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PREFACE

Polarized keten dithioacetals, which are
prepared in one pot reaction under relatively simple
reaction conditions from a wide variety of active methylene
compﬁunGS; have been successfully utilized in this
laboratory for the synthesis of a wide variety of
heterocycles like pyrazoles, pyrimidines, pyridones,
pyrroles, indoles, etc. It was further shown during these
studies, that the polarized ketoketen dithioacetals
possessing an alkyl or methylene group in their o{-position,
undergo base induced 1,3=proton transfer yielding products
derived from the rearrangéd intermediates. The mechanism
involving these rearrangements, however, was not well
understood and it was therefore considered to study
some of the selected transformations in the present

investigation.

Thus, the first chapter of the thesis describes

the results of investigation of X -methyl/methylene= ~keto-



keten dithiocacetals with a view to studying their
mechanisms of rearrangements. In the first section of
the chapter,aebrief introduction has been given rz=garding
the synthetic importance of the polarized keten
dithioacetals and similar transformations studied by
workers on the analogous area. . Subsequently,;the results
of the present investigation are d%seussed incorporating
thefresults of three different schools on similar
rearrangements with a view to extend evidence in support
of the mechanisms proposed for these transformations.
The scope and generality of these rearrangements have been

studied on selected series of structural variants,

In the second chapter some of these rearranged
products have been shown to undergo facile condensation
with hydrazine, guanidine and amines to yield the
corresponding novel pyrazoles, pyrimidines and enamino-

ketones respectively..

In the third chapter a general method for the
synthesis of l=~substituted 2«amino~4=aroyl=5-methylthio

pyrroles has been described.. No attempt has been made to

Wi



include the comprehensive review osn the methods of
preparation of 2~amino-pyrrsles, since such reviews on

these methods are already described in the literature..

In the last chapter (Part B),synthesis of Nearyle
2=cyanoaziridines from e{~chloroacrylonitrile and aromatic
amines have been described., These aziridines have been
shown to react with indole to give D(—arylamino~/§—(indolyl)=
propanenitrile, which are further shown to undergo hydrolysis

o> give hitherto unreported dl=N-aryltryptophans,



PART A

CHAPTER I

MOBILE KETO ALLYL ANIONS: STUDIES ON BASE
CATALYSED REARRANGEMENTS OF A=KETO= o ~METHYL/
METHYLENE KETENDITHICACETALS

1.1 Introduction

In an earlier work from our laboratory we have
successfully utilized a class of synthetic intermediates
generally termed as K -keto and X-cyanoketen S,S~acetals(2),
which are derived in relatively simpler reaction conditions

from a wide variety of active methylene compounds (1) and

N
joo

H, alkyl, arvl, nitrile; carbonyl, nitro ete.

Py}
i

R,= Nitrile, carbonyl, etc.

R.= Alkyl groupse.



carbon disulphide in the presence of two eguivalent of
a suitable base followed by alkylation in one pot

. 1la29
reaction . These polarised keten S,S—acetals (2)

are among the simplest reactive intermediates with
well defined b.ps., if they are liquids and m.ps., if
they are solids; which can be purified by conventional

methods and preserved indefinitely without apparent

decomposition. oOn the othey

;hand, the corresponding
0,0=acetals greatly differ /in their properties under-
going hydrolytic cleavage in the presence of moisture
and the methods of theilr preparation are, therefore,
much different from those of keten S,Snacetals30.

It is further interesting to note that we have
successfully demonstrated that the o_-keto and

ﬁ@cyano ketene S,5=-acetals could be used in the
synthesis of both alkylthiopyrimidines 3 as well as the
corresponding alkoxypyrimidine 4 by employing suitable
experimental conditions with guanidine or amidine812"14.
Also, the corresponding aminopyrimidines 6 were pfepared

by the reaction of the corresgonding S,N-acetals 5

with guanidine in excellent yields24 (scheme 1).-
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The advantages of incorporation of alkoxy group in the
pyrimidine ring and the synthetic scope 2f this general
method including the mechanism have been discussed in

our earliar publicationslz'l4. This alkoxy exchange
concept has al so been extended to pyrazoles to synthesize
the 2(5)=alkoxy derivatives (7)15, which were earliar
prepared by classical methods involving alkylation of
ambident anion leading to a mixture of N,0 and
C=alkylation products, Similarly, the corresponding
2(5)~aminopyrazoles (8) were obtained in 60-70% yield

by manipulating the reaction eonditions incorporating

the appropriate aines in place of alkoxides (Seheme 2).

‘W/E'J} Lo\ a/{i};
It is also further shown that thj:g underwent

& facile condensation with sodiowmderivative of
cyanocacetamide (A) in the presence of sodium isopropoxide
to give 6-substituted=3-cyano-4~alkylthio=2(1H)=-pyridones
9 (Scheme 3) in excellent yieldsl6’2o. The corresponding
S,N~acetal 5 derived from 2 and alkyl/aryl amines, also
underwent smooth condensation with A to yield the
corresponding 6-substituted 3-cyanoe=4-alkyl/arylamino-

2(1H)=~pyridones (10) (Scheme 3) in identical yieldSZ7
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However, it is interesting to note that in the presence

of sodium isopropoxide, only the 4-methylthiopyridone (9)
was formed, while the formation of the corresponding
4-isopropoxXypyridone was not observed, Even in the
presence of sodium methoxide or ethaxide) the formation

of the corresponding 4-alkoxypyridone 11 along with 9

was formed only to the extent of 104 yield (NMR),

which could not be further improved by attempted
variations in the experimental conditions. The separation
of 11 from 9 was found to be difficult as they have

similar R_. values and they were only detected through

16,20

£
their NMR signals

when the pyrimidine synthesis, as shown in
scheme 1 and that of pyridone as shown in scheme 3,
was extended to -methyl- ¥srketo keten S,S~-acetals _13)
the corresponding pyrimidine (13) and pyridone (14)
were not formed; however the products, isolated Qere
characterised as 2~amino=4=aryl=S5-methylthiomethyl-
pyrimidine (g§)13 and 3=cyano~-5~methylthiomethyl=6-
aryl=-2(1H)~pyridones (31)20 respectively (Scheme 4).

The formation of lé and 17 was rationalized in terms of



the base induced 1,3-proton transfer to give the
( C"V\ku«.(-‘s(. g'\,(:_,c,‘\ fe = .‘, v ¢

intermediate, otefin 16 (Scheme 4)., The 1,3=proton

A - crrioYy be
transfer in these systems ;s'due to> the participation
of 3d orbitals of adjacent sulphur amams; which stabilize
the negative charge on the carbon atom next ta them,
permitting the formation of 16, which subsequently
undergoes condensation with guanidine and cyanoacetamide
to give 15 and 17 respectively. However, when ethyl
and n-propyl groups were present in & =position as in
12 (R1=Me,Et) (Scheme 5), the intermediate 18 was
formed after 1,3=proton shift, followed by allylic
elimination (path a) to give the dienes 20, The diene
20 (scheme 5) on condensation with guanidine and
cyaﬁsacetamide yielded the corresponding pyrimidines 2313
(R1=H,Me) and pyridones 2220 (R=H,Me) respectively.
The formation of 23 (Scheme 5) was explained through 19

involving 1,3-methylthio shift in 18 (path b) (R1=H)l3.

1t is interesting to note that the acrylophenone
intermediates 16 and 18 formed by base catalysed
1)3-praton shift represent an interesting class of

mabile keto allyl systems,which may undergo rearrangement
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similar to those studied by Cromwell and Coworkers,

In their series of papers)Cromwell and cowerkeré31 have
observed that the ¢f =bromomethyl chalcone (24) reacts
with primary and secondary amines 25 in solvent pentane
to give rearranged & ~aminobenzyl acrylophenones 26

in high yields (Scheme 6), These acrylophenones 26
represent a novel class of mobile keto allyl amines and
are found to be reasonably stable, some in crystalline
state, and others were found to be stable only in the
non=-polar solvent like pentane, oOn the other hand, in
polar solvents like chiloroform or acetonitrile; they
rearranged to thermodynamically more stable allyl amines
2131 (Scheme 6)., The rearrangement of 26 to 27 was
found to be facile in the presence of added amine and
wais observed to proceed even in the solvent pentane, In
~the presence of different amines 28, 26 waé found to
underg> the same rearrangement involving amine exchange
leading to the formation of 2231. They have studied
the mechanisms of several moﬁile keto allyl amines
derived from both acyclic31 and cyclic32 ketones. They

also utilized these intermediates for the sjnthesis

azetidinyl ketones §933 (Scheme 6).

11
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It was of interest to isolate and study the
mobile keto allyl sulfides, 16 and 18 (Schemes 4 and 5)
derived from the dithiocacetals 12 obtained from
propiophenone and its higher homologs. A detailed study
of base catalysed rearrangement of 12 has been carried
out in the present work, Further studies on similar
rearrangements of keten S,S-acetals, 64 derived from
dihydrochalcone (Scheme 26), 82 derived from indanone
(Scheme 32), 91 derived from tetralone (Scheme 34) and
107 derived from 2,3=-dihydro=l-benzothiopyran-4-pne
(Scheme 39), are investigated and their mechanisms have

been proposed,

1.2 Base Catalysed Rearrangement Studies of 3,3-Bisalkyl-

thio=2~methyl=le=aryl=~2~propen-l=ones ta 3=alkylthio-

2—alkylthi9methylacrylophenoneg via Mobile Ketoallyl

%
Systems

1.2,1 Results and Discussion

In an attempt to trap the mobile allyl ketones

(16) (scheme 7), which are interesting allyl systems of

-

13-

*S., Apparaos, A, Rahman, H., Ila and H, Junjappa, Tetrahedron

Letters, 23, 971=974 (1982).



14

potential synthetic utility, isomerization studies on
12 in the presence of different bases and solvents under
varying conditions were investigated.. Thus,'when 12a
was stirred with ethanolic sodium ethoxide at room
temperature, the unreacted starting material was
recovered unchanged. In an another experiment, the same
reaction mixture was refluxed and found to yield, after
work=up, only intractable polymeric material,.from
which no starting material was recovered. However,

when 123 (0.01 mol) was treated with sodium hydride
(0,04 mol, 50% suspension) in the presence ofzgfrotic
solvent like dimethylformamide (30 ml) at 50-60" for

3 hours, the formation of a new product along with the
starting material was observed (TLC). After chromato-
graphic separation the new product was obtained in 35%
:?écovered starting material)f
The new product was found to passess different structural

Clm‘\:juao\tf)\ Kdtﬂ'\ﬂ-
features and the expected otefin 16 was nok f£ormed.

yield (55% on the basis of

After the analysis of the spectral data, the structure
of the new product was assigned to be 3=-methylthio=2-
methylthiomethylacrylophenone (3la) (Scheme 7): It was

analysed for c12H14082(238) and showed the molecular ion
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peak at M 238. Its IR (Neat) Spectrum exhibite%?éharp
absorption band at 1635 en™t Gue ta{éarbonyl function,
Further structural proof for 3la was sbtained from its
lHaN,M,R (CDC13) Spectrum. Thus it exhibited two singlets
(3H each) at 52.05 and 452.25 due to protons on two
methylthio groups. A singlet at §3.50 (2H) was assigned
to two methylene protons, while the vinylic proton appeared
as singlet at ©7.04 (1H). The broad multiplet appeared
between & 7.25-7.53 was assigned to the five aromatic
protons. The data was therefore in conformity with the
assigned structure, 3la. The rearrangement exhibited

high steroselectivety and only E-3la isomer was formed.
The configuration was assigned on the basis of chemical
shift values of vinyl protons in similar type of compounds,
E=A and Z-A, prepared in this laboratory, which showed

chemical shifts due to vinylic proton at & 7460=7.90

(cis to Arco) in E-a and at & 6,00-7,10 (trans to Arco)

in Z—AZS.

8 5
AY—— H Av SMe

AJ
N
=
o




[
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Ar-_-0 ] Ar
NaH/DMF SR |5 RS SR
50— 60°
i SR' | H
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Attempts to increase the yield of 3la, by
carrying aug(reaction at lower temperature, in the
presence of catalytic amount or excess of sodium
hydride or under. nitrogen atmosphere were not successful.
when the reaction was carried out for longer time
(12 hr) under similar reaction conditions, although
the starting material disappeared completely (TIC),
the yield of 313 was reduced to 10%, resulting in an

intractabhle polymer..

To aissess the generaiitgﬁf the rearrangement
seven more systems were studied in this series,. Thus
12b-e underwent rearrangement to yield the corresponding
productg E-31lb=e in 35~45% over all yield (50+70% on
the basis of recovered starting material) (Scheme 7),
It may. be noted however that tﬁe corresponding isopropyl
SeS=acetal (12£f) under similar reaction conditions
gave E~-31f in 30% yield indicating that the steric Rindromt?
effechh
faeters do not substantially effeet—in loweriwg the
yields, Interestingly, the rearrangement of keten

S‘S-acetal (12g) derived fraom p~chloropropiophenone,

yielded a mixture of three products (TLC) under identical
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reaction conditions (Scheme 8). After chromatographic
separation, the rearranged product E-31lg was obtained
in 22% yield, while the other two products were
identified as 3,3-bis(methylthio)~2-methyl=l=(p-methyl-
thiophenyl)=2-propen=-1l=one (32) in 25% yield and
3-methylthio=2=methylthiomethyl-1l~(p=methylthiophenyl)-
2-propen-l-one (33) in 20% yield. The structure of 31g
was confirmed by its analytical and spectral data which
are described in experimental section and table 1
respectively. The structure of 32 was assigned by its
analytical and spectral data. It was analysed for
013H16053 (284) and showed molecular ion peak at M*
284, It exhibited in its IR spectrum (neat) a strong

band at 1660 cm"l, which was assigned for the carbonyl

Fartbr  Luppert dor fha atdigmec ,gwum
stretching vibration, ;ts~£inaL_stnuetuya%—esﬁéie@at;an
Wé&de&“edgfahﬁ' i H-N.M,R. (cCl,) spectral data,

Thus a singlet at & 2,00 (3H) was assigned tm the
methyl groﬁp. The two singlets at & 2.10 (3H) and

(52.30 (3H) were assigned to the tw>» SCH, protons. A

3

singlet at (5 2,45 (3H) was a@ssigned to® the SCH, protons

3
in the p-position of the phenyl group. 'The Fssignement
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of SCH, protons on the aryl ring was based on the

3
position of the protons of 2«SMe groups in the
Ehchloro:anetal (12g). The four aromatic protons in
32 appea;ed at & 7.10«7,70 (448, 4H, AZBZ))which is

in conformity with the assigned structure. Similarly,
the structure of‘éé/Was confirmed by its analytieal
13H16OS3(284)
mnd‘showed molecular ion pgak in its mass spectrum at

and spectral data, It was analysed for C
M+ 284, "'Its IR (neat) spectrum exhibiited a band at

132 cm°1 which was assigned to the carbonyl stretching
frequency. Its find structure was confirmed by its
1H-=-N.M.R. (ccl4) spectral data. A singlet at $ 2.00 (3H)
protons. - The other singlet

was assigned to CH,SCH

2 3
at § 2.35(3") was due to» vinylie SCH, protons and ancther

singlet at <52.45 (3H) was assigned to the SC§3 protons
in the paré position of phenyl ring.. The assignement

of SCH, protons on the phenyl ring was based on the

3
position of the protons of the two SC§3 group in the

1 ) - .
H=N.M.R. (C?l4) spectrum of 3lg (Table 1). The
singlet at .§ 6.85 (1H) was assigned to vinylic proton,

indicating iws position trans to ArCO group (E=isomer).,
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The A, B, pattern of aromatic protons appeared as twom
doublets between & 7,10-7.60 (4H). The formatiom of
32 (scheme 8) can be explained by nucleophilic
substitution of chlorine in the E-positian of the
phenyl ring (l2g) by methylthio anion. Similarly,

the formation of 33 can be explained through the
~nucleophilic displacement of chlorine from 3lg by
methylthio anion. These observations are interesting,
since they throw light on the mechanism of the
rearrangement of 12 to 31, which is discussed in the

section l.2.2.

-

When the s,S=-dibenzyl acetal (12h) derived
from propiophenone was subjected to 1,3=methylthio
shift under similar reaction conditions, the expected
rearranged product (31h) was not obtained, However,
a new product was isolated and identified as
2-benzylthio-3-methyl-4,5~-diphenylthiophene (36)>%
(Sscheme 9). The structure of 36 was confirmed by its
analytical and spectral data., It was analysed for
C..H, S. (372) and its mass spectrum showed mdlecular

242072
ion peak at M' 372. Tt exhibiited IR(Nujal) band at
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901 cm”l, which was assigned to characteristic 3-mehyl
substituted thiophenes35. The other band appeared at
695 cmn1 was alsm assigned to characteristic 3-methyl

thiophene derivatives36! The thiophene ring "breathing”

36 sas located at 795 em™t. Further proof

mode \)3 band
of the structure was obtained by its 1HwN.M.R} (CDcl3)
spectral data. A singlet at & 1.70 (3H) was assigned

t® the CH, protons, while the singlet at S 3,85 (2H)

3
was assigned to ' two benzylic protons. A multiplet
between (§ 6.90-7.30 amounting to fifteen protons was
assigned to protons on three phenyl rings; confirming
tre formation of 36. The mechanism of the formation of
36 is due to relatively increased acidity of the
benzylic protons adjacent to. the sulphur atoms than
thaose on the allylic methyl group, These protons are
easily apstracted by base generating anion (34),

which undergoes intramolecular nucleophilic attack

on the carbonyl group to give 36 via 35 after

dehydration (Scheme 9).



CH
Pe*)ﬂl‘ji 3 PP /u][CHg NaH/DME Ph —_—
HE < - >
Ph~ ™S SCHzph PhHZCS SCHzPh PhHQCS H
34 12h 3th
NaH /7 DMF
v ¥
OH
Ph CHj Ph CH3
| > ] Il
Ph S < SGH,Ph Ph S -~ ~SCH,Ph
35 3%
Scheme 9

£a



1.2.2 Mechanistic Studies

When the transformation of 12 to 31 (Scheme 7
was observed, the mechanian of their rearrangemant
was considered to involve 1,3-RS shift vi% mobile
keto allyl intermediates 16. oOur literature éarvey
on similar systems wg;g of considerable help in
‘arriving at the most plausible mechamism for the
rearra;gementm A brief discussion of the mechanistic
studies on similar systems reported in the literature
is presented, so that the mechanism proposed from
12 to 31 will be better appreciated, Thermal and
photochemical thioallylic rearrangements observed by

both Warren's37and Kwart’s38 groups and the mobile
keto allylic rearrangement studies by Cromwell3l'32

and coworkers are reviewed here.

wWarren's group has used photochemical
1,3=PhS shift for several synthetically useful
transformations, which have been reviewed™ ! recently
and theé%ore, only " one example is cited in the
Scheme 10.. Thus the allyl phenyl sulfide 37 has been

shown to undergo photoinduced rearrangement to give

24

)
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39 and an associative radical chain mechanism for
this 1,3=PhS shift has been suggested via intermediate
38. During their studies they have shown that the
1,3-PhS shift can be used only when the f£inal product
39 has more stable C=C bond than that in the starting
material 37 (Scheme 10). Also Kwart's group has
shown that the appropriately deuterated allyl phenyl
sulfide, 40 isomerises to 42 (Scheme 11) under both
thermal and photochemical conditions38. They. have
proposed an antipolar concerted mechanism involving
the formation of transient complex 41 or 44 by
interacting either intra or intermolecularly between
olefin and sulfur termini of the thioallylic system
(scheme 11 and 12)., Alkyl substituents on the allyl
chain appear to hinder formation of unimolecular
complex, 41 and favour a himolecular camplex; 44
(Scheme 12)., An alternate mechanism involving prior
ionisation of the C=S bond, forming ion pairs was
ruled out, since thioallylic rearrangements proceeded
rapidly in the gas phase withomt the assistance of

solvent39m4o. They have also ruled out the formation
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of allyl cation intermediate proposed by Warren and
coworkers4l in their studies on acid catalysed thio-
allylic rearrangements. Their findings were based on
the fact that on protonation allyl cation is susceptible
tx the secondary deuterium isocope effect. Consequently,
when they treated 40 (Scheme 11) and p=toluenesulphonic
acid, the KH/KD value was virtually identical with

that obtained for the uncatalysed reaction42; They,
therefore, concluded that these thinsallylic rearrange=-
ments proceed through an intermediate 46 (Scheme 13)
involving octet expansiion of sulfur in various states

of hypervalency, sﬁme created through the agehcy of
catalysis involving some form of coordination of

sulfur by the catalytic species42.

Interestingly the Cromwell's group has studiecd
rearrangements in Eg—ketoa&lylamines which are
structural analaogs of our systems. They have shown31
tha£ the initially formed E?ukeﬁoall%émine 26 rearranges
taxfhermadynamically more stable amige, 27 either in

the presence aor absence of added amine, 24 (Scheme 6

and 14). 1In the presence of different amines 28,
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the amine exchange was observed during the rearrangement
on the basis of their kinetic studies they have suggested
as 'varient' of concerted sn2! mechanism for the amine
assisted rearrangement involving a ‘cis' dipolar
transition state éz3lc (Scheme 14)., Apparently, the
€-carb3nyl function supports a majjor portion of the
developing negative charge «s shown in 4%, which is
further stabilized by coulombic attraction or by hydrogen
bonding between entering and leaving amines. When the
kinetic studies were carried out for the rearrangement
without the assistance of external amine: the rates
followed first order kinetics with low activation

energy (Ea ~ 6 h.eal/mole) and low negative entropy

(A s*~ =66 cal,.,/deg./mole) during the transformation
from 26 to» 27. They therefore suggested that the
rearrangement of 26 to 27 in the absence of added amine
involves either highly polar transition state or dipolar

3la/b (Scheme 15), where the

cyclic intermediate, 48
bond making is far ahead of bond breaking resulting
in lowering of the energy "debt"., 1In their subsequent
studies on the rearrangement of 2-(«-—aminobenzyl)-

l=indenone (49) to the isomeric 3=amino-=2-benzal-l-

indanone (50) (scheme 16) in the absence of added amine
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they have proposed a mechanism involving chain
reacti:)n32C (Scheme 17). The amino group of
aminoindenone 49 will attack initidly on the 3=bosition
of the second molecule of 49, followed by allylic
elimination of the amine 52 to give the dimeric
ammonium salt (51) (Initiation). The free amine (52)
can either remove the positive charge on nitrogen

by allylic substitution followed by elimination as
shown in 51, resulting in the formation of 2 moles

of. 50 (Termination) or can attack 49 at 3=position with
allylic elimination of amine to> give 50 and free amine

52 (propagation) (Scheme 17),

From the preceding discussion on the mechanism of

allied systems, it is apparent that the rearrangement

from 12 ta 31 (Scheme 7) can be envisaged guoing

through one of the possible intermediates proposed.
Covicaiable

It is imminpent that 12 in the presence of a base loses

its proton to give the resonating anions 53a and

53b (Scheme 18). The stability of these allyl anions

53 ié greatly enhanced by the tw> sulfur atoms present

in the molecule giving rise to increased resonance

contribution from 53b, Since the 53 is generated under
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reversible conditions, it competes with sodium hydride
in deprotonation of iz to give 53 and an unstable
intermediate 16, which spontaneosusly rearranges to 31
(Scheme 18), Efforts to isolate 16 were unsuccessful
and even the trace of it cowld not be detected after
work=up of the reaction mixture. However; the
intermediacy of 16 appears to be a definite step in
arriving at the thermodynamically more stable rearranged
product 31l. It is therefore apparent that 16 undergoes
a facile 1,3=RS shift through one of the mechanisms
discussed earlier to glve 3l. Due to geometrical
restrictions imposed on 1,3-antarafacial sigmatropic
shift, the thermal concerted 1,3«RS shift is ruled osut.
Similarly, the orbital symmetry‘consideratians doun:t-'
facilitate 1,3=8uprafacial shift. Therefore: the

1,3=RS shift in 16 could involve one of the possibilities
of going through an associétive radical chain mechanism
via intermediate 54 to give 31 and alkylthiom radical
(Scheme 19), Similar mechanism has been suggested by
Warren ané cawarkers41 for 1,3=PhS shift observed both
thermally and photochemically and they have presented

evidence for associatlive radical chain reaction. However
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in the present investigation it was observed, that

the yield of 3la was uneffected when the reaction was
carried out in the presence of radicadl inhibitor like
hydroquinone under nitrogen atmosphere., Similarly,
when the reaction was carried out in the presence of
dibenzoyl peroxide at 50u6oa there was no change in the
yield of 3la. It therefore appears that the radical
intermediate in the 1,3-RS shift is unlikely in these

transformations.

When the rearrangement of 12a to 3la was
attempted in refluxing benzene in the presence 5f
sodium hydride, 12a was recovered unchanged even after
prolonged time (12 hr). However, the same reaction in
refluxing tetrahydrofuran yielded only 5% of 3la in
3 hr,.while it was improved to 30% after 12 hr refluxing.
The increase in rate of reaction with the solvent
polarity implies the polar nature of the transition
state or the reactive intermediate involved in the

rearrangement..

Before arriving at the mechan ism for the

rearrangement of 16 to 31, ai series of experiments were
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conducted and it was shown that the rearrangement
involves intermolecular participation. Thus the keten
dithioacetal l2g derived from p-chloropropiophenone
yielded twa more products, 32 and 33, besides the
rearranged product 31lg (Scheme 8)., The results are
interesting, since they clearly demonstrate the
existance of free methylthic anion generated in the
reaction mixture, which will participate in nucleophilic
displacement of active p-chlora group in both 129 and
-§lg. This clearly rules out the possibility of Kwart's
antipolar mechamism38 via transient complex (55)*
(Scheme 20), which will not permit such nucleophilic
displacement as it is concerted. Besides, the allyl
sulfide intérmediate 16 is structurally different from
that of Kwart's systems in that 16 carries an electron-
withdrawing benzayl group in conjugation with double
bond, thus reverting the nucleophilicity of R=-carbon.
Consequéntly, the formation of 55 is highly untenable
carrying positive charge adjacent tom carbonyl function

(Scheme 20).

*7In our commubication, it was proposed that an antipolar
transient 1ntermedlate (55) as one Df the possibilities
of this rearrangement.
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Alternatively, the @A -carbon in 16 (Scheﬁe 21)
is electrophilic enough to participate in sulfur lone
palr assisted intramolecular polar transition state §§§43,
which can collapse to the desired rearranged product 31,
However, such a transition state 56a will not permit
the formation of free alkylthim anion proved to be
existing in the reaction mixture. Besides, the 4=-endo-
trig process involving the strained thietanium ion
intermediate 56a (Scheme 21) is quite unlikely; An
alternative picture involving prior ionisation
(Snyl isomerisation) via /£ =keto allyl cation .or through
ion pair 56b appears to be unlikely due to relative
&nstability aof allyl cation crass»conjugated.with electron-

withdrawing carbonyl group44 (scheme 21).

Intermolecularity of the rearrangement was
further confirmed from "crossover'" experiments carried
out with the following systems. Thus, when a 1:1 mixture
of 12b and 12c (Scheme 22) was treated with sodium
hydride and dimethylformamide under identical conditions,
two spots other than the starting materidls were observed

on TIC plate. After work-up and chromatographic separation
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the two pfoducts were found to be a mixture of four
compounds each (NMR and Mass). Thus, the NMR spectrum of
the first product with higher Rg value showed it to be a
mixture of f£our possible rearranged prsducts,'glg, 31b, 57
and 58 respectively. Similarly the NMR spectrum of the
second product with lower Rf value showed it to be a
mixture of four possible rearranged products: 332,-319,

59 and 60 (scheme 22). The mass spectral studies further
confirmed the presence of four compounds in each mixture,
Thus the product with higher Rg value showed the molecular
ion peaks at M+ 266, 252 and 238, corresponding to-3la
(57 or 58) and 31b respectively. Similarly, the mass
spectrum 2f the second product with lower Ry value

showed the molecular ion peaks at M' ‘268; 282 and 296
corresponding to glg, (59 or 60) and 31d respectively
(scheme 22). 1In one of the experiments the rearranged
product (31c) was treated with sodium hydride in the
presence af ethylmercaptan under nitrogen blanket, when
the formation of a mixture of four products (3lc, 59, 60
and 31d) (Scheme 22) was observed (NMR and Mass). This

experiment also. demonstrates the existance of free
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alkylthio anion in the reaction mixture. These experiments
therefore strongly suggest that the rearrangement is

intermolecular,

The rearrangementAOﬂQZa to 3la was found to be

irreversible and attempts to equilibriate 3la to 12a

under varying candltlonﬁwere not successful and in no
case the keten s,S—acetal Eggicould be detected from the
reaction mixture, Thus, when 3laiwas stirred with
sodium hydride in dimethylformamide for 15nger time

(12 hr) only polymeric material was formed.

6\/0
M yep myp 7 \'/
S Me

3la 122
1 -
O | ¥
H506\/9 _ HyCgn 0
- |

o X BN Mescx?m TH+
T : <3
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In order to study the progress of the reaction
at .various time intervals, ten experiments were conducted
with 0.005 mole of 123 and 0,02 mole of sodium hydride
in 20 ml of dry dimethylformamide under identical
reaction conditions and the reactions were worked-up at
various time intervals. The results revealed that the
yield of. 31la was only 7% after 15 minutes, while after
30 minutes, it was increased to 27%. In other experiments,
work-up after 0,75 hr, 1.0 hr,; 1.5 hr, 2,0 hr, aad 3.0 hr
yielded 31la between 30=38%, while its yield was decreased
to 25% and 20% after 4 hr and 5 hr respectively; However.,
after 12 hr redction time, the yield of 3la was reduced
to 10% due o its further polymerisation under basic
conditions, although the starting material wag disappeared
completely. So the maximum yield (35=38%) of 3la was

obtained between 2-=3 hours.

on the basis of these results, the plausible
mechanism could be the one similar to that proposed by
Cromwell and co-=workers for amine unassisted rearrangement
of 2=(<~aminobenzyl)-l-indenone (49) to the isomeric

C

3-amino~2-benzal-l-indanone (§9)32 (Scheme 16 and 17).
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Thus the reaction is initiated by nucleophilic attack at
position three af‘lg by some nucleophilic species present
in the reaction mixture. It appears that the acrylophenocne,
16 itself initiates the reaction by nucleophilic attack
of its sulfur lone pair on the ﬁ}-carbon of another
molecule of 16 (initiation) (Scheme 23) togive 61 and
free alkylthio anion. The alkylthio anion thus released
can either attack analogously 16 togive 31 with the
release of RS anion (propagation) or can attack 61 to
give two molecules af 31 (termination), The rearrangement
of 16 to 31 appears therefore similar to chain reaction
with an initiation process (release of'a alkylthior anion),
a» propagation process (reaction aof alkylthio anion with
16) and a termination process (reaction of alkylthio® anion
with 61).

It is of interest to note that in one of the

aMowed %

experiments! when 12b (Scheme 24) mmfkreacteé-with sodium
hydride in the presence of ethanethiosl (added alkylthio
anion) the rearranged product 31b was obtained only
in comparable yield. It therefore appears that the

limiting factor for the yield of 31 is the acrylophenone



Initiation -

Af__0 Ar._0 Ar 0 g O AT
. ' l e
RS K_’\‘/js\'j:\\ S RSY:L@%% + RS
SR SR H SR
6 16 61

——

——
po—

Propagation:
Ar_ .0 . Ar -0
RSJ Q RS SR RS
+
K_,\“/ + RS > /
R H 31
16 -
Termination :
Ar .0 O AT
RS E? Y O
g%l\\\ + RS > 2 moles o,ifgj)
A SR { Termination

Scheme 23

v



47

intermediate 16 present in the reaction mixture which

is likely to reach its optimum yield during 0.5 to 3 hr.

1.3 Base Catalysed Rearrangement Studies on 3,3-Bis

(methylthio)=2=benzyl=1~phenyl=2=propen=1l=one

When the rearrangement studies were extended
to of —=ethyl ketoketen S,S-acetal 12i derived from
butyrophenone, the expected rearranged product 62 was
not formed under varying conditions and the starting
material was recovered unchanged in all the cases
(scheme 25). The failure of 12i tom give 62 is probably
due to the decreased acidity of allylic methylene
protons in 12i because bf the presence of methyl group
and sodium hydride is na#?étrong enough base to abstract
proton from 12i. However, its wvariant 64 (Scheme 26),
derived from dihydrochalcone (63), when stirred with
sodium hydride and dry dimethylfofmamide at 35=40° for
2 hr, formation of four products along with the starting
material was observed (TIC). After chromatographic
separation the expected rearranged product E-66 was

isolated in 15% yield and other three compounds were
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assigned the structures 65 (E and Z-isomers) (35% yield),
67 (20% yield) and 2-68 (5% yield) (Scheme 26). The
structure of 65 was confirmed by its gpectral and
analytical data. Its mass spectrum showed molecular ion

peak at M 314 (C18H18052). 1t exhibited IR (neat) band

at 1650 cp™t due to Vo of Z-65 isomer, where the

carbonyl group is in trans position to the SCH. group

3
permitting facile lone pair resonance ower the carbonyl

groupe. The other band at 1655 cn ! was assigned to the
3y CO of E-isomer (E=65). Further structural proof was
derived from its 1H-‘-N.'M.R. (CC14) spectrum, which slowed
a mixture of E and Z=isomers in the ratio of 3:1
respectively (Figure). Thus a singlet at & 1.60 (3H)

wass assigned to the CH,SCH, protons of §=isoméf: The

2 3
singlet at & 1.85 (3H) was assigned to vinylic SCH4

protons of Z-isomer. The methylene protons of Z-isomer
appeared as singlet at & 3.35 (2H). The sighal due t™

CH,SCH, protons of E~65 isomer, appeared at (& 1.80 (s,3H)

2 3
and the singlet at & 2.10 (3H) was assigned to the vinylic

SCH, protons of E-65. The CH,SCH, protons of E=65

3 2 3
& ~ -
appeared a%Asinglet at ¢y 3.85 (2H). From these signals
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the ratio of E=65 and Z-65 isomers (3:1) were calculated,
The aromatic protongf both E and Z-isomers wer® appcarced
as multiplet between & 6,90-7,60, Further proof for the
structure of E & Z-65 was obtained by its reaction with
hydrazine hydrate in refluxiig cthanol (60 hr) which
géve the expected pyrazole 69 (sScheme 27) in 57% yield.
The spectral and analytical data for the 69, which are
in agreement with the assigned structure, are described
in experimental section. The structure of E-66 was
similarly confirmed by its analytical and spectral data.
Its mass spectrum showed molecular ion peak at vt 314

(c 052). Tts IR (neat) spectrum exhibited Dbﬁo band

1818
at 1635 cm™ T indicating the presence of only one geome=
trical isomer. The -structure of E-66 and its geometry
Dere : o1

was” further confirmed by its "H=N.M.R (ccl4) spectrum,
Thus the singlet at & 2.08 (3H) was assigned tm the protons
of SCH, group on tetrahedral carbon and the singlet

at $£2.20 (3H) was assigned to thqbrotons of vinylic

SCH., group. The methine proton appeared as a singlet

3
at O 5.30 (1H), while the singlet at S 6,92 (1H) was

assigned to vinylic proton (trans to ArCO)zB: which
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indicates the presence of only E=isdmer. The aromatic
proton appeared as multiplet between S 7.08=7,60 (10H).
From the above data it is evident that only E=65 isomer
is formed. The structure of 67 was established by its
comparision with the known45 keten dithinacetal derived
from acetophenone (m.m.p. and superimposable I.R &N.M.R).
The structure.of Z-68 was confirmed by its analytical and

spectral data. 1In its mass spectrum it showed the

molecular ion peak at Mt 254 (C 08). It exhibited

1614
IR (Nujol) band at 1635 cm-l, which is attributed to the
carbonyl group, indicating the formation of only one
isomer. 1Its further structural proof was derived from

its 1H=N;MbR (Ccl4) spectrum. It showed a singlet at
&1.82 for three protons of SCH4 group. The vinylic
proton appeared as singlet at $6.90 (1H)., The
Z=configuration for 68 was assigned on the basis of
chemical shift value of vinylic proton, which was

- appeared at & 6.90 (cis to phenyl group), while the
vinylic proton in 67 appeared at & 6,60 (cis to SMe), The

multiplet appeared between § 7.25-7.90, integrated

for ten protons, was assigned to the phenyl protons,
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It is interesting to note that when 64 was
reacted with sodium hydride in dimethylformamide at
35m4OOC for longer time (8 hr), only the keten
dithiocacetal 67 and A -methylthiochalcone (68) were
isolated in 70% and 10% yieidas respectively and none
of the rearranged products 65 or 66 was formed (Scheme 27).
Similarly, when 64 was treated with sodium hydride in

T a ahmagros
dimethylformamide underAnitrogen klanket for 3 hr,
only the rearranged products 65 and 66 were obtained in
50% and 30% vyields respectively and none of the products
67 or 68, was formed (Scheme 27)., These results indicate
T Aok ox(dakion

that the-—modecuiar—oxygen is responsible for the formation

aof 67 and 68,

Based on the above facts, a plausible
mechanism for the rearrangement of 64 to 66 and 65 is
shown in scheme 28. Thus the resonance forms of anions
zgg.and 70b, obtained after proton abstraction from
64, will abstracg{%roton inturn from 64 to giv%Kunstable
intermediate 71. The 71 on 1,3-RS shift (Scheme 23)
will yield 66, which on subsequent base induced 1,3-proton

shift yieldfthermodynamically more stable 65 wvia anion
3 22

72 (scheme 28).
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Tﬁe mechanism of the formation of 67 which
is obtaiﬁed as major product (70%) after 8 hré in the
absence of nitrogen atmosphere is shown in the Scheme 29.
The éarbaniéh‘zgg formed by proton abstraction from 64,
reacts with molecular oxygen to give the hydroperoxide
intermediate 73, which in the-presence of base, undergoes
cleavage to givelthe keten S,S-acetal 2&:' The keten
S,S=acetal 74 undergoes hydrblytic ciéavage in the
presencé of either hydride or hydfbxide ion (during
work-up) to give 67 and benzoic acid, which was isolated
in 20% yield as described in the experimental section.
Similar type of base catalysed autooxidative cleavage
has been reported in the case of few hydroxyflavones46
However it is not yet clear whether the oxygen
incorporation to give hydroperoxide intermidiate 73
involves radical chain mechanism as suggested for
oxygenation of carbanion or a direct ionic mechanism.
The intermediacy of keten S,Suacétal_zﬁ was established
by two‘experimehts. Firstly, when the keten S;S=acetal
Zg; which was prepared from dibenzoylmethane (75), was

reacted with sﬁdium hydride in dry dimethylformamide for
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6 hr under identical reaction conditians, work=up °of the
reaction mixture yielded 67 as the only product in 90%
yield; while the benzoic acid was obtained in 40% yield.
(scheme 29)., In the second experiment, when the keten
S.S=acetal 76 (Scheme 30), derived from dihydrochalcone
having different aryl groups, was reacted with sodium
hydride under similar reaction conditions, work=up
and column chromatography of the reaction mixture yielded
the product which was f£found to be a mixture of keten
S,S~acetals, 67 and 78 along with a mixture of benzoic
acid and p=toluic acid. These results clearly demonstrate
the intermediacy of dibenzoylmethane S,S—acetals 74 and

77 in the formation 67 and 78 respectively (Schemes 29 & 30)

The probable mechanism for the formation of
fg—methylthiochalcone (§§): which is isolated as the minor
product from 64 is shown in the Scheme 31. The
rearranged allyl sulfide 66 on proton abstraction by
base gives the carbanion 12; which on reaction with
molecular oxygen followed by subsequent cleavage of
hydroperoxide intermediate 79 yields thioester 80. The

thiivester 80 undergoes hydrolytic cleavage in the
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presence of hydroxide ion during work-up of the

reaction mixture to give 68.

It iszznterest to note that in one of the
' Movsed b

exXperiments, when allyl sulfide- 65 wa%<reacteé'with
sodium hydride in dry dimethylformamide at 35=40°
in the absence of nitrogen atmosphere for 1 hr, formation
of four products corresponding to 64, 66, 67 and 68 .
dgﬁg observed along with the starting material 65 (TLC).
When the same reaction was allowed to run under similar
conditions for 6 hr, only two products, 67 and 68 were
isolated in 65% and 15% yields respectively) after
work-up and chromatographic separation. These observations
indicate thet 1,3=methylthio shift in these systems is
reversible and the rearranged product 65 undergoes
reversible 1,3~=proton shift in the presence of sodium
hydride to give the intermediate 66, which on subsequent
. 1,3-methylthio shift gives the intermediate 71 (Scheme 28).
The 71 on proton abstraction by base gives the resonating
carbanion zé, which on oxidative cleavage yields the
keten S,S—-acetal 67 (Scheme 29), Similarlyj the anion

72b, generated through proton abstraction from 65 by base,

also undergoes oxidative cleavage to: yield 68 (Scheme 31).
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1.4 studies of Base Catalysed Rearrangement on

aiéMethylene-QQnxetoketen dithinacetals

Derived from Cyclic Ketones

j:;v\ \VIgiv-1
}n—accsnd&aéaiwith the results and mechanism

observed during the rearrangements of keten dithioacetals

12 and 64 derived from propiophenones and dihydrochalcone
respectively, it was considered of interest to study

some of the ketendithioacetals derived from cyclic
ketones. ' Thus when keten dithioacetal 82 (Scheme 32)
derived from indanone (8l) was reacted with sodium

hydride under identical conditions, the expected rearranged
product 88 was not formed although starting material
%ﬁg%disappeared completely and no well defined crystalline
material could be isolated from the reaction mixture,

When the same reaction was conducted under nitrogen
blanket, a light orange crystalline substance was isolatec
by preparative TIC in 45% yield. The compound was

found +¢o be unstable in solution, while it was stable in
crystalline form., The dimeric structure, 87 was assigned

on the basis of its analytical and spectral data. Thus,

its mass  spectrum stowed strongest intensity peak at
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m/e 282 (M'-94), which was possiblg due to ion B9
(Scheme 33) formed by spontaneous 1loss of two SCH3 groups

(2 x 47). cConsequently, the molecular ion peak at MT 37¢

2216570,

The IR (Nujol) spectrum of 87 showed a strong band at

was not observed while 87 was analysed for C

1672 cm"1 due to conjugated carbonyl group. In its NMR
(CDClB) spectrum the singlet at $2.20 (3H) was assigned
to the protons of SC§3 group on sp3 carbon and the osther
singlet at O 2.75 (3H) was due to the protons of SCH,
group on sp2 carbon. The signal due to two methine
protons appeared as double doublets at 03,50 (1H,J=6 cps)
and & 3.90 (1H, J=6 cps) indicating the presence of a
mixture of two stereoisomers. The aromatic protons
appeared as multiplet (8H) between & 7.40=7.70, which are
W ComAtadond™
iR—esnformity with the assigned structure, 87.

ihe probable mechanism for the formation of
87 is @éigﬁigﬁéyin Scheme 32. Thus, the resonance form
of anion 83b appears to attack the electrophilic
(3 —carbon of the intermediate 84, which is formed by
protonation of 83b, followed by allylic elimination of

methyl mercaptan to give 85, The acidic methine proton

in 85 is likely to be abstracted by base to give anion

60
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B6, followed by intramolecular cyclization with the

elimination of methyl mercaptan to give the dimer, 87
(Schéme 32), Alternatively 85 can also give a triene
90 with the elimination of methyl mercaptan, to yield

87 via electrocyeclic ring closure (Scheme 33).

We next extended our studies of base catalysed
rearrangement to keten dithiocacetal 91 derived from
tetralone (Scheme 34). Thus when 91 was reacted with
sodium hydride in dimethylformamide under identical
conditions for 3 hr, the starting material was recovered-
unchanged.‘ However when the reaction time was prolonged
far 30 hr, two new products were formed which were’
characterized as dithioester gg and /3-ketomonothioester
94 obtained in 55% and 25% yields respectively. The
expected rearranged proéuct 22 was not formed, The
structure of éé was confirmed by its spectral and analy-
tical data. Thus it showed molecular ion peak at

Mt 236 (c 08,)4 Tt exhibited absorption bands in

128412
its IR spectrum (Nujoi) at 1600 (weak,ﬂC:C) and 1190

( Ye=3) cm"1 which is in conformity with the earlier
29

reported data and shows that 93 exists in tauvtomeric

form 93b. Its NMR spectrum (CDClB) exhibited a singlet
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at £ 2.60 (3H) for SCH, protons. The symmetrical A,B

3 2
multiplet (4H) at & 2.80=3:io was assigned to the four
ring methylene protons. The aromatic protons appeared
between S 7.12-7,40 (m, 3H) and the multipletvat 5 7.85=
8260 (14) was assigned to H-=-8. The enolic OH proton
appeared as broad singlet'(lﬁ) at 5i15.6 which is in
conformity with the tautomeric structure ggg; The
structure of 93 was further confirmed by its alternative
preparatiosn.. Thus when tetralone (gé) was reacted with
dimethyltrithiocarbonate (96) (Scheme 34) in the ﬁresence
of sodium hydride, the corresponding dithioester 93 was
formed in 24% yield29; The product thus obtained was
shtained was- found to be identical with 93 (m:m:p: and
superimposable IR); The{% ;ketamonoihioester 94 in its
mass spectrum exhibited molecular ion peak at Mt 220
(Cl2H12028); It showed a strong absorption band at

1620 cm“1 which is due to H-bonded carbonyl group in 94b.
A broad band at 3300 cm"1 was due to enolic OH group.

Its NMR (ccl4) spectrum showed a singlet at & 2440 (3H)

due to SCH, protons and a symmetrical AB multiplet

3 2
(4H) was assigned to four methylene protons; The three

aromatic protons (H-5, H=6 and H=7) appeared as multiplet
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between &7.10-7,25 and the multiplet between & 7.70-7.85

(1H) was attributed to H-8 proton.

Formation of 93 and 94 from 81 is interesting
and the same products 93 and 94 were formed in 55% and
3C% vyields, when g1 wa%?%ggzigg with sodium hydride in
the nitrogen blanket under identical conditions.
similarly, when 93 was reacted with sodium hydride for
26 hr under identical conditions, no trace of 94 was
obtained. These experiments show that 84 is not formed by
oxidation of 93 and both 93 and 94 are formed by independent
routes. Formation of 93 and 94 appears to involve demethy-
lation and hydrolytic cleavage of 91 respectively.
However other keten S,S~acetals like 2145 derived from
acetophenone did not show the formation of the corresponding
/3 =ketomonothisester 98, or /3 -ketodithioester 99 on
reaction with so>dium hydride under identical conditions
(Scheme 35). It appears that dithioester 93 is formed by
attack of some nucleophilic species like hydride or
methylthio anion on 91 present in the reaction mixture
(Scheme 36); g;e probable mechanism for the formation of 94
is shown in the schéme 37. The intermediate 102 formed via

anion 101 undergoes base catalysed allylic elimination of the
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Y
methyl mercaptan to give intermediate 103, - During work=up

103 appears to be susceptible to nucleophilic attack by
hydroxide ion and is converted to 94 through intermediate

anions. 105 and 106 (Scheme 3%).

In our earlier studies from our laboratory
it was reported that the keten S,S-acetal 107 (Scheme 38)
derived from benzothiopyran gives pyrimidines 111 and
112 on treatment with guanidine in refluxing ethanol in
the presence of sodium ethaxide23. Formation of 112
was postulated through the intermediacy of ggg, which
is formed by 1,3=methylthio shift in 109 (Scheme 38).
So, it appeared of interest to study whether 110 could
be isolated from 107 under our standard rearrangement
conditions of 1,3=RS shift. Thus when 107 was reacted
with s dium hydride in dry dimethylformamide at room
temperature, it underwent facile rearrangement to give
110 in 60% yield (Scheme 39). - The formation of 110
from 107 was very facile and it was formed even when
107 was reacted with sodium hydride in refluxing benzene
while 1l2a remained unchanged in the presence of sodium
hydride in refluxing benzene. The facile nature of this

rearrangement is probably due to the formation of
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intermediate sulphinium salt 113, which on attack by

methylthio @ ion gives 110 (Scheme 39).

Thus from these studies it appears that the
cyclic ketoketen dithiocacetals derived from indanone and
tetralone hehaved differently, while the keten S,S-acetal
(107) derived from benzothiopyran gave the expected

product of 1,3-~RS shift,
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Spectral data for 2-aAlkylthiomethyl-3-alkylthioacrylophenones, (3la-=g):

3=methylthiomethylene=2-methylthio=2,3=dihydro=1=benzothiopyran=4~one (110):

M.S. IR (neat) 1H—NMR (ccl,)
roduct - =1
Frody m/e (M) Plem™ ] S[Po]
3la 238 1635 (C=0) 2,05 (s, 3H, CH,SCH,); 2.25 (s, 3H,
vinylic SCH,): 3.50 (s, 2H,CH,SCH,4);
a
31b 266 1638 (C=0) 1.25 [two t, 6H, (SCH,SCH,),]7 2.50

(a, 28, SCH,CH )7 2.75 (4, 2H,

2
schCH3); 3,50 (sf 2H3 CEZSCHZCHB);
6.92 (s, 1Hvinylic)7 7325—7;80
(m, 5H )'

axr om

2L
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3le

~ (Contd.)

2648

296

1630 (C=0)

1630 (C=0)

b

2.00 (s, 3H, CH,SCH;); 2.30 (s,

2
3", vinylic SCH,): 3.45 (s, 2H,

CH,SCH,) s 3.75 (s, 3H, OCH,) ¢
6.76 (4, 3H, 2Har3m + 1Hvinylic);

1.30 [tws t, 6H, (SCH,CH,),|s 2.50

(ql 2H, SCE CH3);'2.7O (4, 2H,

2

CHy): 3,50 (s, 2H, CH,SCH,

BoBO (s, 3H, OCE3); 6!80 (d[ 3HI

SCH CH,);

2H + 1H Y 7.55

arom vinylic

(d. 2Haram)'

84
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31f

(Contd.)

252

294

1635 (C¢=0)

1635 (Cc=0)P

CH,SCH, )3 2.35 (s, 3H, vinylic

2
SCH4): 3,45 (s, 2H, CH,SCH3); 6.85

(s, 1H ); 7.05=7,55 (dd,

vinylic

4Haram)"

1,25 [a, ex, (CHy), |7 1430 [a, en,

(c§3)2]: 2.80-3,30 (m, 2H Y;

methine
3,57 (s, 2H, CH,): 7.12 (s,

1H ): 7,40=7,80 {(m, 5H ).

vinylic arom

64



Table  (Contd,.)

31g 27245 1635 (C=0) 2.10 (s, 3H, CH,SCH;); 2.30 (s, 3H,
vinylic scg3); 3.45 (8, 2H, CﬁzsCH3)7
4Haram)’

110 263 1615 (Cc=2)° 2.10 ['s, 6H, (scH )']- 5,40 (s
. Fd s __3 2 ’ L &
1Hmethine)7 7e45=7.55 {m, BHarom);

a

(m, 1Haram)

a. b. .

in CDC13: in nujol mull,

€in xBr.

08
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EXPERIMENTAL

Melting points were determined on 'Boetius’
apparatus (Made in Germany) and are uncorrected. The IR
spectra: were recorded on "Perkin-Elmer 297" spectrophotoe-
meter. The NMR spectra were recarded on varian EM=390
spectrometer using T™S as an internal standard and the

chemical shift values are expressed in § (ppm).

The starting materials

The commercial samples of acetophenone,
p-methylacetophenone, benzaldehyde, cinnamic acid,
yf-butyrolactone and methyl benzoate were purified before

use.

The propiophensne, bp 105-110° (8 mm)?”;
p-methaxypropiophenone, bp 145-150° (15 mm)5o:

51
P=chloropropiosphenosne, bp 115-1207 (2 mm)~~; butyrophenone,

bp 125-130° (21 mm)*8¢>?2

; o ~tetralone (95), bp 1_40—1503
53 054
(1Gwm)~ 7 ; benzalacetophenone, mp 50=52 ; benzalep-
55
methylacetophensne, mp 58-59° dihydrocinnamic acid,
56 57

mp 46~47° ; 1-indanone (81), mp 39-40° ; 2,3-dihydro-l-
benzothiopyran-=4-one, bp 150-155° (12 mm)58 were prepared

by the reported methods,
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The following previously reported keten
S,S~acetals: 3,3=bis(methylthio)-2-methyl-l=phenyl-2-
propen-l-one (12a), bp 168-70° (13 men) 3 3. 3-bis
(ethylthio)~2-methyl-l-phenyl~2-propen~l-one (12b),
bp 180-1857 (13 mm)'3; 3,3-bisimethylthio)-2-methyl-1-
(p=methoxyphenyl)~2-propen-~l~one (12c), bp 180-185"°
(13 mm)lB; 3,3~bis(methylthia)—z—methylulm(E-methylphenyl)u
, Zaprspgn-l-sne (12e), bp 185-90° (1 mm)zo; 3,3=bis
(methylthio)—vaéthylol—(gachlorophenyl)n2npropennl—one
(129), bp 195-200° (1 mn)*°; 3,3-bis(benzylthis)=2-
methyl=-l=-phenyl=2-propen-i-one (12h), mp 66013; 3,3=bis
(methylth#o)—Znethyl-1—phenyl-2-prapenmla3ne (lgi),
bp 190-1953 (16 mm)13; 2~ bis(methylthis)methylene ~1-
tetralone (2&), mp 58012; 3,3=bis(methylthio)<l=phenyl=2-
propen-l=-one (97), mp 93345;.3-bis(methylthio)methylene -
2, 3~dihydro=1l=benzothiopyran-4=one (107), mp 80—81323
and the unknowh ones were prepared by the general method

described below:

General method for the preparation 2f keten S,S-—acetals

using sodium t~but3xide13:

-~

A mixture of ketone (0.05 mol) and carbon

disulfide (0,05 mol) was added to a well stirred and
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cooled suspension of sodium t-butoxide (0,10 mol) in

dry benzene (35 ml) and dimethylformamide (10 ml). The
reaction mixture was allowed to stand at room temperature
for 4 hr and methyl iodide (0.11 mol) was gradually

added with cooling and stirring. The reaction mixture
was further stirred for 4 hr and left overnight and

then if was refluxed on water bath for 1=-2 hr. The
reaction mixture was then poured over crushed ice and

the benzene layer was separated., The agueocus layer

was extracted with benzene (2 x 50 ml) and the combined
extract was washed with water (1 x 100 ml), dried (Nabso4)
and concentrated to give crude keten dithioacetals, which wae
further purified either by column chromatography or

by distillation under reduced pressure. The physical

and spectral properties of some of the unknown keten

‘5,S5-acetals are given below:

3,3-Bis(ethylthio)—2-methylnl-(p—methaxyphenyl)a

2=propen=l-one (124) was obtained as, orange coloured

viseous liquid after purification by distillation,

bp 180-1857(1 mm); viéld 9.0 g (60%)} IR (neat): 1630 cm t
(Ve=o)? NMR (CCL,): 1,05 (£, 3H, SCH,CH,); 1.30
(t, 38, SCH,CH,): 2.10 (s, 3H, CHy): 2.60 (d, 2H, SCH,CH,4);
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2480 (q, 2H, SCH,CH,); 380 (s, 3H, OCH,;): 6.80 (d, 2H_ )i
. + .
7¢70_(d, ZHarom)’ M~ 296; (Found: C, 60.37; H, 6.43;:

Calcf for ¢15H200282 (296): c, 60.81; H, 6,761).

3,.3=Bis{isopropylthio)=2=methyl=1~phenyl-2-

propen=1=one (12f) was yellow viscous liquid after

purification by distillation, bp 155-160" (1 mm), yield

O, - —l - '
7e5 g (50%); IR {(neat): 1668 cm (\Jc=o)’ NMR (ccl4).
R r -». . . Cun
1,05 [a, 6H, (cHy), 17 1.30(a, &H, (CHy) ;17 2.15

(s, 3H, CHy); 2.80-3,40 (m, 2H }: 7.30=7.85

“methine

. . A
(m, SHaram); M~ 294; (Found: C, 65.78; H, 7.83:; Calc. for

. a1 %) o
C16H22082 (294): C, 65.31; H, 7.48%

3,3=Bis(methylthio)=2=benzyl=1l=phenyl=2-propen=1-=

one (64) was obtained as light yellow prisms after purifica-
tion by column chromatography ower silicagel using hexane:
benzene (9:1) mixture as eluent, Yield 9.2 g (57%):

mp 66° (ohloroform:hexane); IR (Nujol): 1660 cm"1 (l)c=o)7
NMR (CC1l,): 2.35 (s, 3H, SCH,)7 2.70 (s, 3H, SCH,);

3

4.35 (s, 2H, CH,): 7.10=7.75 (m, 10H___ )5 M

314;
arom

(Found: ¢, 68.,34; H, 5.37; Calc. far C18H18OS2 (314):

c, 68.79; H, 5.73
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3,3=-Bis(methylthio)=2=benzyl=1=(p=-methylphenyl)-

2=propen-l-one (76) was obtained as yellow needles

after purification by column chromatography over silica
gel using hexane; ethylacetate (9:1) as eluenf. vield
6.56 g (40%); mp 74-75: IR (Nujol): 1640 cr_n—1 (2}C=O)7
MMR (CCl,) 2.00 (s, 3H, p-CH,): 2.35 (s, 3H, SCH,);
2.45 (s, 3H, SCH4): 4.00 (s, 2H, C§2);“6-95—7-50

+

(m, 9Harom)7 M~ 328; (Found: Cf 69.87; H, 6.46; Ccalc,

for C19H20082 (328): C, 69.51; H, 6.10%)

2= Bis(methylthio)methylene =l=indanone (82)

was obtained as yellow shining needles after purification
by column chromatography over silica gel using hexane:

ethylacetate (1:9) mas eluent; vield 8,25 g (70%): mp

1

7071 IR (Nujdl): 1663 em () _)7 NMR (CCL,):

2.52 (s, 3H, sch); 2.55 (s, 3H, SCE3); 3.78 (s, 2H, C52)7

7.30-7.90 (m, 4H___): Mt 236; (Found: C, 61.48; H., 5.37;

r

P . .- ky Q%
Calc. f:)r C12H12052 (236). C' 61.02, H, SQOU/)-

Dibenzoyl methane (75) was prepared by a modified

procedure as follows:
To a well stirred suspension 2f go>dium hydride

(6g, 50% suspension, 0.12 m21l) in dry benzene (250 ml),
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methyl benzoate (27 g, 0.2 mol) was added dropwise with
refluxing. A solution of acetophenone (12 g; 0.1 mol)
in 150 ml of benzene was added dropwise with stirring
and refluxing ower a:period of 4 hr and the reaction
mixture was further refluxea with stirring for 3 hr.
The reacfian mixture was left owernight, poured over
cushed ice and acidified with ¢ mecentrated sulfuric
acid (10 ml). The organic layer was éé;graied and the
agueodus layer was extracted with benzene (3 x 250 ml)
and the combined extract was washed with 5% sodium
bicarbonate solution (1 X 50 ml) and then with water,,
dried (Caclz) and concentrated owar water bath., The
unreacted methyl benzoate was removed by distillation
under reduced pressure and the crude dibenzoylTmethane
was transferred into a 250 ml beaker while hat;_ The
cruée dibenzoyl”methane was solidified on cooling and

was purified by recrystallization from methansl, yield

13.0 g (QO%),_mp 72a73qc (reported mp 733)59; TR (Nujol): -
- _1‘ e . .
1600 cm (/yc___o): WR (CCLl ): 6470 (8+ 1H 510150, ensl from’’

7.30"‘7.4‘5 (m,' 6Haram) ; 7 080—7.9*5 (m», “4Harom) o
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Preparatisnfof 3.3-bis{(methylthio)=-2=benzoyl~l-phenyl=2~

propen-l=one (lé)6o:

'To a solution of dibenzoyl methane (75)

(2.24 g, 0.01 mol) in dimethvl sulfoxide (10 ml), a
solution of KOH (1.2'g, 0,02 mol) in water (2 ml) and
carbon disulfide (2.4 g, 0.03 mol) was added dropwise
wer a period of Z»Er with stirring and éoq}ing. After
furthef stirring for 4 hr, dimethyl sulfate (2.6 o
"0.02 mol) was added dropwise with ice cooling and it
‘was further étirred at room temperature for 2hr. The
reaction mixture was then. paured over 200 ml of ice
cold water, eitfécted with chloroform, dried (Na2804)
and concentratea to give crude Zg; which was purified
by column chromatography over silica gel using ethyl
acetate:hexane (1;4) as elueﬁt. The product obtained
as a yellow crgétals, mp 67—68D (reported 68—69DC)61;
Y Ve

NMR (cclé):’z.lo s, 6H, (SCH s 7.20~7.50 (m, 6H__

yield'OQé g (25%), IR (Nujol): 1650, 1660 cm

):

_3)2 4 om

7.80-7.95 (m, 4H y; MY 328; (Found: C,; 65.47;
) 3Y om

H, 4.43; Calc. for 618H160282 (328): C, 65.85; 1, 4.88%),

" o =Bénzylacetophenone (63) was prepared by slight
62

" modificatioh of the reported procedure by hydrogenation
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of benzalacetophenone over Raney Ni instead of Platinum
catalyst. Thus 20.8 g (0.1 mol) .of benzalacetophenone
was dissolved in 150 ml of :hot ethansl and was

A
hydrogenated in,?arr hyérogenation apparatus over Raney

’ . f - ,9-
Ni ( 15 g) at 50 psi for 0.5 hr, The catalyst was Collacied &
& ibakion
fittered and the solvent was evaporated tm» yield 19.0 g
(90%) of 63 @s white shining plates, mp 68=69" (reported.

mp 70-71°¢)%2,

Ol-Benzyl-p-methylacetophenone was similarly prepared
by hydrogenation of 22.2 g of benzal-p-methylacetophenones
The product was obtained as white shiqﬁing plates; yield

6
18.0 g (80%), mp 50552DC (repaorted mp 50m51DC) 3..

Attenpted isomerisation of 3,3—bismethylthio—z—meghflnl-‘

aryl«Z-prapén-l—one (12a) with ethanolic sodium ethoxide:

To a solution of sodium ehoxide (prepared by
dissolving sodium, 0,02 atom, in 30 ml of absoclute alcohol),
the keten S,S-acetal 12a: (2.38 g, 0.01 mol) was added
and the solution was stirred at room temperature for
10 hr. The solvent was distilled off and the residue
was quenched with crushed ice., It was extracted with

chloroform, washed with water and dried. Evaporation of
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the solvent gave the unreacted starting material.

O A ('»’WVLX.M/

In an alternate experiment when the—same,
reaction mixture was refluxed with stirring for 10 hr,
work-up of the reaction mixture yielded only intractable
polymeric material and no idontifiable compound could

be isnslated.

Base catalysed rearrangement of 3,3-bis(alkylthios)-2-

methyl=l=aryl-2~propen-l-ones (1l2a-f) to 2=-alkylthio

methyl=3-alkylthisacrylophenones (31a—£): General

Procedure:

A solution of 12 (0.01 mol) in dry dimethyl
formamide (20 ml) was added dropwise over a period of
15 minutes to a well stirred suspension of sodium
hydride (2g, 50% suspension, 0.04 mol) in 20 ml of
dimethylformamide ait 50—603. The reaction mixture was
further stirred at 50-60" £or 2.5 to 3.5 hr. It was
then poured over crushed ice (100 g), neutralised with
dilute acetic acid, extracted with chloroform (3 x 30 ml)
and the combined extract was washed with water

(4 x 100 ml), dried (Na 804) and evapbrated to give a

2
residue, which was chromatographed over silica gel,
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Elution with hexane:ethylacetate (9:1) mixture gave first
the unreacted starting materials 12a=f and further
elution with hexane:ethylacetate (4:1) mixture yiclded
pure rearranged products 3la-f, The physical and
spectral data of 3la~f are given below, while their

spectral data are described in table.

3—Methylthi3u2«methylthiomethylal—phenylmz—

prqpenul—one (31la) was obtained as yellow viscous o2il,

(TLC single spot), yield 0.83 g (35%) (55% on the basis
for recovered starting material); M 238; (Found: C, 60.15;

H, 5.39; Ccalec. for Cq,H1,408, (238): Cc, 60.50; H, 5.88%).

3=Ethylthio-2—=ethylthiomethyl-l=phenyl=2-

prapen-l—one (31b) was obtained as orange viscous 2il,
(TIC single spot), yield 1,15 g (43%) (50% on the basis
of recovered starting material): M+ 266: (Found:

C, 63.57: H, 6,34; Calc. for C14H18OSZ (266)Y: C, 63,16;
H' 6,77%).

3-Methylthio=2-methylthiomethyl=1=

(pfmethoxyphenyl)92=propen—l—3ne (31lc) was obtained as

srange solid, mp 57-58° (hexane), vield 1.3 g (45%)

(70% on the basis of recovered starting material};
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+ " .
M~ 268; (Found: C, 58,637 H, 5.56; Calc. for C13H160282

(268): C; 58.21; H‘; 5'.97%)‘0

3=-Ethylthio=2=-ethylthiomethyl=1-(p=methoxyphenyl)-

2=propen=l=one (31d) was obtained as orange wviscous oil,

(TLC single spot); yield 1.2 g (40%) (61% on the basis

+

of recovered starting material); M 296; (Found: C, 60.48;

H, 6.37; Calc. for C15H200252 (296): C, 60.81; H, 6,76%)%

3=Methylthio=2=methylthiomethyl=l=(p=methylphenyl)=

2=propen=l-one (3le) was obtained as red viscous oil,

(TLC single spot); yield 1.0 g (36%) (60% on the basis
of recovered starting material):; MT 252 (Pound: C, 61,53;

H, 6.71: Calce. for Cq4H 05, (252): C, 61.90} H, 6.35%).

3=Isopropylthio=2=isopropylthiomethyl=1-

phenyl=2~propen=1l=one (31f) was obtained as light yellow

prisms, mp 46=47° (hexane); yield 0.9 g (30%) (45% on the
basis of recovered starting material): Mt 294 (Found:

C, 65.67; H, 7.86; calc. for C16H2 052 (294): ¢, 65431;
H, 7.48).

In an another experiment when 12a (1}2 g

0.005 mol) was treated with sodium hydride (0.02 mol)
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in dimethylformamide (20 ml) under identical reaction
conditions for longer time (12 hr), the reaction mixture
after work=up and purification as described abave
yielded only 120 mg (10%)of 3la) (superimposable IR and
NMR) along with intractable polymeric material while

starting material 12a was consumed completely.

}ﬁ<mnﬁatternate—eﬁpeﬁémentjwhen a solution of

12a (1.2 g, 0.005 mol) in dimethylformamide (20 ml) was
treated with sodium hydride (0.02 mol) at lower temperature
(O—SD) for 6 hr, the reaction mixture, after work-=up

and purification as described in the above general
procedure yielded unreacted starting material 12a

(superimposable IR and NMR).

Similarly, when 12a (1.2 g, 0.005 mol) was
treated with catalytic amount of sodium hydride (0.1 g,
50% suspension) under identical reaction conditiané for
6 hr, the reaction mixture after work-up and purification
as described abowve yielded 0.25 g (10%) of 3la (super=
imposable IR and NMR). In anlanather experiment, when
the same reaction under identical conditions was

continued for 15 hr with cafalytic amount of sodium hydride,
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work=up and purification of the reaction mixture as

above yielded 0,6 g (25%) of 3la (superimposable IR & NMR'.

The reaction of 12a (1.2 g, 0.005 mol) with
excess of NaH (0.04 mol) under identical reaction
conditions yielded after the usual work=up and purification

0.35 g (30%) of 3lay (superimposable IR and NMR).

Similarly in an attempt to increase the yield
of 3la, when 1l2a (2.38 g, 0.01 mdol) was treated under
identical conditioris with sodium hydride (0,04 mol) in
dimethylformamide (30 ml) under nitrogen atmosphere,
the reaction mixture after usual work-=up and purification
vielded 0.4 g (35%) of glgl(superimposable IR and NMR)

and there was no increase in the yield of 3la,

Attempted rearrangement of l2a to 3la in benzene:

A solﬁtian of 12a (1.2 g, ©.005 mol) in 5 ml
of benzene was added to a stirred suspension of sodium
hydride in 20 ml of dry benzene at 80-90° and the
reaction mixture was refluxed with stirring f£for 10 hr.

The reaction mixture after usual work-up and purificafion
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yielded the unreacted starting material 12a [superimposable

IR and NMR) and no trace of 3la was formed {(TILC).

Rearrangement ofl2a to 3la in tetrahedrofuran:

To a stirred suspension of sodium hydride
(0,02 mol) in 25 ml of dry tetrahydrofuran at 50=60°,
a: solution of 12a (1.2 g, 0,005 mol) in 5 ml of dry
tetrahedrofuran was added and the reaction mixture was
refluxed with stirring for 3 hr. The reaction mixture
after the usual work=up and purification yielded only
60 mg (5%) of 3la (superimposable IR and NMR) along with
0.9 g of unreacted starting material, l2a (superimposable

IR and NMR).

In an another experiment when the same reaction
mixture in tetrahydrofdran was refluxec at 65m703 for
12 hr, the reaction mixture after usual work-up and
purification yielded 0,35 g (30%) of 3la: (superimposable
IR and NMR) along with 0.4 g of unreacted starting

material 12a (superimposable IR and NMR).
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Reaction of 1l2a with sodium hydride in the presence of

hydroquinone:

A mixture of hydroquinone (0.1 g, 0:001 mol)
and l2a: (1.2 g, 0.005 mol) in 10 ml dry dimethylformamide
was slowly added to a suspension of sidium hydride
(1.5 g, 50% suspension, 0.03 mol) in 15 ml of dry
dimethylformamide at 50-60" and under nitrogen
atmosphere, with stirring. The reaction mixture was
stirred for further 3 hr., The reaction mixture after
work-up and purification described in the general
procedure yielded 0,4 g (33%) of 3la (superimposable

IR and NMR).

Reaction of 12a with sodium hydride in the presence of

dibenzoyl peroxide:

A mixture of 12a (1.2 g, 0.005 moli and
dibenzoyl peroxide (100 mg) in 5 ml of dry dimethyl-
formamide was added slowly (15 min) to a well stirred
suspension of sodium hydride (1 g, 50% suspension,
0,02 mol) in 15 ml of dry dimethylformamide at 50-60"

and the stirring continued for further 3 hr, The
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reaction mixture after work-up and purification. as
described in the earlier experiments, yielded 0.43 g (36%)

of 3la (superimposable IR and NMR).

Attempted equilibrdation of 3la to 12a:

A solution of 3la (0.6 g, 0,0025 mol) in 5 ml
dry dimethylformamide was added to a suspension of
sodium hydride (0.01 mol, 50% suspension) in 5 ml of
dry dimethyiformamide and the reaction mixture was
stirred at 50-60" for 4 hr. The reaction mixture after
the usu?L work=up gave a crude residue, from which no:

Ll
identifﬂable compound could be isolated and no trace

aof 12a was detected (TLC).

Reaction of 3,3=bis(methylthia)—2~methyl~1=ﬂp=chlar3—

phenyl)=2<propen=1l-one (1l2g) with sodium hydride:

To ar well stirred suspension of sodium hydride
(0.04 mol, 50% suspension) in 20 ml dry dimethylformamide
at 50=60°, a solution of lgg (2.73 g, 0.01 mol) in
15 ml of dry dimethylformamide was added slowly with

. o)
stirring and the reaction mixture was stirred at 50~60



97

for 5 hr. The reaction mixture after work=up as

described above gave red viscous liquid, which was purified

/

by column chromatography over silica gel. Elution with

hexanetethylacetate (95:5) yielded 0.7 g (25%) of

3,3=bis(methylthio)-2—methylnlu(£hmethylthiophenyl)—2n

propen=l-one (32) as red viscous liquid:; (TIC single spot);

+

M 284 (Found: C, 55.,15; H. 5.67; calc. for C..H,.0S. (284):
13716773

C, 54.93; H, 5.63%). The spectral data for 32 j& ahz-

described in text,.

Purther elution with ethylacetate:hexane (1:9)
yielded 0.6 g (22%) of 3=methylthio=2=-methylthiomethyl=1=
(p-chlorophenyl)=2=propen-l-one (3lg) as red viscous o2il;

4

(TLC single spot); M’ 272.5 (Found: C, 52.48; H, 4.933

Calc. for C12H13ClOS2 (272.5): C, 52.84; H, 4.77%). The

spectral data for 3lg is described in table 1l.

Subsequent elution with ethylacetate:hexane (1:4)
yielded 0.55 g (20%) of 3=methylthio=2=methylthiomethyl-1l-
(g=methylthiophenyl)=2npropen-1—3ne (33) as red viscous
1iquid (TLC single spot); M' 284 (Found: C, 54.67; H, 5.38;
calc. for C,_H,_0S_ (284): €, 54.93; H, 5.63%). The

13716773
spectral data far 33 j& described in the text.
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Reaction of 3,3=bis(benzylthio)=2—methyl—l=phenylm2=ppgpen—

l-one (12h) with sodium hydride; Formation of 2=benzaylthio-

3=methyl=4,5=diphenylthiophene (36):

A solution of 12h (1.95 g, 0.005 mol) in 10 ml
aof dry dimethylformamide was added dropwise to a well
stirred suspension of sodium hydride (0,02 mal; 50%
suspension) in 15 ml of dry dimethylformamide at 50~60°
and the reactisn mixture was stirred at 50-60" for 6 hr.
The reaction mixture after usual warknupyfollowed by
chromatographic purificatiosn ower #ilica gel column using
hexane as eluent yielded 0.95 g (50%) of 36 as white needles,

+

mp 91-92° (hexane); M' 372 (Found: C, 77.83; H, 5.71:

Calc. for C24H2082 (372): C, 77.,42; H, 5.38%). The

spectral data of 36 is described in the text.

Reaction of 12b and 1l2c¢ with sodium hydride; A ‘crossover!

experiment:

A mixture of 12b (2.66 g, 0.01 mol) and l2c
(2.68 g, 0,01 mol) in 25 ml of dry dimethylformamide was
added dropwise to a well stirred suspension -of sodium

hydride (0.08 mol, 50% suspension) in 40 ml of dry
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dimethylformamida at 50-55° and the reaction mixture

was stirred at 50-55° for 3 hr. The reaction mixture

after usual work-up gave red viscous liguid, whith was
purified by column chromatography over silica gel, Elution
with hexane:ethylacetate (95:5) gave a» mixture of unreacted
starting materials 12b and 12c¢ (IR and NMR). Further
elution with the same solvent mixture yielded a mixture
(TLC single spot) of four possible products, 3la, 31b, 57
and 58 (NMR and Mass). Thus its NMR (CCl4) spectrum |
displayed signals due to above mentioned four products.

The mass spectrum of this mixture gave the following
significant peaks: m/e 266 (95%), 252 (100%), 238 (100%)
223 (85%), 205 (90%), 191 (95%), 175 (90%), 105 (100%) etcy
The peaks at m/e 266, 252 and 238 are the molecular ion
peaks of 31b, (57 or 58), and 3la, thus proving the presence
of the corssover products (particularly 57 and/or 58) in

the mixture.

Further elution with ethylacetate:hexane (1l:4)
mixture, gave an orange 2il, (TIC single spot): which
also in its NMR spectrum displayed signals due to four
possible products, 3lc, 314, 59 and 60. Its mass spectrum
displayed the following significant peaks: m/e 296 (10.3%),
282 (40,5%), 268 (70%), 253 (204), 235 (50%), 221 (80%),

135 (100%) etc, The peaks at m/e 296, 282 and 268 are

- - -
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the molecular ion peaks of 31d, (59 and/or 60) and 3lc,
thus proving the presence of the crossover products

(particularly 59 and/or 60) in the mixture.

Reaction of 31l¢ with sodium hydride in the presence of

ethylmercaptan:

A solution of ethyl mercaptan (0.6 g: 0,01 mol)
in 2 ml of dimethylformamide was added slowly to a well
stirred suspension of sodium hydride (lg, 50% suspension,
0.02 mol) in dry dimethylformamide (10 ml) under nitrogen
blanket at room temperature, A solution of 3lc (0.8 g,
0.003 mol) in dry dimethylformamide (3 ml) was added slowly
to the reaction mixture with stirring and the reaction
temperature was raised upto 50° énd the stirring continued
at this tempsrature and under nitrogen blanket for further
30 minutes. After the usual work up, the crude product
shawequingle spot {(major) on TIC and it was purified by
passing through silica gel column using ethylacetate;
hexane (1l:4) mixture as eluent. The pure oranhge oil
(TIC single spot) thus obtained was als» a mixture of

four possible products, 3lc, 31d, 59 and 60 (NMR and Mass).
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Reaction of 12b with sodium hydride in the presence of

ethylmercaptan (added alkylthio anion):

A mixture >f ethylmercaptan (1.2 g; 0,02 mol)
and 12b (2.66 gr-0.01 mol) in 15 ml of dry dimethylformamide
dloed & wndih 4
wasAreacted with sodium hydrideAidentical conditions as
described in the preceding experiment for 2 hr. The
reaction mixture after usual work-up followed by column
chromatographic purification over silica gel gave 1.2 g

(45%) of 31b (superimposable IR ad NMR) along with 0.8 g

(30%) of 12b (superimposable IR and NMR).

Attempted rearrangement of 12i to 62:

when 12i (2.52 g, 0,01 mol) was treated with
sodium hydride (0,04 mol, 50% suspension) in dry
dimethylformamide (30 ml) under identical reaction
canditiansfor 10 hr, the reaction mixture after usual
work=up followed by column chromatographic purification
yielded 2.30 g (90%) of unreacted starting material,

12i (superimposable IR and NMR).,

| [@rjflﬁ
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Rearrangement studies on 3,3=bis(methylthioc)«2=benzyl-1-

phenyl=-2=-propen-~1l~one (64); Reaction of &4 with sodium.

hydride:

A solution of 64 (3.14 g, 0,01 mol) in dry
dimethylformamide (10 ml) was added to a stirred suspension
of sodium hydride (0.03 mol) in 20 ml of dry dimethyl-
formamide at 35-40° and the reaction mixture was stirred
at thiéfemperature for 2 hr.- The reaction mixture after
usual work-up as described in the eérlier experiments
yielded 2.7 g (85%) of red viscous liquid.. The crude
reaction mixture thus obtained showed5 spots on TIC,
which were seéparated by column chromatography aver
silica gel. Elution with hexanesethylacetate (99:1)

gave first 160 mg (5%) of 64 (superimposable IR, NMR

and mmp)

Further elution with hexane:ethylacetate (95:5)
gave 1.1 g (35%) of 3-methylthio-2-methylthiomethylchalcone
(65) as red viscous 2il; (TIC single spot); MT 314 (Found:
C, 68.43; H, 5.47; Calc. £or C18H18052 (314): Cc, 68,79;

H, 5.73%)s The spectral data for 65 i€ described in

the text,
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Further elutiosn with ethyygcetate:hexane (5:95)
gave 0.5 g (15%) of 2-(¢{=methylthisbenzyl)=3-methylthio-
acrylophenone (66) as red viscous 2il, (TLC single spot):

+
M 314 (Found: C, 68.53; H, 5.47, Calc. for C18H18082
(314): C, 68.759; H, 5.73%). .The spectral data for 66

oM
I8 described in the text,

Subsequent elution with ethyyécetate:hexane
(1:9) gave 130 mg (5%) of 3-methylthiochalcone (68) as
light yellow solid, mp 94=95° (hexane): M' 254 (Found:

C, 75.93: H, 5.87; calc for C 0S (254): C, 75.59;

16714
H, 5.51%). The spectral data for 68 is described in

the text.

Further elution with ethylacetate:hexane (1:4)
gave 0.45 g (20%) of 3,3=bis(methylthio)=l=phenyl=2=propen=
l-one (67) as light yellow solid, (mp, mmp, superimposable

IR, NMR and Mass).

G Azconol

In ap-—aFtersste experiment;, é; (1.6 g{ 0.05 mol)
was reacted with sodium hydride (0,015 mol) in dry
dimethylformamide (Zoiml) uhder identical reaction
conditions for 8 hr. The reaction mixture was then

poured over crushed ice, acidified with 20% acetic acid,
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(e Covmbianad e x bk
extracted with chloroform (2 x 50 ml) andAwashed the

combined extract with water (4 x 50 ml), The organic
layer thus obtained was washed with saturated sodium
bicarbonate solution (2 x 50 ml) and then with water

(2 x 50 ml).. The chloroform layer was then dried (Na2504),
concentrated and purified by column chromatography over
silica gel using ethy%écetate:hexane (1:4) as eluent to
give first 130 mg (10%) of 68 (superimposable IR, NMR and

mmp) and 0.8 g (70%) of 67 (superimposable IR, NMR and

mmp ) «

Acidification 2f the sodium bicarbonate extract
with dilute hydrochloric acid gave a solid suspension,
which was extracted with ether, Evaporation of the ether
gave 0.12 g (20%) of benzaic acid (mmp, superimposable

IR and NMR)

Similarly, when 64 (1.6@, 0,05 mol) was treated
with sodium hydride (0.015 mol) in dry dimethylformamide
under identical reaction conditian%and under nitrogen
atmosphere for 3 hr, the reaction mixXture after usual
work=up f£ollowed by chromatographic purification yielded

0.8 g (51%) of 65 (superimposable IR and NMR) and 0.5 g
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(32%) of 66 (superimposable IR and NMR) on elution with

hexane.

3,5=Diphenyl=4-methylthiomethylpyrazole (69); Procedure:

(&) Geamendle
A solution of 65 (1.6 g, 0,005 mdol) and hydrazine

hydrate (0.5 ml) in ethanol (15 ml) was refluxed for 60 hr.
cooling of the reaction mixture yielded white s2lid ,which
was recrystallized from ethanol. Yield aof the Fyrazale 69
was 0.8 g .(57%); mp 171=l733; IR (Nujol): 3200 cmnl (}]NH)7

NMR (CDCl,): 1.65 (s, 3H, CH,SCH,): 3:35 (s, 2H, CH,SCH,):

2 2

* 280; (Found: C, 72.47; H, 5.34;

6470=7450 (m, lOHarDm); M

N, 10.23; Calc. for C N,S (280}t C, 72.86; H, 5.71;

17716
N, 10,00%).

Reaction of 3,3=bis(methylthis)=~2=benzoyl«l-phenyl-2-~

propen-l-one (74) with sodium hydride:

A sdlution of 74 (l.64g, 0,005 mol) in dry
dimethylformamide (5 mls was added slowly (10 min).to
a well stirred suspension of sodium hydride (1 g, 50%
suspension, 0,02 mol) in 15 ml of dry dimethylformamide

at 35-40° with stirring and stirring continued for
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further 6 hr, when TIC showed complete disappearance

of starting material with only one ma jor product. The
reaction mixture was poured over crushed ice, acidified
with 20% acetic acid, extracted with chlorsform (3 X 30 ml)
and washed the combined extract with water (4x 50 ml).

The organic layer thusttained was washed with saturated
sodium bicarbonate salution (2 x 50 ml) and then with
water (2 x 50 ml). The chloroform layer was then dried

(Na SO4), concentrated and purified by column chromato-—

2
graphy over silica gel using ethylacetateihexane (1:4)
mixture as eluent to give 0.9 g (80%) of 67 (mp, mmp;

superimposable IR, NMR and Mass).

Acidification of the sodium bicarbonate extract
with dil., hydrochloric acid, gave a so2lid suspension,
which was extracted with ether. Evaporation of the ether
gave 0,25 g (40%) of white solid, mp 12O-l213: which was
identified as benzoic acid. (mmp, superimposable IR, NMR

and Mass).

Reaction of 3,3-bis(methylthio)-2-benzyl-l-(pemethylphenyl)-

2=propen-1l-one (76) with sodium hydride:

A solution of 76 (l.64 g, 0,005 mol) in dry

dimethylf ormamide was treated with sodium hydride (0415 mol)
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The organic extract obtained, after usual Wwork=up as
described in the preceding experiments, was washed with
saturated sodium bicarbonate solution (2 % 50 ml).‘ The
bicarbonate extract, after acidification with dilute

hydrochloric acid, gave a white s2l1id suspension, which
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was extracted with ether (3 x 25 ml)., Evaporation of the

ether gave 0,3 g of white s25lid, which was confirmed as
a mixture of benzoic acid and p-toluic acid by NMR, IR
and melting points., Thus a part of the solid melted at
119-120° (reported mp of pure benzoic acid is 122.4DC)
and the remaining part of it melted at 176-178" (pure

p=toluic acid melts at l79a1803).

The organic layer, after bicarbonate washing,
was washed with water\(1 x 50 ml), dried (Na2504) and
goncentrated to give cr Qi}product, which, after purifi-

g

cation by column chromatogkaphy over silica gel using

ethylacetate:hexane (1:4) mixXture as eluent; gave 0.8 g of

vellow s0l1id, The s21id thus obtained was identified as

ai

mixture of 3,3=bis(methylthip)-l-phenyl=-2-propen=l-one (67)

and 3,3—bis(methylthio)»lm(p~methylpheqzi)=2npr9pen-1—3ne

(78) (NMR and Mass). Thus, a part of i

t\gelted at 89-90°
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(reported mp of pure 67 1 933)45 and the remaining part

. a5
5>f it melted at 99-101° (reported mp of pure 78 is 104=57)

(The Rg values of 67 and 78 aredalmost same) «

Rearrangement studies on 2- bis(methylthio)methylene -

l=indanone (82): peaction of 82 with sodium hydride:

b mam §le
when 82 (1.2 g, 0,005 mol) was treated with

sodium hydride (0,02 mol, 50% suspension) in dry
dimethylformamide under nitrogen atmosphere and under
standard rearrangement conditions for 1.5 hr; the reaction
mixture after the usual work=up yielded red viscous
liquid, which was purified by preparative TIC over silica
gel plate using ethylacetate as mobile phase to give

0.4 g (45%) of 87 as orange solid, mp 194-195°, Its

analytical and spectral data are described in the text.

In an alternate experiment, when 82 (1.2 g,
0.005 mol) was reacted with sodium hydride (O:OZ mol)
under identical reaction conditions but without nitrogen
atmosphere for 1.5 bhr, the reaction mixture after work-up
as described aove yielded a black tar, from which no

identifiable sample could be isoclated.



109

Rearrangement studies on 2~ bis(methylthio)methylene -

l-tetralone (91); Reaction of 91 with sodium hydride:

To a stirred suspension of sodium hydride
(0.04 mol) in 20 ml dry dimethylformamide at 50n6OD,
a solution of 91 (2.5g, 0.0k mol) in 10 ml dry dimethyl-
formamide was added and the reaction mixture was stirred
at 50=60" for 30 hr. Work-=up of the reaction mixture
as described in thg%bave experiments gave bright yellow
viscous liquid which was purified by column chromatograrvhy
over silicagel. Elution with hexane gave 1.2 g (51%) of
@—ketodithiaesfer 93 as bright yellow salid; mp 77-78°

(reported melting point of 93 is 78e793)29. The analytical

and spectral data of 93 are described in the text,

Further elution with hexane yielded 0.45 g (20%)
of s=methyl=2=tetralone carbocxylthioate (94) as light
yellow prisms, mp 63-64°c; M" 220 (Found: C, 65.73: H, 5.78;

Cale. £or Cy,H ,0,S (220): C, 65.45; H, 5,45%)., The

2
spectral data of 94 ig described in the text.

In an alternate experiment, when 91 (1.25 g,
0,005 mol) was treated with sodium hydride (0:02 mol) in

15 ml dry dimethylformamide under nitrogen atmosphere and
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under identical reaction conditions for 30 hr, the reaction
mixture after usual work-up/followed by purification as
abo w,yielded 0.85 g (54%) of 93 (superimposable IR and

NMR) and 0.65 g (30%) of 94 (superimposable IR and NMR).

Reéction of [%-ketodithioester 93 with sodium hydride:

gz'rh’hﬂvq,(l
A solution of 93 (0.47 g, 0.002 mdl) in 5 ml

dry dimethylformamide was added to ﬂ%uspensian of sodium
hydride (0,01 mol) in 10 ml of dry dimethylformamide at
50~60 and the reaction mixture was stirred at 50=60°
for 25 hr. The reaction mixture after usual work-up
£ollowed by purification yiel@?the unchanged 93 (mmp

superimposible TR and NMR) and the formatiosn of 94 was

not onbserved,

Reaction of 3,3=(bismethylthios)=l-phenyl=2=propen=l-one(97)

with sodium hydride:

When 97 (1.12 g, Q.,005 mol) was treated with
sodium hydride (0,02 mol) under identical reaction
canditionskor 26 hr, the work=up of the reaction as

usual f£ollowed by purification by c¢olumn chromatography
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gave 1.0 g (90%) of unchanged 97 (superimposable IR and

NMR) and the-.formation of 98 or 99 was not observed.

Rearrangement studies on 3- bis(methylthio)methylene =

2,3=dihydro-l-benzothiopyran-4-one (107) with sodium

hydride:

(a) In dimethylformamide:

A solution of 107 (2.68.g, 001 mol) in 10 ml
dry dimethylformamide was added to a suspension of sodium
hydride (0,02 mol) in 20 ml of dry dimethylformamide at
room temperature and the reaction mixture was stirred at
room temperature f£or 5 hr., The reaction mixture after
usudl work=up £2l11owed by'purification by recrystallization
from ethylacetate:hexane (1:9) yielded 1.6 g (60%) of 110

+

as light yellow needles; mp 1093; M~ 268 (Found:; C, 53.57;

H, 4,273 Cale, for C,H 5,0 (268): C, 53.73; H, 4.48%).
- . accord
The spectral data of 110, which j& in esmnfesmity with the
oA . |
assigned structure ¥§ described in table,

(b) In benzene:

When 107 (1.34 g, 0.005 mol) was stirred

similarly with sodium hydride (0,01 mol) in solvent benzene
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at room temperature for 5 hr, the reaction mixture after
usual work-=up followed by purification gave the unchanged
starting material 107 (superimposable IR and NMR) and

the formation of 110 waé not observed.

However, when the same reactidn was carried out
in refluxing benzene for S hr, the reactipn mixture after
usual work=-up followed by purification by recrystallization
yielded 0.7 g (50%) of expected rearranged product 110

(superimposable IR and NMR).
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CHAPTER IT

STUDIES ON THE REACTIONS OF 3=ALKYLTHIO=2=
ALKYLTHIOMETHYLACRYLOPHENONES WITH
HYDRAZINE, GUANIDINE AND AMINES : SYNTHESIS
OF NOVEL PYRAZOLES, PYRIMIDINES AND
ENAMINOKETONES*

\

In the preceding chapter, optimum conditions
for the preparation of 3=-alkylthio=2-alkylthiomethyl-
acrylophenones of the general formula (1) (Scheme 1)
have been describedlo The mechanism governing the
formation of‘l has also been discussed. Tt was considered
to utilize‘these intermediates for the synthesis of some
heterocyclic compounds by reacting them with appropriate
binucleophiles. Thus when la was reacted with hydrazine
in refluxing ethanol the corresponding pyrazole 2a was
obtained in 85% yield. The structure of 2a was confirmed by
its analytical and spectral data. Thus 2a exhibited in its
mass spectrum molecular ion peak at M" 204 (CllleNZS)’ Its
IR(neat) spectrum showed absorption band at 3165 om™t due

to NH stretching frequency. The final structural proof

*3, Apparao, A. Rahman, H. Ila and H. Junjappa,

Synthesis, ©o0c (1982).
Y p .7’%1( )
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for 2a was derived from its 1H~=N.M.R (CDC13) spectrum,

It showed signal at E)1.94 (s, 3H) for SCH, protons,

3
while the signal at 533.53 (s, 2H) was assigned to the
methylene protons, The multiplet at§j7020n7.60 (6H)

was accounting for five aromatic protons and H=~5 of
pyrazosle ring. A broad signal appeared at811;80 was.
assigned to the NH proton, which disappeared on D20
exchange. The pyrazoles 2b-f (Scheme 1) were similarly
obtained in 70=-90% over all yields. The physical and
spectral data for 2b=f are described in tables é and i,
respectively, It is interesting to note that the
formation of pyrazole 2 was not observed when the keten
dithioacretal 3 (Scheme 2) was reacted with hydrazine in
refluxing ethanolic sodium ethoxide, while the similar
reactions with guanidine and cyanoacetamide yielded the
corresponding pyrimidines (é)2 and pyridones (5)3
respectively., (Scheme 2). Similarlylwhen 1 reacted
with guanidine in the presence of sodium ethoxide in
refluxing ethanol, pyrimidine 4a was obtained in 70%
yield. The 4a thus obtained was identical (m:m.p, iR,

1HmNMR) with the compound obtained directly from 3 and

guanidine. The pyrimidines 4b and 4c¢ were similarly
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obtained from the corresponding 1b and lc in 70% and

75% yield respectively., Apparently, thc yields of 4
from 1 are higher than that of 4 from 3. However, when
the reaction of la with guanidine was carried out in

the presence of sodium hydride in dimethylformamide,

the product obtained after chromatographic separation

was identified as 6a (Scheme 3). The structural evidence
for 6a was derived from its analytical and spectral data.
Thus, its mass spectrum exhibitaed molecular ion peak at

23H23N3052). Its IR (Nujol) spectrum displayed

a band at 1640 cm”l, which is also the region for NH,,

MY421 (C

deformation. Short and Thamps:m4 and Brown et al5 have
assigned this band to H=N=H internal deformation on the
basis af their deuteration experiments. However, this
band is known to shift in chl5r3farm tT a lower value of
1600 cm~ Y. In the present case, when the spectr%whas
recorded in chloroform, it was observed in the same
position i.e. at 1640 om~l., Therefore the 1640 am*
band is assigned to the carbonyl function. This
observation proves that side chain is attached to the
2=amino group of the pyrimidine (6 . Fufther proof for

youl
the structure 6a was égnﬁéémné by its NMR spcctrum (Figure)
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It showed two singlets at 5 2,00 (3H) and 552.15 (3H)

due to two SCH, groups. The two singlets at S 3.60 (2H)

3
and 553.73 (2H) were assigned to» protons on twd methylenc
groups. The aramatic protons appeared as broad multiplet
between 5,7.30—7.65 accounting for ten protons. The
vinyl proton on the exocyclic chain and NH proton
appeared together as broad sinélet at %58:30 and after

D.O0 shaking the sharp singlet was integrated for only

2
one proton. The law field singlet at & 8.43 was assigned

t> H=6 on pyrimidine ring.

The possibility of bicyclic alcohol structure
(A) or the dipolar structure (B) for 6a were ruled out
on the basis of spectral data. 1Its 1H=-N.M.R spectrum
shawed n® signal due to OH proton, which rules out the
structﬁre A. The dipolar structure B was ruled obut on
the basis of its IR band at 1640 cm“l, which is assigned
to the carbonyl function. The further structural proof
foX 6a was derived from its independent preparation from
1l and 4. Thus when 1 and 4 were treated in the presence
of sodium hydride and dimethylformamide, 6a was obtained
in 70% yield. Attempts to isolate the intermediate

pyrimidine, (4), when 1 and guanidine were reacted in the



127

3

7

ainbi g
{@)uidd

S

3

L

TTTTTTTFT

TTTT T oTy

1-«ﬂ_—d—-

T T T T T TrrTs

LR 2R D R L

TTTTT I TTYY




128

N W
i) -
. Iy
N HN ;
! oH “ __ns-
H/ AN \ a //ii
Ar Ar
RS RS <~
A B

presence of NaH and dimethylformammide, were not

successful. The other pyrimidines, 6b-e were similarly
obtained in 56-65% over all yields (Scheme 3)e The physical
and spectral data of 6b-e are described in tables 5 and 2

respectively.

Incidentally, when 1 was reacted with aliphatic
amines, the corresponding enaminoketones (7) were
obtained in excellent yields. Thus la and methylamine
in refluxing ethanol yielded the corresponding enamino-

ketone 7a in 80% yield. The enaminocketones 7b=d were
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Q,AF:P—MGCG H4~, R=Me; R'::CG Hig
¢, Ar=p-Me0 Cg Hy; R=Me; R=Me
d,Ar=p-Me0 CgHy 5 R=Me; R=Cg Hyg
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similarly obtained from the respective amines in 75=80%
overall yields (Scheme 4). The spectral and analytical
datas for 7a-d, which are in agreement with the assigned
structures, are described in tables 3 and 6 respectively,
However, 1 failed to react with aromatic amines under

similar reaction conditionsor at higher temperature.

/



Table 1

Spectral data for products 2Za-f

M.Se IR (neat) 1H=NMR (CC14)
Product - -l
n/e (M) ~Jfem™ ] 5 [pem|
2a 204 3165 (NH) 1.94 (s, 3H, CH,SCH,); 3.53 (s, 2H, CH,SCH;);
1H, NH)
2b 218 3160 (NH) 1.20 (&, 3H, SCH,CH,): 2.45 (a, 2H,
SCH,CH,); 3.65 (s, 2H, CH,SCH,CH4 ) #
= ; 70
7.30-7.75 (m, SH___ . H-5); 11.7
brs, 1H, NH)
2c 238.5 3150 (NH)® 1.98 (s, 3H, SCH,); 3.50 (s, 2H, CH,SCH,);

(brs, 1H, NH)

Ier



Table 1 (Contd.)

218

234

248

3150 (NH)

3150 (nH)2

3150 (NH)

1.95 (s, 3H, SCH4): 2.34 (s, 3H, CH,):

3.55 (s, 2H, CH,SCH,); 7,03-7.50 (dd,

2

4Har3m+ H=5); 11.60 (brs, 1H, NH)

1.95 (s, 3H, CH,S5CH;); 3.52 (s, 2H,

2

CH,SCH,); 3.70 (s, 3H, OCH,): 6375 (d,

2

1.20 (t, 3H, SCH c§3); 2.45 (g, 2H,

2

SCH,CH,); 3.60 (s, 2H, CH,SCH,CH,);

2 2

3.80 (s, 3H, OCH,): 6.70 (3, 2H Y

7.40 (s, 1H, H=5); 7.50 (4, ZHarom);

arom

11.70 (brs, 1H, NH)

a

Nujol mull

cbl



Table 2

Spectral data for products 6ta-

1

M,S. IR (Nujol) H-NMR (CDC1,)
Product B 1=
m/e (M) 7)[§m J ‘ éj[gpﬁl
6a 421 16407 1610; 1575  2.00 (s, 3H, SCH5)7 2.15 (s, 3H,
1550; 1460° SCH, )3 3.60. (s, 2H, CH,SCH;) 3.73

(s, 2H, CH,SCH;); 7 430=7.65 (m,
10Har3m)7 8.30 (brs, ZH"EA+NE’
exchangeable with D2O)7 8.43 (s,

&8T



6b

Table 2 (Contd.)

449

449

1638; 1605y 1580

"1550; 14582

1638; 1605;

1550; 1460

1580;

. 2H, H, + Nﬂ, exchangeable with D

1.17 (t, 3H, SCH,CH,); 1.30 (t, 3H,
: 4 ; Y
SCH,CH,): 2.43 (d,; 2H, SCH,CH4)7 2.57

(¢, 2H, SCH,CH,); 3.63 (s, 2H,

2

,SCH,CH,): 3.77 (s, 2H, CH,SCHCH.);

7430=7.70 (m, 10Har3m); 8.30 (brg,

cH

0);

A 2

8.4‘2 (S’ 1H, Hc'6)a

/

200 (s, 34, scg3): 2.10 (s, 3H, sch):
2.40 [s, 6H, (cgé)é]; 3.60 (s, 2H,

CH,SCHy)7 3.72 (s, 2H, CH,SCH4);

3
7,10-7.,60 (dd, 8H

2

aram); 8,25 (brs,

2H, H,+NH, exchm geable with DZO);

A
8.38 (s, 1H, H=6)

beT



Table 2 (Contd.)

6d 431 1635; 1610: 1570;  2.00 (s, 3H, SCHy); 2.08 (s, 3H, SCH,);
15453 14607 3.60 (s, 2H, CH,SCH,); 3.70 (s, 2H,
CH,SCHy); 3.83 [s, e, (ocH;),]: 6.86
4 . s

(brs, 2H, H,+NH, exchangeable with

DzO); 8.33 (s, 1H, H=6).

6e 509 1640; 1605; 1583; 1,30 [q, 6H, (SCH,CH4),|: 2.53( t, 4H,
1548; 14607 (scg2CH3)?]: 3.68 (.5, 2H, CH,SCH,CH,):
3.78 (s, 2H, CH,SCH.CH.); 3.87 s, en,
(OCH3\2:y 6.90 (dd, 4u___ ); 7.65 (dd,
4H_ )7 8.25 (br s, 2H, H,+NH, ex-

changeable with DZO); 8.38 (s, 1H, H=6)

L

2 in cHCcl. broad peak between 3220=34Q0 cm"'1 was obkserwed and there was no

3
change in the positionsof other peaks.

&1



Table 3

Spectral data for Products 7a=d

M.S I.R. (neat) 1H-=-NMR (cc14)
P ) + on ~
Ta 235 3300; 3275:; 1.90, 2.05 (2s, 3H, SQ§3):'2.38 (s, 34, CE3);.
1638; 1575; 2.88, 3.10 (24, 3H, NC§3): 3.25, 3.55 (2s,
1540 2H, CEQSCHB); 5.75 (m, 1H, NH); 6.80=7.40
a
(m, 4Har:)m+ 1Hvinyl)
7b 303 3265; 3220; 1.20-=1.85 (m, 10Hcyclohexy1)" 2.00 (s, 3H,
1625; 1540°  SCH,); 2.33 (s, 3H, CHj); 2.93 (m,
H . 0 ’ H 7 5-55
1Hcyclohexyl)’ 3.60 (s, 2H, C—2)

c
(m, 1H, NH); 7.00-7.35 (m, 4Harom+ leinyl)

i T

C



Table 3 (Contd.)

Te 251 3310;
1640;
1580
Zg 319 3270;
1630;

3250;

1605;

3225;

1540

1.92, 2.00 (2s, 3H, SCHy); 2.90, 3.10 (2d,

3H, NCH,); 3.30, 3.55 (2s, 2H, CH,SCH,)7

2
3.80 (s, 3H, OCH3)? 5.65 (m, 1H, NH):

a

1,15=1.90 {(m, 1OH 1.94 (s, 3H,

cyclohexyl)7

): 3.50 (s, 2H,

sc_zg3); 2.95 (m, 1Hcyclohexyl

CH,); 3.75" (s, 3H, OCH;); 5.45 (m, 1H, NH);

C

a Both geometrical isomers are present (1l:1): b Nu jo21l mull

exclomge wilh Do TH-nma

€ after Dyo—shake, NMR- spectrum displayed signals due to the@resence of both

geometrical isomers (4:1).

LET
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EXPERIMENTAL

Melting points were determined on !Boetius!
apparatu?énd are uncorrected. The IR spectra were
recorded on "Perkin=Elmer 297" spectrophotometer., The
NMR spectra were recorded on varian EM-390 Spectrsmeter'
using TMS as an internal standarad and-the chemical

shift values are expressed iné(ppm}n

The starting materials

The 3=alkylthio=2=alkwvltniomethylacrylophenones
(la=£f) were prepared by the general methodr. as described
in the preceding chapter (I) by the reaction of appropriate

keten S,S5=acetals with sodium hydride in cry dimethyle-

formamide,

3=Aryl=4-alkylthiomethylpyrazoles 2a-f; General Procedure:

Sommdle
A solution of 1 (0.005 mol) and hydrazine

hydrate (0.5 ml) in ethanol (15 ml) was refluxed for
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1=2 hr. Remdval of solvent under reduced pressure gave.
the crude pyrazoles 2a-f, which were further purified by
column chromatography over neutral alumina using benzene
as eluent. The physical, analytical and spectral data

are described in Table 4 and L respectively.

Reaction ofgl with Guanidine:

Method A, in sodium ethoxide/ethanol; General Procedure:

To a solution of sodium ethoxide [prepared by
dissolving sodium, (0.0l atom) in 20 ml of absolute alcohoﬁ
guinidine nitrate (0.6 g,»OféBgnﬁal) was added and the
reaction mixture was stirred for 10-15 min. The compounds
1 (Ofgggnﬁgl) was then added and\thé reaction mixture
was refluxed for 5=6 hr. The solvent was removed under
reduced pressure and the residue was quenched owver crushed
ice (20 g). It was extracted with chloroform (3 x 20 ml),
thgéombined extract was washed with water(l x 50 ml), dried,
and evaporated t>» give the crude pyrimidines, 4a-c which were
further purified by passing througha silica gel column using
benzenesethylacetate (7:3) as eluent. The spectral and

analytical data of 4a=-c are reported in Ref.2(mps mmp, IR,

1H-=N.M.R. )e
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Method B, .in sodium hydride/dimethylfarmamide/benzene;

General Procedure:

To a stirred suspension of guanidine nitrate
(0.6 g, 0,005 mol) and sodium hydride (1.5 g, 0.03 mol), .
50% suspension) in dimethvlformamide (15 ml) and benzene
(10 ml), compound 1 (0.005 mol) dissolved in benzene (5 ml)
was added and the temperature was raised with stirring +to
80-85°C. The reaction mixture was further stirred at
80-85"C for 5-8 hr and poured over crushed ice (200 g).
The reaction mixture was neutralised with acetic acid
(20%) and the benzene layer was separated.. The agueous
layer was further extracted with chloroform (2 x 50 ml)
and the coambined organic layer was washed with water
(5 x 50 ml), dried with sodium sulphate, and evaporated
to give crﬁde ba=e, which were further purified by column
chromatography over silica gel using hexane:ethyl acetate
(7:3) as eluent. The physical, .analytical and spectral

data are described in tables 5 and 2, respectively.

Reaction of 4a with la:

To a well stirred suspension of sodium hydride

(0,01 mol, 50% suspension) in 10 ml dry dimethylformamide,
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{;'mwéu

a mixture of la (0.48 g, 0.002 mol) and 4a (0.46 g,
0,002 mol) in 10 ml dry dimethylformamide was added
dropwise with stirring at 8085 and the reaction
mixture was stirred at 80-85° for 3 hr. Work=up of the
reaction mixture followed by column chromatographic
purification as described in the. above experiment gavée

0.6 g (71%) of 6a (mp, mmp, superimposable IR and NMR).

3=Alkylamino=2=alkylthiomethyl=1l-aryl=2=-propen-=l=ones

7a=d; General Procedure:

A solution of 1 (0,005 mol) and the respective
amine (0.0l mol) intethanosl (15 ml) was refluxed for
6=7 hr (2 hr in case of methylamine)., Removal o3f solvent
under reduced pressure gave the arude enaminoketones
Ja=d, which were further purified by column chromatography
over neutral alumina using benzene:ethyl acetate (9:1)
as eluent. The physical, analytical and spectral data of

Ta-d are described in tables & and 3 respectively.



Table 4

3=Aryl=4-alkylthiopyrazoles 2a-f

vield® m.p. () Molecular Analysis(%)
Product AY R " Calc. T H N
(%) (solvent) formula Found:
: i 64,71 5.88 13,73
2a C6H5 CH3 85 Vviscous C11H12N28
liquid (204) 64,32 5.43 13,28
_2__12 C6H5 C2H5 70 riscous C12H14N25 66,06 6. 42 12,84
liquid (218) 66,47 6,79 12.43
2c E--C]".CéH4 CH3 76 82=83 C11H11C1N2S 55.35 4,61 11,74
(hexane) (238.5) 55,133 4,97 11,32

obT



Table 4 (Contd.)

d - .
2d P-H,CC H, CH, 80 viscous €y H, NS 66,06 6,42 12.84
liguid (218) 66.48 6,81 12,46
2e P=H,COC H,  CH, 93 67=568 Cq,Hy N, 08 61.54 5.98 11,97
(hexane) (234) 61,13 5453 12.33
2f P-H,COC H,  C,H 90 52=53 Cy4H N, 08 62,90 6,45 11,29
(hexane) (248) 62.52 6,89 10,92
a

vielc of pure, isolated product.

eVl



Table 5

Physical and analytical data of pyrimidines 6a-e

vield® m.p. (°€) Molecular Analysis(%)
Product Ar R Cale. o
(%) {solvent) formula FPounds ' H

6a CeHe CH, 65 143-144  C,4H,.N30S, 65.56 5.46 9.9

(C2H50H) (421) 65,18 5.85 9.47
_6_1_3_ C6H5 C32H5 60 106-~107 C25H27N3082 66,82 6,01 9,35

(CZHSOH) (449) 664,36 5.69 9,88
EE EG-H3CC6H4 CH3 56 111=-112 C25H27N3OS2 66,82 6,01 9,35

(C2H50H) (449) 66,34 6.44 9.93

Vb1



Table 5 (Contd.)

6d D-HLOC H, CH, 64 134-135  C,gH, N30 S, 62.37 S.61 B.73
(C,HOH)  (481) 62,03 5.14 9,04
6e D=H,COCH, C,Hg 59 121 ComHyN3055, 63,65 6,09 8,25
(C,HgH)  (509) 63.98 6.51 8,73
aQ

vield of pure, isolated product.

ShT



Table 6

3=Alkylamino=2=alkylthiomethyl=1l-aryl=2=propen=1=0ones, 7a=d

1 vield® m.p. (°c) Molecular Analysis(%)
Product Ar R R calc,
(%) (solvent) formula Found: C H
Ja p=-H3C.‘C6H4 CH3 CH3 80 viscous C13H17NOS §6.38 7.23
yellow (235) 65,93 7.64
liguid
7b p=H,CC H, CH, CHy, 83 107=108 C 4 gH,cNOS 71.29 8,25
(hexane) (303) 70.85 8,67

128



Table 6 (Ccontd.)

Ic p=H,COC H, CH, CH, 75 Viscous Cy4H4NO,S 62.15 6,77 5.58
yellow £251) 62.71 6.23 5.07
liguid

7d p=i,COC.H, CH, C.H); 82 89-90 C,gHo5NO,S 67.71 7.84 4.39
(hexane) (319) 67.25 7.43 4,84

2 yield of pure; isolated products,

At
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CHAPTER IIT
A NEW GENERAL SYNTHESIS OF 1l=SUBSTITUTED

2=AMINO=4=ARCYL=5=-METHYLTHIOPYRROLES
USING=/ =KETOKETEN S,S=ACETALS¥*

The importance of 2=and 3=aminopyrroles without
any substituents in their respective adjacent positions
has been recently demonstrated by the conversion of
l=substituted 2-amino=4=cyanopyrroles to 7=-azaindole
derivativesl; This method proved to be superior to the
conventional approach.of construction of the pyrrole
‘moiety on a switably substituted pyridine ring: The -
required 2-amino=4=cyanopyrrole was prepared by reacting
the succinonitrile (l) with ethyy%ormate in the presence
of base followed by its conversion to enamine 2 via its
enol ether. The enamine 2 was found to undergo facile
intramolecular nucleophilic attack on the nitrile carbon
to vield the corresponding 2-aminopyrrole glfz, which
was treated with 1,3=diketones to give T7-azaindoles 22'
(Scheme 1), The methnad suffers from the limitations

impased on the choice of structural variation in the

_ *S, Apparas, H. Ila and H. Junjappa, 8ynthesis; 65 (1981)
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preparation of the enamines 2. The other methads3 for the
preparation of 2 and 3-aminopyrroles involve either
functional group transformations onkggrrole ring or the
total ring synthesis from 2=carbon units. Howevear, the
aminopyrroles obtained by these methodsﬁre not suitable
for further synthetic elaboration, as they possess
substituents on all other three positions. Therefore the
only method suitable for such synthetic elaboration
appears to be the one described in Scheme 1. Apparently,
a general method for the synthesis of 2-aminopyrroles
carrying no suhstitution at 3-position with possible
liberal structural variations in the 4 and 5 positions

is desirable. 1In continuation of the synthetic programme
gl ~ketoketen dithioacetals4, it was considered to
prepare suitably functionalised ¢ =ketoketen S,S~acetals,
which can serve as useful intermediates for the synthesis
2f 2-~aminopyrroles, Thus the keten S§,S=acetal lgg was
considered suitable for such synthetic approach. The
keten dithioacetals 10 were n5t reported earlier and
their preparation was accomplisted by suitably modifying
ohe of the methods reported5 from this laboratory. The

required [S—benzoyl propionitriles. %a-c were prepared



by two a[fernative methods, employing reported pracedure56’7.

In one of the methods, benzaldehyde (5) was treated with
potassium cyanide in the presence of dimethylformamide,
followed by gradual addition of acrylonitrile (9)6. After
work-up of the reaction mixture, the E;ébenzoyl-propiau
nitrile (7a) was obtained in 50% yield6 {Scheme 2).
Alternatiively 7a was also prepared7 by subjecting
acetophenone (8) to mMannich reaction to give the
ﬁv-dimethylamina propiophenone hydrochloride (9a) in

85% yield. The hydrochloride 9a was treated with pofassium
cvanide to give the f-benzoyl-propionitrile (l§) in 80%
yield7. Similarly the p-substituted nitriles, 7b and ¢
were also prepared, following the latter methad; in 75%
and 85% yields respectively (Scheme 2). When a mixture

of 7a and carbon disulfide wg;gbstirred with cooling in
the presence of sodium tsr—butoxide followed by alkylation
with two equivalents of methvl iodide, after work-up

and chromatographic separation, the corresponding

ol =ketoketen dithioacetal, 10a was obtained in 45% yield
(Scheme 3). The structure of 10a was confirmed by its
analytical and spectral data. Its mass spectrum showed

molecular ion peak at 263 (C NOSZ){ It showed the

13713
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R—C—H + N KCN 5
= N DMF
5 6
R ('(:)' CH CH2O
3 Me2NHCl
Ba—c (Mannich reaction )
-§a R= C5H5
7,8,%,R=CgHs
b,R=p-ClCgHy
c»R=p-MeOCgH4
Scheme 2
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characteristic nitrile band in its IR (Nujol) spectrum
at 2240 em™Y, The carbonyl band appeared at 1648 em™t,
Its 1H=-N.M.R. (CDCl3) spectrum displayed two singlets

at 6 2.05 (3H) and 5;2.40 (3H) for two SCH, group protons.

3
The methylene protons appeared as singlet at 5 3.78 (2H).
The broad multiplet at 5~7.4O-719O was assigned to the
five aromatic protons. The ketoketen dithioacetals, 10b
and 10c were alsm» similarly prepared and their physical,
analytical and spectral data, which are in conformity

with the assigned structures, are described in experimental

section,

Aipsed &

The ketoketen dithioacetal 10a, whenkreacteé with
methylamine in refluxing ethano2l, after work-=up and
chromatographic separation the corresponding l-methyl=2-
amino=4=benzoyl=5-methylthiopyrrole (1l2a) was obtained.
However( it was faund\ that aminopyrr;leT 12a was unstable
resulting in tarry mass. It was therefore isolated and
characteriged as its monobenzoyl deriva%ive‘lég (Scheme 3).
The structureof 13a waé confirmed by its analytical and
spectral data. Its mass spectrum exhibited molecular ion
peak at M" 350 and was analysed fx ¢, H, N.O S It‘

. 2018272
. =]
exhibited in its IR (Nujol) spectrum, a band at 3330 cm
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Table

1=Alkyl-2=benzoylamino-3=aroyl-4-methylthiopyrroles (l3a-1i)

C ompound R Rl

13a C He CH,

13b CeHg C2H5
13¢ CeHe CHgCH,
13d p~ClC6H4 CHy
13e pCICgH, C,Hg
13f p~C1CH, CH:CH,
13¢ pmMeOCE)H4 CH3
;;E p—MeOC6H4 CZES
131 -p-—MéO(':’ éﬁi‘l E6HSCH2
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for NH stretching vibration and the carbanyi stretching
band appeared at 1673 cmc;% The band appeared at 1632 em™t
was assigned to the amide carbonyl function. The clear
absence of a band around 1660 cm“l, characteristic H-N-H
out of plane deformation moade, is indicative of the
N-benzoylation of the amino groups Its structure was
further confirmed by its 1H—N.M-.R'-(TFA) Spectrumf Thus

the singlet at § 2,05 (3H) was assigned to the Sé§3
protons. The singlet at 6 3.40 (3H) was assigned t> the

N=CH, protons. The H<3 protsh of the pyrrole ring
appeared as singlet at § 7:12 (1H). The aromatic protons
appeared as multiplet between 8’7;2047.70, accounting

for ten protons: The pyrioles EQQQE wefe éimilarly
prepared and characterised as their mono=benzoyl derivatives
(13b=i). The analytica1 and spectral data of lﬁé“ii

which are-in agreement with the assigned structurcs are

described in tables 2and 1 regpectivelys,



Table 1

Spectral data for the products 13a-i

1663 (CO);

1620 (C0O)

M.S« IR (nujol) 1o (cpcly)
Product m/e (M+) \)Lm=1z 5@pmj
13a 350 3330 (NH): 2.05 (s, 3H, SC_I—_I3); 3.40 (s, 3H, scg3),- 3.40
1673 (CO); (s, 3H, NCH,): 7.12 (s, 1H, H=3); 7.20=7,70
1632 (Co) (m, 10Harom)a
13b 364 3300 (NH);: 1,23 (t, 3H, CH,CH,); 2.20 (s, 3H, SCH,):

3.82 (q, 2H, CH,CH,); 6.90 (s, 1H, H=3);

7.40 (m, 6Har3m)7 7.80 (m, 4Har3m): 8.42

(S' 1H[ N}I_)

QT



Table 1 (~ontd.)

13f

426

384

398

460

3295

1672

1620

3305
1688

1620

3210
1685

1615

3300
1678

1618

(NH);
(co):

(co)

(NH) 3
(co):

(Co)

(NH);
(Co);

(co)

(NH):
(co):

(co)

2.34 (s, 3H,

SCH,)7 5.06 (s, 2H, CH,): 7.00

(s, 1H, H=3); 7.10=9.90 (m, 15H Y

7.90 (s, 1H,

2.23 (s, 3H,
6.93 (s, 1H,

8.44 (s, 1H,

1.36 (t, 3H,

3.84 (q[ 2H/

arom

NH)

SCH;): 3.50 (s, 3H, NCHg):
)z

H-3); 7.30-8.10 m, 9H___

NH)

CH,CH,)7 2.23 (s, 3H, SCH3):

2
CH,)s 6.97 (s, 1H, H~3);

7.20=8.,00 (m, 9Harom)’ 8.30 (s, 1H, NH)

2.04 (s, 3H,

6.60=7.70 (m,

SCH,)7 4.95 (s, 2H, CH,);

a
15Har3mand H=3)

-
de



Table 1 (Contd,)

13g 380 3307 (NH): 1.98 (s, 3H, SCH,); 3.22 . °,
1678 ¢co)s (s, 3H, NCH,): 3.56 (s, 3H, OCH,): 6.70-7.90
1620 (co) (m, 91, )7 8.67 (s, 1H, NH)
13h 394 3305 (NH): 1.10 (%, 3H, CH,CH;); 2.03 (S, 3H, SCH,)s
1667 (CO);: 3.65 (s, 3H, OCH,): 3.82 (q, 2H, CH,):
- .=,.. a
1612 (co) 6.85 (s, 1H, H=3); 7.00=8,00 (m, 9Har0m)
131 456 3260 (NH): 2.38 (s, 3H, SCH,); 3.90 (s, 3H, OCH,);
1670 (CO); 5.12 (s, 2H, CH,); 6.90=7.90 (m,
1615 (Co) 16H and NH)
ar om -
a

in trifluoroacetic acid solution

097
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EXPERTIMENTAL

. M.P's were deﬁermined on 'Boetius’! apparatus
and are uncorrected. The IR spectra were recorded on
'Perkin-Elmer 297' spectrophotometer.. The spectra
were recorded on 'varian EM=390' spectrometer using
TMS as an interna standard and the chemical shift values

J .
are expressed in‘b(ppm).

The starting materials:

The commercial samples of acetophenone,
p=chloroacetophenone, p-methoxyZacetophenone, carbon
disulfide, .benzylamine, bcenzoyl chloride were purified

before use.

The 4~-aryl=-4=-oxobutanenitriles, 7a-=c were
prepared by the following two reported methodééi7.
6 .
Method A : A solution of acrylonitrile (7.0 g, ‘0,13 mol)

in 25 ml of dry dimethylformamide was added with stirring

ints a solution of the benzaldehyde (10.6 g; 0.1 mol)
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and sodium cyanide (4.9 g, 0.1 mol) in dry dimethyl-
formamide (50 ml) at 30—353Cé lThe'reéction mixture was
stirred for #hr.at 35°c, 1t was then poured in to

water, extracted with chloroform (2 k 50 ml), and the
combined extract was washed with water (1 x 50 ml), dried

(Na 804) and concentrated to give red viscous liquid,

2
which was purified by vacuum distillation. The 4-phenyl-d-
oxobutanenitrile (7a), was obtained (8.0 g;_SO%) as

colouﬁ:less blades, mp 75=76" (Reported mp 763)6'7

from benzene-petroleum ether.

Method B7; From Mannich base: ﬁ’-dimethylaminaprapiophenone

hydrochloride (2§)8 (21.4 g,. 0.1 mol) and potassium
cyanide (13.0 g, Q.2 mol) were dissolved in 250 ml of
hot water and the mixture was refluxed for 30 minutes.
On cooling in ice, the 4-phenyl-4-oxobutanenitrile (7a)
was obtained as colour less plateé, yield 12,7 g (80%),
26,7 | '

mp 75—760-(reported mp 76 , from benzene=light

petroleum.( t5-70

The other two nitriles: 4fgwchlarophenyla4-
oxobutanenitrile (7b), mp 71f723 (reported mp"72w.53)7
and 4~-p=methoxyphenyl=4=0xobutanenitrile (Zg)j»mp 94=95D
(reported mp 953)7.we£e prepared following the method B

in 75% and 85% yields respectively.
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The unknown keten S,S-acetals (10a~g) were

prepared according to the general method given belows.

General method for the preparation of keten S:S-acetals

(10a-c)y

A mixture of 4e=aryl-4-oxobutanenitrile 7 (Ol mol)
and carbon disulfide (6 ml, 0.1 mol) is added tma well
stirred and cooled suspension of sodium t=butoxide
(19.2 g, 02 mol) in dry benzene (150 ml) and dry
dimethylformamide (10 ml). After stirring o2f the
reaction mixture at 5-10C for & hr, methyl iodide
(14,5 ml, 0,22 mol) is gradual ly added with external
coolinge. The reaction mixture is stirred at room
temper;ture for 5 hr, left overnight, and again stirred
at 30-35°C for 3 hr. The reaction mixture was poured on
crushedﬁce and the‘benzene layer was separatéd. The
aqueous portion was extracted with benzene and the
combined extract was washed with water, dried (Nazso4)
and concentrated to give the crude 10a-c, which were
purified by column chromatography over silica gel
using benzehe:héxane (25:75) as eluent. The physical,

analytical and spectral properties of these unknown
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keten 5,S-acetals are described below:

439henylu3=‘bis(methylthio)methylené]m4=

oxobutanenitrile QEE) was obtained as colourless plates

3

from chloroform~hexane, 18 g (69%): mp 6837 M 263;

(Found: C, 58.92; H, 4.71; N, 5,025 Calc., for 613H13N082
(26344): C, 59427; H; 4.97; N, 5.32%) The spectral data

for 1l0a: is described in the text.

4=p4§hlar3phenyl—34bis(methylthis)mefhylené)q4m

oxobutanenitrile (10b) yas obtained as light yellow plates

£from chloroform, 12.5 g (41%), mp 111«1123: TR (Nujol)-
NP -1 1
4 ‘. } . - .
2250.()/CN), 1650 (P 4) em "7 "H-N.M.R. (CDCl,): 2,02
(s, 3H, SCH,): 2432 (s, 3H, SCH,)7 3.69 (s, 2H, CH,);

7.36 (d, 2H

. + . '
arama' 7.75 (4, 2Harom)’ M' 297; (Found:

Cys 52,11; H, 3.88; N, 4.92; Calc. for C13H12CIN082

(297.8): C, 52.43; H, 4.06; N, 4,70%).

4-p~Methyoxyphenyl=3—[bis(meﬁhylthia)methylend-

4=oxobutanenitrile (10¢) was obtained as light yellow

plates from ethanol, 14 g (48%), mp 98-997; IR (Nujol):

2243 (‘DENJ: 16454(2)CO) oty leeN.MLR. (cnc13): 2420

(s, 3H, SCH,)7 2.48 (s, 3H, scga); 3,84 (s, 2H',' cgz);

3



165

); 8,00 (4, 2H )3

3.96 (s, 3H, OCH5)3 7.10 (4, 2H_ arom

Mt 293; (Found: C, 57;93} H;‘5;53; N, 4.98; Calc. for
C14H15NO282 (293.3): C' 57.31; H, 5015; N' 4‘077%).

General Procedure f£or the prcparation of l-substituted

2=Amino=4~aroyl=5-methylthiopyrroles (l2a=-i) and

i=substituted 4-aroyl-2-benzoylamino=5-methylthiopyrroles

(13a-i) :

A sdlution >f 10 (0.0l mol) and amine (0,011 mol)
in ethanol (15 ml) was refluxed for 1=1.5 hr: Removal
of solvent under reduced pressure gave the crude amino-
pyrroles Egéfi which were dissolved in dry benzene (50 ml)
and treated with anhydrous potassium carbonate (0.01 mol)
and benzoyl chloride (0.015 mol) with vigorous stirring
and cooling. After stirring for 2 hr at room temperature
the mixture was poured over crushed ice (200 g): The
benzene layer was seggzated, the aqueous layer further
extracted with benzene (2 x 100 ml), and the combined
organic layver was dried with sodium sulphate. Evaporation
of the benzene gave the crude 1l3a-i which were further

purified by crystallisation (13b, ¢ & £) or by column
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chromatography (13a, d=-e) over silica gel using
benzene:ethylacetate (95:5) as ecluent. .The compounds
lgg—g'Were prepared by this procedure and their physical,
analytical and spectral data are given in tables 22 and 1

respectively.



Table 2

N=Substituted 4=Aroyl=2-benzoylamino=5-methylthiopyrroles 13a=i

1 vield® Me Pee (Oc) Molecular Analysis(%)

Product R R i calca = - N
(%) {solvent) formula Found:
2
13a C6H5 CH3 46 108-=109 C20H18N2028 68.55 g5'17 ;7.99
(CHC13/hexane) (350.4) 68,07 5.65 8,34
- ~1a7° 6
13b C6L5 C2H5 55 146=147 C21H20N2028 '69,20 5,53 7.68
(CH  OH) (364,5) 68.93 5.17 7.32
o)

Pt o - O 6.57

13c C6H5 C6H5CH2 59 175 C26H22N202S 73422 5.2 \
(CZHSOH) (426.5) 73.63 5.53 6.87

49T



~Table 2 (contd,)

o

e, O
134 ic H 46
p-ClC H,  CH, 154 C, oty ,C 1N, 0,5 62.40
(CHC13/hexane) (384.,5) 62.83
2
13e _1;>'==ClC6Iri4 C2H5 41 170 C21H19C1N2028 63.23
(CHC13/hexane) (398,5) 63471
. > -

13f p=C l(’6H4 c.6H5CH2 54 209 C26H21C1N202S 67.74
(CZHSOH) (460:5) 67.97
1 an ' a2 66.29

13g pul\eoveH4 CH3 61 154 C21H20N203S
(CHC13/hexane) (380.5) 66,67

897



Table 2 (Contd.)

13h ~Me . °
p=M CC6H4 C2H5 45 185 C22H22N203S 66,98 5,61 7.10
(CHC13/heXane) (394,5) 66,51 5.27 7.53
. B} 2
131 p=MeOC6HA C6H5CH2 57 173 C27H24N203S 71.03 5.30 6,.1¢
(CHClB/hexane) (456.5) 71.43 5.68 6,49
a

Yield of pure, isolated product

69T
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PART B

CHAPTER IV

a: RENCTION OF AROMATIC AMINES WITH
of =CHLOROACRYLONITRILE: A CONVENIENT
TWO~STEP SVYNTHESIS OF N=ARYIm2=-
CYANOAZIRIDINES USING A PHASE-TRANSFER
CATALYST*

b: REACTION OF l1=ARYL-2-CYANOAZIRIDINES

WITH INDOLE: A GENERAL APPROACH FOR
THE SYNTHESIS OF N=ARYLTRYPTOPHANS

Aziridines are an class of compounds having three
membered ring containing two carbon atoms and one nitrogen
Ao
atom. The unsubstituted aziridine (1) is generally refeﬁgd
to, in chemical Abstracts, as ethylenimine, where as its
N hefevad b & L
&ldl derivatives areA}ndexed—as aziridines as described in

ring index systeml.

\ /

\. /

= =

* S. Apparao, A. Kumar, H. Ila and H. Junjappa, Synthesis,
623 (1981).
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Aziridines have drawn considerable attention
because of fundamental academic interest due to their highly
strained reactive rings. .The Ethylenimine and its
derivatives have found use in many branches of applied
chemistry such as textiles, plastics, coatings and
Pharmacologically active substanceslb. As a result of this
interest, theve have been many reviews on various aspects

of these derivativesz.

There have been several methods for the synthesis
of ethylenimine and its derivatives described in the
literaturer, of which one of the widely used methods
involves the intramoslecular nucleophilic displacement
by amino group to give aziridine ring systems via trans
ring closuréﬁ Therefore, the o ~halo-/A-amino substituted
alkanes form useful starting campoundq%or the synthesis

of aziridines by following this method.

A number of N=aryl-2-cvanoaziridines were
required by us for further synthetic use. Literature
survey for a suitable procedure for the synthesis of these

¢ompounds revealed that only four methods are described,
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In the first method, the reaction of amines with either
2‘3~dibrom3propa€;itrile (_1_)4 (Scheme 1) or with 2=bromo=2=
propenenitrile (fl_)5 (Scheme 2) in the presence of a suitable
base to yield the corresponding aziridines, has been
described, HoweVer the reaction of amines with 2,3=dibromo=
propanenitrile (1) is less satisfactory then with 2=bromo=2-
propenenitrile (é)s. on the 3the4hand, the 2=bromo=2-
propenenitrile (4) is reported to be unstable, undergoing
polymerisation on standingé, requiring its preparation in
small quantities for each experiment. The other method

used for the symthesis of only Nephenvle2-cyano=aziridine
(8) (Scheme 3) was due to Szeimieshnd Huisgen7, who reacted
phenylZazide (5) with acrylonitrile (6) to give the
eorresponding triazoline (7) involving 1,3=dipolar
eycloaddition. The triazoline (7) on gnbsequent pyrolysis
in toluene gave the desired aziridine 8 in 84% yield.
Although this method is reported to give cexcellent yields,
the preparation of substituted azides will remain as the
limiting factor due to the difficulties involved during
their preparation. The method developed by Rodanti and

Brulants8 involves the reaction of diazoacctonitrile (10)
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(seheme 4) as dipolar speeies with benzalanilines 9 to
vield the corresponding triazolines 11, which on subsequent
pyrolysis losed nitrogen to give the 2=cyano=3=substituted—
l=aryl aziridines 12. The method has been used to prepare
only 2=-cyano=1,3-disubstituted aziridines and found to be

wn-—

ﬁguitable for the synthesis of the corresponding 2-cyiano-

3=unsubstituted aziridines. Similarly, the other methoda shactn

Rt

involves the reaction of haloacetonitriles 14 (Scheme 5)
with benzalanilines 13 in the prescnce of abase in anhydrous
conditions is known to give l=arvl=2=cyano=3=substituted
aziridines in good yields., However, the method suffers

due to thégack of flexibiiity to synthesise the
corresponding 3-=unsubstituted 2-ecyanoaziridines, As a
result there is a lack of general method for tﬁe synthesis
of 2-cyano=3-unsubstituted aziridines. These aziridines
were Of particular interest as they are excellent substrates
for thg@ynthesis of K_=aminonitrile compounds by reacting
them with various organic nucleophiles. It was therefore
contemplated to undertake preliminary studies to develop

the synthesis of 2=cyano=3-unsubstituted aziridine

derivatives., The results oﬁfgiesent investigation on the
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synthesis of these compounds and their reactiosn with indole

are described in this chapter.

Although the preparation of these compounds wéﬁé?
initially attempted by reacting aromatic amines with labile
X =bromoacrylonitrile (4) (Scheme 2) the yields of 2=cyano=
N-aryl_aziridines were ng£§§€isfact3ry primarily due to
rapid polymerisation of 4 during its preparation and
subsequent reactions. Thus, the «<{ =chloroacrylonitrile (lé),
which is commercially available in quantiti;s at low=price,
was considered for its reaction with amines,with a view
to developing %general method for the synthesis of 2=e¢yano=3-

unsubstituted aziridines,

The reaction of o(=chloroacrylonitrile (16)
with aramath:émnmé have not been reported i the literature.
The only reference1O involving the reaction of 16 with
cyclohexylamine (17) (Scheme 6) 1is reported to have yielded

9
the aziriding{in poor yvield along with several mixtures.

ot &

Thus, when an iline 20a waﬁkFeacteé-with 16 in

ethanol, or benzene, the Michael adduct 21la was obtained

(\,\,wr\fg&a(

AWM
only in poor yield (40%). The yield was not.al tered,
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N

gven in the presence 2f triethylamine in the reaction
mixture. In an alternate experiment, when aniliné'ggg

and 19 (Ssheme 7) were refluxcd in acetic acid for 6 hr,
the adduct 2la was obtained in slightly improved yields
(55%). The best yield of 2la (BO%) was accomplished by
reacting 20a (Scheme 7) with 16 in the presence of copper
(II)acetate at 100-110"¢., These reaction conditions were
found to be optimum and they were employed further t5
prepare the adducts 21b=-f by reacting the corrcsponding
20b=f with 16 in 65-85% overall yields. The structures

of these compounds were confirmed by their analytical and
spactral data, Which are described in_tables 4 and 1
respectively. The adduct 21a was then subjectcd to
cyclization under varying conditions to give the c¢orresponding
l-phenyl=2=cyancaziridine (22a). Thus, when 21a was
treated with triethylamine in refluxing benzene, the
corresponding aziridine 22a was not formed and the
unreacted 21a was recovered. Similarly, when 2la was
treated with sodium hydride in refluxing benzene, the

22a was obtained in poor yield (30%). The compound after

chromatographic separation gave pure 22a as red il
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identical with that reparteds’7 (superimposable IR and NMR).
However, when 2la (Scheme 7) was subjected to cvclization
in the presence Dg(phase transfer catalyst, benzyl-
triethylammonium chloride and 50% aqueous sodium hydroxide
solution with dichloromethane as the organic phase, the
reaction mixture after worke=up, gave the corresponding
aéiridine 22a in 83% yield. sSimilarly the 2lb=f were
cyclized using phase transfer catalyst to yield the
corresponiing Nearyl-=2=cyano=-aziridines 22b=f in 73=93%
overall yields. The structures of unknown compounds 22b-e
were confirmed on the basis of their analytical and spectral

data, which are Adescribed in tables 5 and 2 respectively.

Under similar reaction conditions, when this
method was extended to prepare N-=alkyl=2-cyanoaziridines
by reacting 16 with aliphatic amines like cyclohexyl=,
benzyl=, and isopropylamine a mixture of compounds not

isslable by ¢olumn chromatography werc obtained.

When the 2-amina”phenosl (23) similarly reacted
with 16 in refluxing ethanol, the open chain adduct 24

was obtained in 70% yicld (Scheme 8), The structure of
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the open chain compound 24 was confirmed by its spectral

and analytical data, which are described in the experimental
saection. When the compound 24 was subjected to cyclization
in acetone in the presence of anhydrous potassium carbonate,
the desired aziridine 24A was not formed. However, the
product thus isolated in 80% yield was identified as
2ncyan5«1,4-benzdxazine (25) (Scheme 8) by its analytical
and spectral data. -Thus, it exhibited molecular ion

peak at MY 160 and was analysed for C9H8N20. Its IR (Nujol)
spectrum showed a band at 3400 cmm1 was assigned to

NH stretching frequency. The characteristic 2240 \::m_l
band was assigned to -QCEN Qroup. Its £inal structure
was confirmed by its 1H-=NMR(CDC13) spectrum. Thus, the
signal at £ 3.40 (d, 2H) was assigned to methylene
protons adjacent to nitrogen. A signa at & 3.8Q (br s)
accounting for one proton, exchanged with deuterium oxide
was assigned to the NH proton, The triplet at 54,88
accounting for one proton was assigned ts the methine
proton. The signal at 56,75 (4H) was due to four

aromatic protons, thus providing evidence for the

formation of the compound 25.

>
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b: REACTINN OF 1=ARYL=2=CY\NOAZIRIDINES WITH INDOILE :

A GENERAL APPROACH FOR THE SYNTHESIS OF N-ARYLT_TRYPTOPHANS

The most general methodds described for the
synthesis of tryptophan and its derivatives involve the
gramine derivativell' 12 or the Fisher type cy'clization13
of a ketone or aldehyae carrying the desired amino and
carbonyl functions in the chain, There are several
miscellaneous aporoaches described in the literature14 for
the syntheses of tryptophan and all these methods have been
investigated for the synthesis of aminoacids carrying no
substitution on the o« =-amino group. Although aziridinium
fluoroborate is reported15 to react with indole to give one
ster synthesis of tryptamine in good yield, no efforts
have been made to utilize this simple approach for the
synthesis of tryptophan and Nesubstituted tryptophans.
Therefore it is interesting that the 2=cyanoaziridine and
2=cyano=N=substituted aziridines should react with indole
under similar reaction conditions to yield the corresponding
tryptophans. It was therefore considercd to react the

indole with N~aryl=2-cyinoaziridines with a vicw to
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developing a new general method for the swnthesis of
A =aminonitrile compounds (21), which are precurssors for

the synthesls of hitherto unreported N-aryltryptophans.

Thus when indole (26) was reacted with l=phenyl=2-
cyanoaziridine (22a), in presence of borontrifluosride-
etherate, after work=up and chromatographic purification,
corresponding K =anilino= &-indolyl propanenitrile 27a
(Scheme 9) was obtained in 60% yield. The structure of
27a was confirmed by its analytical and spectral data. It
showed molecular ion peak at MY 261 and was analvsed for
C17H15N3 (261). In its IR (Nujol) spectrum, it exhibited
a broad band at 3410 cmal, which was assigned to the
stretching frequencies of indole NH and aryl NH. The
characteristic nitrile band appeared at 2240 cm—l. The
final structure of 27a was confirfmed by its NMR (CDC13)
spectrum. A signal at 53.54 (d, 2H) was assigned to the
methylene protonsiy The signal at $ 3.85 (m, 1H) which
was assigned to anilino NH exchanged with deuterium oxide,
The triplet at 5 4.20 (1H) was assigned to the methine
proton. The broad multiplet between $ 6.40=7,60 (m, 10H)

was assigned to nine aromatic protons and one 2=H indole
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proton. The low field broad singlet at & 8.28 (1H) was
assigned to thﬂindole NH, which was exchanged with
deuterium oxide, thus confirming thgstructure of 27a.

Mot b

Similarly 26 wag(reacteé-with 22b=e under similar reaction

™

conditions to give the corresponding oA —-arylamino={d —-indoslyl

propanenitriles 27b=e in 50-60% overall yields. The
analytical and spectral data for 27bee, which are in
conformity with the assigned structuresh_ére described in

tables 6 and 3 respectively.

The above arylaminonitriles 27 were subjected
£to hydrolysis to yield the corresponding g;»(¥;=N;aryl)
tryptophains. Several hyvdrolytic conditions were studied
since the hydrolysis of these aminonitriles did not give
consistantly the desired tryptophansl However, when 27a

ebhamedic

was subjected to hydrolysis using aqueous, barium hydroxide
the corresponding tryptophan 28a (Scheme 9) was obtained
in 50% yield. The structure of tryptophan 28a thus

osbtained was confirmed by its analytical and spectral data.

It was analysed for C
1

17716N209

( VoH) and 1700 cm

(280) and showed IR (KBr)

1

peaks at 3400 cm { Yco) indicating

) 11
that it does not exist in zwitterionic form - Its further
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structural proof is obtained from its NMR (CDCl3) spectrum.,
Thus, the doublet at & 3.40 (2H) was assigned to twod
methylene protons. - The signil at S 3.65 (m, lH; erchangeable
with D2O) was due to aryl NH while the triplet appeared at
$4,05 (1H) assigned to methinc oroton.. Nine aromatic
protons and H=2 of indole appeared together as multiplet
between & 6.40-7.60 . The broad singlet appeared at &8.30
(1H) was assigned to indole NH, Similarly, two more
KA~aminonitriles, 27b and 27e were hydrolysed under similar
conditions to give dl=N-aryltryptophans, 28b and 28c in

45% and 48% yields respectively. The physical, analytical
and spectral data for 28b=c arc described in the experimental

section,



Table 1

Spectral data for Products 2la-=f

1
M.S. I.R. (neat) H-NMR (CDC1,)
Product + -1~
m/e(M ) V[em | S [pom |
21a 180,5 3330 (NH): 3.96 (br d, 2H, CH,); 4.26 (br s, 1H,
2215 (CN) NH); 4.66 (t, 1H, CH); 6.80-730 (m,
SHarom)
21b 198.5 3325 (NH): 2.44 (br d, 2H, CH,): 3.63 (br s, 1H,
2200 (CN) NH); 4.46 (t, 1H, CH); 6.30=7,00
(m, 4I_Iarom)'
21c 215 3445 (NH); 3.36 (br &, 2H, CH,); 4.02 (br s, 1H,
2250 (cn)® NH); 4.18 (t, 1H, CH); 6.40 (d,

)2 ).

om 7.00 (4,

2H

eH arom

ar

681



Table 1 (Cortd.)

21d 215 3400 (NH); 3.58 (br &,.2H, CH,)7 4.05 (br s, 1H,
2240, 2220 NH); 4.43 (t, 1H, CH); 6.40=7.10 (m,
(CN) 4H, o)
21e 14,5 3378 (NH): 2.43 (s, 3H, CH,)s 3.86 (br d, 2H,
2208 (cN)? CH,): 4.20 (br s, 1H, NH); 4.63 (t,
1H, CH); 6.63 (d, 28, ): 7.13 (d,
2H )
arom »
21fF 210.5 3400 (NH): 3.33 (br 4, 2H, CH,); 3.66 (s, 3H, OCH,):
2245 (CN) 4.10 (br s, 1H, NH); 4.33 (%, 1H, CH):
7.00"‘"7.50 (m, 4H )o
ar om
a

Nujol Mull

geT



Table 2

Spectrel data for products 22a-f

MdSe I.R (neat) LR (CDC1ly)
Product o -
me (M) Viem | S {ppm]
22a 144 2245 (CN); 1599 2.35 (ad, 1H, Hys I,y = 6HZ): 2.55 (4,
1493, 765, 693 1H, Hy» Ty pong = 3HZ)7 2.75 {t, 1H, H_
Toig = OHZr T 0o = 3Hz); 6.80=7.46
b
(m, SHarom)
22b 162 2250 (CN); 1550, 2.45 (aa, 1H, By, Jgy, = 6HZ): 2.62 (q,
1220, 838,695 H, Hyr Jiponeg™ 3HZ)5 275 (t, 1H, H,
Taig = 6HZs Ty . = 3H2); 6,90 (d4d,
4Ha~rom)

Iet



-Table 2 (Contd.)

22¢ 178.5
224 178.5
22e 158

2238 (CN); 1595,
1490, 1375; 825,

760, 650°

2238 (CN); 1595,
1460, 1375, 849

765, 660

2248 (CN); 1610,
1510, 1275, 820,

695

2.46 (ad, 1H, Hy.» J ;o = 5HE); 2.65 (q,
H, Hir Jyipang = 2+5 H2);5 2.78 (t, 1H,
Hor Jo4g = SHZ, T g = 245 HZ); 6.85-
7020 (m, 4H_._ )

2.43 (4, 1H, Hy o Jcis = 6HZ); 2.65 (4,

1H’ Ea' J = BHZ); 2-74 (t, 1H' EC'

trans
J . = 6HZ, J = 3Hz); 6,80=7,20
cis trans
(m, 4Harom)'

2.25 (s, 3H, cg3); 2.30 (4, 1H, Eb’

J_.. = 5HE): 2.48 (4, M, H, J

cis trans

2¢5 Hz):; 2.57 (t, 1H, ch Tais™ 5HZ);

= 2, ; 6.75-7.12
Jirans 2.5 Hz) 75«7 (g,

4Har sm)

G611



Table 2 (Contd.)

b
22f 174 2243 (CN); 1595, ! 2.35 (4, 1H, Ho« Jcis = 6HZ); 2.55 (q,
1508, 1275, 820, ' 1H, Hos Jy ..o = 3H,)7 2,70 (t, 1H,
695 EC, JCiS = 6Hzl Jtrans = 3HZ); 3.70
b
(s, 3H, OCH;); 6.480=7.35 (m, 4H_ )
a Nujol mull

Known Ziridines, see references 7 and 4c

6ol



Spectral data for products 27b=-e

Table 3

———

M.Se IR (Nujol) lh-nMr (cDC1.)
Product - . 3
m/e (M') \ngm-ll
- & [pom]
" 27b 279 3412 (NH); 3.65 (d, 2H, CH,): 3.80 {m, 1H, NH,
3365 (NH) exchangeable with Dzo); 4,28 (t, 1H,
) . -
2260 (CN) cchZ),'6.4o 7.60 (m, SH, BHarom +
exchangeable with DZO)
27¢ 295 3420 (NH); 3.75 (d, 2H, CH,); 4.00 (m, 1H, NH,
3350 (NH); exchangeable with D,0)7 4.33 (t, 1H,
H 6035"’ .
2245 (CN) CECHZ) 7.75 {m, 9H, 8Harom+
H=2; go1e)’ 8e25 (br s, 1H, NH, ...

exchangeable D2O)

ver



Table 3 (Ccntd.)

278 275 3430 (NH); 2425 (s, 3H, p-CH,): 3.60 (4, 2H, CH,);
3360 (NH): 3.75 (m, 1H, NH, exchangeable with D2O):
2250 (CN) 4,35 (t, 1H, CHCH,): 6.35=7.70 (m, 9H,
BHarom + H“2indole)7 8,30 (br s, 1H,
NHindole' exchangeable with Dzo)
27e 291 3400 (br, NH) 3.45=3,65 (m, 5H, C§2 + OCEB); 3.70
2240 (m, 1H, NH, exchangeable with D2O)7

3,90 (t, 1H, CHCH,); 6.30-7.40 (m,

9H, 8H + H=2 Y; 8,30 (br s,

arom indole

1H, NH

H:ndole’ exchangeable with DZO)'

66T
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EXPERIMENTAL

Melting points were determined on a 'Boetius’
apparatus and are uncorrected. The IR spectra were
recorded on 'Perkin=Elmer 297' spectrophotometer. The
NMR spectra were recorded on vVarian EM=390 spectrometer
using TMS as an internal standard and the values are

expressed in & (ppm).

The starting materials:

The commercial samples »f aniline, p=fluoroaniline,
p=chloroaniline, m=chloroaniline, p-methoxyaniline and

K =chloroacrylonitrile were purified before use,

The phase transfer catalyst, triethylbenzylammonium
chloride (TEBA) was prepared by the f£ollowing reported

16
procedure e

A solution of triethylamine (33.7 g: 0.33 mol)

and benzyl chloride (50.0 g, 0.40 mol) in 60 ml of
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absolute ethanosl was refluxed for 64 hr, The solution
was codled to room temperature and 300 ml of ether was
added. The precipitated ammonium salt was removed by
filtration, redissolved in the minimum amount of hot
dry acetone and reprecipitated with ether; yield 43.7 g

(58%).

Preparation of 3=arylamino=2=-chloropropanenitriles 21:

(a) in refluxing ethanol: A mixture of aniline (2Ca)

(9.3 g, 0.1 mol) and 2=-chloro=2-propenenitrile (16)

(9.5 g, 0.11 mol) in 25 ml ethansl was refluxed at 80-90°
for 50-40 hr, The solvent was removed under reduced
pressure aﬁd the residue was chromatographed over silica
gel column using benzene/hexane (1:2) as eluent to give
7.2 g (40%) of pure 2la as yellow oil (TIC sinhgle spot).
The spectral and analytical data for 2la are described in

tables 1 and 4 respectively.

(b) in refluxing benzene: When the reactilon of aniline

(20a) (9.3 g, 0.1 mdl) and o =chloroacrylonitrile (16)
(10.5 g, O.l%h;l) was carried out in refluxing benzene for
éo hr, the warkaﬁp 2f the reaction mixture followed by
purification as abovce yielded 6.3 g (35%) of 2la

(superimposable IR and NMR).
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(c¢) in refluxing benzene/triethylamine: When the reaction

of 20a (9.3 g, 0.1 mol) and 16 (10,5 g, C.1%mol) was
carried out in refluxing benzene in the presence of
triethylamine (1l0.1 g, 0.1 mol) for 24 hr, the work-up
of the reaction mixture followed by chromatographic
purification gave 6.9 g (38%) of 2la (superimposable IR

and NMR)

(d) in refluxing acetic acid: A mixture of 20a (9.3 ¢,

2.1 mol) and 2-chloros-2-propenenitrile (16) (10.5 g, O.Iﬂmol)
in glacial acetic acid (30 ml) was refluxed at 120—13ODC

for 2-6 hr. The solvent was then removed under reduced
pressure and the residue thus obtained was passed through

a silica gel column using benzene:hexane as the eluent

to give 1.0 g (55%) of 2la (superimposable IR and NMR)

(e) in the presence of copper (II) acetate: A mixture

of 20a (9.3 g, 0.1 mol) and 16 (10.5 g, O.l%mal) and
copper (II) acetate (5% by weight »f aniline) in 10 ml

of 95% alcohol was refluxed with stirring at 90-100°

£for 15 hr. The solvent was removed under reduced pressure,
the residue was then dissolved in chloroform/ethylacetate

(200 ml), washed with water (2 x 100 ml), dried (Na2SO4),
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the solvent was removed under reduced pressure and the
crude product thus obtained was purified by column
chromatography sver silica gel using hexane:benzene (4:1)
as eluent to give 14.5 g (80%) of 2la (superimpﬁsable IR
and NMR). Similarly the compounds 21b-f were also
prepared f£ollowing this method in 65-85% over all yield
(Table 4). The spectral and analytical data for 2la=-f

are descfibed in tables 1 and 4 respectively.

Attempted cyclization of 2la to 22a with triethylamine

in benzene:

A mixture of 2la (1.8 g, 0.0l mol) and triethyl-
amine (2.02 g) in 10 ml &ry benzene was stirred at room
temperature for 48 hr. The solvent was removed and the
re?ction mixture was purified by passing througﬁ?bolumn
égtSili@a gel to give 1.6 g (90%) of unreacted starting

materia 2la (superimposable IR and NMR).

Cyclization of 2la to 22a:

(a) with sodium hydride in refluxing benzene: A solution

of 21la (1.8 g, 0.01 mol) in 5 ml of dry benzene was added

to a suspension of sa>dium hydride (0.5 g, 50% suspension)
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in 5 ml dry benzene and refluxed the reaction mixture
with stirring at 80-90° for 15 hr. The reaction mixture
was poured over crushed ice, extracted with chloroform

(3 x 15 ml), washed with water (2 x 20 ml), dried (Na2804)
and concentrated to give crude reaction mixture, which
was purified by passing through silica gel column using
benzene:hexane (1l:2) as eluent to give 0,43 g (30%) of

5,7

22a red 2il identical with that reported (superimposable

TR and NMR).

(b) with benzyltriethylammonium chloride: T2 a solution

of the adduct 2la (1.8 g, 0.01 mol) in dichloromethane

(20 ml), 50% agueous sodium hydroxide s»olution (10 ml)

and benzyltriethylammonium chloride (50 mg) were added and
the mixture was vigorously stirred at room temperature for
3 hr Emanitored by TIC on silica gel using ethylacetate:
benzene (1:9{] « The mixture was then diluted with water
(50 ml) and dichloromethane (20 ml). Thec organic layer was
separated, washed with water (2 x 50 ml), dried (Na2804)
and evaporated on water bath to give the crude aziridine
22a, which was purified as described above to give 1.2 g

(83%) of pure 2la (superimpos3ble IR and NMR). Similarly,
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the adducts 21b-f were also cyclized followlng this method
to give the corresponding 22b-f in 73-93% over all yields
(Table 5). The spectral and analytical data for 22a-f are

described in tables 2 and 5 respectively.

Reaction of o ~chloroacrylonitrile (16) with 2=aminophenol

(23): Formation of 3=(o-hydroxyphenylamino)=2-chloro~

propanenitrile (24)

A mixture of 2=aminophenol (23) (10.9 g, 0.1 mol)
and 2-chloropropionitrile (16) (10.5 g, 0.12 mol) in
ethanoal (60 ml) was refluxed at 100-110° for 22 hr, when
the TIC showed the complete disappearance of starting
materials The solvent was removed from the reaction mixture
under reduced pressure and the residue thus obtained was
purified by column chromatography over silica gel using
benzene as eluent, to give 14 g (70%) of 24 as red viscous
oil, (TIC single spot); IR (Neat): 3400 c:m“1 (br,'ﬁOH+ JNH)r
2250 cm™ ! Yoy s bR (cDCly): 3.62 (4, 2H, NCH,); 4.45
(t, 1H, CgCHZ): 4.60-5.00 (m, 2H, NH + OH, exchangeable

with D.O); 6.65 (s, 4H ); M7 196.5; (Found, C, 54.53;
2 arom

r

H, 4.32; N, 14.67; calc., for C.H

9 9CIN20 (196.5): C, 54.96;

H, 4.58; N, 14.25%).



Cyclisation of 3=(0~hydroxyphenylamino)=2=chloropropio=

nitrile (24) to 2-cyano-1l,4-benzoxazine (25):

T

The Michael adduct (24) (1.97 g, 0.01 mol)
dissolved in dry acetone (10 ml) was added to anhydrous
potassium carbonate in dry acctone (30 ml) with stirring
and the reaction mixture was stirred further for 3.5 hr
at 55=60°, (The reaction was monitored by TIC). Removed
the solvent, the residue diluted with water (20 ml)
extracted with chloroform (2 x 30 ml), dried (Na2804) and
concentrated to give the crude product, which on column
chromatography on silica gel using benzene as eluent
followed by recrystallisation from ethylacetate:hexane
(1:9) gave 2=cyano=1,4=-benzoxazine (25) as light brown
prisms; yield 1.3 g (80%): mp 69-703; m* 160; (Found:

c, 67.17; H, 5.28; N, 17.86; Calc, for C9H8N20 (160):;

C, 67.50; H, 5.00; N, 17.50%). The spectral data for 25

is described in the text.

Reaction of l=aryl-2-cyanoaziridines (22) with indole (26);

Synthesis of 3—(3Lindalyl)—2—arylaminaprapanenitrile (27):

General Procedure:

A mixture o>f 1.17 (0,01 mol) of indole (26)

and l-aryl=2-=cvanocaziridine (gg) (0:01 mol) in 20 ml of
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dry ether was placed in a 100 ml round bﬁttomed flask
fitted with reflux condensor., Boron trifluoride etherate
(10 ml) was added slowly from the top of the condenser
with stirring (exothermie). The reaction mixture was
refluxed at 60-70° £or 2,5 hr. The solid separated
initially in the reaction mixture slowly dissolves on
heating. The reactiaﬁ mixture was then poured into» a
400 ml beaker containing 50 ml of ¢o2ld water and
neutralised with sodium bicarbonate, extracted with
ethylacetate (3 x 50 ml) and the combined extract was

washed with water (2 x 50 ml), dried (Na,SO,) and

2
concentrated. The crude product thus obtalned was
purified by column chromatography on silica gel using
ethyl acetate:hexane (1l:4) as elwent. The compounds
27a-e were prepared by this method and their analytical

and spectral data are described in tables 6 and 3

respectively.

Hydrolysis of 3—(3!—indalyl)-2-arylaminaprapanenitriles (27):

Synthesis of dl=-N-aryltryptophans (28): General Procedure:

5 ma e
A mixture of 27 (0,005 mol) and Barium hydroxide

(0,025 mol) in 10 ml of water and 10 ml of ethanol was



204

refluxed at 120-130° for 70=80 Wr. The ethanosl was
distilled off as much as possible. The reaction mixture
was then acidified with 20% acetic acid, extracted with
chloroform and the combined extract was washed with

water and concentrate@% The residue was then dissolved in
20% sodium hydroxide solution, treated with charcoal and
filtered hot through fluted filter paper and the charcoal
was washed with hot ethanol. The dl-N-aryltryptophans
(28) were precipitated after acidification of the filtrate
with 20% acetic acid as white s»slids. The dl=N-aryl-
tryptophans 28a-c are prepared by this mefhod and their

physical, analytical and spectral data are given belows:

dl=N-Phenyltryptophan (28a) was obtained as white

solid, yield 0.7 g (50%) mp 133=-140" (Found: C, 73.24;
H, 6.17; N, 10.43; Ccalc, for C1,7H16N202 (280): C, 72.86;
Hp, 571; N, 10.00%). The spectral data is described

in the text,

dluNn(p—Fluorophenyl)-tryptaphané {(28b) was

sbtained as white solid, yield 0.67 g (45%) mp. 146=152°;

IR (KBr): 3400 om™t (Y0 1710 am™t ( y),,)s ‘HeNMR:

insoluble; (Found: C, 68.95; H, 5.51; N, 9.89; Calc, for



C17H15FN202 (298): C, 68,467 H, 5.03; N, 9.40%).

dl—N—(p—Methdxyphenyl)mtryptophan (28c) was

obtained as white solid, yicld 0,75 g (48%): mp. 50-55°

-1 -1, . .1 )
IR (KBr): 3520 cm ~ ( x)OH), 1710 em ~ ( Vco)' H=NMR :
insoluble; (Found: C, 70.07; H, 5.98; N, 9.47; Calc. for

C18H18N203 (310): Cc, 69.68; H, 5.81; N, 9.03%).



Table 4

3=Arylaminn=2= chloropropanenitrile 2la-f

Yield MaPo (DC) Molecular Analysis(%)
Product Ar Calc.
(%)Q’ { snlvent) formula Found: ¢ H N
21a CeHe 80 Yellow oil CgHLCIN, 59.83 15.51  4.99
(180.,5) 59.41 15.15 4,65
21b p=-FC6H4 70 Orange oil C9H8C1FN2 54,41 14,11 4,03
{198.5) 54,73 14,52 4,44
o}
21c p=-cl€6H4 79 175 C9H8C12N2 50,23 13,02 3.72
(C2H5OAC/ (215) 50,14 13,41 4,02
hexane)

0c



Table ¢ (Contd.)

214 m_==ch6H4 65 Orange 0Oil C9H8C12N2 50,23 13,02 3.72
(215) 50,55 13.45 3.99
o)
D=
21e D C‘3C6H4 82 72 C10H11C1N2 60,70 14.40 5.66
(C2H50Ac/ (194.5) 60,44 14,88 5.35
hexane)
21f ;wMeOC6H4 85 red oil ClOHllClNzo 57.00 13,30 5.23
(210.5) 57.43 13,71 5.61
a

for copper (IT) acetate method

Dioxan was used

as solvent

408



Table 5

l=Aryl-2=cyanoeziridines, 22a-f

vield m.p. (c) Molecular Analysis(%)
Product Ar T Calc.
(%) (solvent) faormula Found: c H N
a y . L
22a b6H5 83 Red 0il C9H8N2 75.00 19,44 5.56
(144) 75,40 19,63 5.14
22b p-:C6H4 93 Yellow oil C9H7N2F 66,67 17.28 4,32
(162) 66,31 17.68 4.72
2
22¢ ;@ClC6H4 90 55=56 c9H7N2Cl 60,50 15,69 3.92
(Hexane/ (178.5) 60,88 15,24 3.58
acetone)

30¢



Table 5 (Conté.)

. PP
22d _m—ulc6H4 82 68=69 c9H7N2Cl 60,50 15.69 3.92
(EtoAc/ (178.5) 60.79 15,51 3.62
hexane)
22€ p—MeC6H4 80 Red 0il CloHloNz 75.95 17.72 6.33
(158) 75.61 17.43 6.73
a .

22% RP-MeOC . H, 73 Orange oil C1oH10N,0 68.97 16.09 5.75
(174) 68.56 16.48 5.39

2 known aziridines, see references 7 and 4a,

60a



Table 6

Bm(BLindlel)GZaarylamino propanenitriles 27a-e

vield Mm.pP. (DC) Molecular Analysis (%) -
Product Ar Calc, c - N
(%) (solvent) formula Found ¢
o)
1 O 106"‘ ) l .75 .O9
27a C6h5 6 107 C17H15N3 78.16 5 16
(no> so>lvent) (261} 78.53 5.47 16.47
o)
‘u’ = = - . O -
27b p=-F C6H4 55 98-99 cl7H14FN3 73.12 5.02 15.05
(EtoAc + (279) 73.61 5,51 15.43
hexane)
27¢ pmclcC6H4 60 119=120 C17H14C1N3 69.04 4,74 14.21
{(EtoAc + (295.5) 69.37 4,34 14.63
hexane)

01g



Table 6 (Contd.)

274 p=CH3nC6H4

27e P=CH,0~C H,

50

50

102-103
(CHCl3 +

hexane)

Semi solid

C1gi17N3
(275)

CygHy7N50

(291)

78.55

78.80

74,23

74.52

6.18

6,56

5,84

5.57

15,27

15,63

14.43

14.74
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