
I 

procedures. 
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!?.!::~P a :r <1 t i o n (l f uJ- c h 1 o r o a c e t o r h e rw n r::.. :JX 1 111 l-:> 

A homogeneous solution of w-chloroacetophenone (1 mol) 

an d h y d r ox y 1 ammon i u m c h 1 or i de ( 3 m o 1' ) w a s p r e c a r e d. i n 

small amount of methanol containing minimum amount of 

water. The solution was allowed to stand overnight at 

:room t~mperature. The di'lution_ of the solution with 

water yielded w-chlo:roacetophenone oximP, which was 

rectystallised from carbon tetrachloride, rn.p. 88-89°c30 • 

'W-chloro-4-chloroacetophenone oxime, m.p. 101°C 23 : 
0 22 

w-chloro-4-bromoacetophenone oxime, m.p. 115 C: w-chloro-

4-methylacetophenone, m.p. 87-88°C were prepared by follow-

ing the ~arne procedure. 

General prpcedure for the preparation of (2S,3R,4R)-E­

aryl-(2)-aryl/furyl-3,4-dihydro-(4)-dimethylflmino-(3)­

·nitro-2H-thiopyran (4a-4i): 

The solution of a mixture of 3-dimethyJ<Jmirw-1-r-tolylpro-

pene-1-thione (1a) (1.0g, 0.0048 n:ol) and r.;-nitrostyrene 

( 3 a ) ( 71 5 m g ~ 0 • U 0 4 8 rn o 1 ) in · J r y d i c h l rn ur:1 r~ than c ( 2 U m 1 ) 

was stirred at room temperature for 20 minutes. The 

solvent was :removed under :reduced pressure and the product 

4a thus obtained (1.6n: 93%) was recrystallised fron. 

benzene , m • p • 1 4 0 ° C ( Found fi C , G 0 • 2 7 : 11 , 6 • It S: r: ~ 7 • 9 0 , 

c 20 H 22 ~J 2 o 2 s requiresfi r.~fi7.BO: H~6.?1: r.l,7.911,). Tfl 

spectrum (KRr) ~max: 1545( ~ 1 0 2 ), fV'S: m/z 205(i.o+_149), 

1i19(r11 +-205). 1 1-1. r:fV'R spectrun' (C~JC1 3 ) bpp1:1: 2.33(:;,311, 



H 
3 

C-P h) , 2. 6 6 ( s, 6 H, r·; ( CH 
3 

) 
2

) , 4 • 2 6 ( d d, 1 H , H 4 , J H 
3 

I 
14

:-:: ~ 11 Hz 

& JH H =.-3Hz), 4.79(d,1H,H 2 ,J 11 H =~11Hz), 5.26(dd,1H, 
4 5 . 2 3 

8G 

H
3

,J
1
_
1 

,L 1 =11Hz & JH H =.--11Hz), G.Or(d,1H,Hr,Ju H =-3Hz), 
2 r '3 · . 3 ,It J 

1 1 It 5 
7.06-7 .110( rll, 9H, Ar-H). 

'The sqme procedure was followed for the preparation of 

all other (2S,3R,4R)-6-arYX2~yffuryl-3,4-dihydro-(4)­

dimethylamino-(3)-nitro-2H-thiopyrans (4b-4~)(Tables 1 

and 2). 

General procedure. for the preparation of 6-aryl-2-aryl/ 

furyl-3-nitro-2H-thiopyrans (5n-5i): 

A solution of compound 4a ( 1.0g: O.OU28 n:ol) in uichloro­

methane (20 ml) and acetic acid (2 ml) was stirred at 

room 'temperature for one hour. The: rl!actiun n1ixturP 

was thc:n washed with a saturated solution of sodium 

bicarbonate, water and dried over anhydrous sodium sulfate. 

The solvent was removed under reducPd pressure and the 

residue so obtained was chr~m8togr~ph~d ovPr silica QPl 

column. Elution of the column with hexane gave 3-nitro-

6-(4-rnethylphenyl )-2-phcnyl-2H-th.i.upyran S<:J. (U.7g: oo:"'), 
0 recrystallised from petrolium ether, m.p. 108 r. IR 

spectrum ~max(i<Br); 1625, 15DO, 1:3C!O -1 ( 
f~ II o . r U UrI U : r,70.26: 

H,4.99: ~,4.60: ~ol. wt. 30q, (mass sprctrometry): 

c 18 H151\!flS requires: C,69.90: H,<'1.BS: r:,4.53o/;): rro.l. wt. 

309. bH ppm (CDC1
3

): 2.36(s,311, CH 3-Ph): 5.69(s,1!1,·H
2

),_ 

6 • 6 3 ( d , H! , H 
5 

, J = 7-8 H z ) , 7 • 1 3-7 • 50 ( m , 9 H , A r-H ) , 8 • 0 0 ( d , 1 11 , 

H4 ,J 4' 5=7-BHz). 
' 



All other 6-aryl-2-aryl/furyl-3-nitro-2H-thiopyrans 

(5a-5i) were prepared by following the same procedure 

(Table 1 and 2). 

General procedure for the reactions of 3-nrylamino-1-

phenylpr.opene-1-thione ( 2) with ni troali<Pncs ( 3): 

Prepa~atioM of (2S,3R,4S)-(2)-aryl-(4)-oryl~mino-(3)-

A mixture of 3-p-toluidino-1-phenylpropene-1-thione(£~) 

( 1.0g: 0.0039 mol) and 13-ni trostyrene C?_'.'lJ ( 0.6g, 0.004 

mol) WAS dissolved in dry benzene (25 ml) and thn reaction 

mixture was stirred at room temperature for 20 minutes. 

The solvent was removed under reduced pressure and the 

solid so obtained (7a) ( 1.2g: 75~) was recrystallised 

from a mix t u r e ( 1 : 1 ) of benz en e i'l n d h ex an e , r'l • p • 11 6 ° C • 

I R s p e c t r u m ( ~ 0 r ) ~ rna x : 3 4 0 0 ( r~l-ll ) , 1 6 1 0 ( v ~> C ) , 1 51.! 5 

( \J r,l 
0 

2 
.) c rn _, • ( F o u n d U C , 7 2 • 0 8 : II , 5 • 5 9 : ~J , 7 • 0 fi : c a 1 c d 

f'or c24 11
22

N
2
o

2
s: C,71.64: 11,5.tt7: r.I,6.9G%). f11ass spectro­

metry: m/z 149 (r"+-253), 253(:-o'·-149). bH prrn (CDC1 3 ): 

2 • 2 0 ( s , 3 H , H 3 C - P h ) , 3 • 7 F) ( b d , 1 H , ~I H ) , It • 8 0 ( d cJ , 1 H , H li , J 3 4 
= , 

4Hz, J 4 , 5=6Hz), 5.00(d,H 2 ,J 2 , 3 co11Hz), 5.36(dd,H3 ,J 2 , 3= 

11Hz, .J 3 ,£
1
=4Hz), 6.1B(d,H 5 ,J 4 , 5=611z), 6.50(d,2H,Ha)' 6.96 

(d,2H,Hb,Ja,b=-=8Hz), 7.13-7.GO(rn,10L1,<JronJatic). 

Similar procedure uJas folloi:Jr>d forth,_, prr·raratinn r:Jf 



C o n v e r s i o n o f ( 2 S , 3 R , 11 S ) - ( 2 ) - 2 r y 1 - ( 4 ) -a r v J a r; 1 L n •l- ( ll=._ 

nitro-6-phenyl-3,4-dihydro-2H-thiopvrans (7) to (?S.]P, 
' 

lJ Rl.:-12 )-ar y 1-( 4 )-o.r y 1 ami no-( 3) ,::ni tr o-6-ph en y l-3, /4-dih y~ 

2H-thiopyrans (8): A General Procedure: 

A solution of compound ?a. (Cl.SQ~ D.001~ rnol) ir1 b8nzene 

(20 rnl) was treated with glaciul Qcotic ad_rj (1 rnl) o.Nf 

the reaction mixture tuas stirred ;=Jt room tC'mper<'lture for 

five hours. The reaction mixture ttJas then uJCJshed with 

saturated sodium bicarbonate solution, water and dried 

over anhydrous sodium ~ulphate. The removal of the solvent 

under reduced pressure resulted in Ba (D.4g: 80~) which 

0 was recrystallised from benzene, m.p~ 128 c. IR spectrum 

(KBr) ~max= 3400 (~N-H)' 1610( ~C=C)' 1550(~r.Jo 2 ) cm-
1

, · 

( F o u n d : C , 7 2 • 1 8 : H , 5 • 6 3 : rJ , 6 • 8 0 : ~, o 1 • ul t • l1 0 2 ( rna s s 

s p e c t r ~ rn e t r y ) • C a l c d • f o r · C 2 4 H 2 2
1' 1 

2 
fl 

2 
S : C , 7 1 • FJ 4 : f! , 5 • t1 7 : 

r~ , 6 • 9 6 % : ["' o l • w t • t1 0 2 )' • b f-1 p p r.~ f r: r) r: l <, ) : 2 • ~ 3 ( :::, , 3 H , II 3 C - f1 h ) , 

3 • 6 3 ( b d , 1 f I , N II ) , LJ • rJ 5 ( d , II 
2 

, ] 
2 

, 3 - 1 1 I ! z ) , S • r1 g ( cJ cJ , 1 H , I ! 
11 

, :! j , 
4 

1 1 H z : J '• , 5 = 3 II z ) , 5 • 3 1 ( d d , 1 H , H 3 , J 2 , 3 = .J 3 , 1~ ~- 1 1 H z ) , 6 • 0 3 

( d, 1 \I , H 5 , J 4 , 5= 31! z) , 6. 6 3 ( d, 2ll , H a) ~ 7. 0 2 ( rl ~ ;m , H b, J R , b"' 8Hz) ~ 

7.13-7.53(rn,1DH,Ar-H). 

A 11 nth e r corn p o u n c' s 8 b-gj_ wen: fl r r> p <1 r r:" d by f 'J 11 01!1 in g t h e 

same pro~edure ( Tab'lP.s 3 & 4). ThP corf'pounrls 8 wPrc also 

obtain~d iri good yields by 

( i ) By r e f 1 u x in g e q u i rr, n 1 a r m i x t l1 r P of 7 :1 n L~ 3 in dry 

acetonitrile for 5 hours. 



( i i ) C y r c flux in CJ a solution of c cvr; !lou n d s 7 HI dry b c n z r: n P. 

for 10 hours. 

GC?neral procerlure for the reactions of thinC"lmide vinylonili_l 

with nitrosoalkenes. Pr~pnration of 3-aryl-3-(2-arvl-2-

oximinoethylthio)-prop-2-enal(11): 

The solution of a mixture of 3-dimsthylamino-1-(4-methyl 

phenyl)rnopene-1-th.iond,l~) (0.91]: o.u(J/12 rr:rJl), tJJ-chlnro­

ac'etophenone oxime (JOa·) (O.Bg: 0.0047 mol) nnd pyridine 

(0.4g) in dry dichlororrrethr=Jne (?.5 ~d) ulil':> stirrPd ilt ror1rn 

t e n.r p e r a t u r e for 3 0 h o u r s • T h '" r c .:J c t i '-1 n n: i x t u r e u! n s w a s h e d 

w i t h w a t c r , s a t u r a t c d s o d i t J •n h j c 0 r b u n .:1 t~ r> s ~J 1 u t i o n , a 9 <J i n 

with water and aried over ar1hydrous s0diurn sulfate. The 

su 1 vent was removed under r oduc r>rj p r '- c: sure 8 r1d the residue 

obtained was chromatoqraph~d over s~lica ~el column. 

Elution of the column tuith 2 rnixturP (1:1~ of hrnzronP 

and hexane gave 11_g_ ( 0 • 9 g : 5 G ·" ) w h i c h uJ as r e cry s t a 11 i sed 

f r o m a m i x t u r e ( 1 : 1 ) o f h e n z P n e a n d h P x a n 8 , rr • p • 1 ,, 1 r ' C • 

I R s p e c t r u m ( I< B r ) ~ m a x : 3 2 0 C ( 0 r: = ~ 1 _ n H ) , 1 n ?. 0 ( ~ C _ r 
1 

) • 

(Found: C,S3.61! I!,S.32~ f!,t~.38: ~·r-rl.uJt. 311(;r·2SC) spcr.tro-

metry). Ceded. f (l r C 1-1 r" " ~ • C c- 0 4 !:' • 1 1 5 '· 7 • r·' L• c: 0 rtf • 18 17'-~2·'• ,u ..• :._l, . ' o'-l . , .... ) ·"· 

~~ D 1 o W t o 3 1 1 ) • b H ppm ( c n [ ]_ 3 ) : 2'. 3 3 ( s ' 3 H ' r: I I 3-n h ) ' ;, • 1 5 

(s,2U,-CH 2-), 5.27(d,1H,=C-H: J=-81:z), 7.0G-7.51(n:,911, 

arolllatic), 9.24(d,1H,C-H); 9,L~5(b,1H,=r!-flH: exchangeable 

with o
2
o). 

The reactions of all other 3-dimethyl8mino-1-8rylprnpene-

1-thiones (1) with nitrosoalkenes o~nrrated in situ from 



9J 

w-chl~ro oximes (10) were carried out by following the 

same procedure. The physical, analytical and spectral 

data for 11b-1ll ure listed in Tables 5 anu 6. 

Reactions' of thioamide vir1ylol)s ( 1) wit~ nflrburnl:lr:?nd 1 f3): 

P r £f?_ a r a t i on o f ox o- L1- 2 r y 1-6- d iT c~ t h y J <HT i rw- ~ :- t h i <1 t r i c y c l n 

[:.§._~_?. ,,_.:1_ ~ 0 
2 

' 
7 7 u nd r:: c a- L1 - e n e ( 1 9 _)__:__ 1\ n en c r a l p r o c e d u r c : 

A solution of 3-dJmethylamino-1-phPnylpropPne-1-thione 

(1.0g; 0.0052 mol) ;=mcJ norbornylene (0.5o= 0.0064 n:ol) in 

d r y ben z en e ( 2 0 rd ) w a s r e flux P d for 1.1 0 h our s • T h c 

solvent was removed under reduced pressure and the 

Elution of the column ·uJith a mixture (1 :1q) of r::>thyl 

acetate and hexanP. gave 1.:~£1- ( 1 .3o: 87~~) ~hich uJas recry­

stallised from hexane, m.p.75°C. IR (VPr) ~-~ : 1595, 
111GX 

-1 ( 1 58 0 , 111 7 S , 1 4 4 5 c m • F c u n c!: c , 7 5 • 61 : f! , 0 • 1 7 : r.' , 4 • 9 6 : 

Mol.~t. 285(mass spectrometry). Calcd. for c18 H23 NS: 

C,75.79: H,B.07: rJ,t~.911: r"Dl •. Lut. ~AS). h,, ppm(r:nr.l3): 

1 • 1 0-2. 6 0 ( m , 9 H ) , 2 • 3 6 ( s , 6 H , -fll ( C I! .3 ) 
2
), .3 • U 2 ( c d , 1 H , H 6 , 

J 6 , 7 =BIIz and J 5 , 5 =t1Hz), 3.fJS(dd,1H,H 2 ,J 1 , 2=-2Hz nnd J
2

, 7 -: 

8 H z ) , G • 58 ( d , 1 H , H 
5 

, J 
5 

, 
6 

= t~ H z ) , 7 • 2 3 - 7 • 6 7 ( 1 i, , 51 : , n r-H ) • 

b C ppm ( C 0 C l 3 ) : 2 9 • 1 3 ( C- 9 ) , 2 9 • 9 3 ( ~ -,1 U ) , Y1 • I~ 1 ( [ -11 ) , 

41 • 0 4 ( C -1 I C- 8 ) , 111 • ~ 2 ( r' ( r: fl ~ ) ')) , t; 3 • 3 C1 ( c:- ~: / r -1 ) , ::. 1 • 1 7 
~ '-

(C-7), 52.07(C-2), 66.R~(C-S), 12~.63(~-S), 13n.3rfc-~', 

123.6~, 126.17, 128.36, ·12f1.77(nr). 



The compounds 19b and 19c were also prerarcd by the 

same procedure and their physical, analvtical and 

spectral data are listed in Tables 7 and 8. 

IJ.§_~-~-r Cl 1 D r o c f' d u r P. f n r t h ~ r r> 2 c t i rw s n f t h .i :1 ~ ~ i d e v i n y 1 o o s ( 1 I 

w i t h. d i c y c 1 o p en t a d .i e n e ( 2 0 ) : r r c- r- ;n n t i ,, n o f c x o- ~~- <n y 1 -

6-dj:nr.thylamino-3-thin,tetr<lr:yr:ln ( G.S.1.n 7~ n
9

• 13 ) 

t P t r <H:l r r. C'J -1( -1 1 , ci i r. n r ( 21 ) : 

A solution of 3-dimethylamino-1-phenylpropene-1-thione 

(1.0g: 0.0052 mol) and dicyclopentadiene (rJ.Bg: 0.006[) 

mol) in dry benzene (25 ml) w~s refluxed for thirty hours. 

Solvent was rEmoved under reduced pressure and the residue 

was chromatographed over silica gel. Elution of the 

column with a mixture (1:19) of ethyl acetate and hexane 

g a v e t h c pro d u c t £1.9. ( 6 5 ~ ) w h i c h w a s r ~ c r y s t a ll i s I? d f r o 111 

wt. 323(rriass spcr.tror~.ctry). C:::llcc. f,:r r:~) 1 :'r/'~= [,7f'Jl7: 

H,7.7l~= ~.',tl.33%: r:~ul. ut • ..:i2j). 011 ~:~J;;Jr~rwJJ): 1.1rG-1.~Jn 

( rr; , 211 ) , 2 • 1 2- 2 • 3 4 ( rr; , 31 ! ) , 2 • 3 f3 ( :.; , S H ~ - r I I J ) ? • 2 • 511- 2 • 7 [J ( "' , 

3H), 3.00-3.24(ni,311}, S.5'J-5.Gf.<(;;,~2l',H 11 ::nc.J H
12

1, 6.51 

( d, 1ll , f~ c:, J 
5 6 

=4Hz ) • 7 • 1 7-7 • S 7 ( 11 • S II • A r- H ~ • . ..._; . 
The cycloadducts 21b_-?·J d t• 1crc nrr:n(lrPd by frlln11Jinn the 

same procedure (Tables 7 Rn~ R). 



Table 1: Physical and analytical data for compounds 4a-4i and 5a-5i 

Compounds R Rl m.p. Yield Mol. formula Analysis % M/z 
~»c % 

Calc. c H N Found 

4a CH3 C6H5 140 93 C20H22N202S 67.80 6.21 7o91 205(M+-149) 
68.27 6.45 7.90 149 (M+ -205) 

(354) 
205(M+-179) 4b CH3 p-OMeC6H4 

114 94 C21H24N203S 65.63 6.25 7. 29 
66.12 6.01 7.11 179 (!'-1+ -205) 

(384) 

4c CH3 D 101 78 C18H20N203S 62.79 5.81 8.14 
63.09 6.14 8.09 

(344) 

4d Cl C6H5 118 90 c 19H19c!N2o2s 60.88 5.07 7.48 
61.32 4.97 7.22 

(374. 5) 

4e Cl p-OMeC6H4 
132 92 c 20H21 N2Cl03s 59.33 5.19 6.9 2 

60 .. 05 5.12 6.51 
(404.5) 

4f Cl D 95 81 c17H17clN 2o3s 55.97 4.66 7,68 
56.35 5.05 7.55 

(364. 5) 
-

!g H C6H5 146 92 C19H20N202S 61.06 5.88 8. 23 19l(M:-149) 
67.52 5.67 7.92 149 (M. -191) 

(340) 

4h H p-0MeC6H4 131 93 C20H22N203S 64.86 5.94 7. 57 
65.45 6.27 7.54 

(370) 

41 H o 104 so· C17Hl8N203S 61.82 5.45 8.,48 c.o 
61.98 5.52 8.37 l\:) 

(330) 



Table 1. Contd •••• 

Compounds R R1 
m.p. Yield 

~c % 

Sa CH3 C6H5 108 80 

5b CH
3 p-OMeC6H4 95 75 

Sc CH
3 D 80 69 

Sd Cl C6H5 170 78 

5e Cl p-OMeC
6

H4 70 76 

Sf Cl u 114 70 

.2.9: H C6H5 85 81 

Sh H p-~MeC6H4 63 79 

Si H 0 65 65 

Mol.formula 
Calc. 
Found 

C18H15N02S 

C19Hl7N03S 

C16H13N03S 

c 17H12clN0
2
s 

c 18H14clNOj 

c 15H10clN0
3
s 

C17H13N02S 

C18H15N03S 

C15H11N03S 

Analysis % 

c H N 

69.90 4.85 4.53 
70.26 4.99 4.60 

67.25 5.01 4.,13 
. 68.,05 4.96 4.02 

64.,21 4.35 4.68 
65.07 4.,25 4.56 

61.,91 3.64 4.25 
62.33 3.57 4.,16 

60.,08 3.89 3.89 
60.63 3o84 3o78 

56.,34 3.13 4.38 
57.08 3o07 4.,33 

69., 15 4.41 4.74 
69.73 4.55 4.90 

66.,46 4.62 4.31 
67.03 4.60 4. 29 

63.16 3.86 4.91 
64.00 3. 85 4.83 

!'-1/z 

309 (M+) 

339 (M+) 

299 (M+) 

3 29 (M+) 

3 59 (M+) 

319 (M+) 

29 5 (M+) 

32S(M+)-

285 (M+) 

(~ 

~' 



Table 2: Spectral data for compounds 4a - 4i and Sa - 5i 
- - -

Compounds R R1 IR (KBr) ..;) max cm'"1 

4a CH3 C6H5 1600,1545,1300 

4b CH3 p-OMeC6H
4 

1610,1545,1300 

1H NMR(CDC1
3

) 5 ppm 

2.33(s,3H,H
3
C-Ph), 2.66 

(s,6H,N(CH
3

)
2
), 4.26(dd, 

1H,H4 ,JH H =11Hz & JH H ~ 
3 4 4 5 

3Hz), 4.79(d,~H,H2,JH2H3• 
11Hz), S.26{dd,1H,H3 ,JH H = 

2 3 
11Hz & JH H =11P~), 6.00 

- . 3 4 
(d,1H,H5,JH H =3Hz), 7.06-

4 5 . 
7. 40 (Ill, 9H, P..r-H) 

2.33(s,3H,CH3-Ph), 2.46(s, 

6H,N(CH
3

) 2 ), 3.76(s,3H, 

_ OCH
3
), 4.23(dd,1I:I,H

4
, 

JH H =11Hz & JH H =3Hz), 
3 4 4 5 

4.73(d,1H,H2,JH H =11Hz), 
2 3 

5.17{dd,1H,H3 ,JH H =11Hz & 
2 3 

JH H =11Hz), S.92(d,1H,H5 , 
3 4 

JH H =3Hz), 6.72-7.30(~, r~ 
4 5 * ... 

8H,Ar-H) 



Table 2: Contd •••• 

Compounds R R1 IR (KBr) ~max cm-1 

4c CH3 D 1620,1600,1500, 

1310 

4d Cl C6HS 1600,1555,1310 

1H NMR(CDC1
3 )6 ppm 

2.43(s,3H,CH
3
-Ph),2.53 

(s,6H,N(CH
3

)
2
), 4.26(dd, 

1H,H4 ,JH H =11Hz & JH H = 
3 4 4 5 

3Hz), 4o90(d,lH,H2 ,JH H = 
2 3 

11Hz), 5o23(dd,1H,H3 ,JH H = 
2 3 

11Hz & JH H =11Hz), 6o00 
3 4 

(d,1H,H
5
,JH H =3Hz), 6.30-

4 50 
6.66(m,2H, ~ ), 

H H 0 H 
7.00-7o80(m,SH,Ar-H & (Jj) 
2.43(s,6H,N(CH

3
)

2
), 4.26(dd, 

1H,H4 ,JH H =11Hz & JH H = 
3 4 4 5 

3Hz), 4.76(d,.1H,H2,JH H = 
2 3 

11Hz), 5.19(dd~1H,H3 ,JH2H3 = 
11Hz & JH H =11Hz), 6.00 

3 4 
(d,lH,H5,JH H =3Hz), 7.2-

4 5 
7. 4 (m, 9H, Ar-H) 

r..D 
~ . .:, 



Table 2: Contd ••• 

Compounds R 

4e Cl 

4f Cl 

!9. H 

R1 

p-OMeC6H4 

D 

C6H5 

\. -1 
IR (KBr) '\} em max 

1620,1560,1300 

1600,1550,1310 

1600,1540,1300 

1
H NMR(CDC1

3
)6 ppm 

2.43(s,6H,N(CH
3

)
2
), 3o76(s,3H, 

OCH3 ), 4.23(dd,1H,H4 ,JH H = 
. 3 4 

11Hz & JH H =3Hz), 4.73(d,1H, 
4 5 

H2,JH H =11Hz), 5.17(dd,1H, 
2 3 

H3 ,JH H =11Hz & JH H =11Hz), 
2 3 3 4 

5o92(d,1H,H5,JH H =3Hz), 6.72-
4 5 

7o30(m,8H,Ar-H) 

2.43(s,6H,N(CH3 )
2
), 4o27(dd,1H, 

H4,JH H =11Hz & JH H =3Hz), 
3 4 4 5 

5.10(d,1H,H2,JH. H =11Hz),5.36 
2 3 

(dd,1H,H3 ,JH H =11Hz & JH H = 
2 3 3 4 

11Hz). 6.03(d,1H,H
5

,JH H =3Hz), 

A 
4 5 

6.2-6.7(m,2H, ), 7.20-
. H' H ...... ~H 

7.90(m,5H,Ar-H & ~ ). 

2o45(s,6H,N(CH
3

)
2
,4.30(dd,1H, 

H4,JH H =11Hz & JH H =3Hz), 
3 4 4 5 ('l,) 

4.8S(d,1H,H2,JH H =11Hz), CJ 
2 3 



Table 2: Contd •••• 

Compounds R R1 ' -1 IR (KBr) \1 em max 

4h H p-OJv:eC6H4 1610,1550,1305 

4i H. D 1600,1545,1305 

lH NMR(CDC1 3 )~ppm 

5.30(dd,1H,H3 ,JH H =11Hz & 
2 3 

JH H =11Hz), 6.03(d,lH,H
5

, 
3 4 

JH H =3Hz), 7.21-7.50(m,10H, 
4 5 

Ar-H) 

2.40(s,6H,N(CH3) 2, 3.69(s,3H, 

OCH3 ), 4.17(d?,1H,H4,JH
3

H
4

= 

11Hz & JH H =3Hz), 4.66(d, 
4 5 

1H,H2,JH H =11Hz), 5.13(dd, 
2 3 

1H,H3 ,JH H =11Hz & JH H KllHz), 
2 3 3 4 

5.92(d,1H,H5,JH H =3Hz), 6.70-
- 4 5 

7. 33 (m,9H, Ar-H) 

2o43(s,6H,N{CH3 ) 2), 4.20(dd, 
--

1H,H4,JH H =11Hz & JH H =3Hz), 
3 4 4 5 

4.90{d,1H,H2,J~ H =11Hz),5.16 
2 3 

(dd,1H,H3 ,JH H =11Hz & JH H = 
2 3 3 4 (',0 

11Hz), 5.92(d,lH,H
5
,JH H =3Hz),~1 

0 4 5 
6.17-6~56(m,2H, ~~~ ), 7.2-7o8 

H )1-------U-_H 
H'rt'O"tt (m,6H,Ar-H, ~ ). 



Table 2: Contd •• ~ •• 

Compounds R R1 

Sa CH3 C6H5 

Sb CH3 p-OMeC6H4 

Sc CH3 TI 

5d Cl C6H5 

IR (KBr) ~ maxcr:n -
1 

1625,1500,1300 

1600,1500,1300 

1625,1605,1500, 

1300 

1630,1500,1300 

lH NMR(CDC1
3

)6ppm 

2.36(s,3H,C
6

H4-cH3) 6 5.69(s, 

1H,H2), 6.63(d,1H,H
5
,J=7-8Hz), 

7.13-7.SO(m,9H,Ar-H)~S.OO(d, 

1H,H4 ,J=7-8Hz) 

2.42(s,3H,C6H4-cH3 ), 3o76(s, 

3H,OCH3 ), So59(s,1H,H2), 6o53 

(d,lH,H
5
,J=7-8Hz), 6.80-7o50 

(m,SH,Ar-H), 7.83(d,1H,H
4

, 

J=7-8Hz) 

2o25(s,3H,C6H4-cH3), 5.70(s, 

0 
1H,H2), 6.00-6o13(m,2H, r('"'l'l ), 

. H~H 

6.53(d,1H,H5,J=7-8Hz), 7.00-
0 H 

7. 43 (m, SH, Ar-H and [J( ) , 

7.78(d,1H,H4 ,J=7-8Hz) 

5.66(s,1H,H2 ), 6.59(d,1H,H
5

, 

J=7-8Hz), 7.16-7.50(m,9H, 

Ar-H), 7.82(d,1H,H4 ,J=7-8Hz) 
("~) 

CJ 



Table 2: Contd •••• 

Compounds R R1 

~ Cl p-OMeC6H4 

Sf Cl u 

29: C6H5 C6H5 

Sh c6H
5 

p-OMeC6H4 

1., -1 IR (KBr) "~~ em max 

1600,1500,1300 

1615,1510,1300 

1620,1500,1300 

1610,1500,1315 

1
H NMR(CDC1 3 )S ppm 

3.69(s,3H,OCH3 ), 5.59(s,1H,H
2
), 

6.50(d,1H,H
5
,J=7-8Hz), 6.70-

7o50(m,BH,Ar-H), 7.85(d,1H, 

H4 ,J=7-8Hz) 

5.85(s, 1H,H2), 6o10-6. 29 {m, 2H, 

0 
~v~ ),6.69(d,lH,H

5
, 

H)l----U--H 

J=7-8Hz), 7.06-7o52(m,SH,Ar-H & 
0 H 

U ), 7.B2(d,lH,H4 ,J=7-8Hz) 

5.71(s,lH,H2), 6.66(d,lH,H
5

, 

J=7-8Hz), 7.22-7.96(m,lOH, 

Ar-H), Bo04(d,1H,H~,J~7-8Hz) 

3.J3(~,3H,OCH3 ), 5o59(s,1H,H
2
), 

6. so (d,lH, H
5

, J=7-8Hz), 7. 03-. 

7.63(m,9H,Ar-H),7.90(d,1H,H4 , 

J=7-8Hz) 
r..o 
c.o 



Table 2: Contd ••• 

Compounds 

Si 

R R1 

0 
C6H5 u 

.... -1 
IR (KBr) 'II em 

· max 

1625,1500,1300 

lH N~~(CDC1 3 )o ppm 

5.69(s,1H,H2), 6.00-6.20(m, 
0 

2H, n~~ ), 6.59(d,1H, 
H~H 

H
5
,J=7-8Hz), 7o00-7o56(m,SH, 

0 H 
Ar-H and ~ ), 7.69(dm1H, 

H4,J=7-8Hz) 

~ 
0 
(_) 



Table 3: Physical and analytical data for compounds ~-7e and Sa-~ 

Compound R R1 
Yield m.p. Molecular 

% .JC Calc. Analysis % 
M/z 

found c H N formula 

7a CH3 C6H5 75 116 71.64 5o47 6.96 C24H22N202S 149 (M+ -253) 
72.08 So 59 7.06 

253(M+-149) 

7b Cl C6H5 78 132 65.32 4o49 6.63 c 23H19clN 2o2s 149(M+-273) 
65.92 4.21 6.39 

273(M+-149) 

7c H C6H5 74 147 71.13 5.15 7o21 C23H20N202S 149(M+-239) 
71.64 5.20 7.00 

239(M+-149) 

72 5.26 
... 

7d H p-OCH3c 6H4 96 68.90 6.69- C24H22N203S 179(M -239) 
69.05 5.17 6.45 

-t-
239(M -179) 

7e p-Cl p-OCH3c 6H4 70 77 63.64 4.64 6.19 c 24H21 clN 2o3s 179(M+-273) 
64.03 4.35 6.38 

273(M+-179)· 

8a CH
3 C6H5 80 128 71.64 5o47 6.96 C24H22N202S 402(M+) 

72.1.8 5.63 6.80 
149(M+-253) 

253 (M+ -149~ 

422(M+) 
CJ 

8b Cl C6H5 - 76 142 65.32 4.49 6.63 c 23H19clN2o2s ~-
66.05 4.38 6.52 

149(M+-273) 

273(M+-149) - - ...,- _,..__ -~ 
~ 
~ 
w 



Table 3: Contd •• o. 

Co.mpound R Rl 
Yield m.p. C 1 a c. 

% ~c 
Found 

Be H C6H5 74 167 

Bd H p-OCH3c 6H4 70 145 

Be Cl p-OCH3C6H4 71 164 

Analysis % 

c H N 

71.13 5 ... 15 7o21 
71.64 5o20 7.00 

68.90 5o26 6.69 
69.30 5.0B 6.44 

63.64 4.64 6o19 
64.0B 4o1B 6.07 

Molecular 

formula 

C23H20N202S 

C24H22N202S 

c24 H21 clN2o3s 

r-1/z 

38B(M+) 

149 (M+-239) 

239(M+-149) 

418(M+) 

179(M+-239) 

239(M+-179) 

452 (M+) 

179(M+-273) 

273(M+-179i-

..... 
C; 
N 



Table 4: Spectral data for compounds 7a-7e and ~-8e 

Compound R 

7a CH3 

7b Cl 

7c H 

Rl 

C6H5 

C6H5 

C6H5 

~ -1 IR (KBr) v em 
max 

3400,1610,1545 

3395,1595,1550 

3390,1600,1545 

1H NMR(CDC1
3
)o ppm 

2.20(s,3H,C
6

H
4

-cH3), 3.76(bd,1H6 

NH), 4.80(dd,1H,H4,JH H ~4Hz, 
3 4 

JH H =6Hz), 5oOO(d,H2,J2 3=~11Hz), 4 5 I 

.~.36(dd,H3 ,J 213=11Hz and J 3, 4=4Hz), 

6.18{d,H
5
,J4 ,

5
=6Hz), 6o50(d,2H,Ha), 

6.96(d,2H,R ,J b=8Hz), 7.13-7o60 . --b a, 

(m,10H,Ar-H) 

3.95(bd,1H,NH), 4.80(d~,H4 ,J 3 , 4 = 

4Hz and JH H =6Hz), 5.38(dd,H
3

, 
4 5 

JH H =11Hz & JH H =4Hz)~ 6.15(d, 
2 3 3 4 

H5,JH
4

H
5
=6Hz), 6.52(d,_2H,Ha), 7.10 

- (d,2H,~,Ja,b=8Hz), 7.26-7.65(m, 

lOH,Ar-H). 

3.93(bd,lH,NH), 4.86(dd,H4,JH H = 
3 4 

4Hz and JH H·=SHz), 5.00{d,H2, 
4 5 

JH H =11Hz), 5.40(dd,H3 ,JH H =11Hz/ ~ 
2 3 2 3 (_J 

,.. J 
and J~ H =~Hz), 6.20(d,H5,JH H =6Hz),~ 

3 4 4 5 
6.60(d,2H,H ),6.82(d,2H,R ,J b=8Hz), a --b a, 

7.00-7.60(m,11H,Ar-H) 



Table 4: Contd •••••• 

Compound R Rl IR(KBr) ~ cm-l 
max 

7d H p-OCH3c
6

H4 339 5,1600,1550 

7e Cl p-OcH3c 6H4 3400,1600,1550 

Ba CH3 C6H5 3400,1610,1550 

lH NMR(CDC1
3

)c ppm 

3.76(S,3H,OCH
3
), 3.90(bd,1H,NH), 

4.82(dd,H4,JH H =4Hz & JH H =6Hz), 
3 4 4 5 

4.93(d,H2 ,JH H =11Hz), 5.35(dd,H3 , 
2 3 

JH H =11Hz & JH H =4Hz), 6.1S(d, 
2 3 3 4 

H5,JH
4

H
5
=6Hz), 6.56(d,2H,Ha), 6.78 

(d,2H,~,JHa~=8Hz), 6.93-7.53(m, 

10H, Ar-H) 

3.73(s,3H,OCH
3
), 3.90(bd,1H,NH), 

4.73(dd,H4 ,J~ H s4Hz & JH H =6Hz), 
3 4 4 5 . 

4.90(d,lH,H2,JH H =11Hz), 5.23(dd, 
2 3 

1H,H3 ,JH H =11Hz & JH H =4Hz), 
2 3 . 3 4 

6.08(d,lH,H
5
,JH

4
H

5
=6Hz), 6.46(d, 

2H,Ha)' 6o85(d,2H,~,Ja,b=8Hz), 

7.os-7.60(m,9H,Ar-H) 

2.23(s,3H,cH
3
), 3.63(bd,1H,NH),4.95 

(d,H 2,JH H =11Hz), 
2 3 

11Hz & JH H =3Hz), 
4 5 

5.09(dd,H4,JH H = 
3 4 

5.31(dd,H3 , ~ 

r:.; 
~, .. 



Table 4: Contd ••• 

Compound R R1 

*' Bb Cl C6H5 

Be K C6H5 

• in CDC1 3/D3CCOCD3 

\ -1 
IR (KBr), v · em max 

3400,1610,1550 

3340,1600,1550 

1 H NMR(CDC1 3 )6 ppm 

JH H =JH H =11Hz), 6.03(d,1H,H5, 
2 3 3 4 

JH H =3Hz), 6.63(d,2H,H ), 7.02 
4 5 a 

(d,2H,~,Ja,b=8Hz), 7.13-7o53(m, 

10H, Ar-H) 

3.73(bd,1H,NH), 4.95(d,lH,H2, 

JH H =11Hz), 5.05(dd,1H,H4,JH H = 
2 3 3 4 

11Hz and JH H =3Hz), 5~43(dd,1H, 
4 5 

H3,JH H =JH H =11Hz), 5.98(d,lH, 
2 3 3 4 

H5,JH
4

H
5
=3Hz), 6.65(d,2H,Ha)' 7.13 

(d,2H,~,Ja,b=8Hz), 7.25-7.6S(m, 

10H, Ar-H) 

3o7l(bd,1H,NH),4.98(d,1H,H2,JH H = 
2 3 

11Hz), 5.08(dd,1H,H4 ,~H H =11Hz & 
3 4 

JH H =3Hz), 5.34(dd,1H,H3 ,JH H = 
4 5 2 3 

11Hz), 6.03(d,1H,H5,JH H =3Hz), 
4 5 

6.72(m,3H,H and H), 6.83(d,2H, a e 
K J =8Hz), 7.1-7.53(m,lOH,Ar-H) 
__ b, a, b 

.... 
r:..; 
C:l 



Table 4: Contd •••.• 

Compounds R R1 

8d H p-OCH3c6H4 

Be Cl p-OCH3c
6

H4 

, 

IR(KBr) ~ cm-1 
max 

3400,1600,1550 

3400,1600,1550 

1
H NMR(CDC1

3
)6 ppm 

3.76(s,3H,OcH
3
), 3.80(bd,1H,NH)~ 

4.92(d,1H,H2,JH H =11Hz), 5.06 
2 3 

(dd,1H,H4 ,JH H =11Hz & JH H =3Hz), 
3 4 4 5 

5. 30(dd,1H,H3, JH H = JH H .=11Hz) I 

2 3 • 3 .4 
6.00(d,1H,H

5
,JH H =3Hz), 6.70(d, 

4 5 
2H,Ha}' 6.86(d,2H,~,Ja b= 8Hz), 

. . , 
7o00-7.50(m,10H,Ar-H) 

3.77(s,3H,OCH
3
), 3.93(bd,1H,NH), 

4.93(d,1H,H2,JH H =11Hz), 5.10(dd, 
2 3 

1H,H4 ,JH H =11Hz,JH H =3Hz), 5.35 
. 3 4 4 5 

(dd,1H,H3 ,JH H =JH H =11Hz)_, 5.96 
2 3 3 4 

(d, lH, H5, JH
4 

H
5 
=3Hz), 6. 63 (d, 2H, Ha), 

6.87(d,2H,Hb,J~1 b=8Hz), 7.00-7o66 

(m,10H,Ar-H) 

~ 
(~ _, 

CJ 



Table 5: Physical and analytical data for compounds lla-l!i 

Compound R Rl m.p. Yield !-1ol. formula MS Calc. Analysis % 
~c % Found c H N 

11a CH3 H 141 66 C18H17N02S 311(M+) 69.45 5.47 4.50 
69.61 5. 3 2 4.38 

llb CH3 CH3 124 63 C19H19N02S 325(M+) 70.15 5.85 4.31 
70.43 5.9 2 4.37 

11c CH3 Br 151 51 c18H16BrN0 2s 390 (M+) 55.38 4.10 3. 59 
55.61 3.85 3. 59 

11d Cl H 152 57 c17H14clN02s 331(M+) 61.54 4.22 4.22 
61.79 4. 27 4.01 

11e Cl CH3 126 72 c18H16c1No 2s 345(M+) 62.51 4.63 - 4.05 
62.55 4.70 4o01 

l'lf Cl Br 140 50 c 17H13BrClN0 2s 410(M+) 49.69 3.17 3.41 
50.08 3.05 3.41 

.!.19: Br H 134 65 c 17H14BrNo2s 376(M+) 54. 25 3. 72 . 3o72 
54.42 3.68 3.73 

11h H H 120 .... 57 C17H15N02S 297 (M+) - 68o68 s.os 4o71 
69.01 5.01 4.64 

11i H CH3 138 59 C18H17N02S 311 (M+) 69.45 5.47 4.50 
69.32 5.36 4o64 

!.U H Br 132 64 c17H14BrNo 2s 376 (M+) 54.25 3.72 3.72 
/ .... 54.63 3.75 3.76 c.) 

".] 



Table 6: Spectral data for· compounds 11a-l!i 

Compounds R Rl 
. -1 

IR (KBr) ~ em 
max 

11a CH
3 H 3 2001 16 201 11)40 

11b CH3 CH3 3371,1647,1564 

11c CH3 Br 3360,1640,1540 

11d Cl H 3200,1630,f540 

11e Cl CH3 3162,1629, 1S63 

lH NMR(CDC1
3

) oppm 

2.33(s,3H,CH3), 4.15(s,2H,-CH 2-}, 

6.27(d,1H,=C-H,J=8Hz), 7.06-7.51 

(m,9H,Ar-H), 9.24(d,lH,-C-H), 9.45 
~ 

(b,lH,N-OH) 

2.33(s,6H,2CH3 ), 4.12(s,2H,-CH 2-), 

6.27(d,1H,=C-H,J=8Hz), 7.09-7.45 

.(m,SH,Ar-H), 9.21(d,1H,-C-H), 9.40 
II 
0 

(b,lH,N-OH) 

2.36(s,3H,CH3 )) 4.12(s,2H,-CH2-), 

6.33(d,1H,=C-H, J=8Hz), 7.21-7.42 

(m,SH,Ar-H), 9.24(d,1H,-n-H), 9.54 
0 

(b, lH, N-OH) 

4.36(s,2H,-CH 2-); 6.4S(d~1H,=C-H, 

J=8Hz), 7.24-7.S7(m,9H,Ar-H), 9.06 

(d,1H,-C-H), 9.29(b,1H,N-OH) 
II 
0 -

2.33(s,3H,CH3 ), 4.1S(s,2H,-CH 2-), 

6.33(d,1H,=C-H,J=8Hz), 7.12-7.45(m, 

SH,Ar-H), 9.22(d,1H,-fi-H),9.9(b,1H, 
0 

N-OH) 

~ 
(- . 
. .-/ 

c ) 



Table 6: Contd ••• 

Compounds R R1 

llf Cl Br 

ll.9. Br H 

11h H H 

lli H CH
3 

ill H Br 

."\ -1 IR(KBr) v em 
max 

33 70, 164 5,1550 

3160,_1625,1565 

3200,1630,1540 

3250,1640,1540 

3190,1629,1551 

1
H NMR(CDC1 3 )6 ppm 

4.1S(s,2H,-CH
2
-), 6.34(d,1H,=C-H, 

J=8Hz), 7.18-7.42(m,8H,Ar-H), 9o18 

(d,lH,-C-H), 9.85(b,1H,N-OH) g 
4.18(s,2H,-CH2-), 6.33(d,lH,=C-H, 

J=8Hz), 7.15~7.66(m,9H,Ar-H), 9.18 

{d,lH,-t.-H), 9.60{b,1H,N-OH) 
0 

4.17(s,2H,-CH2-), 6.30(d,1H,=C-H, 

J=8Hz)., 7. 30-7.60 (m, lOH, Ar-H), 9. 24 

(d,1H,-~-H), 10.00(b,1H,N-OH) 
0 

2.33{s,3H,CH3), 4.12{s,2H,-cH
2
-), 

6.30(q,1Hi=C-H, J=8Hz), 7.10-7.48 · 

(m, 9H, Ar.;.H), 9. 21 (d, 1H, -~-H) 1 9. 50 
0 

{b, 1H, N-OH) 

4.12(s,2H~~cH2-), 6.30(d,1H,=C-H 1 

J=8Hz), 7.18-7.42(m,9H,Ar-H), 9.18~ 
C; 

(d 1 1H,-C-H), 9.42(b1 1H,N-OH) ~ 
8 



Table 7: Physical and analytical data for compounds 19a-19c and 21a-21d 

Compounds R 
m.p. Yield Mol. formula Calc. Analysis % 

M/z •c % Found c H N 

19a H 75 87 C18H23NS 75.79 8.07 4.91 285 (M+) 

(285) 75.61 8.17 4o96 191 (M+ -9 4) 

19b p-CH3 104 89 C19H25NS 76.25 8.36 4.68 299 (M+) 

(299) 76.42 8.25 4. 59 205 (M+ -94) 

196 p-Cl 110 92 c18H22clNS 67.60 6.88 4.38 319 (M+) 

(319.5). 67.78 7.06 4.41 225 (M+ -94) 

21a H 71 65 C21H25NS 78.02 7.74 4.33 323(M+) 
78.61 7.50 4.08 191 (M+ -132) 

(323) 

21b p-CH 116 67 C22H27NS 78.34 8.01 4.15 337 (M+) 
3 

78.85 7.68 4.09 205(M+;..132) (337) 

21c p-Cl 135 68 c 21 H24ClNS 70.49 6.71 3.92 357 (M+) 

(357.5) 71.09 6.58 3.73 225 (M+ -13 2) 

.21d p-Br 145 63 c 21 H24BrNS 62.69 5. 97 3.48 402 (M+) 

(402) 63.05 5.72 3.39 270(M+-132) 

...... 
to-:· 
C> 



Table 8: Spectral data for compounds 19a-19c and 21a-21d 

Compound R 

19a H 

19b CH3 

19c Cl 

IR(KBr) vmaxcm-
1 13c NMR(CDC1 3)6ppm 

1H NMR(CDC1 3 )6ppm 

1590,1475,1445 29.13(C-9),29o93(C-10), 1.10-2.60(m,9H),2.36(s,6H, 

1585,1480,1445 

1585,1480,1450 

34.41(C-11}, 41.04(C-1/ N(CH
3

)
2
), 3.02(dd,1H,H

6
, 

C-8), 41.92{N(CH3) 2, J
617

•8Hz & J
516

=4Hz), 3.06 

43.39(C-8/C-1),51.17 (dd,1H,H2,J1 ,
2

=2Hz & J 2,
7

= 

(C-7), 52.87(C-2),66.60 .8Hz), 6.58(d,1H,H
5
,J

5
,

6
= 

(C-6),123.63(C-5)~139.38 4Hz), 7.23-7.67(m,5H,Ar-H) 

(C-4), 123.64,126.17, 

128.36,128.77{Ar) 

1.10-2.23(m,8H),2.30(s,3H, 

CH3), 2.40(s,6H,N(CH3)
2
), 

2.60-3.10(m,3H), 6.56(d,1H, 

H5iJH H =4Hz), 7o03-7.SO(m, 
5 6 

4H,Ar-H) 

29.06(C-9),29.84(C-10), 1.10-2o26(m,8H),2.40(s,6H, 
-

34.34{C-11), 40.96(C-1/ 

C-8),41.87{N(CH3 ) 21, 

43.28(C-8/C-1), 51.15 

N{CH3) 2), 2.42-2.65(m,1H), 

3.04(dd,1H,H6,JH H =8Hz, ~ 
6 7 1-• 

JH H =4Hz) I 3.10 (dd,1H, H2, .... 
5 6 



Table 8: Contd •• 

Compound R ' -1 IR(KBr) v em 
max 

21a H 160011590114901 

1440 

21b C_H3 16001159511500, 

1440 

13c NMR(CDC1 3 )6ppm 

(C-7), 52.84(C-2) 166.62 

(C-6),124.16(C-5) 1 138.24 

(C-4) 1137 • 76 (Cl!(Q> ) 1 

I 
1~3.65( ~ ), 127.37, 

127.771 128.41(Ar) 

1
H NMR(CDC1 3)6ppm 

JH H =8Hz,JH H =2Hz), 6.56 
2 7 1 2 

(d,lH,H5,JH H =4Hz), 7.23-
5 6 

7.56(m,4H,Ar-H) 

1.48-lo90(~.2H)I 2~12-2.34 

(m1 3H) 1 2.38(s,6H,N(CH3 ) 2 )1 

2.50-2.70(m,3H),3.00-3.24 

(m1 3H),S.50-5.68(m,2H,H11 and 

H12), 6.Sl(d11H1H5,JH H = 
5 6 

4Hz) 1 7.17-7.57(m1 5H,Ar-H) 

1.~5-2.34(m1 5H), 2.34(s1 3H, 

CH3-Ph), 2.40(s,6H,N(CH
3

)
2

)1 

2. 50-3.21 (m, 6H), 5. 60 {m, 2H, 

Hll and H12), 6.50(d1 1H,HS1 

JH H =4Hz) 1 7".10-7. 50 (m, 4H~ 
5 6 1---

Ar-H) l'J 



Table 8: Contd ••• 

Compound R ' -1 IR(KBr)v em 
max 

21c Cl 1600,1590,1490, 

1440 

21d Br 1600,1590,1490, 

1440 

13
cNMR(CDC1

3
)6ppm 

1
H.NMR(CDC1

3
)6ppm 

1.4S-1.90(m,2H),2.10-2.33(m, 

3H), 2.38(s,6H,N(CH3 ) 2), 

2.51-2.72(m,3H), 3.00-3.24 

(m,3H), s.so-s.70(m,2H),H11 

and H12), 6.SO(d,1H,H
5

, 

HH H =4Hz), 7.15-7.50(bd~4H, 
5 6 

J=8Hz) 

1.46-2.26(m,5H), 2.36(s,6H, 

N(CH
3

) 2 ), 2.45-3.26(m,6H), 

5.60(m,2H,H11 and H12 >~ 

6.50(d,1H,H
5
,JH H =4HZ), 

- . 5 6 
7.20-7.50(bd,4H,J=8Hz) 

..... r 

I r-· c..) 
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CHAPTER IV 

REACTIONS OF THIOAMIDE VINYLOGS WITH 
ISONITRILES AND ISOTHIOCYANATES 

AND 

REACTIONS OF N,N-DIMETHYL-N'-THIO­
BENZOYLFORMAMIDINE AND N,N-DIMETHYL­
N'-PHENYLTHIOCARBAMOYLFORMAMIDINE 
WITH IMIDOYL CHLORIDES 

4.1 Reactions of thioamide vinylogs with isonitriles and 

isothiocyanates: 

4.1.1 INTRODUCTION: 

As discussed in earlier chapters the thioamide vinylogs 

h b k t d . t f 1 h . 1 . 1 - 4 ave een nown o un ergo a var1e y o nuc eop 1 1c , 



1 t h "l" S-? d 1 dd"t• t• B-12 lt e ec rap 1 1c an eye oa 1 1on reac 1ons resu -

ing in numerous heterocyclic compounds. But there is no 

report in literature concerning the reactions of thioamide 

vinylogs with substrates having a carbon nitrogen double 

or tripple bond. The isonitriles which display the 

carbene characteristics have been known to react with 

some heterodienes in a (1+4) cycloaddition manner 13 , 14 • 

Also the isothiocyanates have been known to undergo cycle­

addition reactions with various heterodienes 15 • Keeping 

all these in mind we considered it worthwhile to investigate 

the reactions of thioamide vinylogs with isonitriles and 

isothiocyanates. The results of these investigations 

are presented below. 

RESULTS AND DISCUSSIONS: 

4.1.2 Reactions of thioamide vinylogs derived from secondary 

amines with isonitriles: 

The treatment of thioamide vinylogs (~) derived from 

secondary amines with an equivalent amount of alkyl/aryl­

isonitriles (~) in refluxing dry dioxane resulted unexpe-

ctedly in thioamide vinylogs derived from primary amines 

(~) 16 • The products have been characterised as 3-aryl­

amino/cyclohexylamino-1-arylpropene-1-thiones (l) on the 

basis of analytical and spectral data (Tables 1 and~). 

The 1 H NMR spectra of compounds l in general, displayed 

two doublets of one proton each at 6 6.50-6.65 and 

b7.60-7.75 assignable to vinylic prqtons Ha and Hb 



respectively. This is expected as the vinylic proton Hb 
I . 

is less shielded because of the deshielding effect of 

nitrogen attached to carbon bearing this proton. Also, 

the vinylic proton H is expected to appear at lower . a 

b value 'because of the resonance. effect of nonbonding 

electron pair at nitrogen. The aromatic protons appeared 

as a multiplet in the region b7.10-7.90 and a low field 

broad peak-b 13.50-15.40 which is exchangeable with o
2
o 

is assigned to the NH proton. In the case of compounds 

~-~ the methylene protons appeared as a doublet around 

b4.50(J=6Hz) probably because of splitting of these protons 

by the NH proton attached to it. In case of products 

lb.-~ the methj_ne proton appeared as unresolved multiplet 

around b 3. 25 and methylene protons as multiplet in the 

region b 1.30-2.10. These products have been assigned 

z-configuration on the basis a the coupling constant of two 

vinylic protons (J b=7-8Hz).· The preferred z-configuration a, 

in these cases could be due to the intramolecular hydrogen 

bonding17 • Further confirmation for the structure 3 is derived 

from their mass spectra and by comparison of their melting 

points with that of the authentic samples. A number of 

futile attempts were made to isolate the cycloadducts of 

the type shown in Scheme 1 and resulted invariably in the 

thiones 3 as the only isolable products. For example, 

the treatment of an equimolar mixture of 1 and l in dioxane 

with BF
3

.Et
2
o resulted in spontaneous conversion of 1 to 3. 
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The ~eaction of 1 and 1 in refluxing dry benzene required 

much. longer reaction periods for conversion to 3. 

The mechanistic pathways leading to the formation of 3 

are outlined in the scheme 1• Of these, the pathway I 

is less likely because it involves the formation of highly 

strained iminocyclopropane intermediate~ via (1+2) cycle-

addition rsactions of thioamide vinylogs with isonitriles. 

The intermediate 4 is presumed to isomerise to intermediate 

5 which in turn undergoes hydrolytic cleavage to afford 

l• The pathway II is more likely and is presumed to 

involve the initial electrophilic attack of isonitriles 

at C-2.of the thioamide vinylogs. This is interesting 

and intriguing case of electrophilic attack at C-2 of 

thioamide vinylogs since in all reported reactions the 

electrophilic attack is known to take place exclusively 

at sulphur17 • This aspects of the chemistry of thioamide 

vinylogs needs careful and systematic further exploration. 

4.1.3 Reactions of thioamide vinylogs (3-morpholino-1-phenyl­

Erogene-1-thione) with ~'-arylisothiocyanates: 

The reactions of an equimolar mixture of 3-morpholino-1-

phenylpropene-1-thione (l) and N-arylisothiocyanates in 

refluxlng dry acetonitrile resulted unexpectedly in N-(N­

arylthiocarbamoyl) morpholine (B) as the only isolable 

products. The identities of 8 were established on the 

basis of analytical and spectral data (Tables 3 and~). 



,...N, 
H3C CH3 

1 

+ 1C=N-R, 

2 

Dry Dioxane 

BF3/ Et20 

Dry Dioxane 
reflux 

1 -- 4hrs 
I 1Pathii Path I s 

R rnY lrr--~N R1 
R~H;f'N__.CH3 

.. I 

H20 CH3 

S !-)NCHO 

Ho~ 
Hb)lNHV..R 

I 

/ R1 
H20=--r N R1 ------.J 3 

N 
H3C/ 'CH3 

5 Scheme 2 

s 
Ha~ 

Hb~HQlR 
I 

R1 
3 

3 a: R= H, R1=C5H5 

b: R=CH3,R1=C5H5 

c: R=CI , R1=C6H5 

d: R=Br, R1=C6H5 

e: R=H , R1=H2C-C5H5 

f: R=CI , R1=H2C-C6H5 

g: R=Br, R1=H2C-C6H5 

h: R=H , R1=Cyclohexyl 

1: R=CH3,R1=Cyclohexyl 

J: R=CI , R1=Cyclohexyl 

k: R=Br 9 R1=Cyclohexyl ~ 
~~J 

t\) 
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The 1 H NMR spectra of ~ exhibited a singlet for eight 

protons -6 3.70-3.80 assignable to eight morpholine protons. 

The aromatic protons appeared as a multiplet in the region 

6 6.80-7.40 and a broad peak ~~7.40 which is exchangeable 

with o
2
o was assigned to the NH proton. Further confir­

mation to the structure of 8 was derived through its 

comparison with the authentic sample prepared by the 

reactions of morpholine with various N-arylisothiocyanates. 

The rationalisation for the formation of N-(N-arylthio-

carbamoyl) morpholine ~in these reactions is outlined 

in the Scheme 3. In this scheme it i~ presumed that the 

initial electrophilic attack of the carbon of isothio-

cyanates at the C-2 of the thioamide vinylogs results in 

an intermediate ~ which decomposes to arylisothiocyanates, 

morpholine and thiobenzoyl acetylene. The reaction of 

morph.oline and N-arylisothiocyanates so formed results 

in the formation of ~· A~ already pointed out this is 

another case of unusual behaviour of thioamide vinylogs 

involving electrophilic attack at C-2 position. It is 

worthwhile to mention here that the thioamide vinylogs 

did not yield the cycloadducts with c~N of isothiocyanates 

and carbodiimides even under drastic reaction conditions. 

4.2.1 Reactions of N,N-dimethyl-N'-thiobenzoylformamidine and 

N,N-dim~thyl-N'-arylthiocarbamoylformamidines with N-aryl­

benzimidoyl chlorides18 

N,N-Dimethyl-N'-thiobenzoylformamidines (9) are known to 
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participate as 4 n component in (4+2) cycloaddition react­

ions with substrates like ketenes 19 , sulfenes
20

, ~,0-unsa­

turated substrates21 , 22 etc. leading to the formation of 

a variety of heterocyclic compounds. Also, the electro-

19 20 philic reactions occuring at sulphur atom of g are reported ' • 

The literature survey revealed that the azadienes and all 

carbon qienes undergo (4+2) cycloadditions with substrates 

having carbon nitrogen double bond 23 , 15 • It has also been 

reported that imidoyl chloride adds to all carbon dienes 

in a (4+2) cycloaddition manner 23 (Scheme 4). But there 

have been no report in literature on the reactions of 9 

with sub~trates having carbon nitrogen double bond. We 

have explored here the reactions of N,N-dimethyl-N'-thio-

benzoylformamidine and N,N-dimethyl-N'-phenylthiocarbamoyl­

formamidine (11) with various N-arylbenzimidoyl chlorides 

(1Q) in order to investigate the reaction pathways followed 

and the nature of the products formed in these cases~ 

4.2.2 RESULTS AND DISCUSSIONS: 

The reactibns of N,N-dimethyl-N'-thiobenzoylformamidines 

(9) with N-arylbenzimidoyl chlorides (1Q) in dry chloroform 

afforded very good yields (76-82%) of products which were 

characterised as dimidoyl sulfides (1£) on the basis of 
1 . 

analytical, spectral (ir, H N~R and mass) data (Tables 

2 and ~) and by melting point comparison with that of 

authentic sample. The probable mechanism leading to the 

formation of 1l is shown in Scheme 5. In this scheme it 
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is presumed that g initially undergoes nucleophilic 

attack of sulphur at the imidoyl chlorides to give immo­

nium salt (ll) as tre intermediate. The hydrolytic decom-

position of this intermediate results in the formation 

of thiobenzanilide (~) which reacts with another molecule 

of lQ to yield the products 1£• Further to our studies 

we hav~ expmined the reactions of N,N-dimethyl-N'-phenyl-

thiocarbamoylformamidine (11), where the non-bonding 

electron pair at nitrogen attached to phenyl can also 

polarise the thiocarbonyl group, with benzimidoyl chlorides 

(1Q). Thus the reactions of equimolar amounts of 10a and 

11, for example in refluxing dry THF gave a mixture of - . 

products consisting of N,N'-diphenylbenzamidine (15a:33%) 

and thiobenzanilide (16a;65%). A similar reaction of 11 

with N-p-tolyl benzimidoyl chloride leads to the formation 

of N-p-tolyl-N'-phenylbenzamidine (15b; 30%) and N-p-tolyl-

thiobenzanilide (16b; 68%). The rea~tion of 11 with other - . 

imidoyl chlorides (1De,f) resulted in thiobenzanilides 

(16c,£) as the only isolable products. The formation of 

15 and 16 in these reactions could be rationalised in - ....-

terms of mechanistic pathways indicated in Scheme 6. As 

shown in this scheme the reactions of 11 with .1Q perhaps 

follow two different pathways. The reaction pathway I 

involving nucleophilic attack of sulphur leads to the 

formation of thiobenzanilides (1£) whereas the reaction 

pathway II involving nucleophilic attack of nitrogen on 
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imid?yl chlorides results in the formation of N-aryl-~­

phenylbenzamidines (12) •. The structure of these products 

were elucidated on the basis of analytical and spectral 

data (Tables 7 and B) ard were found to be in conformity 

with the assigned structures. Further confirmation was 

derived through the comparison of their spectral data and 

melting points with those of reported ones. A number of 

futile attempts were made to carry out the desired cyclo­

addition reactions and even under extremely anhydrous 

reaction conditions resulted in the same products. The 

similar reactions of thioamide vinylogs with imidoyl 

chlorides resulted in an intractable mixtures from which 

no identifiable product could be isolated. Also, carbodi­

imides failed to react with 9 and 11 even under vigorous 

reaction conditions. 

CONCLUSION: 

The reactions studied here represent first few cases where 

thioamide vinylogs behave as enamines. The electrophilic 

attack at C-2 of the thioamide vinylogs is intriguing and needs 

further careful and systematic investigations. We have recently 

observed that the reactions of 3-arylamino-1-phenylpropene-1-

thiones with ~,N-dimethylformamide dimethylacetal resulted in 

3-dimethylamino-1-phenylpropene-1-thione. This could also be 

ra~ionalised by the initial electrophilic attack at C-2 of 3-

arylamino-1-phenylpropene-1-thiones. The reactions of N,N-



13~ 

dimethyl~N'-(arylthiocarbamoyl) formamidines with benzimidoyl 

chlorides led to thiobenzanilides, dimidoyl sulfides and 

amidines and their formation is mechanistically interesting. 



4.3 EXPERIMENTAL SECTION: 

General conditions were same as described in chapter II. 

Starting Materials: 

The commercial samples of acetophenone, 4-chloroaceto-
1 

phenone, 4-bromoacetophenone, 4-methylacetophenone, 

dioxane, acetonitrile, aniline, benzylamine, cyclohexyl-

amine, p-toluidine, p-chloroaniline, p-anisidine, p-phene-

' 
.tidine, morpholine, N,N-dimethyl. formamide and dimethyl 

sulphate were purified before use. 

0 24 N,N-dimethylformamide dimethylacetal, b.p. 102 C : 3-

dimethylamino-1-phenyl propene-1-thione, m.p. 115-6°c 25 : 

3-dimethylamino-t~chlorophenylpropene-1-thione, m.p. 119-

200C25; 3-dimethylamino-1-p-bromophenylpropene-1-thione, 

m.p. 118-19°c 25 ; 3-~imethylamino-1-p-methylphenylpropene-

1-thione, m~p. 135-36°c 25 were prepared by the reported 

methods. 

Phenylisothiocyanate 26 ; p-methylphenylisothiocyanate 26 ; 

p-chlorophenylisothiocyanate 26 ; p-methoxyphenylisothiocyanate 26 

and p-ethoxyphenylisothiocyanate 26 were also prepared 

according to the reported procedures. 

P t . f . . t . l 27 repara 1on o 1son1 r1 es : 

A five hundred round-bottomed flask equipped with a magnetic 

stirrer and reflux condenser was charged with aniline 

(0.2 mol, 18.6g),alcohol free chloroform (0.2 mol, 2.4g), 

benzyltrimethylammonium chloride (O.Sg) and dichloromethane 



(6Dm0 and 50% aquous sodium hydroxide solution (60 ml) 

was added to it in one portion. After induction period 

of about ten minutes, the chloroform refluxes spontaneously 
I 

and the reaction mixture was kept at a temperature of ca 

40°C. After about one hour the refluxing ceases and the 

reaction mixture was further stirred for one more hour. 

The reaction mixture was then diluted with water (200 ml) 

and extracted with dichloromethane. The dichloromethane 

extra~t was washed with water, brine and dried over 

anhydrous magnesium sulfate. Distillation afforded the 

pure phenyl isonitrile, b.p. 50-52°C/11 torr. 

The benzyl and cyclohexyl isonitriles were prepared similarly. 

Preparation of 5-ph~nyl-1,2-dithiole-3-one 28 : 

Three hundred ml (315g, 1.8 moles) of ethyl cinnamate was 

heated to boil in a 2 liter wide-mouth conical flask and 

90g (2.Bg atoms) of sulfur added to it. The sulfur 

dissolved readily and the mixture then was boiled gently 

for one hour cooled, diluted with 125 ml of ethanol,chilled 

thoroughly and filtered. The yield of fan product, m.p. 

104-109° (lit. 28 m.p. 102-112°), was 165g(61%). It was 

. 0 28 
recrystallised from ethanol, m.p. 113-115 (lit. m.p. 

114-117°) •. 

Pregaration of 5-phenyl-1,2-dithiole-3-thione
28

: 

A solution of 20.0g (0.103 mol ) nf 5-phenyl-1,2-dithiole-

3-rine and 30.0g (0.135 mol ) of phosphorous pentasulfide 
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in 200 ml of pyridine Was refluxed for 4 hours. The 

reaction mixture was then cooled partially diluted with 

150 ml of water, chilled and filtered. The yield of brown 

product, m.p. 114-117° (lit. 28m.p. 116-119°),. was 19g(BB%). 

crystallisation from 150 ml of butyl acetate gave 16g of 

0( . 28 0) brown needles, m.p. 123-125 l1t. m.p. 125-127 • 

Preparation of 3-ghenyl-1,2-dithioleum hydrogen sulfate 28 : 

Twelve grams (0.057 mol ) of 5-phenyl-1,2-dithiole-3~thione 

was dissolved in 400 ml of acetone with gentle warming. 

The solution then was stirred in an ice bath and 32g(0.17 

mol ) of 40% peracetic acid was added during 15 minutes. 

In order to prevent crystallisation of starting material, 

the addition of peracetic acid was begun before the acetone 

solution was thoroughly chilled. The product which started 

separating during the addition was stirred 10 minutes 

longer in the ice bath, filtered and washed with a little 

cold acetone: yield 13g of pale yellow solid, m.p. 203-

2040 (lit. 28 m.p. 205-207°). 

Preparation of 3-morpholino-1-phenylpropene-1-thione 2 : 

A solution of 3-phenyl-1,2-dithioleum hydrogen sulfate 

(2.Bg, 0.01 mol) and morpholine (1.7g, 0.02 mol) in ethanol. 

(30 ml) was refluxed for 30 minutes. The reaction mixture 

was cooled and filtered. 3-Morp~olino-1-phenylpropene-1-

thione so obtained was recrystallised from ethanol, m.p. 

13 6 ° c' ( 1 it •
2 

m. p. 1 3 6 ° c) • 



Preparation of N,N-dimethyl-N'-thiobenzoylformamidine(9) 29 : 

A mixture of thiobenzamide (13.7g, 0.10 mol) and N,N-dimethyl­

formamide dimethylacetal (16.0 ml) was stirred at room 

temperature for one hour. The volatile materials were 

removed under reduced pressure. Trituration of the 

residue with a small amount of cold ether gave 18.6g 

(97%) of gas reddish orange crystals, m.p. 57°C (lit. 29 , 

m.p. 57-59°C). 

~£3ration of N,N-dimethyl-N'-phenylthiocarbamoylfor­

mamidine (11) 29 : 

A mixture of 50.0g of phenyl thiourea and 100 ml of N,N­

dimethylformamide dimethylacetal was stirred at 100°C for 

one hour. On cooling to room temperature the reaction 

mixture deposited 67.4g (99%) of 1l as colourless crystals 

m.p. 153°C (lit. 29 m.p. 154-56°C). 

~ral procedure for the preparation of N-arylbenzimidoyl 

chlorides (10)
30

: 

A mixture of two equivalents of thionyl chloride and one 

equivalent of benzanilide was heated to reflux for 30 minutes. 
I 

The excess of thionyl chloride was removed and the·residue 

extracted with dry petroleum ether. The removal of 

petroleum ether yielded N-phenylbenzimidoyl chloride. 

' 
Similar procedure was followed for the preparation of 

N-p-chlorophenyl, N-m-chlorophenyl, N-o-chlorophenyl, 

N-p-bromophenyl and N-p-tolyl benzimidoyl chlorides. 



General procedure for the reactions of 3-dimethylamino-

1-arylpropene-1-thione with isonitriles: 
I 

A mixture of 3-dimethylamino-1-phenylpropene-1-thione (~) 

(0.5g, 0.0026 mol) and phenyl isonitrile (2a) (0.3g, 

0.0029 mol) was refluxed in dry dioxane for four hours. 

The solvent was removed under reduced pressure and the 

product so obtained (0.4g, 70%) was recrystallised from 

ethanol and characterised 

· 1 0 5-6 ° C ) ; I R ( J ) ; 1 6 4 0 , 
max 

as 3a; m.p. 102°C (lit. 31 , m.p. 

-1 1580, 1480 em • Anal. found: 

Reactions of all other isonitriles (l) with 1 were carried 

out in a similar manner and the products are listed in 

the t~bles (1 and~). 

General procedure for· the reactions of 3-morpholino-1-

phentlpropene-1-thione (7) with N-arylisothiocyanates: 

A solution of 3-morpholino-1-phenylpropene-1-thione (I) 

(0.4g, 0.0017 mol) and N-phenylisothiocyanate (0.25g, 

0.0018 mol) in dry acetonitrile (15 ml) was refluxed for 

a period of five hours. The solid obtained 0.4g (87%) 

after the removal of the solvent under reduced pressure 

was recrystallised from a mixture (1:1) of benzene and 

hexane and characterised as N .. (N-phenylthiocarbamoyl) 

morpholine (~), m.p. 128°C (lit. 32 m.p. 130.5°C). Mass 

calculated for c11H14N20S; 222; Found: 222; 1 H NMR Cppm 

(CDC1 3 ): 3.7D(s,8H,-NJ ), 7.74(m,5H,Ar-H) and 7.50(b,1H,NH). 



The reactions of 3-morpholino-1-phenylpropene-1-thione 

with other N-arylisothiocyanates were carried out by 

following the same procedure (Tables~ ~nd ~). 

General procedure for the reactions of N.N-dimethyl­

N'-thiobenzoylformamidine (9) with N-arylbenzimidoyl 

chlorides (10): 

To a stirred solution of 9 (0.7g, 0.0036 mol) in dry 

chlo~oform (30 ml) was added N-phenylbenzimidoyl chloride 

(.10a) (0.86g, 0.0040 mol) and the reaction mixture was 

stirred at room temperature for one hour. The residue 

obtained after careful removal of the solvent under 

reduced pressure was stirred with aquous ethanol (75%). 

The solid thus obtained (1.15g, 82%) was recrystallised 

from a mixture (1:1) of benzene and hexane and characterised 

as dibenzimidoyl sulfide (~); m,p. 199-200°C (lit. 33 

m.p. 202-4°C); IR( .J ): 1625, 1495, 1360 cm- 1 • Anal. max 

found C,79.13; H,5.21; N,7.04; Calc. for c
26

H20 N
2

S; C, 

79.59; H,5.10; N,7.14%; MS; m/z 392 (M+). 

Reactions of all other N-arylbenzimidoyl chlorides (10) 

with .§!. were carried out in a similar manner (Tables· 5 and 6). 

General procedure for the reactions of N,N-dimethyl-N'-

phenylthiocarbamoylformamidine (11) with 10 : 

A mixture of 11 (0.7g, 0.0030 mol) and 10a (0.86g, 0.0040 

mol) in dry tetrahydrofuran (25 ml) was refluxed for five 

hours. Removal of the solvent under reduced pressure 



resulted in a product mixture which was chromatographed 

over a silica gel column. Elution of the column with a 

mixture (1:1) of benzene and hexane gave thiobenzanilide 

(1£) (0.39g, 65%) which was recrystallised from ethanol; 

m.p. 

H,5.22; N,7.00; Calc. for c13 H
11

NS; C,73.24; H,5.16; N, 

6.57%;MS: m/z 213(M+). Further elution of the column with 

1:1 mix.ture of benzene and hexane mixture gave a compound 

(0~3g, 33%) which was recrystallised from a mixture (1:1) 

of benzene and hexane and characterised as N,N'-diphenyl-

o ( . 35 0 ) benzamidine (~); m.p. 143-44 C l~t. ,m.p. 144 C : IR 

(~ ): 3300, 1595 max 
-1 em • Anal. found£ C, 83.84; H,5.93; 

N,10.24%; Calc. for c19H16N2 : C,83.82; H,5.88; N,1D.29%); 

MS: m/z 272(M+). 

The same procedure was followed for the isolation of the 

products from the reactions of all other N-arylbenzimidoyl 

chlorides (1Q) with 11• The characterization data for 
I 

the products is listed in Tables 7 and ~· 



I'at:le 1: P~n~is1c~Dl Rnd analytical data for compounds (l2,-3k) 

N% 
Compound R R1 rr,.p.i)C Yield Mol.formula 

(lit.m.p.) ~c % UI+) Calc. Found 

Ja H C6H5 102 70 C15Hl3NS 5.86 S.54 

(105-106) 
31 

(239) 

3b -CH 3 C6H5 124 72 C16H15NS .5.53 5. 4 5 

( 2 53) 

3c -Cl C6HS 128 78 c 15H12ClNS . 5.12 4.93 

(273) 

. 3d -Br C6H5 135 80 c15H12BrNS 4.40 3.98 

( 318) 

3e H CH 2-c6H
5 

71 62 C16Hl5NS 5. c;J 5.31 

(253) 

3£ -Cl CH 2-c6H
5 

85 70 c 16H14clNS 4.87 4.66 

(287) 

3g -Br CH2-c6H
5 

. 80 68 c 16H14BrNS 4.22 3.82 

( 33 2) 

3h H Cyclohexyl 105 68 Cl5H19NS S.71 5.61 

( 24 5) ~ 
! ~~ J 

:..:> 



Table 1 (Contd •••• 

3i -CH
3 

Cyclohexyl 100 75 

3j -Cl Cyclohr?xyl 1()0 72 

3k -Br Cyclohexyl 136 75 

c16H21;\Js 

( 2 59) 

c15H18 cH~S 

(279) 

c
15

H
18

Bri\'S 

( 3 24) 

5.40 

t:;.Ol 

4.32 

4. 9 5 

4.sn 

4.16 

~ 
~ 
0 



Table 2: Spectral data for Compounds ( 3a~3k) 

Compound R R1 It=<. (KBr) ~ em 
-1 / 

max 
1 2 3 4 

3a H C6H5 1630, 158 5, 1490, 1230 

3b -CH3 C6H5 162S, 1585, 1480, 1270 

3c -Cl C6H5 1630, 1S80, 1480, 1265 

3d -3r C6H5 1625, tr:;so,- 1470, 1270 

3e H CI-i2-C6:--15 1610, 1S8S, 1498, 1260 

3f -Cl CE2-c6HS 1625, 1S3S, 1'300, 1265 

1
H NMR(CDC1 3 )5ppm 

5 

6.62(d,1Ha)' 7.10-7.90(m, 

11H,Ar-H, and~), 15.20(b, 
-

1 H, NH) 

2.28(s,3H,CH3 ), 6.58(d,1Ha), 

7.10-7.85(m,10H,Ar-H and 

1~), 1 S. 20 (b, lH, NH) 

6.51(d,1H ), 7.10-7.85(m, a 

10H, Ar-H and 1Pb), 15. 20 

(b, 1H,NH) 

6.65(d,1H ), 7.24-7o90(m, a 

lOH, Ar-H and 1Ha), 15.40 

(b, 1H, NH) 

4.50(d,2H,-CH
2
-, J=6Hz), 

6.SO(d,1H ), 7.23-?.SS(m, a 

11H,Ar-H,1K ), 14.90(b,1H, 
0 

i:\il-i) 

4. S9 (d, 2H, -cH.._-, J=6Hz), 6. so..,._. 
L. 

~. 
(d,1H ), 7.30-7.90(m,l0!--i, r­

a 

Ar-H, 1P
0

), 14.00 (b, lH, :-n-1) 



~able 2 (Contd .•• ) 

1 

3g 

3h 

3i 

3j 

3k 

..., 
£, 

:-::Br 

H 

-CH3 

-Cl 

-Br 

3 4 

CH -C6 E~ 2 ., J 
1610, 1580, 1492., 127S 

Cyclohexyl 1620, 1S85, 1498, 1265 

Cyclohexyl 1620u 1585, 1490, 1260 

Cyclohexyl 1620, 1580, 1490, 1260 

Cyclohexyl 1610, 1580, 1490, 1250 

C) 

4 C: "') ( -'1 2 • • cu - r H ) o~.J v. 1 -r1,- c-1
2
-,0=0 Z 1 

6.46(d,1H ), 7.20-7.66(m. 
a 

1 ,...,. · "' H 1,. ) u:-:r.,nr- , ~ ' 13.56(b, 

1 H, I\iH) 

1.30-2.10(m~10H,Cyclohexyl), 

3. 29 (m,1H,methine), 6.40 

(d,lH ), 7.15-7.8S(m,6H, 
a 

Ar-H, 1P1) 1 13.73 (b, 1H, NH) 

1.20-2.1S(m,10H,Cyclohexyl), 

3.23(m,1H,methine), 6.43 

(d,1H ), 7.00-7.SO(m,SH, 
a 

Ar-H, 1~) 1 13.76 (b, 1H, IJH) 

1.12-2.1S(m,lOH,Cyclohexyl), 

3.33(m,1H,methine), 6.30 

(d,lH ), 7.16-7.82(m,SH, a 

Ar-H,l~), 13.86(b,1H,NH) 

1.10-2.20(m,10H,Cyclohexyl), 

3.38(m,1H,methine),6.S3(d, 

1Ha),7.40-7.90(m,5H,Ar-H, 

-----------------------------------------------------------~1Hb), 13.90(b,1H,NH) 

~ 
~. 
(.) 



Table 3: Physical and analytical data for cornFounds 

ComiJOUnd R Yield 
rn.:r-.°C ~l Cclc. /0 

R.:t ~ 

'" 86 128 12.,61 

l? 
(130.~)-·-

Sl.; -Ci-1 
3 83 138-140 11.26 

8c -Cl 70 14 5 10.94 

8d -OMe 83 102 11.11 

8e -OEt 76 166 10.52 

< ~- s-, ~-~) 

~.J~~ 
' ~ .c01J:10 

12.70 

-
12.01 

10.97 

10.90 

10.76 

Volecu, ~~ +'"or~-·,-.i. 'J... J... - 'dU..J...C-

( l'~ ) 

C11H14i\20S 

( 222) 

C12Hl6N20S 

(236) 

c
11

H13clN
2
os 

(256) 

C12H16N202S 

( 2 52) 

C13H18N202S 

( 266) 

~ 
~. 
~-) 



Table 4: Soectral data for comnounds (8a-8e) 
~ ... --

R Compound IR(KBr) ~ cm-
1 

max 

8a H 3200, 1600, 1540, 1220 

8b -CH3 3200, 1595, 1530, 1220 

'"' '~r: -Cl 3200, 1600, 1535, 1220 

grj -0.!--~e 3200, 1610, 1540, 1240 

Se -OEt 3200, 1610, 1540, 1240 

------

1
H NJV1R ( CDC1

3
) -5ppm 

1\ 
3o7(s,_8H,-"l_9 ), 7.0-7.4(m, 

SH,Ar-H)~ 7.S(b,1H,NE) 

2.6(5,3H,-CH
3
), 3.8(s,8H, 

-0 _), 7. 0-7.4 (m, 4H, .i-\r-H) , 

7.6(b,1H,NH) 

3.9(s,8H,-{~} ), 7.0-7.4(m, 

4H,Ar-H), 7.8(b,1H,NH) 

3.9(s,3H,-OCH
3
), 3.8(s,S:-J:, 

-N~ ), 6.8-7.2(m,4H,~r-H), 

7.4(b,1H,NH) 

1.4(t,3H,-C-CH3), 4.0(q,2H, 

-oc~,.,-), 3. 8 (s,BH, -rf'o ) , 
'-- \___/ 

6. S-7. 4 (m, SH, -~r-H) 1 ~JE:• 

~ 
~. 

r- . ..... . 



·r~ble 5: Physical and analytical data fo= dimidoyl sulfid~s ( 12a-:f) 

- ..,.. 

Corr::;.ound R m. Do f Yie.J.d ;..:ol. formula (1 ~. +- ) re 
l .... rn.p. 

Calc. ?ound ;)c o' 
/C (!-,:+) 

12a H 199-200 82 C H " "" c 79. c:;q 79.13 ..., __ _,
0

J.''-,o 
Lb ~ 1 £. 

(202-4) 33 ( 39 2) H 5.10 5.21 

N 7.14 7.04 

120 D-CH 
~ 3 138 80 C28H24N2S 80~00 79.3 2 

(4 20) 5.71 5.80 

6.67 6. 23 

12c o-Cl 123-24 79 C26H18Cl2N2S 67.68 67.44 

( 461) 3.90 3.82 

6.07 5. 91 

12d m-Cl 101 76 C26H18Cl2N2S 67.68- 67.05 

3o90 3.72 

6o07 5.93 

12e p-Cl 145 81 C26Hl8Cl2N2S 67.68 66.90 

3.90 3.84 

6.07 6 0 21 ..... 
12f p-Br 175 78.5 C26Hl8Br2N2S 56.72 57.00 ~t..· 

e,.:, 

3.27 3.12 

5.09 5.33 



Tab.le 6: Spectr2l dota fer dimidoyl sulfides (12a-f) --

Corr:""Cou.nC R IR U<:.:r) -0 -1· 1
H '~··-·(cncl )6 em .. ""·-:-. - 3 ppm - nc.x 

1?a H 162 5, 13 50 6.8-7.S(m,10H,Ar-H) 

12b D-CH - 3 1625, 134S 2.19 (s,6H, 2CH
3
), 

6.8-7.5(m,18H,Ar-H) 

12c o-Cl 1625, 13 50 6.8-7.S(m,18H,Ar-H) 

12d m-Cl 1625, 13 so 6.8-7.S(m,18H,Ar-H) 

12e p-Cl 1E 25" 13 so 6.8-7;S(m,18H,Ar-H) 

12f p-3r 16 2 c::,, 13 50 6.8-7o5(m,18H,Ar-H) 

..... 
~~-· 
,-· . ...,..; 



Tc.ble 7: Physical and an2.lytical data fer aniJi6es (l6) anc1 2'7-arlrl-l\'-

phenylbe~zc.~idines ( 1 5) 

Cor:,~;ound ~ 
r:t.:r;. Yield 1'-:ol. formula ;..n,-ilysis % 

( 1 . ..... ) ref _l ...... n:.p. % (!':+) Calc. Foun<"J 
~c 

16a H 100 ~c; 
b~ r' t..r pc.; 

~13 .. 11 ·- c 73.24 73.70 

(101-102) 34 (213) E 5.16 5.22 

N 6.57 7o00 

16b p-CH3 127 ~R (L. C14 !-:13NS_ 74.00 74.73 

(128-29) 36 (227) . 5.73 5.71 

6.17 6.40 

16c P-Cl 147-48 75 c13H10NSCl 63.03 63.24 

(149) 37 (247) 4.01:) 4ol2 

So66 So69 

16d p-Br 142 72 c13H10BrNS 53.42 53.51 

( 29 2) 3.42 3.48 

4.79 4.82 

Pia H 143-44 33 C19H16N2 83.82 83·. 84 

(144) 35 
5.88 5.93 

10.29 10.24 
1-" 

15b p-CH 131 30 C20H18N2 83 o9 2 84.01 ~~· 
3 "-.l 

(133) 38 6. 29 6.32 

9.79 9o91 



Table 8: Spectral data fo~ thiobenzanilides 16 

..... -1 
v C!T' 

rr-v ... c.'" 

-~· ·- '-- -1 ) r._~~~ ~\~r _.:-\ ~ ... ;__.~~~ 3 ---.t"'l.-~1:: Co:n,)o1..:nd ::::.R(Ksr) ?~ 
1c 

lEe<. H 33r:10, 1630, 1S90, 1225 0 "c· l'H ····) r ~. 7 .-../ e L:._ [) 1 - - 1 , "\ !""; -~ C • t-:" - 0 -=" 

(m, lOH, :=..r-~n 

16b 3200, 1600, 1525, 1220 ---. p-C-!3 ..., '"'>q ( ~-- rJ-: ) o 1 .... ~- • £_. S, _..,HI -··3 I -·' • -~ 

(b 1 >-I \~'H ~, r-1..:) I .. I ,!._ ' - -I .;! - ~ I 

16c p-Cl 3160, 1600, 1520, 1220 9 16 (b 1 '. . .. •) 6 ~ ...., c:: 
• I rl I l'>J i~ I • (_"- 1 • __ 

( oc . ·r) rn, -~ n, i'ir-:-. 

16d p-Br 3160, 1600, 1520, 1220 9.13(b,1H,NH), 6.8-7.5 

( q ., > ") m., n, t-'.r-n 

...... 
~~· 
C) 
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