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PREFACE

Polarized keten dithioacetals, -/hich are
prepared in one pot reaction under relatively simple
reaction conditions from a wide variety of active methylene
compounds, 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 rearranged 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 ofO(—methyl/methylene-0(wketou

)



keten dithioacetals with a view to studying their
mechanisms of rearrangements. In the first section of
the chapter, a brief introduction has been given ragarding
the synthetic importance of the polarized keten
dithioacetals and similar transformations studied by
workers on the éﬁalogous area. Subsequently, the results
of the present investigation are desecussed 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 f£or the
synthesis of l-substituted 2-amino-4=aroyl=5-methylthio

pyrroles has been described: No attempt has been made to

1



include the comprehensive review on the methoads of
preparation of 2-amino=pyrroles, since such reviews on

these methods are already described in the literature.

In the last chapter (Part B),synthesis of N=aryle
2=cyvanoaziridines from o« ~chloroacrylonitrile and aromatic
amines have been described., These aziridines have been
shown to react with indole to give &K -arylamino=/3-—(indolyl)-
propanenitrile, which are further shown to undergo hydrolysis

to give hitherto unreported dl=N-aryltryptophans,

I



PART A

CHAPTER I

MOBILE KETO ALLYL ANIONS: STUDIES ON BASE
CATALYSED REARRANGEMENTS OF A =KETO=-X -METHYL/
METHYLENE KETENDITHIOACETALS

1.1 Introductiosn

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 campounds (1) and

R R SR,
\ B:, CS, /
CH X
/e R X \
Ry Ry SR,
1 2

R = H, alkyl, aryl, nitrile; carbonyl, nitro ete.
R

1= Nitrile, carbonyl, etc.

R2= Alkyl groups.



Ccarbon disulphide in the presence of two equivalent of
a suitable base followed by alkylation in one pot

-9

reaction . These polarised keten 5,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, On the otherhand, the corresponding
0,0-acetals greatly differ in their properties under-
going hydrolytic cleavage in the presence of moisture
and the methods of their preparation are, therefore,
much different from those of keten S,svacetaISBO.

It is further interesting to note that we have
successfully demonstrated that the o _~keto and

6é;cyan3 ketene 8,S~acetals could be used in the
synthesis of both alkylthiopyrimidines 3 as well as the
corresponding alkoxypyrimidine 4 by employing suiltable
experimental conditions with guanidine or amidine512°l4.
Also, the corresponding aminopyrimidines 6 were pfepared

by the reaction of the corresponding 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 publicatianslz°14. This alkoxy exchange
concept has al so been extended to pyrazoles to synthesize
the 2(5)~=alkoxy derivatives (7)15, which were garliar
prepared by classical methods involving alkylation of
ambident anion leading to a mixture of N,0 and
C=alkylation productse. Similarly, the corresponding
2(5)=aminopyrazoles (8) were obtained in 60~70% yield
by manipulating the reaction conditions incorporating

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

It is also further shown that the 2 underwent
a facile condensation with sodio-derivative of
cyanocacetamide (A) in the presence of sodium isopropoxide
to give 6-substituted=3=cyano-4=-alkylthio=2(1lH)~=-pyridones
9 (Scheme 3) in excellent yieldsls’zo. The corresponding
S,N~acetal 5 derived from 2 and alkyl/aryl amines, also
underwent smodth condensation with A to yield the
corresponding 6-substituted 3-cyano-4-alkyl/arylamino=-

2(1H)=pyridones (10) (scheme 3) in identical yields27.
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However, it is interesting to note that in the presence
of sodium isopropoxide, only the 4-=methylthiopyridone (92)
was formed, while the formation of the corresponding
4-isopropoxXypyridone was not observed, Even in the
presence oflsodium methoxide or ethoxide, the formation
of the corresponding 4-alkoxypyridone 11 along with 9
was formed only to the extent of 10% 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 Re values and they were only detected through

their NMR signalslé'zo.

when the pyrimidine synthesis, as shown in
scheme 1 and that of pyridone as shown in scheme 3,
was extended to o -methyl- X~keto keten S,S~acetals 12,
the corresponding pyrimidine (13) and pyridone (14)
were‘not formed; however the products, isolated were
characterised as 2«amino=4-aryl-=5-methylthiomethyl-
pyrimidine (i§)13 and 3=cyano=5e=methylthiomethyl=6-
aryl-2{(1H)-pyridones (11)20 respectively (Scheme 4).

The formation of 15 and 17 was rationalized in terms of



the base induced 1,3-proton transfer to> give the
intermediate olefin 16 (Scheme 4). The 1,3=proton
transfer in these systems is due to the participation

of 3d orbitals of adjacent sulphur atoms, which stabilize
the negative charge on the carbon atom next ta them,
permitting the formation of 16, which subsequently
undergoes c¢ondensation with guanidine and cyanoacetamide
togive 15 and 17 respectively. However, when ethyl

and n=propyl groups were present in o =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
cyanoacetamide yielded the corresponding pyrimidines 2313
(R1=H,Me) and pyridones ggzo (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)13.

It is interesting tg note that the acrylophenone
intermediates 16 and 18 formed by base catalysed
l,3=proton shift represent an interesting class of

mobile 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 cswerkers31 have
observed that the o =bromomethyl chalcone (24) reacts
with primary and secondary amines 25 in solvent pentane
to give rearranged o{ -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, On the other hand, in
polar solvents like chloroform or acetonitri%e, 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
was observed to proceed even in the solvent pentage, In
the presence of different amines 28, 26 was found to
undergo the same rearrangement involving amine exchange
leading to the formation of 22?1. They have studied
the mechanisme of several mobile keto allyl amines
derived from both acyclic31 and cyclic32 ketones. They
also utilized these intermediates for the synthesis

agetidinyl ketones 3933 (scheme 6).
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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 dithioacetals 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), g& derived from tetralone (Scheme 34) and
107 derived from 2,3~dihydro=l-benzothiopyran-4-one
(Scheme 39), are investigated and their mechanisms have

been proposed,

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

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

2-alkylthiomethylacrylophenones 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

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

Letters, 23, 971-974 (1982).
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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 ethanocslic 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 of aprotic
solvent like dimethylformamide (30 ml) at 50-60°" for

3 hours, the formation of a new product along with the
starting material was observed (TIC). After chromato-
graphic separation the new product was obtained in 35%
yield (55% on the basis of recovered starting material).
The new product was found to passess different structural
features and the expected olefin 16 was nok formed.
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

05.(238) and showed the molegular ion

analysed for C12H14 5



peak at M+ 238. Its IR (Neat) Spectrum exhibited sharp
absorption band at 1635 cm? due to carbonyl function,
Further structural proof for 3la was obtained from its
1H-=N.M.R (CDClB) Spectrum. Thus it exhibited two singlets
(3H each) at $2.05 and £2.25 due to protons on twd
methylthim groups. A singlet at §3.50 (2H) was assigned
to twoy methylene protons, while the vinylic proton appeared
as singlet at S7.04 (1H). The broad multiplet appeared
between S 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 assignhed 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.S 7 ¢60=7.90

(cis to ArCcO) in E=-A and at ¢S 6,00=7.10 (trans to Arco)

Q O
AY H NV SMe



16

/ dwayds

C(EHDIHO - = ¢G49) =dv* }

-

€HD ..._m ¢ TH9 90N - d =iy* 3

STy = 4 ¢« 909w~ d =2v“ P

€D = ¢ THID0OW - d =1V D
SHio= Y * M3y =uv*q

quu.m (497 =uv “BIET

009 — 06§

< ¥s = 4INQ/ HEeN




17

Attempts to increase the yield of 3la, by
carrying out 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 yileld of 3la was reduced to 10%, resulting in an

intractable polymer.

To aissess the generaiitgéf the rearrangement
seven more systems were studied in this series.: Thus
12b-e underwent rearrangement to yield the corresponding
productg E=3lb-e in 35=45% over all yield (50=70% on
the basis of recovered starting material) (Scheme 7).

It may. be noted however that the corresponding isopropyl
S,S=acetal (12f) under similar reaction conditions

gave E-31f in 30% yield indicating that the steric
factors do not substantially effect in lowering the
yields. 1Interestingly, the rearrangement of keten
S,S=acetal (1l2g) derived from p-chloropropiosphenone,

yielded a mixture of three products (TIC) under identical
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reaction conditions (Scheme 8), After chromatographic
separation, the rearranged product E-31lg was obtained
in 22% vield, while the other two products were
identified as 3,3-bis(methylthio)=2-methyl-l-(p-methyl=-
thiophenyl)=2=-propen~l~one (32) in 25% yield and
3-methylthio=-2-methylthiomethyl~l=(p-methylthigphenyl)-
2-propen-l-ocne (33) in 20% yield. The structure of 3lg
wais 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

0S, (284) and showed molecular ion peak at M*

C13H16953
284, It exhibited in its IR spectrum (neat) a: strong -

band at 1660 cm"l, which was assigned for the carbonyl
stretching vibration, Its final structural confirmation
was derived from its 1H--N.M.R. (CCl4) spectral data,
Thus a singlet at ¢5 2,00 (3H) was assigned to the
methyl group, The twp singlets at S 2.10 (3H) and

% 2.30 (3H) were assigned to the two SCH, protons, A

3

singlet at (5 2,45 (3H) waf assigned tm the SCH, protons

3
in the pe=position of the phenyl group, The Issignement
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of ch3 protons an the aryl ring was based on the
position of the protons of 2=SMe groups in the
g—chlora,acetal <EEQ)' The four aromatic protons in
32 appeared at & 7.10-7,70 (dd, 4H, Azez),which is

in conformity With the assigned structure. Similarly,
the structure of 33 was confirmed by its analytieal
and spectral data. It was analysed far C13H16
and showed molecular ion peak in its mass spectrum at

083(284)

Mt 284, TIts IR (neat) spectrum exhibiited a band at

1632 cm“1 which was assigned to the carbonyl stretching
frequency., Its find structure was confirmed by its
1H—N.M.R. (CC14) spectral data. A singlet = S 2.00 (3H)
protons. The other singlet

was assigned to CH,SCH

2 3
at & 2.35(3H) was due tm vinylie SCH, protons and another
singlet at & 2.45 (3H) was assigned €2 the SCH, protons

in the para position of phenyl ring. The assignement

af SCH, protons on the phenyl ring was based on the .
position Of the protons of the two SC§3 group in the
1

H=-N.M.R. (Ccl4) spectrum of 3lg (Table 1). The
singlet at & 6,85 (1H) was assigned to vinylic proton,

indicating its position trans to ArCO group (E=isomer).




21

The A2B2 pattern of aromatic protons appeared as twom
doublets between & 7.10-7.60 (4H). The formation of
32 (Scheme 8) can be explained by nucleophilic
substitution of chlorine in the p~-position of the
phenyl ring (l2g) by methylthio anion. sSimilarly,

the formation of 33 can be explained through the
nucleophilic displacement of chlorine f£rom 3lg by
methylthio anion. These dbservations are interesting,
since they throw light on the mechanism of the

rearrangement of 12 to 31, which is discussed in the

section l1.2.2.

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=pbenzylthio=3~-methyl=4,5~diphenylthiophene (§§)34
(scheme 9). The structure of 36 was confirmed by its
analytical and spectral data. It was analysed f£or
C24H2082 (372) and its mass spectrum showed molecular

ion peak at MT 372. It exhibiited IR(Nujal) band at
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90l_cm=l, which was assigned to characteristic 3-mehyl
substituted thiophenes35. The other band appeared at’
695 cm“1 was alsm assigned to characteristic 3-methyl
thiophene derivativés36! The thiophene ring "breathing”
made \)3 band>® was located at 795 em L. Purther proof

THAN.M.R. (cpcl,)

of the structure was obtained by its
spectral data. A singlet at § 1.70 (3H) was assigned

t® the CH, protons, while the singlet at § 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
tle 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
those on the allylic methyl group. These protons are
easily dbstracted by base generating anion (34),

which undergoes intramolecular nucleophilic attack

on the carbonyl group to give 36 via 35 after

dehydration (Scheme 9).
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1.2.2 Mechanistic studies

When the transformation of 12 to 31 (Scheme 7)
was observed, the mechanisn of thelr rearrangemant
was considered to involve 1,3=RS shift via mobile
keto allyl intermediates 16. Our literature survey
on similar systems were of considerable help in
arriving at the most plausible mechamism for the
rearraggement. 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 thisallylic rearrangements observed by
both Warren'537and Kwart:s38 groups and the mobile
31,32

keto allylic rearrangement studies by Cromwell

and coworkers are reviewed here.

Warren's group has used photochemical
1,3=-PhS shift for several synthetically useful
transformations, which have been reviewe637 recently
and theg%ore, only. oné example is cited in the
Scheme 10. Thus the allyl phenyl sulfide 37 has been

shown to undergo photoinduced rearrangement t™ give



39 and an associlative 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 final 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 complex; éﬁ
(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

O .
solvent3 40. They have also ruled out the formation

20
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of allyl cation intermediate proposed by Warren and
coworkers41 in their studies on acid catalysed thio-
allylic rearrangements. Their findings were based on
the fact that on protonation allyl cation is susceptible
ta the secondary deuterium isotope 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 thioallylic rearrange-
ments proceed through an intermediate 46 (Scheme 13)
involving octet expansiion of sulfur in various states

of hypervalency, some created through the agency of
catalysis involving some form of coordination of

sulfur by the catalytic species42{

Interestingly the Cromwell's group has studied
rearrangements in Egcketoa&lylamines which are
structural analdogs of our systems. _They have shownBl
that the initially formed Eguketaallxgmine 26 rearranges
t® thermodynamically more stable amine, 27 either in

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

and 14). 1In the presence of Adifferent amines 28,
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the amine exchange was observed during the rearrangement31
on the basis of their kinetic studies thev have suggested
a; 'varient' of concerted SN2! mechanism for the amine
assisted rearraﬁgement involving a 'Eig' dipolar
transition state gz3lc (Scheme 14). Apparently, the
@'~carbanyl function supports a marjor portion of the
developing negative charge as shown in 47, which is
further stabilized by coulombic aktraction or by hydrogen
bonding between entering and leaving amines. When the
kinetic studies were carried omt for the rearrangement
without the assistance of external amine; the rates
followed first order kinetics with low activation

energy (Ea ~ 6 k.cal/mole) and low negative entropy
(&@8*~ =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

cyclic intermediate, é§31a'b

(Scheme 15), where the
bond making is far ahead of bond breaking resulting
in lowering of the energy "debt". In their subsequent
studies on the rearrangement of 2-(e{ =aminobenzyl)-

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

indanone (50) (Scheme 16) in the absence »>f added amine
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they have proposed a mechanism involving chain

, 32¢
reaction

(Sscheme 17). The amino group of
aminoindenone 49 will attack initidiy on the 3=position
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 f£ollowed 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 torgive 50 and free amine

52 (propagation) (Scheme 17).

From the preceding discussion on the mechanism of
alllied systems, it is apparent that the rearrangement
from 12 to 31 (Scheme 7) can be envisaged goming
through one of the possible intermediates proposed.

It is imminent that 12 in the presence of a base loses
its proton to give the resonating anions 53a and

53b (scheme 185. The stability of these allyl anions
53 1is greatly enhanced by the two> sulfur atoms present
in the molecule giving rise to increased resonance

contribution from 53b. Since the 53 i1s generated under



33

e

L1 sWReysg

B 1S
75 e
) m/u O fmﬂ\mﬁ_\k
05 j0 sdpw 7 & "UNH O+ S 27e™
\.A >~ ! Ml/
HH =

T UOeUILISY

S
:m/
NH +
m\
: uonobndosd
am — Y.
0 ” y
Q rkau 2N SN
A.lll
00y TN >~ _\~/N%I N mzmu N o S
.m M —m ./.\Nnu*l.//rl\ ~

‘uonen]



34

HIus Sy-g¢y

009 — 09

ANT / HeN




30

reversible conditions, it competes with sodium hydride
in deprotonation of 12 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 could not be detected after
work=up of the reaction mixture. However; the
intermediacy of 16 appears tc be a definite step in
arriving at the thermodynamically more stable rearranged
product 31, It is therefore apparent that 16 undergoes
ar facile 1,3=RS shift through one of the mechanisms
discussed earlier to give 3l. Due to geometrical
restrictions imposed on 1,3-=antarafacial sigmatropic
shift, the thermal concerted 1,3=RS shift is ruled out,
Similarly, the orbital symmetry considerations do not
facilitate 1,3=guprafacial shift. Therefore: the

1,3=RS shift in 16 could involve one of the possibilities
of going through an associative radical chain mechanism
via intermediate 54 to give 31 and alkylthio radical
(Scheme.l9). Similar mechanism has been suggested by
Warren and coworkers41 for 1,3-PhS shift observed both
thermally and photochemically and they have presented

evidence for associative 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 radical inhibitor like
hydroquinone under nitrogen atmosphere, Similarly,
when the reaction was carried out in the presence of
dibenzoyl peroxide ait 50—60?,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.

Wwhen the rearrangement of 1l2a to 3la was
attempted in refluxing benzene in the presence of
sodium hydride, 1l2a was recovered unchanged even after
prolonged time (12 hr). However, the same reaction in
refluxing tetrahydrofuran yielded only 5% of 31la 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 12g derived from p-chloropropiophenone
yielded twx more products, 32 and 33, besides the
rearranged product 31lg (sSchewe 8,. The results are
interesting, since they clearly demonstrate the
existance of free methylthio anion generated in the
reaction mixture, which will participate in nucleophilic
displacement of active gfchlora:group in both 12g and
glg. ‘This clearly rules out the possibility of Kwart's
antipolar mecbanism38 via transient complex (55)*
(Scheme 20), which will not permit such nucleophilic
displacement as it is concerted. Besides, the allyl
sulfide intermediate 16 is structurally different from
that of Kwart's systems in that 16 carries an electron-
withdrawing benzoyl group in conjugation with double
bond, thus reverting the nucleophilicity of [ ~carbon,
Consequently, the formation of 55 is highly u cenable
carrying positive charge adjacent tom carbonyl function

{Scheme 20).

*7In our communication,- it was proposed that an antipolar
transient intermediate (ég) as one of the possibilities
of this rearrangement.
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Alternatively the /2 =carbon in 16 (Scheme 21)
is electrophilic enough to participate in sulfur lone
pair assisted intramolecular polar transition state §§§4?
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 thietgnium ion

intermediate 56a (Scheme 21) is quite unlikely, An
alternative picture involving prior ionisation

(Snl isomerisation) via f3 ~keto allyl cation or through
ion pair 56b appears to be unlikely due to relative
unstability af allyl cation craoss-conjugated with electron=

44

withdrawing carbonyl group (Scheme 21).

Intermolecularity of the rearrangement was
further confirmed from "crossover" experiments carried
out with the following systems. Thus, when a 1l:1 mixture
of 12bh 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 separatiocn
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the two products were found to be a mixture of four
compounds each (NMR and Mass)e Thus, the NMR spectrum of
the first product with higher R¢ value showed it to be a
mixture of four possible rearranged products, 3la, 31lb, 57
and 58 respectively. Similarlv the NMR spectrum of the
second product with lower Rf value showed it to> be a
mixture of four possible rearranged products: 3lec, 31d,

59 and 60 (Scheme 22). The mass spectral studies furthe.
confirmed the presence aof four compounds in each mixture.
Thus the product with higher Rg value showed the molecular
ion peaks at M 266, 252 and 238, corresponding tov3la
(57 or 58) and 31b respectively. Similarly, the mass
spectrum of the second product with lower Rf value

showed the molecular ion peaks at M' 268, 282 and 296
corresponding to 3lc, (59 or 60) and 31d respectively
(Scheme 22). 1In one of the experiments the rearranged
product (3lc) was treated with sodium hydride in the
presence of 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> anisn in the reaction mixture, These experiments
therefore strongly suggest that the rearrangement is

intermolecular.

The rearrangement oﬁﬁZa to 31la was found to be
4

irreversible and attempts to edquilibriate 31la to 12a

under varying canditionqwefe not successful and in no
case the keten S,S-=acetal 1Za could be detected from the
reaction mixture. Thus, when 3lai was stirred with

sodium hydride in dimethylformamide for longer time

(12 hr) only polymeric material was £ormed.

57°6-
ha 5N 0
Me3 SMe MeS
~ 770 _Nal/DVF -
ol “'—"'“771”“% CHB
S Me
e 12a
/ j(
y
H5C6‘\€::9 H5C6\\<ﬁ9

. ]
A . B: \Mééﬁ??/tbﬁ TH o+
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In order to study the progress of the reaction
at wvarious time intervals, ten experiments were conducted
with 0.005 mole of 12a 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 C.75 hr, 1.0 hr, 1.5 hr, 2,0 hr, and 3.0 hr
yielded 3la between 30-38%, while its yield was decreased
to> 25% and 20% after 4 hr and 5 hr respectively. However,
after 12 hr reaction time, the yield of 3la was reduced
to 10% due to its further polymerisation under basic
conditions, although the starting material was disappeared
completely. S 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
af 2=(<X-aminobenzyl )-l-indenone (49) t> the isomeric

3=amino=2=-benzal=l-indanone (_539_)32C (Scheme 16 and 17).
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Thus the reaction is initiated by nucleophilic attack at
position three of 16 by some nucleophilic species present
in the reaction mixture. It appears that the acrylophenone,
16 itself initiates the reaction by nucleophillic attack
of its sulfur lone pair on the fJ-carbon of another
molecule of 16 (initiation) (Scheme 23) tmgive 61 and
free alkylthio anion. The alkylthim anion thus released
can either attack analogously 16 to give 31 with the
release of RS anion (propagation) or can attack 61 tom
give two molecules of 31 (termination). The rearrangement
of 16 to 31 appears therefore similar to chain reaction
with an initiation process (release of a alkylthio anion),
a propagation process (reaction of alkylthio anion with
lé) and a termination process (reaction of alkylthi> anion

with 61).

It is of interest to note that in one of the
experiments, when 12b (Scheme 24) was reacted with sodium
hydride in the presence of ethanethiol (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
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intermediate 16 present in the reaction mixcture which

is likely to reach its optimum yield during 0,5 to 3 hr.

1.3 Base Catalysed Rearrangement Studies on 3,3-Bis

(methylthios)=2=benzyl=.-phenyl-2=propen=1l=one

When the rearrangement studies were extended
to o{=ethyl ketoketen S,S-avetal 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 to give 62 is probably
due to the decreased acidity of allylic methylene
protons in 12i because of the presence of methyl group
and sodium hydride is not strong enough base to abstract
praton from 12i. However, its wvariant 64 (Scheme 26),
derived from dihydrochalcone (63), when stirred with
sodium hydride and dry dimethylformamide at 35-40° for
2 hr, formation of four products along with the starting
material was observed (TIC,. After chromatographic
separation the expected rearranged produét E-66 was

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

peak at M+ 314 (018H18052). 1t exhibited IR (neat) band

at 1650 cp™t due to Jco of 7Z-65 isomer, where the

carbonyl group is in trans position to the SCH, group

3
permitting facile lone pair resonance over the carbonyl

group. The other band at 1655 em~ ! was assigned to the
3)CO of E-~isomer (Enég). Further structural proof was
derived from its lH--N.M.R. (ccl4) spectrum, which slowed
a mixture of E and Z=-isomers in the ratio of 3:1
respectively (Figure). Thus a singlet at &S 1.60 (3H)

was assigned to the CH,SCH, protons of gaisomer; 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 signal 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 as singlet at ¢ 3.85 (2H). From these signals
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the ratio of E=65 and Z2-65 isomers (3:1) were calculsted.
The aromatic proton§bf both E and Z-isbmers were appeared
as multiplet between 556,90—7.6Q. Further prodf for the
structure of E & Z-65 was obtained by its reaction with
hydrazine hydrate in refluxliing cthanol (60 hr) which
gave the expected pyrazole 69 (Scheme 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.
Tts mass spectrum showed molecular ion peak at Mt 314

(C 082), Tts IR {(neat) spectrum exhibited VE—O band

18718
at 1635 cm"l indicating the presence of only one geome=
trical isomer. The structure of E-66 and its geometry

was further confirmed by its 1H“N.M.R (Ccl4) spectrum,

Thus the singlet at & 2,08 (3H) was assigned to™ the protons
of SCH5 group on tetrahedral carbon and the singlet

at &2.20 (3H) was assigned to th#protons of vinylic

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

3
at O5.30 (1H), while the singlet at O 6,92 (1H) was

assigned to vinylic proton (trans +o Arco)28: which
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indicates the presence of only E=isamer. The aromatic
proton appeared as multiplet between & 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 dithioacetal derived
from acetophenoshe (m.m.p. and superimposable I.R &N.M.R).
The structure..of Z2-68 was confirmed by its analytical ana

spectral data. In its mass spectrum it showed the

molecular ion peak at mMT 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. Its further structural proof was derived from
its 1H=N.M.R (Ccl4) spectrum. It showed a singlet at
&1.82 for three protons of SCH4 group. The vinylic
proton appeared as singlet at §5€.90 (1H). The
Z=configuration for 68 was assigned on the basis of
chemical shift wvalue of vinylic proton, which was

appeared at 5 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
35-40°C for longer time (8 hr), only the keten
dithioacetal 67 and A2 -methylthiochalcone (§§) were
isolated in 70% and 10% yieids respectively and none
of the rearranged products 65 or 66 was formed (Scheme 27).
Similarly, when 64 was treated with sodium hydride in
dimethylformamide under nitrogen blanket for 3 hr,
only the rearranged products 65 and 66 were obtained in
50% and 30% yields resgpectively and none of the products
&7 or 68, was formed (Scheme 27). These results indicate
that the molecular oxygen is responsible for the formation

af 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
702 and 70b, obtained after proton abstraction from
gé, will abstract proton inturn from 64 to give unstable
intermediate 71. The 71 on 1,3-RS shift (Scheme 23)
will yield 66, which on subsequent base induced 1,3-proton
shift yield thermodynamically more stable 65 via anion

72 (Scheme 28).
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The mechanism of the formation of 67 which
is obtained as major product (70%) after 8 hrs in the
absence of nitrogen atmosphere is shown in the Scheme 29.
The carbanion 70a 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 give the keten S,S-acetal 74. The keten
S,s=acetal 74 undergoses hydrolytic cléavage in the
presence of either hydride or hydroxide 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 2f 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,S-acetal 74 was established
by two> experiments. Firstly, when the keten S,S—acetal
74, which was prepared from dibenzoylmethane (75), was

reacted with sodium hydride in dry dimethylformamide for
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6 hr under identical reaction conditions, 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). 1In the second experiment, when the keten
S.8=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 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
B-methylthischal cone (68), 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 72, which on reaction with
molecular oxygen followed by subsequent cleavage of
hydroperoxide intermediate 79 yields thioester 80. The

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

reaction mixture to give 68.

of

It is&interest to note that in one of the
experiments, when allyl sulfide 65 was reacted 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
were observed along with the starting material 65 (TIC).
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 that 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 70, which on oxidative cleavage yields the
keten s,S—-acetal 67 (Scheme 29). Similarly: the anion
72b, generated through proton abstraction from 65 by base,

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

L =Methylene-«K -Ketoketen dithioacetals

Derived from Cyclic Ketones

In accordance with the results and mechanism
observed during the rearrangements of keten dithioacetals
12 and 64 derived from propiophenones and dihydrochaleone
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 (§l) was reacted with sodium
hydride under identical conditions, the expected rearranged
product 88 was not formed although starting material
was disappeared completely and no well defined crystalline
material caould be isolated from the reaction mixture.

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

found to 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 showed strongest intensity peak at
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m/e 282 (M+m94), which was possible due to ion 89

(Scheme 33) formed by spontaneous loss of two SCH3 groups
(2 x 47). Consequently, the molecular ion peak at Mt 376
was not observed thle 87 was analysed for C22H165202'
The IR (Nujol) spectrum of 87 showed a strong band at
1672 cm"1 due to conjugated carbonyl group., In its NMR
(cpcl,) spectrum the singlet at $2.20 (3H) was assigned
to the protons of SC_}_I3 group 2n sp3 carbon and the other
singlet at & 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 O3.50 (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 é)7{40w7,70, which are

in conformity with the assigned structure, 87.

The probable mechanism for the formation of
87 is described in 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
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86, followed by intramolecular cyclization with the
elimination of methyl mercaptan to give the dimer, 87
(Scheme 32). Alternatively 85 can also give a triene

90 with the elimination of methyl mercaptan, to yield

87 via electrocyclic ring ~1nsure (Scheme 33).

We next extended our studies of base catalysed
rearrangement to keten dithioacetal 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
for 30 hr, two new products were formed which were
characterized as dithioester 93 and /3 =ketomonothioester
94 obtained in 55% and 25% yields respectively., The
expected rearranged product 92 was not formed. The
structure of 93 was confirmed by its spectral and analy-
tical data. Thus it showed molecular ion peak at

MT 236 (C12H 0S_.)e It exhibited absorption bands in

12772
its IR spectrum (Nujol) at 1600 (weak,9C=C) and 1190

( Ve=3) cm“1 which is in conformity with the earlier

29

reported data and: shows that 93 exists in tautomeric

form 93b. TIts NMR spectrum (CDClB) exhibited a singlet



68

7§ aWwiaydsg

96

NS SN
g
S

HT JY0€E /00909

0 0 0o 0 s O S. 0
a7 IMZH

6 16 G5

L6
(T
A — <
mEmJHU@ 4N HeN mzm% 8
s O

q O 9N




69

at 5 2.60 (3H) for SCH. protons. The symmetrical AB

3 2
mﬁltiplet (4H) at S 2.80=3,10 was assigned to the four
ring methylene protons. The aromatic protons appeared
between & 7.12-7,40 (m, 3H) and the multiplet at & 7.85-
8,00 (1H) was assigned to H=8. Tre enolic OH proton
appeared as broad singlet (1H) at & 15.6 which is in
conformity with the tautomeric structure ggg; The
structure of 93 was further confirmed by its alternative
preparation, Thus when tetralone (95) was reacted with
dimethyltrithiocarbonate (96) (sScheme 34) in the presence
of sodium hydride, the corresponding dithioester 93 was

formed in 24% yieldzg.

The product thus obtained was
sbtained was found to be identical with 93 (m.m,p..and
superimposable IR). The(g -ketomonothioester 94 in its
mass spectrum exhibited molecular ion peak at Mt 220
(ClZleozs); 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 cmml was due to enolic OH group.

Its NMR (CC14) spectrum showed a singlet at 512:40 (3H)

due to SCH. protons and a symmetrical A2B 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

(1lH) was attributed to H=8 proton.

Formation of 93 and 94 from 91 is interesting
and the same products 93 and 94 were formed in 55% and
30% yields, when 91 was reacted 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 94 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.

45 derived from

However other keten S,S-acetals like 97
acetophenone did not show the formation of the corresponding
B =ketomonothioester 98, or /3 ~ketodithioester 99 on
reaction with sodium 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); The probable mechanism for the formation >f 94

is shown in the scheme 37, The intermediate 102 formed via

anion 101 undergoes base catalysed allylic elimination of the
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hethyl 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 32),.

In our ecarlier 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 ethoxide®>, Formation of 112
was postulated through the intermediacy of 110, which
is formed by 1,3=methylthi> 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 seodium 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 anion gives 110 (Scheme 39).

Thus from these studies it appears that the
cyclic ketoketen dithioacetals derived f£rom indanone and
tetralone behaved differently, while the keten S,S-acetal
(107) derived from benzothiopyran gave the expected

product of 1,3-RS shift.
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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" spectrophoto-
meter. The NMR spectra were recarded on varian EM=390
spectrometer using TMS 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,
7‘4butyrslactone and methyl benzoate were purified before

use.

The propiophenone, bp 105-110° (8 mm)ég;
p=methaxypropiophenone, bp 145-150° (15 mm)So;

| g
p=chloropropiophenosne, bp 115-120° (2 mm)Jl; butyrophenone,

bp 125-130° (21 mm)*8+°2

: o ~tetralone (95), bp 140-150"
53 504
(1Gwmm)~ ~; benzalacetophenone, mp 50-52" ; Jbenzal-p-
55 -~
methylacetophenone, mp 58-=59D : dihydrocinnamic acid,
56 57
mp 46-47° ; l-indanone (81), mp 39-40° ; 2,3-dihydro-l-

benzothiopyran=4-one, bp 150-1553 (12 mm)58 were prepared

by the reported methods.
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The f£ollowing previously reported keten
S.,8=acetals: 3,3=bis(methylthioc)=2-methyl=lephenyl=2-
propen=l=one (12a), bp 168=70° (13 nm)lf 3;3-bis
{ethylthio)=-2-methyl~l-phenyl-2-propen-l=one (12b),
bp 180-185° (13 mn)'>; 3,3-bis(methylthio)-2-methyl-1i-
(p=methoxyphenyl)=2-propen~l-one (1l2c), bp 180-185°
(13 mn)*>; 3,3-bis(methylthio)=2-methyl-1-(p-methylphenyl)=
2-propen-l-one (12e), bp 185-90° (1 mm)?%; 3,3-bis
(methylthio)=-2-methyl=-1-(p<chlorophenyl)=2=propen=-1l-one
(12g), bp 195-200° (1 mm)*?; 3,3-bis(benzylthio)=2-

13
methyl=l=phenyl-=2-propen=-1i=-one (12h), mp 66° ; 3,3-bis

{rmethylthis)=2=«ethyl=l~phenyl=2=-propen=1-one (121),

bp 190-195> (16 mm)'>; 2= bis(methylthio)methylene ~1-
tetralone (81), mp 58312; 3,3~bis(methylthio)=1-=phenyl-2-
propen=l-one (97), mp 93345fJ3-bis(methylthio)methylene -
2,3=dihydro~l=benzothiopyran-4-one (107), mp 80—81323

and the unknown ones were prepared by the general method

described below:

General method for the preparation of keten S,S—acetals

using sodium t-butoxide13:

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 it 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 agueosus 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

‘S,S5~acetals are given below:

3,3-Bis(ethylthin)=2-methyl-1-(p=-methoxyphenyl )=

2=propen=l-one (12d) was osbtained as orange coloured

viseous liquid after purification by distillation,

bp 180-1850(1 mm)j Yield 9.0 g (60%}) IR (neat): 1630 cm~1

(Yoo NMMR (CCL ): 1.05 (t, 3H, SCH,CH,); 1.30

2

(t, 3H,“SCH,CH4)7-2.10 (s, 3H, CHy): 2460 (q, 2H, SCH,CH,);
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2.80 (q, 2H, SCH,CHg): 3.80 (s, 3H, OCH,); 6.80 (d, 2H );

2 aror

+
; : : «37; 6.43;
770 (4, 2Har3m)' M" 296; (FPoundé: C, 60.37; H, 3

O - - '7
calc. for C15H200282 (296): C, 60.81; H, 6.76%).

3¢3=Bis(isopropylthis)=2=methyl=1l~phenyl=2-

propen=l~one (12f) was yellow viscous liguid after

purification by distillation, bp 155=160" (1 mm), yield
1
|
Ye=o
r 3 . T [
1,05 [d, 6E, (CHy), | 1.30[d, 6H, (CHy), s 2.15

7.5 g (50%); IR (neat): 1668 cm }; NMR (CClA):

(s, 3H, CH;): 2.80~3,40 (m, 2H )7 7.30=7.85

. -+ - . - .
(m, SHarom)’ M~ 294; (Found: C, 65.78; H, 7.83; Calc. for

methine

C. H. . 0S,. (294): C, 65.31; H, 7.48%).

167722772

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, vYield 9.2 g (57%):

1

mp 66° (chloroform:hexane)s IR (Nujol): 1660 cm )

() c=0
NMR (CCl,): 2.35 (s, 3H, SCH;); 2470 (s, 3H, SCH3);

3
435 (s, 2H, CH,)7 7.10=7.75 (m, 1O0H_ _ )5 M 314;

(Found: C, 68,34; H, 5.37; calc, for ClsngOS2 (314):

c, 68.79; H, 5,73
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3,3=Bis(methylthio)=2=benzyl=l=(p=methylphinyl)=

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

after purification by column chromatography over silica
gel using hexane; ethylacetate (9:1) as élueﬂt. vield
6.56 g (40%); mp 74=75"; IR (Nujol): 1640 cm—l (2)C=o)7
NMR (CCly) 2.00 (s, 3H, p-CH,): 2.35 (s, 3H, SCH,)s

2.45 (s, 3H, SCH,): 4.00 (s, 2H, CH,); 6.95=7.50

+ ‘ » - .
(m, 9Har3m), M’ 328; (Found: C, 69,87; H, 6.46; calc.

for C19H20082 (328): ¢, 69.,51; H, 6.1C%)

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
70-71% IR (Nujol): 1663 em™* () __o)7 NMR (CC1,):

2.52 (s, 3H, SCH4): 2.55 (s, 3H, SCH,;); 3.78 (s, 2H, CH,);
7430=7.90 (m, 4H___ ): M' 236; (Found: C, 61.48; H. 5.37:

arom

calc. for Cy,H;,08, (236): C, 61.02; H, 5.08%).

12°

Dibenzoyl methane (75) was prepared by a modified

procedure as f£ollows:
To a well stirred suspension 2f s>dium hydride

(6g, 50% suspension, 0.12 mol) 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 benzenhe was added dropwise with stirring
and refluxing over aiperiod of 4 hr and the reaction
mixture was further refluxed with stirring for 3 hr.
The reaction mixture was left owernight, poured over
cushed ice and acidified with c mecentrated sulfuric
acid. (10 ml). The organic layer was separated and the
aquesus 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 dibenzoyl methane
was transferred into a 250 ml beaker while hot. The
crude dibenzoyl methane was sslidified on cooling and
was purified by recrystallization from methanosl, yield

13.0 g (60%), mp 72=730C (reported mp 730)59; IR (Nujol):

1

1600 cm (}a=g)s MMR (CCl,): 6.70 (s, 1H )s
=0’¢ . :

vinylic, enol f£rom

T430=7.45 (m, 6Harom); 7e80=7.95 (m, 4Har3m)'
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Preparation of 3,3-bis(methylthio)=2Z=benzoyl=l=phenyl~2-

propen-l-one (2§)6O:

To> a solution of dibenzoyl methane (75)
(2424 g, 0.01 mol) in dimethvl sulfoxide (10 ml), a
solution of KOH (l.2 g, 0.02 mol) in water (2 ml) and
carbon disulfide (2.4 g, 0.03 mol) was added dropwise
aver a period of 2 hr with stirring and cooling. After
further stirring for 4 hr, dimethyl sulfate (2.6 g.
0.02 mol) was added dropwise with ice cooling and it
was further stirred at room temperature for 2hre. The
reaction mixture was then poured over 200 ml of ice
cold water, extracted with chloroform, dried (Na2804)
and concentrated to give crude 74, which was purified
by column chromatography over silica gel using ethyl
acetate:hexane (1l:4) as eluente The product optained
as a yellow crystals, mp 67-68" {(reported 68—69°C)6&;
Y (Yoot

NMR (CCl,): 210 s, 6H, (SCH,), : 7.20=7.50 (m, 6H__

yield 0s6 g (25%), IR (Nujol): 1650, 1660 cm
™
)s

om

7 «80=T7.95 (m, 4Ha Dm); M+ 328; (Found: C, 65.47:

r
H, 4.43; Calc, for C18H160252 (328): Cc, 65.85; H, 4.88%).
& ~Benzylacetophenone (63) was prepared by slight

2

modification of the reported procedure6 by hydrogenation
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of benzalacetophenone over Raney Ni instead of Platinum
catalyst. Thus 20.8 Q*(O.l mol) of benzalacetophenone
was dissolved in 150 ml of hot ethanol and was
hydrogenated in parr hyérogehnation apparatus over Rangy
Ni (~15 g) at 50 psi for 0.5 hr. The catalyst was
filtered and the sclvent was evaporated to yield 19.0 g
(90%) of 63 as white shining plates, mp 68=69° (reported

mp 75-719C)62.

ol-Benzyl-p~-methylacetophenone was similarly prepared

by hydrogenation of 22.2 g of benzal~p-meéthylacetophenones
The product was obtained as white shinning plates:; yield

18,0 g (80%), mp 50-52°¢ (reparted mp 50«5130)63.

Attempted isomerisation 2f 3,3=-bismethylthio=2~methyl=1-=

aryl-2-propen=1l=one (1l2a) with ethanolic sodium ethoxide:

To a solution of sodium ehoxide (prepared by
dissolving sodium, 0402 atoam, in 30 ml 2f absoslute algohol),
the keten s,S=acetal 12a (2.38 g, 0,01 mol) was added
and the salgtian was stirred at room temperature for
10 hr. The sﬁlvent was distilled off and the residue’
wass 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.

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 neo identifiable compound could

be isolated.

Base catalysed rearrangement of 3,3~bis(alkylthio)=2-

methyl-l-aryl-2~propen~l-ones (l1l2a-f) to 2-alkylthio

methyl=3-alkylthiosacrylophenones (3la-f); 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 50-60°.. The reaction mixture was
further stirred at 50-60" for 2.5 to 3.5 hr. It was
then poured over crushed ice (100 g), neutralised with
dilute acetic acid, extriacted with chloroform (3 x 30 ml)
and the combined extract was washed with water

(4 x 100 ml), dried (Na 804) and evaporated 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 l12a-f and further
elution with hexane:ethylacetate (4:1) mixture yielded
pure rearranged products 3la=f. The physical and
spectral data of 3la~f are giQen below, while their

spectral data are described in table.

3=-Methylthio=2-methylthiomethyl=l=~phenyl-2-

propen=1=one (3la) was obtained as yellow viscous oil,

(TLC single spot), yield 0.83 g (35%) (55% on the basis
for recovered starting material): M+ 238; (round: C, 60,15;

H, 5.39; Ca;g. for C12H14082 (238): C, 60.50; H, 5.88%).

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

propen-l-one (31lb) 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; Calce. for C14H18052 (266): C, 63,16;
H, 6.77%).

3-Methylthio=2-methylthiomethyl=1=

( p=methoxyphenyl )=2=propen~l-one (31lc) was obtained as

orange solid, mp 57-58° (hexane), vyield 1.3 g (45%)

(70% on the basis of recovered starting material);
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+ - ™ . - . ™ el
M~ 268; (Found: C, 58.63; H, 5.56; C=1lc. for C13H160282

(268): C' 58.21: H, 5c97%)o

3=Ethylthio=2=-ethylthiomethyl-i-(p=methoxyphcnyl)=

2=propen=l-one (31d) was obtained as orange viscous o2il,

(TLC single spot); yield l.2 g (40%) (61% on the basis

of recovered starting material); MT 2963 (Found: C, 60.48;
H, H6.37; calc., for C15H20 252 (296): C, 60.81; H, 6,76%)

3=Methylthio=2=-methylthiomethyl=l={p=methylphenyl)-

2=propen=1l-one (3le) was obtained as red viscous o2il,

(TIC single spot); yield 1.0 g (36%) (60% on the basis

+

of recovered starting material); M 252 (Found: C, 61.,53;

H, 6.71: Calc. for Cj,H, 05, (252): C, 61.90; H, 6.35%).

3=Isopropylthio=2=isopropylthiomethyle=le

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

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

C, 65.67; H, 7.86; Calc. for C._H 0s, (294): C, 65.31;

1672 2
H, 7.48).

In an another experiment when 12a (1.2 g,

0.005 mol) was treated with sa>dium 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 worke-up and purification as descr.bed above
yielded only 120 mg (10%)of 3la (superimposable IR and
NMR) along with intractable polymeric material while

starting material 12a was consumed completely.

In an alternate experiment/when 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
(0-5°) 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 gy
50% suspension) under identical reaction conditions for
& hr, the reaction mixture after work=up and purification
as described abowe yielded 0,25 g (10%) of 3la (super=
imposable IR and NMR). In an another experiment, when
the same reaction under identical conditions was

continued for 15 hr with catalytic 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

0435 g (30%) of 31& (superimposable IR and NMR).

Similarly in an attempt to increase the yield
of 3la, when 12ai (2,38 g, 0.01 mol) was treated under
identical conditions with sodium hydride (0,04 mol) in
dimethylformamide (30 ml) under nitrogen atmosphere,
the reaction mixture after usual work=up and purification
ylelded 0.4 g (35%) of 3la (superimposable IR and NMR)

and there was no increase in the yield of 31a,

Attempted rearrangement of 12a to 3la in benzene:

A solution of 12a (1.2 g, 0.005 mol} in 5 ml
of benzene was added to a stirred suspension o>f soadium
hydride in 20 ml of dry benzene at 80-90" 2nd the
reaction mixture was refluxed with stirring for 10 hr,

The reaction mixture after usual work=up and purification
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yielded the unreacted starting material 12a (superimposable

————

IR and NMR) and no> trace of 3la was formed (TIC).

Rearrangement ofl2a to 3la in tetrahedrofuran:

To> ar stirred suspension of sodium hydride
(002 mol) in 25 ml of dry tetrahydrofuran at 50—600,
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, 12a (superimposable

IR and NMR).

In an another experiment when the same reaction
mixture in tetrahydrofuran was refluxed at 65=70" 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 12a with sodium hydride in the presence of

hydrogquinone:

A mixture »>f hydroguinone (0.1 g, 0.001 mol)
and 12a (1.2 g, 0,005 mol) in 10 ml dry dimethylformamide
was slowly added to a suspension of sodium hydride
(1.5 gs 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 2and 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 mol) 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, vielded 0.43 g (36%)

of 3la (superimposable IR and NMR),

Attempted equilibriation of 3la to 1l2a:s

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 dimethylformamide and the reaction mixture was
stirred at 50-60° for 4 hr. The reaction mixture after
the usual work-up gave a crude residue,from which no
identifeable compound could be isolated and no trace

af 12a was detected (TILC).

Reaction of 3,3=bis(methylthio)=2-methyl=-1=(p=chloro=-

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

To ar well stirred suspension of sodium hydride
(0s04 mdl, 50% suspension) in 20 ml dry dimethylformamide
at 50-603, a solution of 12g (2:73 g, 0.01 mol) in
15 ml of dry dimethylformamide was added slowly with

. 2
stirring and the reaction mixture was stirred at 50~60
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for 5 hr. The reaction mixture after work=up as

described above gave red viscous liquid, which was purified

/
by column chromatography over silica gele¢ Elution with
hexane:ethylacetate (95:5) yielded 0.7 g (25%) of
3,3-bis(methylthio)=-2=methyl-1=(p-methylthiophenyl)-2-
propen=l-one (32) as red viscous liquid; (TIC single spot):
M+ 284 (Found: C, 55,15; H. 5.67; Ccalc. for C13H16OS3 (284):
C, 54.93; H, 5.63%). The spectral data for 32 is

described in text.

rurther elution with ethylacetate:hexane (1:9)
yvielded 0.6 g (22%) »f 3=methylthio=2-methylthiomethyl=1=
quchlarophenyl)m2=prapen—1—3ne (31lg) as red viscous 2il;

4

(TLC single spot); M~ 272.5 (Found: C, 52448; H, 4.93;

Calc. for C12H13C1082 (272.5): C, 52.84; H, 4.77%)« The

spectral data for 3lg is described in table 1.

Subsequent elution with ethylacetate:hexane (1:4)
vielded 0.55 g (20%) of 3=methylthio=2-methylthiomethyl=1-
(p=methylthiophenyl)=2=-propen-l=one (33) as red viscous
liquid (TILC single spot); M' 284 (Found: C, 54.67; H, 5.38;
Calc. for Cq1atl1408, (284): €, 54.93; H, 5.63%). The

spectral data far 33 is described in the text.
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Reaction of 3.3=bisg(benzylthio)=2-methyl=l-phenyl-2=-propen-

l1-one (12h) with sodium hydride; Formation of 2-benzylthio-

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

A solution of 12h (1.95 g, 0.005 mol) in 10 ml
af dry dimethylformamide was added dropwise to a well
stirred suspension of sadium hydride (0,02 mol; 50%
suspension) in 15 ml of dry dimethylformamide at 50~60°
and the reaction mixture was stirred at 50-60> for 6 hr.
The reaction mixture after usual workuup/followed by
chromatographic purificatiosn owr ailica gel column usihg
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 CZ4H2082 (372): ¢, 77.42; H, 5.38%). iThe

spectral data af 36 is described in the text.

Reaction of 12b and 12c¢c with sodium hydride; A fcrossover!

experimeant:

A mixture of 12b (2.66 g, 0.01 mol) and 12c
(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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dimethylformamide 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 owver 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 (CC14) 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%) etc.,
Tﬂé 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 Spat): which
also in its NMR spectrum displayed sigmals due to four
possible products, 3lc, 31d, 59 and 60. 1Its mass spectrum
displayed the following significant peaks: m/e 296 (10,3%),
282 (40.5%), 268 (704). 253 (20%), 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 314, (59 and/or 60) and 3lc,
thus proving the presence of the crossover products

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

Reaction of 31lg¢ 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 507 énd the stirring continued
at this temperature and under nitrogen blanket for further
30 minutes. After the usual work up, the crude product
showed single spot (major) on TILC and it was purified by
passing through silica gel column using ethylacetate;
hexane (1:4) mixture as eluent. The pure orange oil
(TLC single spot) thus obtained was als» a mixture of

four possible products, 31c, 31d, 592 and 60 (NMR and Mass).

l()\gfﬁiq



Reaction of 12b with sodium hydride in the prcsence of

ethylmercaptan (added alkylthic anion):

A mixture of ethylmercaptan (1.2 g; 0,02 mol)
and 12b (2.66 g, 0,01 mol) in 15 ml of dry dimethylformamide
was reacted with sodium hydride identical conditions as
described in the preceding experiment for 2 hr. The
reaction mixture after usual work-up f£ollowed by column
chromatographic purification over silica gel gave 1.2 g
(45%) of 31b (superimposable IR ad NMR) along with 0.8 ¢

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

Attempted rearrangement of 12i to 62:

when 12i (2.52 g, 0.0l mol) was treated with
sodium hydride (0.04 mol, 50% suspension) in dry
dimethylformamide (30 ml) under identical reaction
conditionsfor 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).
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Rearrangement studies on 3,3=bis(methylthio)=2~benzyl=1=

phenyl=-2=-propen=l-one (64); Reaction of g4 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 earlier experiments
yielded 2.7 g (85%) of red viscous liguid. The crude
reaction mixture thus obtained showed5 spots on TIC,
which were scparated by column chromatography aver
silica gel. Elution with hexane:ethylacetate (99:1)
gave first 160 mg (5%) of 64 (superimposable IR, NMR

and mmp)

Purther elution with hexane:ethylacetate (95:5)
gave 1.1 g (35%) of 3~methylthio=2=methylthiomethylchalcone
(65) as red viscous o0il; (TLC single spot): Mt 314 (Found:
C, 68.43; H, 5.47; Calc. for C18H18082 (314): Cc, 68,79;

H, 5.73%). The spectral data for 65 is described in

the text.
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Further clution with ethylacetate:hexane (5:95)
gave 0,5 g (15%) of 2=(¢{-methylthiobenzyl)=3=-methylthio-
acrylophenone (66) as red viscous 2il, (TLC single spot):

+
M° 314 (Found: C, 68.53; H, 5.47, Calc. for C18H18052
(314): C, 68.79; H, 5.,73%). The spectral data for 66

is described in the text.

Subsequent elution with ethylacetate:hexane
(1:9) gave 130 mg (5%) of 3=-methylthiochalcone (68) as
light yellow solid, mp 94-—953 (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).

In an alternate experiment, 6_ (1.6 g; 0.05 mol)
was reacted with sodium hydride (0,015 mol) in dry
dimethylformamide (20 ml) under identical reaction
conditions for 8 hr., The reaction mixture was then

poured over crushed ice, acidified with 20% acetic acid,
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axtracted with chloroform (2 x 50 ml) and washed the
combined extract with water (4 x 50 ml). The organic
layer thus obtained was washed with saturated sodium
bicarbonate snolution (2 X 50 ml) and then with water

(2 x 50 ml). The chlorofocam layer was then dried (Na,SO,).

2
concentrated and purified by column chromatography over
silica gel using ethylacetate:hexane (1l: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 benzoic acid (mmp, supcerimposable

IR and NMR)

Similarly, when 64 (l.6g, 0,05 mol) was treated
with sodium hydride (0,015 mol) in dry dimethylformamide
under identical reaction conditianﬁand under nitrogen
atmosphere for 3 hr, the reaction mixture after usual
work=up f£ollowed by chromatographic purification yielded

0.8 g (51%) of 65 (superimposable IR and NMR) and 045 g
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(32%) of 66 (superimposable IR and NMR) on elution with

hexane.

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

A solution of 65 (1.6 g, 0.005 mol) and hydrazin~
hydrate (0.5 ml) in ethanol (15 ml) was refluxed for 60 hr,
cooling of the reaction mixture yielded white solid ,which

was recrystallized from ethanol. vield of the Fyrazole 69
1

was 0.8 g (57%);mp 171=-173"; IR (Nujol): 3200 cm Yy’
NMR (CDC1,): 1.65 (s, 3H, CH,SCH,); 3.35 (s. 2H, CH,SCH,) s
6.70=7.50 (m, 1OH Y: MT 280; (Found: C, 72.47; H, 54345

arom

N, 10,23; Calc., for C N,.S (280): C, 72.86; H, 5.,71;

176N
N, 10.00%).

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

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

A solution of 74 (1,64g, 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 major product. The
reaction mixture was poured over crushed ice, acidified
with 20% acetic acid, extracted with chloroform (3 x 30 ml)
and washed the combined extract with water (4x 50 ml).

The organic layer thusttained 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

(Na 804), concentrated and purified by column chromato-

2
graphy over silica gel using ethylacetate:hexane (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 solid suspension,
which was extracted with ether. Evaporation of the ether
gave 0,25 g (40%) of white solid, mp 120-1217, which was
identified as benzoic acid. (mmp, superimposable IR, NMR

and Mass).

Reaction of 3,3=bis(methylthin)=-2-benzyl-l-(p-methylphenyl)-

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

A sdlution of 76 (l.64 g, 0.005 mdl) in dry

dimethylformamide was treated with sodium hydride (0,15 mol)
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for 9 hr under identical conditions as described for 64.
The organic extract obtained, after usual work=up as
described in the preceding experiments, was washed with
saturated sodium bicarbonate solution (2 x 50 ml). The
bicarbonate extract, after acidification with dilute
hydrochloric acid, gave a white solid suspension, which
was extracted with ether (3 x 25 ml). Evaporation of the
ether gave 0.3 g of white s0lid, which was confirmed as
a mixture of benzoic acid and‘g-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 122.4°%C)
and the remaining part of it melted at 176-178" {pure

Q—taluic acid melts at 179=18OD).

The organic layer, after bicarbonate washing,

was washed with water (1 x 50 ml), dried (Na 804) and

2
concentrated to give crude product, which, after purifi-
cation by column chromatography over silica gel using
cthylacetate:hexane (1:4) mixture as eluent, gave 0.8 g of
vellow s0lid, The s2lid thus osbtained was identified as a
mixture of 3,3=bis(methylthis)-l=phenyl-2=-propen-=l-one (6&7)
and 3,3-bis(methylthio)=1l=(p-methylphcnyl)=2=propen=-l-one

(78) (NMR and Mass). Thus, a part of it melted at 89-90"
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(reported mp of pure 67 is 933)45 and the remaining part
. 2,45
of it melted at 99-101° (reported mp of pure 78 is 104=5 )

(The Rg values of 67 and 78 are almost same).

c—— P

Rearrangement studies on 2- bis(methylthio)methylene -

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

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 worke=up yielded red viscous
ligquid, 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°, TIts

analytical and spectral data are described in the text.

In an alternate experiment, when 82 (l.2 g,
0,005 mol) was reacted with sodium hydride (0.02 mol)
under identical reaction conditions but without nitrogen
atmosphere for 1.5 hr, the reaction mixture after work-up
as described aove yielded a black tar, from which no

identifiable sample could be isnlated,
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Rearrangement studies on 2= bis{methylthio)methylene -

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

Ty -a- stirred suspension of sodium hydride
(0,04 mol) in 20 ml dry dimethylformamide at 50-:603‘r
a solution;of 91 (2.5g, 0.0l mdl) 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
dg described in thq%bove experiments gave bright yellow
viscous liquid which was purified by column chromatograpvhy
over silicagel. Elution with hexane gave 1.2 g (51%) of
ﬁ—ketodithiaester 93 as bright yellow solid; mp 77-78""

(reported melting point of 93 is 78-79")2%, 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 carbofxylthioate (94) as light
vellow prisms, mp 63-64°c; MY 220 (Found: C, 65.73; H, 5.76-

N
calc. for Cq,Hy 50,8 (220): C, 65.45; H, 5.45%)., The

2
spectral data of 94 is described in the text.

™

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

15 ml dry dimethylformamide under nitrogen atmosphere and
A
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under identical reaction conditions for 30 hr, the reactien
mixture after usual work—up/fallawed 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).

Reaction of [ﬁ-ketodithioester 93 with sodium hydride:

A sdlution of 93 (0,47 g, 0.002 mol) in 5 ml
dry dimethylformamide was added to asuspension of sodium
hydride (0,01 mol) in 10 ml of dry dimcethylformamide at
50~60" and the reaction mixture was stirred at 50=60"
for 25 hr. The reaction mixture after usual work=up
followed by purification yiel%{i%e unchanged 93 (mmp
superimposable TR and NMR) and the formati-zn of 94 was

not observed.,

Reaction of 3,3=(bismethylthio)=l-phenyl=2=propcn=l=2ne(97)

with sodium hydride:

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

usual followed by purification by column 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

hzdride:

(2) In dimethylformamide:

A solution of 107 (2.68 g, 0.0l 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 f£ollowed by purification by recrystallization
from ethylacetate:hexane (1:9) yielded 1.6 g (60%) of 110
as light yellow needles; mp 109°; M’ 268 (Found: C, 53.57:
H, 4‘.27; Cale. for C,,H,,S5.0 (268): C, 53.73; H, 4.48%).
The spectral data of 110, which is in conformity with the
assigned structure is described in table.

{(b) In benzene:

when 107 (1.34 g, 0.005 mol) was stirred

similarly with sodium hydride (0401 mol) in sonlvent benzens
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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 was not observed.

However, when the same reaction was carried out
in refluxing benzene for 5 hr, the reaction mixture after
usual work-=up followed by purification by recrystallization
vielded 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 describedl° The mechanism governing the
formation of 1 has also been discussed. It 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 o>f 2a was confirmed by
its analytical and spectral data. Thus 2a exhibited in its

mass spectrum molecular ion peak at MT 204 (CllH S)e Its

12N

IR(neat) spectrum showed absorption band at 3165 <:m=’1 due

to NH stretching frequency. The final structural proof

*S. Apparao, A. Rahman, H. Ila and H. Junjappa,
Synthesis, 90668 (1982).
F9eL
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for 2a was derived from its 1HmN.M.R (CDC13) spectrum,

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

3
while the signal at 553.53 (s, 2H) was assigned to the
methylene protons. The multiplet at 57.20=7.60 (6H)

was accounting for five aromatic protons and H=5 of
pyrazole ring. A broad signal appeared atSll.BO was
assigned to the NH proton, which disappeared on DZO
exchange., The pyrazoles 2b-f (Scheme 1) were similarly
obtained in 70=90% ower all yields. The physical and
spectral data for 2b-=f are described in tables 4 and i,
respectively. It is interesting to note that the
formation of pyrazole 2 was not observed when the keten
dithioacetal 3 (Scheme 2) was reacted with hydrazine in
refluxing ethanolic sodium ethoxide, while the similar
reactions with guanidine and cyanoacetamide yielded the
corresponding pyrimidines (_ég)2 and pyridones (5)3
respectively., (Scheme 2). Similarlx}when 1 reacted
with guanidine in the presence of sodium ethoxide in
refluxing ethanol, pyrimidine 4a was obtained in 70%
vield. The 4a thus obtained was identical (m.m.,p, IR,

1H=-NMR) with the compound obtained directly from 3 and

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

75% yield respectively. Apparently, the 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 exhibited molecular ion peak at
MT421 (c. . H..N OSZ)' Its IR (Nujol) spectrum displayed

237233
a band at 1640 cm_l, which is also the region for NH,,
deformation. Short and Thampsan4 and Brown et al5 have
assigned this band to H=N-H internal deformation on the
basis of their deuteration experiments. However, this
band is known to shift in chloroform to a lower value of
1600 cmnl, In the present case, when the spectra was
recorded in chloroform, it was observed in the same
position i.e. at 1640 om™ Y. Therefore the 1640 om™t
band is assighed to the carbonyl function. This
observation proves that side chain is attached to the

2=-amino group of the pyrimidine (£), Further proof for

the structure 6a was confirmed by its NMR spectrum (Figurc).
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It showed two singlets at é 2,00 (3H) and 532.15 (3H)

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

3
and %53.73 (2H) were assigned to protons on twd methylene
groups. The aromatic protons appeared as broad multiplet
between 5,7.30—7.65 accountina for ten protons. The
vinyl praoton on the exocyclic chain and NH proton
appeared together as broad sinélet at %58:30 and after

D,0 shaking the sarp singlet was integrated for only

2
ohe proton. The law field singlet at 5,8.43 was assigned

t2 H=6 on pyrimidine ring.

The possibility of bicyclic alecohol structure
(a) or the dipolar structure (B) for 6a were ruled out
on the basis of spectral data. Its 1H=N.M.R spectrum
showed n® sicgnal due to OH proton, which rules out the
structure A, The dipolar structure B was ruled out on
the basis of its IR band at 1640 cmﬂl, which is assigned
to the carbonyl function. The furthcr structural proof
2f 6a was derived from its independent preparation from
1 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 rcacted in the
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presence of NaH and dimethylformammide, were not

successful. The other pyrimidines, 6b-e¢ were similarly
obtained in 56=65% over all yields (Scheme 3); 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 ethanosl yvielded the corresponding enamino-

ketone 7a in 80% yield. The enaminoketones 7hed were
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similarly obtained from the respective amines in 75-80%
overall yields (Scheme 4). The spectral and analytical
data: for 7a-d, which are in agreement with the assigned
structures, are described in tables 3 and @ respectively.
However, 1 failed to react with aromatic amines under

similar reaction condition%sr at higher temperature.
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EXPERIMENTAL

Melting points were determined on 'Boetius’
apparatusand are uncorrected. The IR spectra were
recorded on "Perkin=Elmer 297" spectrophotometer., The
NMR spectra were recorded on varian EM-390 spectrometer
using TMS as an internal standard and the chemical

shift values are expressed in}g(ppm),

The starting materials

The 3=alkylthio-2=alkvlthiomethylacryvlophenones
(la=f) were prepared by the general method: as described
in the preceding chapter (I) by the reaction of appropriate
keten S-S=acetals with sodium hydride in dry dimethyl-

formamide,

3=Aryl-4-alkylthiomethylpyrazoles Za-f; General Procedure:

A solution of 1 (0,005 mol) and hydrazine

hydrate (0,5 ml) in ethanel (15 ml) was refluxed for
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1=2 hr. Removal of solvent under reduced pressure gave
the crude pyrazoles 2a-f, which were further purified by
column chromatography over neutral alumina using benzerc
as eluent. The physical, analytical and spectral data

are described in Table 4 and 1 respectively.

Reaction of l with Guanidine:

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

To a solutizn of sodium ethoxide [prepared by
dissolving sodium, (0,01 atom) in 20 ml of absolute alcohdg
guinidine nitrate (0.6 g, 0,005 mol) was added and the
reaction mixture was stirred for 10=15 min. The compounds
1l (0.005 mol) was then added and the reaction mixture
was refluxed for 5=6 hr. The solvent was removed under
reduced pressure and the residue was quenched aower crushed
ice (20 g). It was extracted with chloroform (3 x 20 ml),
thgbambined extract was washed with water(l x 50 ml), dricd,
and evaporated to 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. De
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Method B, in sodium hydride/dimethylformamide/benzene;

General Procedure:

To a stirred suspension of guanidine nitrate
(0.6 g, 0,005 mol) and s>dium hydride (1.5 g, 0.03 mdl),
50% suspension) in dimethylformamide (15 ml) and benzene
(10 ml), compound 1 (0.005 mol) dissolved in benzene (5 ml)
was added a1d the temperature was raised with stirring to
80~85°C, The reaction mixture was further stirred at
80-85"¢ 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 aqueous
layer was further extracted with chloraform (2 x 50 ml)
and the cambined organic layer was washed with water
(5 x 50 ml), dried with sodium sulphate, and evaporated
o give crude 6a=-e, which were further purified by column
chromatography over silica gel using hexane:ethyl acetate
(7:3) ass eluent. The physical, analytical and speciral

data are described in tables 5§ and 2, rcspectively.

Reaction of 4a with ig:

To a well stirred suspension of sodium hydridc

(0401 mol, 50% suspension) in 10 ml dry dimethylformamide;
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a mixture of la (0.43 g, 0.002 mol) and 4a (0.46 g,
0.002 mol) in 10 ml dry dimethylformamide was added
dropwise with stirring at 80-85° and the reaction
mixture was stirred at 80-85° for 3 hr. Work=up 2f the
reaction mixture followed by column chromatographic
purification as described in the. above experiment gave

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

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

7a=d; General Procedure:

A solution of 1 (0,005 mol) and the respective
amine (0.0l mol) iniethanosl (15 ml) was refluxed for
6=7 hr (2 hr in case of methylamine), Remaval of solvent
under reduced pressure gave the erude enaminoketones
7a=3d, which were further purified by column chromatography
aver 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.
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CHAPTER ITIT
A NEW GENERAL SYNTHESIS OF 1=SUBSTITUTED

2=AMINO=4~AROYL=3=METHYLTHIOPYRROLES
USING=A ~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 swuitably substituted pyridine ring,., The
required 2-amino=4-cyanopyrrole was prepared by reacting
the succinonitrile (1) with ethylformate 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 yield the corresponding 2-aminopyrrole §1'2, which
was treated with 1,3=diketones to give 7=azaindoles 52,
(Scheme 1), The method suffers from the limitations

impased on the choice of structural variation in the

-~

*S. Apparads, He. Ila and H. Junjappa, Synthesis, 65 (1981)
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preparation of the enamines 2. The other meth3d53 for the
preparation of 2 and 3-aminopyrroles involve either
functional group transformations on pyrrole ring or the
total ring synthesis from 2-carbon units. However, the
aminopyrroles obtained by these methadsﬁre 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. In continuation of the synthetic programme
ong¢l~ketoketen dithiaacetals4, it was considered to
prepare suitably functionalised & _~ketoketen 8,S-acetals,
which can serve as useful intermediates for the synthesis
of 2~aminopyrroles, Thus the keten S,S=acetal lgg was
considered suitable for such synthetic approach. The
keten dithioacetals 10 were nﬁt reported earlier and
their preparation was accomplisted by suitably modifying
ohe of the methods reported5 from this laboratory. The

required ﬁgubenzayl propionitriles. Ya-c were prepared
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by two al ternative methods, employing reported procedure86'7a

In one of the methods, benzaldehyde (5) was treated with
potassium cyanide in the preseﬁce of dimethylformamide,
followed by gradual addition of acrylonitrile (§)6. After
work-up of the reaction mixture, the ﬁ)ébenzoyl—prapiaw’
nitrile (7a) was obtained in 50% yield6 (scheme 2).
Alternatively 7a was also prepared7 by subjecting
acetophenone (8) to rmannich reaction to give the
ﬁ5-dimethylamina propiophenone hydrochloride (9a) 'in

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

of 7a and carbon disulfide were stirred with cooling in
the presence of sadium tgr—butaxide £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 103 was confirmed by its
analytical and spectral data. Its mass spectrum slowed

molecular ion peak at 263 (c13H NOSZ); It showed the

13
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characteristic nitrile band in its IR (Nujol) spectrum
at 2240 cm™Y. The carbonyl band appeared at 1648 et
Its 1H«N.M.R. (CDC13) spectrum displayed two singlets

at 5 2.05 (3H) and 552.40 (3H) for two SCH, group protons.

3
The methylene protons appeared as singlet at 8 3.78 (2H).
The broad multiplet at £~7.40—7.9O was assigned to the
five aromatic protons. The ketoketen dithioacetals, 10b
and 10c were als» similarly prepared and their physical,
analytical and spectral data, which are in conformity

with the assigned structures, are described in experimental

section,. -

The ketoketen dithioacetal 10a, when reacted with
methylamine in refluxing ethanol, after work=up and
chromatographic separation the'corresponding l-methyl=2-
amino=4=benzoyl=5-methylthiopyrrole (12a) was obtained.
However, it was found, that aminopyrrole, 12a was unstable
resulting in tarry mass., It was therefore isolated ard
characterized as its monobenzoyl derivative 13a (Scheme 3).
The structuredf 13a was confirmed by its analytical and
spectral data. 1Its mass spectrum exhibited molecular ion
peak at M" 350 and was analysed £fx C,.H, . N,O S. It

20718272 .
exhibited in its IR (Nujol) spectrum, a band at 3330 cm
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Table

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

fo!
R
|y
P
Mes< Ny ™~ NCOC H
1 H 5
R
1
Compound R R
13a C6H5 CH3
13b C6H5 C2H5
13c CeHe CeH-CH,
13d 27C1C6H4 CH3
13e ErClC6H4 C2H5
13f pP-ClC.H 4 CgHCH,
13¢ p-MeOC H, CH,
13h R-MeOC H, a,He
131 p-MeCC H, C H:CH,

6
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for NH stretching vibration .and the carbonyl stretching
band appeared at 1673 cm~'. The band appeared at 1632 o™
was assigned to the amide carbonyl function. The clear
absence of a band around 1660 cmfl, charactcristic H-~-N=H
out of plane deformation mode, is indicative of the
N-benzoylation of the amino group. Its structure was
further confirmed by its ;H—N.M.R (TFA) Spectrum:, Thus

the singlet at%%,z.os'(BH) was assigned to the SCH,
protons., The singlet at 5 3.40 (3H) was assigned to the
N--CH3 protons. The H~3 proton of the pyrrole ring

appeared as singlet at 5 7.12 (1H). The aromatic protons
appeared as multiplet between E;7.20-7.70, accounting

for ten protons. The pyrroles 12b~i were similarly
prepared and characterised as their mono-=benzoyl derivatives
(i3b=i). The analytical and spectral data of 13b-i, .

which are in agreement with the assigned structures are

described in tables Zand 1 respectively.
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EXPERIMFNTAL

M.P's were determined on 'Bosetius' 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 internal standard and the chemical shift values

are expressed in‘%(ppm).

The starting materials:

The commcercial samples of acetophenone,
P=chloroacetophenone, p=methoxylacetophenone, carbon
disulfide, benzylamine, bcnzoyl chloride were purified

before use.

The 4~aryl-4=-oxobutanenitriles, 7a=c were
prepared by the f£ollowing two reported methsds6’7.
Method A6: A solution of acrylonitrile (7.0 g, 0,13 mol)

in 25 ml of dry dimethylformamide was added with stirring

into 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—3530. The reaction mixture was
stirred for ﬁpr at 35oc, it was then poured in to

water, extracted with chloroform (2 % 50 ml), and the
combined extract was washed with water (1 x 50 ml), dried
(Na2504) and concentrated to give red viscous liquid,
which was purified by wvacuum distillatiﬁn._ The 4-phenyl—4-
oxobutanenitrile (zé), was obtained (8{0 g; 50%) as

colour less blades, mp 75=76° (Reported mp 76207

from benzene-petroleum ether.

Method B7; From Mannich base: E’-dimethylaminopropiophenone
hydrochloride (23)? (21.4“5, 0.1 mol) and potassium
cyanide (13.0 g, 0.2 mol) were dissolved in 250 ml of

hot water and the mixture was refluxed for 30 minutes.

on cooling in ice, the 4—phenyl—4eonbutapenitrile (7a)

was obtained as colour less plates, yield 12;7 g (80%),

9.6,7

mp 75=76° (reported mp 767) ¢, from benzene=light

petroleum.

The other two nitriles: 4mgwchloropheﬁyl=4=
sxobutanenitrile (7b), mp 71=72° (reported mp 72.5%)7
and 4-p-methoxyphenyl=4=oxobutanenitrile (Zg): mp 94-95°
(reported mp 953)7 were prepared following the method B

in 75% and 85% yields respectively.
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‘e

The unknown keten S,S-acetals (10a-~¢) were

: . 5
prepared according to the general method given below .

General method- £or the preparation o5f keten S;S-acetals

(10a~c)j

A mixture of 4=-aryl-4-oxobutanenitrile 7 (0,1 mol)
and carbon disulfide (6 ml, 0.1 mol) is added to,a well
stirred and cooled suspension of sodium t=butoxide
(19.2 g; 0.2 mol) in dry benzene (150 mi) and dry
dimethylformanide (10 ml). After stirring of the
reaction mixture at 5-10°C for 5°hr, methyl iodide
i14.5 ml, 0,22 mol) is gradual 1y added wiéh external
cooling. The reaction mixture is stirred at room
temperature for S'hr, left overnight, and again stirred
at 30-353C for 3 hr. The reaction mixture was poured on
crusheﬁ&ce and the benzene layer was separated. The
aqueonus portion was extracted with benzene and the
combined extract was washed with water, dried (Na2804)
and concentrated to give the crude lggag, which WeYe
purified by column chromatography over silica gel
using benéene:hexane (25:75) ais eluent. The physical.

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

4=phenyld3~(bis(methylthio)methylenq;}4m

Dxabutanenitrilegigé) was obtained as colourless plates

-

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

(Found: C, 58492; Hy 4.71; N, 5027 Calc, for C 4 4Hq 4NOS,
(26344): C, 59427; H, 4.,97; N, 5.32%) The spectral data

for 10a is described in the texXty

4ap—chlor3phenyl—3{bis(methylthio)methylenetF4m

oxobutanenitrile (10b) yag obtained as light yellow plates

from chloroform, 12.5 g (41%), mp 111=112D: IR (Nujol):
2250 ())CN): 1650 (D ,4) et THeN.MLR. (cDcly): 2402

(s, 3H, SCHy): 2432 (s, 3H, SCH,): 3.69 (s, 2H, CH,)’

7.36 (d, 24 Y: 7.75 (4, 2H y; MY 297; (Found:

arom axrom

c, 52.11; H, 3.88; N, 4,92: calc. for C13H12CINOS2

(297.8): C, 52,437 H; 4,063 N, 4.70%).

4-pamethyoxyphepylu3~fbis(methylthio)methylene7—

4-oxobutanenitrile (10c) yas osbtained as light yellow

plates from ethanol, 14 g (48%), mp 98*9907 IR (Nujol):

2243 (), )5 1645 (D ) enls LgenaMaR. (cDC1,): 2420

(s, 3H, sc§3); 2.48 (s, 3H, sch); 3.84 (s, 2H, cgz);
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); 8.00 (4, 2H );:

3496 (s, 3H, OCH,): 7.10 (d, 2H_ arom

Mt 293; (Found: C, 57.93; H, 5.53; N, 4.98; calc. for

C14H15N0282 (29343): C, 574317 H, 54157 N, 4.77%).

General Procedure for the preparation of l-substituted

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

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

(13a-1)

A solution o>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 12a-i 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 coosling. After stirring f£or 2 hr at room temperature
the mixture was poured over crushed ice (200 g)e. The
benzene layer was separated, the agqueous layer further
extracted with benzene (2 x 100 ml), and the combined
organic layer was dried with sodium sulphate. Evaporation
of the benzene gave the crude 13a-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 eluent., The compounds
13a~i-were prepared by this procedure and their physical,
analytical and spectral data are given in tables 2 and 1l

respaectively. .
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PART B

CHAPTER IV

a: REACTION OF AROMATIC AMINES WITH
o{ <-CHLOROACRYLONITRILE: A CONVENIENT
TWO=STEP SYNTHESIS OF N=-ARYL=2-
CYANOAZIRIDINES USING A PHASE=TRANSFER
CATALYST*

b: REACTION OF l=ARYL=2-~CYANOAZIRIDINES

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

Aziridines are a class of compounds having three
membered ring containing two carbon atoms and one nitrogen
atom. The unsubstituted aziridine (1) is generally refered
to, in chemical Abstracts, as ethylenhimine, where as its
all derivatives are indexed as aziridines as described in

ring index systeml.

|

7
= o=

* 5. Apparao, A. Kumar, H. Ila and H. Junjappa, Synthesis,
623 (1981),
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Aziridines have drawn considerable attention
becaﬁse 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, the&é 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 o2f the widely used methods
involves the intramolecular nucleophiliec displacement
by amino group to give aziridine ring systems via trans
ring closuré% Therefore, the « =halo=/A=amino substituted
alkanes form useful starting campound§for 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 3 suitable procedure for the synthesis of these

compounds revealed that only four methods are described,
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In the first method, the reaction of amincs with either
2,3~dibrom3propaé§itrile (}_)4 (scheme 1) or with 2=bromo=2-
propenenitrile (_g)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 (E)S. Oon the otherhand, the 2<=bromi=2-
propenenitrile (4) is reported to be unstable, undergoing
polymerisation on standing6, requiring its preparation in
small quantities for each experiment. The other method
used for the sythesis of only Nephenyl=2=cyano=aziridine
(8) (Seheme 3) was due to Szeimieshnd Huisgen7, who reacted
phenyl azide (5) with acrylonitrile (6) to give the
corresponding triazoline (Z) involving 1,3=dipolar
eycloaddition. The triazoline (7) on subsequent pyrolysis
in toluene gave the desired aziridine 8 in 84% yield.
Although this metho>d is reported to give excellent yields,
the preparation of substituted azides will remain as the
,iimiting factor due to the difficulties involved during
their preparation. The method developed by Rodanti and

Brulant38 involves the reaction of diazoacetonitrile (10)
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(Sscheme 4) as dipolar species with benzalanilines 9 to

vield the corresponding triazolines 11, which on subsequcnt
pyrolysis loses nitroagen to give the 2=cyano=3=substitutcd-
l=aryl aziridines 12, The method has been used to prepare
only 2-cyano=1l,3=disubstituted aziridines and found to be
not suitable for the synthesis of the correspznding 2-cyand=
3=unsubstituted aziridines. Similarly, the other method9
involves the reaction of haloacetonitriles 14 (Scheme 5)
with benzalanilines 13 in the prescnce of abase in anhydrous
conditions is known to give learvl=2=cyanos=3=substituted
aziridines in good yields., However, the method suffers

due to thégack of flexibility to synthesise the
corresponding 3-unsubstituted 2-eyanoaziridines. Aas a
result there is a lack of general method for the synthesis
of 2-cyano=3-unsubstituted aziridines. These aziridines
were of particular interest as they are excellent substrates
f£or th éynthesis of o{_=aminonitrile compounds by reacting
them with various organie nucleophiles, It was therefore
contemplated to undertake preliminary stucdies to develop

the synthesis of 2-eyano=-3-unsubstituted aziridinc

derivatives. The results of present investigation on thec



177

b qoz  1OH:HH mux_w_ g ND
VA -2 < CHN MH93 -+
HNQJ ,\. u HOM NJ1DHI CHD V

JIWSG5S

61
:.I mu 8l . 71 gl

10

FENEUES
n8%od ‘NI=X
_ “H9 10-W Yd=Y N H=Y
Gl |
.._nw_ SUOI}IPUOD
snoJpAyue T =1
N AdINS 7t ‘!
X ¥ < 3ni/esel X4 HI 1D + Ud—N=HI—N



178

synthesis of these compounds and their reactiosn with indeole

are described in this chapter.

Although the preparation of these compounds ware
initially attempted by reacting aromatic amines with labile
X =bromoacrylonitrile (4) (Scheme 2) the yields of 2=cyino-
N-aryl aziridines were not satisfac£3ry primarily due to
rapid polymerisation of 4 during its preparation and
subsequent reactions. Thus, the « =-chloroacrylonitrile (lg),
which is commercially available in quantities at low-price,
was considered for its reaction with amines,with a view
to developing ?general.method for the synthesis 2f 2«=cyano=3-

unsubstituted aziridines.,

The reaction of o(=chloroacrylonitrile (16)
with aramatic%ﬁﬁ&Mﬁhave not been reported in the literature,
The only reference10 involving the reaction of 16 with
cyclohexylamine (17) (Scheme 6) is reported to have yielded
the aziriding{gg poor yvield along with several mixtures,
Thus, when an iline 20a was reacted with 16 in

ethanosl, or benzene, the Michael adduct 2la was obtained

only in poor yield (40%). The yield was not al tered,
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even in the presence of triethylamine in the rcaction
mixture. 1In an alternate experiment, when aniline 20a

and 16 (Seheme 7) were refluxcd in acetic acid for 6 hr,
the adduct 21a was obtained in slightly improved yields
(55%). The best yield of 2la (BO%) was accomplished by
reacting 20a (seheme 7) with 16 in the presence of copper
(IT)acetate at 100-110"¢c. These reaction conditions were
found to be optimum and they were employed further to
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
spectral data, which are described in tables 4 and 1
respectively. The adduct 2la was then subjectcd to
cyclization under varying conditions to give the corresponding
l-phenyl=2=cyanoaziridine (22a). Thus, when 2la was
treated with triethylamine in refluxing benzene, the
corresponding aziridine 22a was not formed and the
unreacted 2la 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 o2il
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identical with that reparteds’7 (supcrimposable IR and NMR).
However, when 2la (Scheme 7) was subjccted to cvclization
in the presence >f phase transfer catalyst, becnzyl-
triethylammonium chloride and 50% agquceous sodium hydroxide
solution with dichloromethane as the organic phase, the
reaction mixture after workeup, gave the corresponding
aziridine 22a in 83% yield. Similarly the 2lb=f were
cyclized using phase transfer catalyst to yiecld the
gorresponding N=aryl-2nc§an3—aziridines 22b=£f in 73=93%
overall yields. The structures of unknown compounds 22b-e

were confirmed on the basis of their analytical and speetral

data, which are described 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

isolable by column chromatography werc obtained,

When the 2=aminaZfphenol (23) similarly recacted
with 16 in refluxing ethanol, the open chain adduct 24

was obtained in 70% vield (scheme 8), The structure of
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the open chaln compound 24 was confirmed by its spectral

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

peak at MY 160 and was analysed for CgHgl,0. Tts IR (Nujol)

/
spectrum showed a band at 3400 cm 1 was assigned to
NH stretching £fredquency. The characteristic 2240 cm-l

band was assigned to Q group.™ Its final structure

C=N
was confirmed by its lH—=-NMR(CDC13) spectrum, Thus, the
signal at & 3.40 (4, 2H) was assigned to methylene
protons adjacent to nitrogen. A signa at & 3,80 (br s)
accounting for one proton, exchanged with deutékium oxide
was assigned to the NH proton, The triplet at 54,88
accounting for one proton was assigned to the methine
proton. The signal at 556;75 (4H) was due to four

aromatic protons, thus providing evidence f£or thec

formation of the compound 25.
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b: REACTION OF 1=ARVYL=2=CYANOAZIRIDINES WITH INDOLE :
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A GENERAL. APPROACH FOR THE SYNTHESIS OF N=ARYL TRYPTOPHANS

The most general methsds described for the
synthesis of tryptophan aind its derivatives involve the

t. 12 or the Fisher type cyclizati:)n13

gramine derivative1
of a ketone or aldehyde carrying the desired amino and
carbonyl functions in the chain. There are several
miscellanesus 31poroaches 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 &« -amino group. Although aziridinium
fluoroborate is reportedlS 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 N=substituted tryotophans,
Therefore it is interesting that the 2=cyanoaziridine and
2=cyano=N=substituted aziridines should react with indole
under similar reaction conditions to vyield the corresponding
tryptophans. It was therefore considered to react the

indole with N-aryl-2=cyanoaziridines with a vicw to
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developing a new general mcthod f£or the swmthesis of
A =aminonitrile compounds (27), which are precurssors for

the synthesis of hitherto unreported N-aryltryptophans-

Thus when indoale (gg) was reacted with l-phenyl-2-
cyanoaziridine (22a), in presence of borontrifluoride-
etherate, after work-up and chromatogranhic purification,
corresponding K~-anilino= B-indolyl propancnitrile 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 analysed for
c17H15N3 (261). In its IR (Nujol) spectrum, it exhibited
a broad band at 3410 cmal, which was assigned to the
streteching frequencies of indole NH and aryl NHe The
characteristic nitrile band appeared at 2240 cmul. The
final structure of 27a was confirmed by its NMR (CDClB)
spectrum. A signal at 5 3.54 (d, 2H) was assigned to the
methylene protons. The signal at S 3.85 (m, 1H) which
was assigned to anilino NH exchanged with deuterium oxide.
The triplet at § 4.20 (1H) was assigned to5 the methine
proton. The broad multiplet between $6.40=7.60 (m, 1OH)

was assigned to nine aromatic protons and one 2-H indolec



186

IEIVEIRIS

3-8Q¢

zmou\r\q\z/O

{(HO) g

ﬂﬂ

j /O o.&u £,g

M 9y0sw-d =17 T
{7 934-T=1v'g

‘S 953 =1y ®GZ
TH950oW-T=1 3

‘T 9en-d =1y P

“HHpT=w '3

¥ 4-T=uv g
‘SHS =w TTTT

3-e7¢ 37
v
.

oA+




187

proton. The low ficld broad singlet at & 8,23 (1H) was
assigned to thelindole NH, which w3s exchanged with
deuterium oxide, thus confirming thgstructure >f 27a.
Similarly 26 was reacted with 22b-e under similar reaction
conditions to give the correshonding onarylaminoufB—indolyl
propanenitriles 27b~e in 50-60% overall yields. The
analytical and spectral data for 27bee, which are in
conformity with the assigned structuraes, are deseribed in

tables 6 and 3 rcspectively.

The above arylaminonitriles 27 were subjected
to hydrolysis to yield the corresponding dle(« <Nearyl)
tryptophins. Several hydrolytic conditions were studied
since the hycdrolvsis of these aminonitriles did not give
consistantly the desircd tryptophans. However, when 27a

2hhamolic

was subjected to hydrolysis using aqueousxbarium hydroxide
the corresponding tryptophan 28a (Scheme 9) was obtained
in 50% yield. The structurc of tryptophan 28a thus
obtained was confirmed by its analytical and spectral data,
It was analysed for C,-H._.N.O, (280) and showed IR (KBr)

17716 272
1

peaks at 3400 o™ ( VOH) and 1700 cm - ( Vc0) indicating

, . . . . 17
that it does not exist in zwitterionic form'7. Its further



188

structural proof is obtained from its NMR (CDCl3) spectrum,
Thus, the doublet at & 3.40 (2H) was assigned to two
methylene protons. The signil at & 3.65 (m, 1Ht exchaingeable
with Dzo) was due to aryl NH while the triplet appcared at

S 4,05 (1H) assigned to methinc proton. Nine aromatic
protons and H=2 of indole avpeared together as multiplet
between (5 6,40-~7,60 , The broad singlet appearcd at $58.30
(1H) was assigned to indole NH, Similarly, two more
A~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, anhalytical
and spectral data for 28b-c arc described in the experimental

section,.
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EXPERIMENTAL

Melting polints were determined on a '‘Boetius!
apparatus and are uncorrecteds The IR spectra were
recorded omnr 'Perkin=Elmer 297' spectrophotometer. The
NMR spectra were recorded on varian EM=390 spectrometer
using TMS as an internal standard and the values are

expressed in & (ppm).

The starting materials:

The commercial samples of 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 following reported

16
procedure” .,

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 ethanol was refluxed for 64 hr. The solution
was codoled 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 (20a)

(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 30-40 hr, The solvent was removed under reduced
pressure and the residue was chromatographed over silica
gel column using benzene/hexane (1l:2) as eluent to give
7.2 g (40%) of pure 2la as yellow oil (TIC single spot).
The spectral and analytical data for 2la are described in

tables 1 and 4 respectively.

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

(20a) (9.3 g, 0.1l mdl) and o -chloroacrylonitrile (16)
(10.5 g, 0O.12m0l) was carried out in refluxing benzene for
20 hr, the work=up of the reaction mixture followed by
purification as above 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, O.1%mol) was
carried out in refluxing benzene in the prescnce of
triethylamine (1l0.1 g, 0.1 mol) for 24 hr, the work-up
of the reaction mixture f£ollowed 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 o,

5.1 mol) and 2=chlors-2-propenenitrile (16) (10.5 g, O.Iﬁmol)
in glacial 3acetic acid (30 ml) was refluxed at 120-130°C

for 2=6 hre. 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 d. O.I}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 10C ml), dried (Na2504),
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the solvent was removed under reduced pressure and the
crude product thus obtained was purified by column
chromatoagraphy over silica gel using hexane:benzenc (4:1)
as eluent to give 14.5 g (80%) of 2la (superimposable IR
and NMR). Similarly the compounds 21lb=f were also
prepared following this method in 65=85% over all yield
(Table 4). The spectral and analytical data for 2la=-f

are described in tables 1 and 4 respectively.

Attempted cyclization of 2la to 22a with triethylamine

in benzene:

A mi&ture of 2la (1.8 g, C.01 mol) and triethyl-
amine (2.02 g) in 10 ml Ary benzene was stirred at room
temperature for 48 hr. The solvent was removed and the
reaction mixture was purified by passing through column
on silica 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 sdolution

of 2la (1.8 g, 0.01 mol) in 5 ml of dry benzene was added

to a suspension of so>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 chlorsform
(3 x 15 ml), washed with water (2 x 20 ml), dried (Na2504>
and concentrated to give crude reaction mixture, which

was purified by passing through silica gel column using
benzene:hexane (1:2) as eluent t> give 0.43 g (30%) of

22a red oil identical with that reportedS'7 (superimposable

IR and NMR).

(b) with benzyltriethylammonium chloride: To a solution

of the adduct 2l1a (1.8 g, 0.0l mol) in dichloromethane

(20 ml), 50% aqueous 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 zmonitored by TIC on silica gel using ethylacetate:
benzene (1:9{1 « The mixture was then diluted with water
(50 ml) and dichloromethane (20 ml). Thc organic layer was
separated, washed with water (2 x 50 ml), dried (NaZSO4)
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 (superimpos3ible IR and NMR). Similarly,



the adducts 21lb-f were alsd cyclized £ollowing 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 ¥ =-chlorocacrylonitrile (16) with 2-aminophenol

oot

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

propanenitrile (24)

A mixture of 2-aminophensl (23) (10.9 g, 0.1 mol)
and 2=chloropropionitrile (16) (10.5 g, 0.12 mpl) in
ethanol (60 ml) was refluxed at 100-110" for 22 hr, when
the TIC showed the complete disappearance of starting
material. 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
0il, (TIC single spot); IR (Neat): 3400 gmﬂl (br, ﬁOH+ ﬂNH);
2250 cm™t (\QCN); T-NMr (cpcly)e 3.62 (d, 2H, NCH, )7 4.45
(t, 1H, CECHZ); 4.,60-5,00 (m, 2H, NH + OH, exchangeable

with D,0); 6.65 (s, M" 196,5; (Found, C, 54.53;

4H )z
arom

H, 4.,32; N, 14.67: calec. for CgHgCIN,O (196.5): C, 54.96;

H, 4.58; N, 14.25%).
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Cyclisation of 3=(0~hydroxyphenylamino)=2=chloropropio=

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

The michael adduct (gg) (1.97 g, 0,01 mol)
dissolved in dry acetone (10 ml) was added to anhydrous
potassium carbonate in dry acetone (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 (Na SO4) and

2

concentrated to give the crude product, which on column
chromatography on silica gel using benzene as eluent
followed by recrystallisation from ethvlacetate:hexane
(1:9) gave 2=cyano=1,4=benzoxazine (25) as light brown

+

prisms; yield 1.3 g (80%); mp 69=~70"; MT 160; (Found:

C, 67.17; H, 5.28; N, 17.86; Calc. for C9H8N20 (160);
C, 67.50; H, 5.,00; N, 17.50%4). The spectral data for 25

is described in the text.

Reaction of l-aryleZ2-cyanoaziridines (22) with indole (26);

——— e —

Synthesis of 3—(3Lindolyl)-2—arylaminoprapanenitrile (27):

General Procedure:

A mixture >f 1.17 (0.0l mol) of indole (26)

an¢ l=aryle2=-cvanoaziridine (22) (0.0l mol) in 20 ml of
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dry ether was placed in a 100 ml round bottomed flask
fitted with reflux condensor. Boron trifluoride etherate
(10 ml) was added slowly from the top of the gondenserx
with stirring {(exothermic). The reaction mixture was
refluxed at 60—703 for 2.5 hre The s2l1id separated
initially in the reaction mixture slowly dissolves on
heating. The reaction mixture was then poured int>» a
400 ml beaker containing 50 ml of c¢old 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 (Na2804) and
concentrated. The crude product thus obtained was
purified by column chromatography on silica gel using
ethyl acetate:hexane (1l:4) as cluent, The compounds
27a-e were prepared by this method and their analytical
and spectral data are described in tables 6 and 3

respectively,

Hydralysis of 3—(3'-indolyl)-2-arylamin3propanenitriles (27):

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

A mixture of 27 (0.005 mol) and Barium hydroxide

(0025 mol) in 10 ml of water and 10 ml of ethanol was
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refluxed at 120-130° for 70-80. ®r, The ethanol 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 concentrated. 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 solids. The Gl=N=aryl-
tryptophans 28a-c are prepared by this method and their

physical, analytical and spectral data are given below:

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; Calc. for éi7H16N202 (280): C, 72.86;
H, 5471; N, 10,00%). The spectral data is described

in the text.

dl-N=(p-~Fluorophenyl)=-tryptophane (28b) was

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

1 1

IR (KBr): 3400 em = ( y).); 1710 em™t ¢ Vog)? TH-NMR:

insoluble; (Found: C, 68:95; H, 5.51; N, 9.89; Calc. for
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C17H15FN202 (298): C, 68.46; H, 5.03; N, 9%40%),

dl—N—Q£4M§thoxyphenyl)=trypt3phan (28c) was

obtained as white solid, yield 0.75 g (48%), mp. 50-55°
): TH-NMR:

-1 ) -1 R
IR (KBr): 3520 cm ~ ( VOH), 1710 em ~ ( Veo

insoluble; (Found: C, 70.,07; H, 5.98; N, 9:47; Calc, for

C1gt18%,04 (310): C, 69.68; H, 5.81; N, 9.03%).
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