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The chemistry and synthetic application of polarized keten-
dithioacetals 1 (Scheme 1), which are derived from a wide variety
of active methylene compounds and carbon disulphide in the presence
of two eq. of base followed by alkylation in one pot reaction is
well documented. They have been shown to be versatile three carbon
fragments towards binucleophiles yielding a wide variety of hetero-
cyclic ring systems.l_4 It was considered to undertake further
investigation on hétherto unreported transformation of the polarized
keten S,S-~ and 8,N-acetals. The results of these investigations
are described in the thesis under three different chapters while a

brief introduction i1s described in the first chapter.

In chapter II the reactions of bolafized keten-8, S~ and
S, N—-acetals with dimethylacetylenedicafboxylate (DMAD) have been
described.S While the reaction of thioacylketendithioacetals with
DMAD is reported to yield the corresponding Diels-Alder adducts,
the oxoketendithioacetals (1) react with 2 only at elevated tempe-
ratures to give 1l:1 adducts 4 (Scheme 1). Apparsntly 1 undergoes
[2+2] cycloaddition with 2 to give an unstable cyclobutene derivative
3 followed by its cleavage to give the corresponding diene 4. The
method has consistence with all the examples 1l{(a-e). The oxoketen-

dithioacetal derived from cyclohexanone which was considered to be
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suitable candidate for possible 4+2 cycloaddition with 2, however,
did not yield any identifiable product under varying conditions. On
the other hand acetal 5 and 2 were found to react when heated in
sealed tube to give 6 in low yields whose structure has been suppor-
ted by its structural data. A mechanism governing the formation of
6 has been discussed, Similarly the S,N-morpholine acetals 7a-e
were reacted with 2 in refluxing xylene when the corresponding
dienes 8 were formed (Scheme 1). The structure of all the compounds
described in this chapter has becn thoroughly established by their

spectral and analytical data,

In chapter III the results on LTA oxidation of polarized
Xeten~S,N~ and N,N-acctals are described.6 When 9(a~-f) were oxidised
with LTA in CH2C12 after work up the corresponding acetoxy S,N-
acetals 10 werc obtaincd in about 50 to 55% yields (Scheme 2). While
the other possible products such as dimers and the corresponding
pyrrole derivatives woere not found to be formed. Similarly N,N-
acetals 12 (Scheme 2) underwent cyclisation in the presence of LTA
in CH,Cl, to give the corresponding 2-anilino-3-aroyl-5-substdtuted
indoles in 50, 60 and 25% yields. The S,N-acetal (15) derived from
phenylacetonitrile underwent oxidation in the prescnce of lead-
tetraacetate (LTA) in CH,Cl, to give the iminoacetate (16) in 50%
yield along with an unidentifiable viscous semisolid. When 16 wasg
refluxed with BF,Et,Q in order to get the indole (19) (Scheme 3),

it remained unchanged but under drastic conditions it gave the
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hydrolysed amide 22 in 70% yield. After unsuccessful attempts to
achieve the indole 19, oxidation of S,N-acetal derived from 3,4-
dimethoxyphenylacetonitrile was undertaken which under identical
conditions gave the corresponding dimer (17) in 523, yi=ld and the
mother ligquor content was found to contain the iminoacetate (gé).
Et

The crude 16 when refluxed with BF O yielded the desired indole

372
(19) in 95% yield (bascd on 16). Interestingly when crude 16 was
passed through silica gel column, it gave 1-N-phenyl-2-methylthio-
3~-cyano-5~methoxy~6-hydroxyindole (20). The oxidation of S,N-
acetal derived from p-methoxyphenylacetonitrile by LTA followed the
same course of reaction giving the corresponding dimer (17) and the
indole (19). The S,N~acetal derived from trimothoxyphenylaceto-
nitrile underwent oxidation under similar conditions to yield the
corresponding dimeric product (17) in low yields. The mother
liguor contained two products which on column chromatographic sepa-
ration gave the quinone derivative (18)., On the other hand when t
the same mother liquor content was treated with BF3.Et20, woxrk up
and column chromatographic separation yielded the quinone 1§ and
the corresponding indole 19 in which one of the methoxy groups was
replaced by an ethoxy group. The mechanism of the oxidation kf
these acetals is described in this thesis. The S, N-acetal delkiwved
from p-chlorophenylacetonitrile failed to give the correspondling
indole (Scheme 4). It gave only the dimer (25) and the imino-

acetate (24).
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In chapter IV the reactions of polarized keten S,N-acctals
witn hydrazine have been inVcstigated.7 hen oxckoeten 8, S-acetals
cerivod from acetophenones were reactad with hydrazine nhyidrate in
the presence of aniline, the corresponding 5(3)-anilino-3(5)aryl-
pyrazoles were obtainad in low yields alongwith the corresponding
N,N—acetals.8 Undar these conditions N, N-~acetals were recoveread
unreacted with hydrazine hydrate. Thus the §,N-acetal. 263 was
prepared by reacting acetophenone with phenylisothiocyanate followed
by alkylation which underwent smooth condensation with hydrazine
hydrate to give amincpyrazole 272 in high yields. Similarly 27b-f
were prepared in 89-97%., Overall yviclds (Scheme 5). The S,N-
alkylacetals 26g-t obtainzd by direct displacement of the thiomathyl
group by appropriate amine of the oxoketen S, S—acctals were also
conlensed with hydrazine hydrate to give the corresponding amino-
pyrazoles 27g~t in excellent yields. Interestingly the pyrazoles
27o~t failed to undergo cyclisation under mild a2cidic ccenditions
to yield the pyrrolopyrazoles 29 and 30 while the unreacted pyra-
zoles were recovered, Also the 4~nitrosopyrazoles 28 which were
prepared in high yields by reacting 27 (Scheme 5) with nitrosyl
chlorile in pyridine when the correspondipy nitrose compounds 28
were presumol to be formed., On the basis of the absence of proton
signal of the 4-position the entryv of nitroso group is assigned as

in 28.
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Similarly while S,N-acetal 31 gave 32, 33 gave only 35 and
the formzticn of 34 was nct cbserved (Scheme 6). The reaction of
hydrazine hydrate with 36 (Scheme 7) gave cnly open chain compound
38.

The reaction of guanidine with S,N-acetals 39 derived from
phenyl acetonitriles yielded the corresponding 2, 4-diamino-5-aryl-
6~anilinopyrimidines in 65~90% overall yields (Scheme 7), Similar-
ly the S,N~acetals ¢1, 43, 45 (Scheme 8), when reacted with
guanidine in the presence of a base gave the corresponding pyrimi-~

dines 42, 44 and 46 respectively.9

In another experiment the pyrimidine 48 obtained by reacting
the ccrresponding 3,N-acetal (47) with guanidine, underwent smcoth
nitrosaticn (X:NHz) to give the corresponding 4-nitrosopyrimidine
49 in excellent yields.g(Scheme 9). Attempted cyclisation of 49

waere unsuccessful.
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The chemistry and synthetic application of polarized
ketendithicacetals which are derived from a wide variety of
active methylene compounds is well documented. They have been
shown to be versatile three carbon fragments towards binucleo-
philes yielding a wide variety of heterocycles., It was consi-
dered to undertake further investigation on hitherto unreported
transformations of the »olarized keten-S,S; S,N- and N,N-acetals.

The results of these investiations are described in this thesis.

In chapter I of this thesis, a brief introduction is
describead.

In chapter II, the rcactions of polarized kceten-S,S and
S,N-acetals with dimethylacetylenedicarboxylate (OMAD) have
boeen described.

In chapter IIT of this thesis, the results on Lead tetra-
acetate (LTA) oxidation of S,N and N,N-acetals have been

described,

In chapter IV, the reactions of polarized keten-S,N-
acetals with hydrazine yielding pyrazoles have been described.
Some of the pvrazoles were treated with nitrosyvlchloride in

pyridine to give 4-nitrosopyrazoles. Resactions of some of the

()



S,N-acetal with guanidine and thiourea have also been descri-
bed in this chapter. Some of the pyrimidines underwent smooth

nitrosation to yield 4-nitrosopyrimidines,



CHAPTER I

INTRODUCTTON

The develospment of mewer and efficient synthetic methods
based on easily accessible reagents and reactive intermediates
which are capable of a wide functional group variations and
general applicability, is one of the central prooloms in syn-
thetie srganic chemistry. The organic chemists have always
enjoyed evolving newer and efficient methods than using compre-
hensively worked-out existing methods, The development of
enamines, phosphorous, sulfur ylids, organotransition metal and
organosilicon compounds represent a few of intermcdiates and

synthons developed in last 30-40 years,



In this connection, it was realized about ten years
back that a variety of active methylene compounds with different
functionalities react with carbon disulfide in thc prescnce of
base to give the corresponding dithionacids which on subseguent
alkylation with two eqv. of alkyl halides afford a class of
compounds called polarized keten dithiocaccetals (Scheme 1),
These dithioacetals 2 are either liquids with well defined
boiling points or solids with sharp melting points which can be
ﬁurified by conventional purification methsds, They are stable
at room temperature, under mild acidic and alkalince conditions
and can be stored indefinetely without apparent dec:)mpoéition.1
Literature survey at this stage showed that despite a large
number of reports on their preparations and physical properties,
a systematic investigation on their synthetic utility was not
much explored.1a7 The easy availability of these lntermediates
from a wide variety of active methylene compounds, their
stability towards mild acidic and basic conditions prompted us
to exploit these intermediates for varisus synthetic transfor-
mations by reacting 1,3«electrophilic centres with #dumerous
nucleophilic species. The polarized keten dithioacetals emerged
out as useful three carbon fragments for the synthcsis of a
wide variety of novel heterocycles like alkylthio, alkoxypyri=-

midines, pyridones, napthyridines, pyrazoles and other fused
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heterocycle58-17 by reaction with bifunctional nuclcophiles,
Somc of these transformations developed in this laboratory

are shown in the Scheme 2. The methods thus dcveloned have
been shown to be of general synthetic applications since the
choice of the structural variants of active methylene compounds
is quite large. The studies of the reactions of the corres=
ponding (¥ —oxoketendithioacetals with metal hydride had
demonstrated that unlike their corresponding oxygen or nitrogen
counterparts, these intermediates undergo exclusive 1,2~
reduction at carbonyl carbon in presence of either sodium
boronhydride or lithium aluminium hydride. The & ~oxoketen
dithioacetals were therefore developed as useful intermediates
for reductive 1,3=carbonyl tranSposition.l8 Thus a highly
stereoselective and regiospecific method for homologation of
casglily availdble ketones toa&dg—unsaturated esters 4 via

X =oxoketendithioacetals (Scheme 3).1°

wls developed. The
carbinolacetals which are obtained in ncarly quantitative
yields by 1,2-reduction of 2 with sadium borohydride, undergo
boron trifluoride etherate assisted methanolysis to afford

the correspandingg@ﬁwunsaturated esters 4 in good to excellent

yields (Scheme 3). On the otherhand borontrifluoride catalysed

hydrolysis of 3 in presence of watcer yielded thc corresponding
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Q@ﬁfunsaturated S-methylesters 5. Further a facilc route for
ﬁgalkylthiomethyleneketsnes 6 was developedzo by partial
reductive dethioalkylation of the correspondinge¢(~oxoketendi-
thiosacetals 2 with sodium borohydride and nickel chloride
(scheme 3). These alkylthiomethyleneketones 6 could be
converted to Ggﬁyunsaturated aldehyde 7 by 1,2=rcduction with
sodium borohydride and subsequent hydrolytic rearrangement
(Scheme 3).19 Similarly a facile general route for methyl
S=aryl=2,4=-pentadienoates 11 has been developed by borohydride
reduction and subsequent methanolysis of the arylidene dithio-
acctals 9 obtained by condensation of the corresponding
acylketendithioacetals 8 with aromatic aldehydes (Scheme 4).21
Thus &X~oxo~ketendithioacetals 2 have been shown to be common
precursors foro(,ﬁéaunsaturated O-methyl-=S-methyl csters,

G(,ﬁguunsaturated aldehydes and methyl 5-aryl pentadienoates

(Scheme 3 and 4).

The ketoketendithioacetals 12 deriwed from propiophe-
nones and other higher analogs are shown to undergo interesting
1,3=alkylthio shift to give the rearranged acrylophenones 13
in the presence of base like sodium hydride (Schecme 5).22 A

detailed mechanistic studies on this interesting 1,3-RS shift
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observed in these dithioacetals23 and some 2f the cyvelic

§<aoxoketendithioacetals.24 was cirried out. Simil2rly the

c(=allyl~0(a3xoketendithiﬁacetals 14 arc shown to undergs an
unprecedented highly stereoselective 1,5=alkylthin shift in
presence of sodium hydride and dimethylformamidc to give

> Mechanistic studies on this

novel dienes 16 (scheme 5).2
rearrangement has shown an intcermolecular non=conccrted

pathway instead of concertced 1,5-RS shift,

T™he dithiocacetals are shown to undergd facile displace-
ment rcactions with primary and secondary amines to give the
corresponding $,N=(17) and N,N-acetals 18 depending upon the
stoilchiometry of the amines used (Scheme 6). The polarized
kcten 5,N-3cetals are best prepared by treating active methy-
lene compounds with appropr iate isothiocyanatcs in the
orescnce of base followed by alkylation (Scheme 6).26 These
polarized keten 3,N- and N,N=acctals, which adre cither stable
solids or viscous semisolids, were also f£ound t©to be vscful
intermediates for construction of a variety of heterocyclic
ring systems., They serve as useful three cirbon frigments
for the synthesis of substituted aminoheteroscycles (Scheme 7)
'with alkylamino, arylaminosubstituted 1l=N=Nzacyclnalkyl

13,27=29

groups by reaction with binucleophiles, Somc of these
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transformations which are 3chieved in this laborztory are shown
in the scheme 8. Similarly these polarized kcten S,N- and N,N-
acctals represent novel class of staple functionolizcd enidmi-
nones, cnaminoestcrs, enaminonitriles or polarizc® cnomines,
This behaviour of $,N~ and N,N=-acetals is manifeétcd in their
reactions with compounds having activated multiple bonds
(acelylenic ester, quinone, aroylisothiocyanate, nitrosylchlo-
ride and nitrosobenzene and thionylchloride at c¢lcctron reach
f?ucarbon (with respect to amine) leading to thce synthesis of a
wide variety of amino and alkylthiaheterocyclcs.30“39 (Scheme 7)
Some of these trinsformations achieved in this laboratory are
shown in the scheme 9. From the foregoing discussions it is
cvident th3at the polarized keten S,5-, S,N- and N,N-acetals
which can be prepared from a large variety 2f active methylerne
ketones can serve as building blocks for the construction of
novel heterocyclic ring systems. In the present investigation,
the beh3aviour of a feW'o(-oxoketen 8 ,&=acetals dcrived from
acyclic and cyeclic ketones and some S,N-acetals derived from
pyrazalone towards dimethylacetylenic esterj4o has bcen
studied. The results of these studies with aojproopriate mecha-
nism of the formation of the products have becn discussed in

Chootcr II. The oxidation of imines, enamincs and enamino=
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esters with lcad tctraacectate have bcecen extcecnsively studied
in recent yeirs to give a variety of products. In the
Chapter IITI of the thesis a detailed investigition on the LTA
oxications of a few reprcesentativedX «oxoketcn S,l-"cctls
derived from ketones and D(-cyano 5,N-acetals dcrivcd from
arylacetonitriles has been carried osut, These rcactions
yielded products of eitherX-acetoxylation or oxidative
dimerization. The iminoAacetates obtained by LTA oxidations
of the corresponding ¢X -cyano--arylketen S,N-acctals were
subseguently cyclized t2 novel indole derivatives inzgiesence
of borontrifludsride etherate. Thus a novel approach for a
fcw %ndsle derivatives has been developed which is capable of
wide applications., The structures of all the procducts formed
werc determined with the help of analytical data. The probable

mcchanism £or the formation of these products have alsd been

suggested.

The preliminary studies of the rcactions of{X=oxoketen
S,N=acetals with guanidine and hydrazine to give the

corrcsponding 4-substituted aminopyrimidines and 3(5)-amino-

41,42

pyrazoles respectively havc been reported carlicr. In

the chapter IV of the thesis a detailed investigotion of these

A
3:24 4y taking

4
rcactions to cevelop a gencral synthetic method
5,N=acetals derived from a varicty »>f amines and nitriles has

becn carried out.
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CHAPTER II

REMCTIONS OF POLARIZED KETOKETEN-S,S=
AND S,N=ACETALS WITH DIMETHYLACETYLENE
DICARBOXYLATE™*

II. 1 INTRODUCTION

We have shown in our earlier work1 that the polarized
ketoketen S,N= (la) and N,N-acetals (1lb) derived from primary
aromatic and aliphatic amines react with dimethylacetylene
dicarboxylate (DMAD) at @C-carbon to give 1:1 Michael adducts
2 (Sscheme 1). Further, the adducts 2 derived from N,N=-anilino-
acetals (X=X'=ArNH) undergo intramolecular cyclization in the

presence of triethylamine (in refluxing methanol) to give the

+ J.N. Vishwakarma, H. Ila and H. Junjappa, J.Chem. S0C.,
Perkin, Trans., I, 1099 (1983).
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corresponding l-=Nearyl=2-arylamino=3-aroyl-4=methoxycarbonyl-
2(1H)~pyridones 3 (Scheme 1). Our literature survey at this-
stage revealed that the reactions of simple keten 0,0= S,S5-,
o,N, §,N= and N,N-acetals 4 (derived from secondary cyclic
amines) with dimethylacetylenecarboxylate yield dienes 6
(Scheme 2) formed by initial[:2+2] cycloaddition of these acetals
withDMAD and subsequent ring opening 9f cyclobutene intermedi-
ates.2°5 The reaction of enaminone 7 withpMAD on the otherhand
gives aromatic diester 10 which is formed by intramolecular
cyclodehydration of initially formed dienaminone 9 (Scheme 3).6
The conjugated vinylketen 0,0-=acetals and dithioacetals 10A

. r ) fos . Db
are reported to undergod elther£‘4+%j cyclo=addition w1thﬂﬁo
give 11 (Scheme 4) or the corresponding open chain Michael
adducts 13 (Scheme 5).7'8 Similarly thioacylketendithiopacetals
14 react with dimethylacetylene dicarboxylate and other dieno-
philes to give the corresponding Diel's-Alder adducts 15 and 17
in good yields (Scheme 6).9“11 However the behaviour of
polarized ketoketendithioacetals with dimethylacetylene
dicarboxylate has received no attention and their easy accessi=
bility from a wide wvariety of active methylene compounds
warrants a systematic investigation. The present study was

therefore undertaken as a part of our interest in the chemistry

of ketoketendithiosacetals (Chapter I) and the results of the
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of dimethylacetylene dicarboxylate with ketoketendithinacetals

and ketoketen=S,N-acetals are described in this chapter.

IT.2 RESULTS "ND DISCUSSIONS

When the ketoketendithioacetals 18a derived from
p~methylacetophenone was reacted with excess of DMAD in refluxing
benzene, it was recovered unchanged. However 13a was found to
react with DMAD in refluxing xylene and after 20 hr, a pale
coloured solid was obtained in 20% yield, which was found to be
1:1 adduct. The yield of the product was further improved to
60% when 18a and DMAD were heated neat at 170-180°C, The 1:1
adduct was characterized as diene 2la on the basis of spectral
and analytical data (Scheme 7). Thus 212 analysed for
C18H200552 and its mass spectrum exhibited extremely weak (3%)
molecular ion peak at m/z 380 (M+), wrile the base peak (100%)
was present at m/z 333 (M+—47), which was assigned to the ion
23 (R=E=MeC6H4) (scheme 8). Apparcently the major ionic fragment
arose from M+ via electrocyclic ring closure followed by loss
of a methylmercapto group (Scheme B)., The infra=red spectrum
(kBr) of 2la showed strong absorption peaks at 1728, 1708 and
1630 cmml, which were assigned to twa methoxy carbonyl groups
(non=conjugatcd and conjugated) and aromatic carbonyl group

respectively., The presence of strong band at 1630 t::m-1 due to
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aromat ic carbonyl group supports the open chain structure
ruling out the formation of the[;4+2:}adduct 24 (Scheme 8).
Further structural proof for 21a was obtained from its
lHnn.m.r. spectrum (CDC13), which showed two singlets at
82.20 (3H) andSZ.35 (3H), which were assigned to two
methylmercapto groups located in different environments
while the other singlet atg2.4o (3, 3H) was assigned to
aromatic methyl group. Presence of two singlets at§;3.65
(3H) and 3.85 (3H) due to two methoxycarbonyl groups further
supported the 1:1 adduct structure, while the aromatic

protons appeared as A multiplet (4H) atg7.05n7.60, of the

B2
two possible geometrical isamers 20a aAand 21a, the isomeric
structure 2la was assigned onh the basis of the chemical shift
value of the vinylic proton. Thus 1H---n.m.r. signal for the
vinylic proton which appeared atg;6.60 in the n.,m.r. spectrum
of 18a, was shifted to lower field ( 7.40, S, 1H) indicating
strong deshielding due to cis methoxycarbonyl group on the

adjascent carbon atom which is possible in the isomer 2la and

not in 20a.

The adduct 21a is apparently formed by initial £2+2_]
cyclo-addition of 18a and DMAD ind subsequent clcavage of
cyclobutcne intermediate 19a (Sschame 7). The kcetendithio-

acctals (18b=g) similarly reacted with DMAD undcr ident ical
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conditions to yield the novel push-pull dienes 2lb=¢ (Scheme 7)
respectively in 52-58% overall yields and no trace of £§+%J
adducts were obtained in any c3ase. Thus these rcsults are
similar to the earlier reports of formation of lincar dienes by
C?+2] cycloadditions of simple keten 6,0: S,8:; S,N=- and N,N-
acetals with DMAD. The diene structure 27 formed by nuclepphilic
addition of &(~carbon of 18 on DMAD in Michacl-wise manner was
also ruled out on the basis of earlier studies (Scheme 9). The
spcctral and analytical data of 2lb-e are described in Table 1
and 2 respectively which are in confprmity with the assigned
structures, The mass spectral fragmentations of all the dienes
21lb—-e showed extremely weak molecular ion peaks while the base

peaks were present at (M+—47) due to ions 23 (Scheme 8).

The cyclic ketendithioacetal 25 derived from cyclohexamnone
(Scheme 8) appeared o be good candidate for{;é+g] cycloaddition
with DMAD. However the reaction of 25 and DMAD cid not yield
any identifiable product under varying conditions. Either the
unchanged 25 was recovered, under mild conditions or an intra-
ctable tar was obtained at higher temperatures. Similarly 28
derived from 6 -=methoxytetralone and DM/MD did not react under
mild conditions, while they gave a bright yellow crystalline

so21lid in low yield (16%), when the reactants wcre heated in a



3

I

-~
I4

o

neme

Sc



50

stcael bomb in xylene. The product thus obtaincd was not the
expected 1:1 adduct$ 29 or 30 formed either by [4+2 | or [2+2]
cycloadditions, respectively (Scheme 10). On the otherhand it
was characterized as the thiapyran-2-one 32 on thc basis of its
analytical and spectral data (Scheme 10). It showed in its
mass spectrum, the molecular ion peak at m/z 360 (72%), whlle
tts analytical data was in agreement with the molecular formula
CleHléoes' The i.r. spectrum of 32 showed two strong absarption
bands at 1740 and 1720 cm™ Y, which were assigned due to ester
carbonyl groups. The other strong band at 1625 cm'l was
assigned to the thiapyran-2-one cTrbonyl group, which is in
agreement with the reported values (thiapyran—2-ohes exhibit

1)'12,13

carbonyl peaks between 1620-1634 cm” The 1H-n.m.r.

spectrum (CDC13) of 32 exhibited an Ny

due to four methylene protons. The three closcly spaced

B, quartet atd 3.08 (4H)

singlets which appeared até;3.80 (3H):; 3.85 (3H) and 3.86 (3H)
werc assigned to methoxy and two methoxycarbonyl protons. The
aromatic protons exhibited signhals at<§6.79 (11, &, J=2.5 HzZ,
H-4):; 6.86 (1H, d&d, J=7 and 2.5 Hz, H=-2) and 5;8.02 (1H, 4,
J=THZ, H-1). The u.v. spectrum (MecOH) of 32 showed absorption
bands at A max: 233 (log €, 4.08); 310 (4.15); 336 (4.20) and
348 (Sh) nm (3.99) thus ruling out the altcrnative pyran-2-

thione structure 31 (Scheme 10), which has 31 charcteristic
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absorption in the visible region (above 400 nm). "> Final

confirmation of the thiapyran-2-one (32) was <erived from its
13C n.m.r, spectrum (Figure 1). The charicteristic signal at
8184 was assigned to the thiopyran carbonvl carbon, while the
thiocarbonyl carbon of pyran-2~thione is reported to appear at

-
o 196, 1°

The prohkable mechani st ic pathway f£or the conversion of
28 into 32 is shown in scheme 11, which appears to involve an
interesting series of rearrangements. The formation of cyclo-
butene 33 via§:2+23 cycloaddition £ollowed by ring opening an
electrocyclic ring closure in succession to give the intermeéiate
35 is logical. The intermediate 35 appears ¢o undergo either
an interesting concerted 1,5-suprafacial shift of the methyl-
thio group or a stepwisce elimination addition process leading
to the dihydropyran intermediate 36. 1In the subsequent steps,
the intermediate 36, which is succeptible to electroeyrlic ring
opening undergoes cleavage to give an activated S-methyl ester

intermediate 37, which on intramolecular ring closure and

elimination of dimethylsulfide yields the thiopyranone 32.

The mass spectrum of 32 exhibited an interesting frag-

mentation pattern. The molecular ion peak at m/z 360 (72%)
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was followed by most intense peak at m/z 328 (=32, 100%,
Cq4H41,08) which is possibly due to the ion 39 (scheme 12). It

is pertinent to note that the thiapyran-2-oncs undcergo facile
loss of carbon monooxide Aduring electron impact.l7 ~hus although,
the loss of methandl in preference to the carbon monoxide in

32 appears to be unusual, the presence 2f adjaccnt methoxycar-

bonyl groups prooably favours elimination of methanoll8 to

give the ion 39 as shown in the scheme 12.

The attempted reaction of DMMD with ketoketendithioacetal
40 derived from pyrazolone did not yield any identifiable

product,

The reactiosn of S,N-acetal 40A derived from cyclic

secondary amines was next investigated. when 40A and DMAD were

H SMe
40A

reacted in refluxing xylene the starting matcrial was found
unchanged (tlc). However when 40A and DM/D were rcacted neat
at 150-160°, although the starting material disappeared
conpletely, no well defined product ¢ould be isslatced from the

complex rcaction mixture,
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The reactions of S,N-morpholinoacetals 4la-c with dime~
thylacetylenedicarboxylate were noxt investigrted. The
5,N-acetals 4la-e¢ were obtained by replacement of methylthio
group of thc corrcsponding pyrazolone ketendithioacetals 40a-e¢
by one equivalent of morphoaline (Scheme 13). when 41a w3s
refluxed with one equivalent of DMAD in xylene for 6«8 hrs,
after work-up the reaction mixture yielded light yellow crysta-

l1line s21id (34%) which was characterized as the diene 431

-
- s

£ormed byi 2+2w§ cycloaddition £ollowed by subsequent ring
opening of the resulting cyclobutcne intermediatc 423 (Scheme 14),
27H27N3065 and its 1i.r.

spectrum exhibited three strong peaks at 1728, 1705 and 1648 cm

The adduct (433) was analyzed for C
1

duc to twd esters and pyrazolone cirbonyl groups rcespectively.
The presence of strong peak at 1648 cmml duc to pyrazolone
carbonyl group (1640 c:m“1 in 413) rules out the alternate

pyrazolopyrone S,N-acetal structures 442 or 45a (Scheme 14).

The n.m.r. spectrum (CDC13) of 43a exhibited a singlet (3H) at
g:2.13 due to methylthio group, while the two singlets (3H each)
at g3.58 and g3.71 were assigned to two methoxycarbonyl groups.
The morpholinomethylenc protons appeared as broad multiplet
(8H) sPreadgﬁ aver between§;3.30~4.50, while the two multiplets
atg:7.06m7.55 (81) and €:7.76-8.18 (2H) werc assigned to

aromatic protons. The other substituted pyrazolone §,N-acetals



4c

SEINELRS

7H901g-d =1v <3
7H9210-d =1V ‘P
quUOmznan = 1Y ‘D
7H9D9N-d = 1v¥ ‘q
SH9D = 1V ‘B 17407
17 07
SHID SHID

|
N
AN /T N\ 0 AN
y N «—— 0 NH + P
0 N 1 ONS Iy
\__/ NG

INS



47

VIRELSEE AN

ERC
mQu SH99 q mfﬁ
|
N Ald N
A'\m. P
INS ~ i ——— 9NS .
3 3 3 3
3e77
SH9D
_
N aua]AX
m O /Z < q
\ \A .
S
Ssop

~

N

=0O—ul

ol — QO



48

41b-e similarly afforced the corresponding dicne S,N-acetals
43b=e in 26-31% overall yields, The structures >f 43a-e¢ were

confirmed with the help of spectral and analvytical data.

IT.3 CONCLUSION

From the foregoing description it is apparcnt that the
oxoketen S,S-acetals are less reactive towards acetylenicesters
in comparison to the simple keten s,S~acetals which redquire
drastic rcaction conditions. The unexpected course of the
reaction observed in the case of cyclic §,S-acetal 28 to give
the thiapyrone cerivative 32 (Scheme 10) is also probably due
to drastic conditions employed in the reactions. Both oxoketen
S,S=acetals 18 and 28 afford products formed by initial{:2+2]
cycloaddition instead of if+2} cycloaddition., sSimilarly the

o

S,N-acetals 4la=~e, 1lnspite o>f having favourablzs geometry for
(f+2“?cyc13adﬁitions, vield dienes 43a-e formed by initiallg+%f'
—— fomm—_—— = -

cycloadditions with DMAD.

IT.4 EXPE RIMENT AL

M.ps. were determined on a "Boetius! (German)
apparatus and are uncorrected., The i.r. and u.v. spectra were
recorded on Perkin-Elmer 297 and Beckmann 26 spectrophotometers
regpectively. The MMR spcectra were recorded on a varian EM-390
spectroneter using TMS 3s an internal standard and the chemical

shifts arc expressed in gfppm).



The Starting Materials

The commcrcial samples of acctophenonc, p-mcthylacetophe-
nonc¢, p-methoxyacctophenone, p-bromo3acctophenanc, p=chloro-
acctophenone, acetosne, morpholine, cyclohexanane nd
6-methoxytetratone were purified before use, 1,3-Diphenyl=2-
pyrazolin-5-one, m.p. 128°; l-phenyl-3-(p-methylphcnyl)-2~
pyrazolin-5-one, m.p. 146°; l=-phcenyl-3-(p-methoxyphenyl)~2-
pyrazslin-5-one, m.p. 120-22°; l-phenyl-3-(p~chlorophenyl)-2-
pyrazoline-5-one, m.p. 158-59° and l-phenyl-3-(p-bromophenyl)-
2=pyrazolin=S-one, m.p. 125=27° were prepared by the reported

A
methad.lg

3,3-Bis(methylthio)=l-(p=methylphcnyl)~2=propen=-1l-one (18a),

) . .
m.Pe 104-=5,-2 3,3=Bis(methylthis)-l=phenyl-2-propen-li-one (18b),

MeDe 93°;20

L

3,3-Bis(methylthio)=l=(p-methoxyphenyl)«=2~propen-l~

0

one (18c), m.p. 1OO-=1°;2 3,3=-Bis(methylthis=1~(p-bromophenyl)-

2=-propen-l-one (18d), m.p. 106--7°;20 3,3-Bis(mcthylthis)=1~
methyl=2-propene~l=one (18e), m.p. 66»7°;21 2<Bis(mcthylthios)-
methylenecyclohexanone (Zi)' b.p. 123-—24;22 2-Bis(mecthylthin)=
mcthylene=6-methoxy tetralone (28), m.p. 78°23 wcrce prepared by

the reported procedure,

Similarly 4=bis(methylthio)methylen@~5~3x3nl;3mﬁiphenyle

4,5=ihydropyrazosle (40), (40a) m.p. 150°; 4=bis(mcthylthio)-



)

) |
o

methylene=5=0xo~l-phenyl=3-(p=-methylphenyl)=4,5-dihydropyrazole
(40b) m.p. 116°; 4-bis(methylthio)methylene-5-oxo-l-phenyl-3-
(p=methoxyphenyl)=-4,5-dihydropyrazole (40c), m.p. 147°, 4-bis
(methylthios)methylene=5-oxo~l-phenyl=3=(p=chlorophenyl)=4=5-
dihydropyrazole (40e) m.p. 121°C were prepared by the reported

pracedure.24

General procedure f£or the preparation of keten-=S,S~acctals

-

(18a=e), (25), (28) and (4Qa-g)

A mixture of ketones or the corre-ponding pyrazoslone
(0.5 mdol) and carbon disulphide (0.5 mol) was added to a well
stirred and cooled suspension of sodium t-butoxide (1.0 mdl) in
dry benzene (350 ml) and dimethylformamide (100 ml) and the !
reaction mixture was allowed to stand at room temperature £or
4 hr. Methyl iodide (1.1 mdl) was gradually added with stirring
and external coosling and the reaction mixture was allowed to
stand for 4 hr and then refluxed on a water bath for 3 hrs The
mixture was poured on crushed ice and benzene laycr was sépar%:ed

The agqueous portion was extracted with benzene and the combined

extracts was washed with water dried (Na 04) and concentyrated

28
£o give the dithiocacetals which were purified by crystallisakion

or by column chromatagraphy.

leAryl=3=methylthio=~3~morpholino=l~oxo=2=propenc (40A7)

was preparced in two stops by methylation of the corresponding



o1

thiomide. The thiomide, m.p. 127=—9025 was prosared by the

reaction of morpholine with the corresponding ditniocster,

Preparation of 5-3x3—1L3vdisubstituted-4~f{mct@llthio-Nvmorpho-

lino)—methylene]-.dbz ~pyrazolines (4la=-e); General procedure:

A solution of ketoketen-S,S-acetals (40aw-g) (0.01 mol) and
morpholine (0,01 mol) in dry benzene (50 ml) was stirred at room
temperature for 1,5 to 2 hr (monitored by TIC) and the solvent
was removed under reduced pressure. The residue thus obtained
was triturated with hexane. The S,N-acctals (453-g) were
purified by recrystallysation and thelr physical and spectral data

are given below,

5=0%0=1,3=dichenyl=4« E(methylthio-N-morpholina)methylené]—‘iz-

pyrazaline (4lal.- was prepared as yellow necdlcs (ether-hexane).,
max s
3.2g (84%), m.p. 178-79°; IR (KBr):/1635 (C=0) cm 1;lev'u:'(CDclB)z

$2.35 (s, 3H, SC§3)1 3.81 (brs, 8H, morpholino), 7.1C~7 470 (m,
8H, arom), 8.18 (Add, 2H, arom); Found: C,86.65; H; 5.38; N,

11,25%; Calc. for CyqHyN30,8 (379.4); C, 66.42; H, 5.53; N,

2
11.07%.

5~0x3=1~ghenyl~3-(p-methylphenyl)u4—[&methylthiszamorQholino)

methylenej ~é$2opyrazoline (41b) was prepare” as yq&law needles
Y max:
(EtOAc—hexane); 3.3g (84%) m.p. 240-41°; IR (KBr)z{164O (C=0)




S C
o™t sHr (€DC1,) #02.30 (s, 3H, p=CH,=CgH,)s 2.36 (s, 3H, SCH,);

3
3.76 (brs, 8H, morphoslins), 7.01=7.76 (m, 7H, arom), 8.13 (dd,
2H, arom); Found: C, 66,.,88; H, 6.,04; N, 10.24; Cc-lc. for

C221-123N3028‘ (393\.4); C, 67.10; H, 5.84; N, 10.67%,

SwOXDml-phenyl—B-{Etmethoxyphenyl)-4-[(methylthio—N~morpholino)

methylené]-é;zgpyrazoline (41e) was preparced as yellow needles
Yymax: -1 1
(EtoAc~hexane)r 3.3% (80%), m.p. 219-20°; IR(KBr): 1640 (C=0) cm ™;'y

oRr (CDC1,)%2.33 (s, 3H, SCHy). 3.83 (s, 3H, p-CH,0-C H,), 3.85
Founds C, 64,13; H, 5.83; N, 10.,01; Calec. for C22H2303S (409.4);

C, 64.48; H, 5.61; N, 10.25%.

S—Oxaalaphenyl~3—gg—chloraphcnyl)~4-{(methylthio-Namorpholins)

methylené]—132~pyrazaline (413) was prepare’ as y%llow needles
max:
hY d}
&

(CHZClz-hexane), 3.3g (80%), m.p. 184°; IR (KBr)zil648 (C=0) com

nmr (CDC13):g2.28 (s, 3H, SC§3); 3.36 (br 8, 8H, morpholind),
7e33=7.66 (m, 7H, arom), 7.95 (a4, 2H, arom); Found: C, 61,19;

H’ ‘/lo 83: N: 10015%.

5-0x3v1«phcnyl—3§(2—br3mophenyl)—4-[l(methylthiavamDrpholins)
- 3
mcthylengj-zlz—pyrazoline (41e) - was prepared as yellow necdles
Y maxs: 1

(EtOZc-hexane); 3.8g (83%); m.pe. 226°; IR (KBr):/ 1646 (C=0) cm

~r



]Hnmr(CDCl3):$2.28 (s, 3H, SC§3); 3.90 (br 8, 8H, worpholinn);
7413=7.,60 (m, 7H, arom); 8.13 (&", 2H, arom); Found: C, 54,81;

0.SBr (453.2): C

H, 4,58; N, 9.,33; Calc, for C21H20N3 9 , 54.99, H,

‘-1-367 N' 9.16%.

Rcaction of 2,2-Bis(methylthiovinyitg-methylphenyl ketone (18a)

with Dimethylacetylenedicarboxylate (DMAD) in xylene: A solution

of ketone (18a) (2.38g, 0.0l mol) and DMAD (3,7g, O.22 mdl) in
dry xylene was refluxed for 20 hr. Xylene was removed under
reduced pressure and the residue was chromatographed on a silica
gel column. Elution with benzene-hexane mixture (l:1) yielded
dimethyl-1,1l-bismethylthio~4-(p=-toluoyl)-buta-1l,3=-diene~2,3~
dicarboxylate (2la) (0.76g, 20%) as pale yellow solid which was
crystallised from ether-hexane, m.p. 110-112°, spectral data
given in text, (Found: C, 56-4; H, 5.55. C. H,~0=S, requires

18207572
C, 56.84; H, 5.26%).

Reaction of wryl (or Alkyl)3,3-Bis(methylthio)vinylketone (18a)-~

(18e) with dimethyl acetylenedicarboxylate:

General Procedure: A mixture of the keten dithilcacetal (18)

(0.01 ml) and DMAD was heated at 170-80°C for 6-=7 ur until the
starting material had disappeared completely (Tlc). The reaction
mixture was passed through a silica gel column. Elution with

benzene-hexane (1:1) yielded pure commounds (2la-e) which were



o4

further purified by crystallisation from ether-hexane., The
spectral and analytical data given in Table 1 and 2, respectively,
Uncer similhr concditions the dithionacetal 40 and! §,N-acetal 40A

gave a complex reaction mixture.

Reaction of 2-bis(methylthio)methylene=-6-methoxy tetralone (28)

with dimethylacetylene dicarboxylate (DM2D): A solution of

compound (28) (2.1g, 0.008 mol) and DMMAD ( L.42g, O.0lmol) in dry
xylene (20 ml) was heated in a sealed tube at 160~70°C for 33 hr.
Xylene was removed under reduced pressure and the residue was
chromatographed on a silica gel column. Elution with 6% ethyl-~
acetate in hexane gave the compound (32) as a bright vellow
crystalline solid (0.43g, 16%), m.p. 141-43°C (spectral data
given in text) Found: C, 60,25; H, 4.75: S, 8,55, C18H16O6S
requires C, 60,0; H, 4.75: S, 8.88%; m/z 360 (M, 72), 329 (53),
228 (100), 313 (19.7):; 300 (14), 272 (14), 269 (27.7), 243 (19)

and 242 (44).

Reaction of 5-oxo-B-aryl-lfphenyl-4—[(methylthiomNmmorpholing)

methylené]—le—pyrazoline (4la~e) with dimethyl acetylenedicar-

boxylate: A General Procedure: To a solution of (dla-e)

(0,005 mol) in boiling xylene (30 ml) dimethylacctylene dicarbo-
xylate (0,71g, 0.005 mol) was added and the reaction mixture was

refluxed for 6=8 hr at 150-55°C. The salvent was ramosved under



o
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vacuum, residue was triturated with hexanc, crude product fil-
tered off and purified by column chromatography. The compounds
(43a-e) were prepared by this method and thelr spectral as well

as analytical data are giwen below.

The adduct 433 was purified by chromatography on silica-
gel using benzene-ethylacetate (85:15) as yellow neadles

ymax :
(EtOAc-hexane):; yield 0,99 (34%), m.p. 178-80°; IR (KBr) sy 1728,

(twawg—OCH3), 1648 (C=0) 1578 cm'l}H'nnm(CDCl3)§;2.13 (s, 3H,
~SCH3), 3.30-3.83 (m, 4H, morpholino) 3.58 (s, 3H, CCHy), 3.71
(s, 3H, OCH3), 4.0-4,50 (m, 4H, morpholino), 7.06=7.55 (m, BH,
arom}), 7.76~8.18 (m, 2H, arom); Found: C, 62.48; H, 4.81; N,

7.86; Ccale, for C27H27N306S (521.5): Cc, 62.,12; H, 5.,17; N,8,05%.

The adduct 43b was purified by column chromatography on
silicagel using benzene~-EtQic (60:40) as)red needles (ELOAR);
yield 0.7g (26%), m.p. 167-9°: IR (KBr);ZTigé, 1708 (twa—g-OMe),
1648 cm"lgﬂ-ﬂmr(cnc13):£§.15 (s, 3H, ~SCH4), 2.35 (s, 3H,
E—C§3°C6H4), 3421-3,70 (m, 4H, morpholins), 3.61 (s, 3H, OCga)
3.75 (s, 3H, OC§3), 3.83~4,63 (m, 4H, morpholine ), 7.10~7.40
(m, 7H, arom), 7.96-8.10 (m, 2H, aom); Found: C, 62.36; H,

5.61; N, 7.63; Calc. for C,gH,gN,0.5 (535.5): C, 62.74, H, 5.41,

6
N, 7.84%.
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The adduct 43c was nurified by calumn chromatography on
silicagel using benzene-EtOnAc (3:2) as dark yellaw.&eeﬂles
Y maxs
(EtOAc), yield 0,85g (31%), m.pe. 163-65°; IR (XBr): 1720, 1685

@ - -
(tWD-C-OCHB), 1638 (C=0), 1570 cm 1?H-mmr(CDCl tN2,11 (s, 3H,

3)
sc§3), 3.33-3,70 (m, 4H, morpholino), 3.58 (s, 3H, OC§3),3.75

(s, 3H, OCH;), 3.78 (s, 3H, p-CH,OC H,) 4.00-4.61 (m, 4H,
morpholino), 6.68-7.43 (m, 7H, arom), 7.88=8.18 (m, 2H, arom):
Found: C, 60,63: H, 5.41; N, 7.82; calc. for CogHagN304S (551.5):

C, 60,92, H, 5.25, N, 7.61%.

The adduct 43d was purified by chromatography on silica-
gel using hexane-EtOAc (7:3) as y§llow needles (EtOAc-hexane),
0.86g (31%) m.p. 88=927; IR(KBr):Z%:zz; 1700 (twavg-OCH3);

1640 (C=0), 1575 cm"lfﬂ-"mr<cnc13)=82.11 (s, 3H, SCH,): 3.36-
3.71 (m, 4H, morpholino), 3.56 (s, 3H, OCH,). 3.73 (s, 3H, OCH,).,
4,00=4,41 (m, 4H, morphalino), 7.03=7.46 (m, 7H, arom), 7.88~
8.15 (m, 2H, arom); Found: C, 58.56; H, 5.23; N, 7.84; Ccalc.

S (555.7): C, 58430; H, 4.57; N, 7.55%.

for C C1N3O

2726 6

The adduct 43e was purified by co2lumn chromartograpiy on
silicagel using benzene-=EtOAc (7:3) as yellow ncecles (EtOAC),
0.9g (30%); m.p. 86~90°; IR (KBr}nﬁigig: 1705 (two-C~OMe),
1645 (C=0), 1585 cm'l;lw-nmﬂcncl3):gé.3o (s, 3H, =SCH,); 3.40-
3.91 (m, 4H, morpholino), 3.58 (s, 3H, OC§3); 3,75 (s, 3H,
OCE3)4.O6-4.61 (m, 4H, morpholino), 7.00-7.56 (m, 7H, arom),
7.88=8.16 (m, 2H, arom); Found: C, 53.45; H, 4,01l; N, 7.17;

£ =, b4 H "/.‘:. ; » OO.
Calc. for C27H26BrN3O6S (600,2): C, 53.98; H, 33; N,6.99%



Table 1

Spectral data for dimethyl 4,4-bismethyl=thio=l-aroyl(or acyl)

butaciene-2,3-dicarboxylates (2la-e)

. §. -1 1
Compound i Ymax. (xkBr) (em ™) g H—NMR(CDC13):5;(ppm)
] Ester CO  Arom/alpha y
i co
21la given in text given in text
21b 1722, 1628 2.20 (s, 3H, SCHB), 2.35 (s,
1703 3H, SCH3), 3.6 (s, 3H, OCH3)

3.85 (s, 3H, OCHB), 7.17 (s,
1H, olefinic), 7.25=7.65 (m,
5H, araom).

21c 1725, 1625 2.30 (s, 3H, SCH,), 2.45 (s,
1704 34, SCH3), 3.65 (s, 3H, OCH3)
3.8 (s, 3H, OCH3) 3.9 (s, 3H,
OCH3), 7.55 (s, 1H, 2lcfinic),
6.80”7-75 (m, [\2 2[ 4H[ arDm).
21d 1710, 1640 2.22 (s, 3H, SCH3), 2.43 (s,
1730 3H, SCH3), 3.65 (s, 3H, OCH,)
3.85 (s, 3H, OCH3), 7.48 (s,
1H, olefinic), 7.30-7.40 (m,
m, A8, 4H arom)
21c 1712, 16.5 2.22 (s, 3H, SCH3), 2.30 (s,

1685 3H, SCH3), 2.0 (s, 3H, CH3),
3.67 (s, 3H, OCHB), 3.88 (s,
3H, OCH3), 7.67 (s, 1H, 2lefinic
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CHAPTER IIIX

STUDIES ON LEAD TETRACETATE OXIDATIONS
OF POLARIZED XETEN S,N- AND N,N-ACETALS

IIT.1 INTRODUCTION

Lead tetraacetate (LTA) has been extensively used for
the oxicdations of a variety of dJrganic compounds with diverse
functionalities. A numbar of interesting reviews on these
oxidations have been published.1 These oxidations generally
involve the reduction of lead(IVv) to lead(II) an” the variety
of pathways by which this can occur include, both ionic and free
radical mechanisms, which may involve acetatc ion and other
inter amd intramoslecular nucleophiles, leadiny t2> a broaad and
interesting chemistry. Alyward2 has reviecwee! the goneral
behaviour >f LTA towards organic nitrogen compounds. Also the

, . . 3 .
roviews of the reactiosns of LTA with hydrazones and with



1
]

oximes” have also been published. On the other hand, the

oxidations of imines, enamines, enaminoesters and the compouncis
capable of imine-enamine tautomerism have only rzcently been
studied, 1In the preceding chapter it is shown that polarized
keten S,N-= and N,N-acetals represent a novel class of functe
ionalized polarized enamines or vinylogous amldes which serve
as useful intermediates for a variety of heterocyclic compounds,
In the present investigation the results of our studies on
oxidations of a few polarized S,N- and N,N~acetals derived from
acctovhenone and arylacetonitriles have been described, A

brict literature on oxidations of imine, enaminc and enamino-

¢sters with LTA has beon described below,

ITT.2 Lead Tetraacetate oxidations of imine, c¢namines and

cnaminoesters:

A Bricf Survey

Rinﬁones and coworkers have studied LTA oxidations of a
few morpholinoenamines derived from cyclohexanone (la) and other
acyclic ketones (1b) which afforded a mixture of roducts 3-8
(scheme 1). The diacetoxy derivative 2 was considered to be
initial product, which undergoes two types of transformations:
an «=elimination path to give N~acetylmorpholine (3) and a

2-acetoxyketon: such as (4) or alternatively o /ﬁeeliminatian
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2th ©o give compounds with an enamine-cenol _accetate structures

I

5 or ©. The compounds of the type 5 could then undergo an acid
catalysed¢ transformation to give the 2-morpholinoketone 7 or in
a2 few cases B (Scheme 1).5 The same authors have subsequently
studiea® the LTA oxidation of various substrates (92 and 15)
capable of imine-enamine tautomerism under Lewis acid conditions
(Scheme 15). The nroduct distribution in thesc sxidations

' from.
reveals that the course of the reaction derives WP their conamine
reactivity. This can be explained by LTA catalysis of the
imino-enamino/taut omerism (22§.;§ 22B) acting as Lewis acid. The
enamin?éorm (22B) is oxidized faster by LTA! than the imin?éarm
and its fate is showh in the scheme 3. The 2-acctoxy aldehyde
24 formed via « -cleavage of initial diacetoxy derivatiwve 23,
equilibriates with the starting material 22 to give the
acetoxylmine 26 and the unsubstituted aldehyde 27 (scheme 3).
The formation of the aldehyde 18 and azobenzcne 17 in the
oxidation of 15 is explained via the intermecdiate 29 and phenyl=-
nitrenoid 31 as noted previously in the oxicdation of aromatic
anils 28 (Scheme 4).7’8 However, only a minor »nart of the
reaction occurs via =z Nebond fission., In 311 these cases, the
faster oxidation of the enamine tautomer wer the imine lsomer
could be attributed to extra nucleophilicity of its P-garbon

. 6
making the attack easier by electron deficient molecule.
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The enamine dimethylanilins fumarate 372 n&s been reported
to yield the pyrrole derivative 36 on oxidation with LTA and no
e —-acctoxylated product was isoléted (Scheme 5}09 A mechanism
for the dimerization involving attack by unchangcd substrate
32 on an organo-lead intermediate 33 has becn sroposed (Scheme 5).
Later on vernon and coworkers hawve isolated the pyvrroline
intermediate 35 under similar oxidation conditions which afforded
the pyrrole 36 on treatment with acid.lo The oxidation of 2
few other anilinofumarates 37 containing electraﬁ withdrawing
substituents 3t p-position gave low vields of the corresponding
oxanilates (38) as the only identifiable products.lo The
dimethyl-N-benzylaminofumarate 37 (R=C6H5CH2). on the osther
hand afforded a novel pyrrolone 40 besides the pyrrole 39 and
33 under the similar canditians.lo The symmetrical 2,5-dimethyl
Dyrroles (R,=Me) (gg) are alsos reported to be formed in LTA
oxication >f the corresponding fgmalkyl/aryl aminocrotonates
(41, R,=Me) while the corresponding f-aminocinnamates
(41, R,=C6H5) yielded only very low yields of the corresponding
2,5~diArylpyrroles (42, R,=C6H5) (Sscheme 6).ll The corresponding
aminomethylenemalonates (43) were found to be wosistant towards

LTA oxidatian.ll
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In A detailed investigation on the oxition of a series

. t
of N—alkylaminofumarates (él' R=Me, ©t, Pr , C6Hll’ Bu  ctc.),
with ©TA, vernon and coworkers isolated six tvo>es of nroducts

(

. 45, 46, 47, 48 an” 49) depending on the exwerimental

12,13 Thus the oxidative dimers 45 and 46 (R:Pri,

)
conditions.,
cyclo C6H11, But) were obtaine® when the enamince (37) was
oxicdized with equimolar quantities »>f LTA in dichloromethane
and acetonitrile respectively, while with less than one equi-
valent, the dimeric intermediate 44 could be isolated, All
these products 44-46 are oxidative dimcrs of 37 coupled through
?«carban atom (Schcme 8), The oxidation of the corresponding
N-mcthyl or N-ethyl aminofumarates 37 (R=Mec, Zt) by LTA in
Adichloromethane containing trifluorsacetic acid afforded
hetcrocyclic polyester pyrroales (47), pyridines (ég) and pyrro-
10- iB,Z—bJ-pyrroles (49) R=Me, Et, Pri (Schemec 7). The
procducts 47 and 48 are probably derived from the same inter-
mediate 44 since 44 was independantly cyclizaed to the
corresponding pyrrole (47) or pyridone (48) in acicic or baslc
conditionsjfﬁgﬁgagzézasponding pyrralam{?,Z»b}npylrole {49} is
probably formed by coupling of pyrrole (47) with plumbylated

enamine (33) (Scheme 8). 2

From the foregoing discussion it is apparcent that ﬁ—alkyl/

aryx:ﬁminafumarates having enaminoester moieties and the imines
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92, 15 are capable of imine-cnaline tautomcrism which afford a
scries of interesting protfucts on LTA oxidations under varying
conditions. The oxidations of enaminones by LTA have not been
reported in the literature which prompted the prescnt studies
on =K -oxoketen S,N-acetals (52) and «{-oxoketcn N,N-acaetals

(56) having enaminone moieties, which are described in the

prcsent chapter.,

ITI.3 Lead Tetraacetate Oxidations 2f 3-Methylthio-3-aryl/
alkyl/benzylaminao=1=aryl—2-~nr open-1l-ones (52a-f):

ITL.3.1 RESULTS AND DISCUSSIONS

The representative ¢ ~oxoketen S,N-acotals derived
from ethylamine (ggg) benzylamine (52b-c) ancd aniline (528-£)
required for the oxidation studies were prevnarcd according to the
reported nracedures from this lab:ratéry, either by Airect
Cisplacement method (52a-c) or by reaction of the respective
acetophenones with phenylisothiocyanate in the prescnce of
sodium hydride and DMF £ollowed by subsequent alkylation with
one eqv. of methyl iodide (52d-f£) (Scheme 9) (Chapter I). The
i.r. and n.m.r., spectral stucdies of these S,N- acetals 52a~f
have shown that they exist exclusively in enamino tautomeric

foyn (A) and no trace of iminoform (B) could be detected.
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When the S,N-ethylacetal (52a) was stirrce” with 1 eqv. of
LA in dichloromethane at room temperature, work-up and colump
chromatography 9f the reaction mixture affarded a white solid
(55%) which was characterized 3s acetoxy S,N-acetal 53a
(Scheme 10) and no trace of Aimeric pyrrole (54) was isolated
from the reaction mixture. The mass spectrum (m/z 279, 70%,

M') and the analytical data (Cq H4NO,8) for 532 were in

17

0

t

0
| {

HeCl /}}\);\ CeHe
eS l\; * SMe

M

Bt
54

agreement with the assigned structure. Thce infr2rod spectrum

of 533 in KBr showed broad band at 3350 cmm1 7 strong peaks

ot 1750, 1695 and 1673 cm ¥, while in chloroform it showed

only two peaks at 1761 and 1636 om™ Y whicn w oo ~ssicned to the
acetoxy and aromatic cairbonyl groups res-ccrivcly., The n.m.r.
spectrum (CDCl3) of 53a showed that it cxists in cnaminoform
(§§§ A) in chloroform. Thus the N-cthyl protons aospcired as a
triplet (3H) and a quAartet (2H) atrSl.oz mr‘& 3.50, respectivelyq
Similarly the siglets 2t 4(3' 2.02 (3H) anﬂé 2,20 (3H) wcre

assigned to SMe Ind 3acetylpe=®l protons. The signal due o
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ol@finic proton até§5.66 in the n.m.r. spectrum >f 5Z2a was
absent in 53a, thus showing th3t it is renlacc” by acetoxy
group. The twd multinlets present At & 7.25=7.62 (3H) and
7.00=3.21 (2H) were assigned to the aromitic Sroions. The i.r.
spectrum of 53a in solution also supports the cnomino tauto-
meric form. However the presence of 1697 c:mml band in KBr
spectrum of 53a appears to be due to H-bonded acctoxy group
Or Cue to' aromatic carbonyl group of iminotautomeric form

(53a B).

The oxidations of the corresponding S,N=bcecnzylacetals
52b and 52¢ with LTA, under identical conditions also affor-
ccd the corresponding acetoxy S,N-acetals 53b and 53c in 45%
and 52% yields, respectively. The spectral and analytical
“ata for 53b-c were in conformity with the assigned structures
which showed that they exist in enaminos tautomeric £orms

(53b A and 53c A) in chloroform. The LTA oxiAntion of the

corresponding S,N=-anilinoTacetals 52d-f similorly afforded the
corresponding acetoxy S,N-acetals 53d-f in good viclds,
However their spectral studies demonstrated th2t they exist

in both enamino and imino £orm (Scheme 10), Thus n.m.r.
spectrum (CDC13) of 53¢ exhibited A singlet (1) at% 4.52,

which was assigned to « -methine proton, while its i.r. speckrum
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(CHClB) showed twd strong bands 3t 1757 and 1697 cmn1 due to
acctoxy 3Ind unconjugated carbonyl groups respoctively. On the
other hand the KBr spectrum of 53d exhibited sharp bands at
3283, 1786, 1761, 1705, 1666 and 1606 cm“i probably Aue to5 the
prescnce of both tautomeric and osther H-=-bonded isomeric
species in so2lid f£orm. However in CHClB, 534 exists exclusively
in iminoform (ggg B). The probable mcchanism £or the formation
of acetoxy S,N-3acetals 53 by LTA oxidation of 52 is shown in
the scheme 11l. The nucleophilic attack of «(~-carbon 2>f 52 on
LTA will give the C-plumbylated adduct 54 which decompodses
with the transfer of acetoxy group at x =carbon to give 53.
Unlike /3—aminafumarates, 54 Adoes not afford dimeric product
bf coupling with S,N-acetals 52. Alternatively the nucleo-
philic oxygen atom of 52 can attack electrophilic LTA to give
O-plumbylated 3cdduct 55 which decomposes by transfer of
Aacetoxy group at K-carbon to give 53. Since the formatiosn of
dimeric profducts are not observed in the oxidation it appesrs
that the latter pathway via O-plumbylation is more probable

{(Scheme 11).

ITI.3.2 CONCLUSION

The LTA oxidations of & -oxoketen=S.¥-acctalg derived
y .

from primary SR ANd aniline affords «=Accto-

wylate” S,N=-acetals., The formation of any oxicdative dimer was
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not obscrved in these reactions, Thus the % =5x2-S,N-3cetals
which possess enaminone moicty behive Aiffercntly from the
corresnanding ﬂ—substituted:}minsfumaratos (enaminocsters)
which afford either dimeric products or the hcterocyclcs
derived from thelr dimers. Our attempts to isolote the dimeric

oroducts under varying conditions were not succcssful.

ITT.4 Lead Tetraacctate Oxidation of 3,3=-Bis(arylamino)=1-

aryl-2-propen-snes (56a~d)

ITI.4.1 RESULTS AND DISCUSSTIONS

The LTA oxidations 2of of—-d>%x0=N,N=arylaminoacetals
(Eégng) were next ilnvestigated. The required N,N-—-accetals
(56a=d) were obtiined via direct dissclacement by the respective
aryl amines on the corresponding & -—-oxaketen-s,s—acet3ls, When
the N,N=anilinoAacet?ls 56a was oxicdized with onc (gv. of LTA
at room temperiture, work-up And co2lumn chr-m >torr? hy of the
reaction mixturc afforded light yellow coloroed s>lid which
was assigned the structure as 2-anilino=3=p-mcthylbenzoyl=
indole (573) on the basis of its i.r., n.m.r. and mass spectral
data and element2l analysis. Thus elemental an~lysis 2f 57a
was in agreement with the moleculsr formula (C22H18N20l’While

+

its mass spcctrum exhibited molecular ion pcak At n/z 326 (M,

100%4). 2Another pci3k at m/z 207 (207%) was assiagned due to
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Cad

ion 58 (M+—EMe C6H4CO). The indole 57a was found to be fast
cuilibriating mixture of tautomeric speciecs =D on thc basis
of its 1.r. and n.m.r. spectrum. Its i.r. (KBr) oxhibhi=~A
brsa&tband at 3450 cm ' and weak bands st 3150 -n 3100 cm -

o
Adue/H-bonded OH and NH stretching vibrations. It further
showed strong bands at 1685, 1658, 1596, 1590 cm™t due to
unconugated H=bonded 3aromatic carbonyl groun Aand C=N stretching
vibrations. Its spectrum in chloroform exhibited Hroad band
at 3450, weak bands at 3150, 3090, 1687, 1653, 1590 cm =

confirming the presence of virious tautomeric forms. The n.m.r.

58 m/z, 207

spcetrum (CpCly) of 57a exhibited sharp singlet at 52.30 (3H)
due to methyl protons while the aromatic protons a»peire? as
multiplets 2t & 6.30-7.50 (11H) and 7.50-7.01 (2H). Howcver the
corresponding 3-methine and NH protons could not be detected
in the n.m.r. spectrum, which is probably due to fast exchange
between different tautomeric forms of 57a (A, B, C and D) on
n.m,r., time sc2le. The u.v. spectrum of 57a showtd absorption
maxima ot Amax 230 (log €4.88), 295 (log g 4.87); 307 (lagg

2,33) nm. The 2=aminoindnles are known to axist in various
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. l1i-16 .
tAutomeric forms, N further confirm tizn 2F the

structure of 573 from its 13C N.M.r., spcctrum is under
investigition. The N,N-=-3cetal 56b similarly affordcd the
corresponding indosle 57b in 60% yield, whilc 5Cc Hn TTH
oxicdation gave 25% of the corresponding indoale (57¢),along
with other unicdentifiable products. The LTA oxicdation of
the 56d, yielded only intractable complex reaction mixture,

from which no well defined compound could be isolated.

The probable mechainism for the formation of 57 from
26 is shown in the scheme 13. The C-plumbylatad adduct
5924 formed by nucleophilic attack through « ~c-rbon of 57,
uncdergoes intramolecular ring closure followed by a

proton transfer to yield hither to unreported 57.

ITI.5 Lead Tetraacetate oxidation of 3-Anilino=3e-mcthylthio-

2=arylacrylonitriles (66a-e)

Norman and cowdrkers have extensively studicd the
Lcad tetraacetate oxidations of arylhydrazones (60) ccrived
from aldehydes and ketones which afford the corres»onding
azoacetate 61 in excellent yields (Scheme 14), These azdace-
tates undergo a facile cyclization in the prescncc >f Lewis
acids like boron trifluoride etherate or aluminium chloride

to afford substituted imdazollesm (63) in excellcnt yields
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(Sscheme 14).17-20

These studies promptcd us to> unicrtake
oxidation of S,N-anilinoacctals (66a-¢) ‘erive” from aryl-
acctonitril-s since the borontrifluoride ctherslue cvelization
of the resulting N-aryl iminoacectatcs likc 73 (Scheme 21)
should in principle afford the corresponding indole reriva-
tives, 79 (Scheme 21). On Dxidatianilthe S,N=acctals

yviclded only the iminoacetates along with dimeric products.
However attempts to cyclize the iminoacetates to indole
derivatives, could be achieved only with the iminoacetates
having clectron donating groups (methoxy) in the aromatic

rings. The results of these investigations arc presented in

the f£oallowing section.

ITI.5.1 RESULTS MND DISCUSSIONS

The unknown S,N-AcetAals 66a-e require® for the preseng
investigation werc preparcd by reactisns of the corresponiing
arylacetonitriles 64a-e with phenyl isothiocyanate in presence
of sodium hydride in DMF f£ollowed by methylation with one eqv.
of methyl iodide (scheme 15). The i.r. spcctra (KBr) of S,N=-
acctals 66a~-g¢ showed a medium intensity band betwecen 3250=~
3300 cm” ! due to NH stretching vibrations whilc thelr n.m.r.
spectra (CDCl3) exhibited a broad singlet betwcen 556.20-6.45

(cxchangeable with D,0) cue to NH proton. Thesc data show

2
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that all S,N-acetals exist in enamino tautomeric form (66A4)

and rule out the imino tautomeric structure 668 (Scheme 15).

when the S,N-anilinonacectal (égg) defiveﬂ from phenyl=-
acetonitrile was oxidized with one egv. of LTA in methylene
chloride, work-up and column chromatography of the reaction
mixture afforded a solid (53%) along with an unidentifiable
viscous semisolid. The s2lid was characterized as the imino=-
acetate 67 on the basls of its spectral and analytical data,
Thus 1t exhihited molecular ion peak at m/z (324, 30%) and
analysed for C18H16N202S. The other peaks in thc mAass spectrum
of 67 were assigned to the respective fragments shown in the
scheme 17. The infrared spectrum (KBr) of él exhibited strong
absorption at 1760, 1615 and 1595 cm-1 Mue to acetoxy car-
bonyl and C=N stretching vibrations and theﬂ(S;N appeared at
2242 cm'=l as a weak band. The intensity of nitrile vibratisn
band is known to be weakened when electron withdrawing group
like acetoxy is present in theo<-position.21'22 rurther
confirmation of the structure of 67 was ohtaincd from its
N.M.r. Spectrum {CDC13). It showed the disappcarance of NH
proton present in the n.m.r. spectrum 2f 662 at g6.2=6.45.
The twd singlcts at§;1.60 (3H) and 2.25 (3H) were assigned to

fhe Drotons of methylthios and acetoxy methyl protons
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30

respectively, while the aromatic proatons appeared as multiplcet

between 56.85-—6.79 (10H)Y.

when the acetatce (67) was refluxcd with boron triflude-
ricde etheratce in ether for prolonged time in 2rdzr to cet the
indole 68 (Scheme 16), it remained unchanged, However, when
the cyclization of 67 was attempted by refluxing it directly
with boron trifluoride etherate (130-140°) for 20 hrs, 2n
work=up and eolumn chromatography of the reaction mixtureZ}ight
yellow colored semiss2lid (70%) was obtained which was chara=-
cterized as the hydrolysed wmide 6%. It was analysed for
C1gH1gNg0,8 anc 1ts mass spectrum exhibited molecular #on peak
at m/z 300 (Mﬁ 15%), and the base peaks at m/z 194 (100%) and
210 (90%) were assigne® to the ion 73 and 74 respcctively. The

i.r. spectrum (neat) of 69 ecxhibited broad band at 3400 cmm1

C6H5

73 m/z, 194 74 m/z, 210

and bands at 1680 and 1660 ﬂue‘o NH of anilide and amide

chrwonyl stretching vibrations respectiwvely. Tls ilener.
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spcctrrum (CDClB) showed 2 broad singlet (3H):ﬁ:g&,80 duc to
methylthio group while the multiplet betwanlgﬁ.10_7,7o (13H)
was assigned to the aromatic amicte and anillicde I8 protons.,
The formation of 69 is presumed to be formed by BF3 ctherate
assisted hydrolysis of 67 involving 1,2-methylthio shift in
one 2of the steps (Scheme 18), Similarly 1,2-MeS shifts have
becn earlier encountered in acid catalysed hydralysis of

carbinal dithioacetals.23’24

After unsuccessful attempts to get indole dorivative
from the iminoacetate 67, the electron rich s,N-acetal (ggg)
derived from 3,4-dimethoxyphenylacetonitrile was investigated
It was reasoned that the cyclization of iminoacetate 78 to
indole derivative would be facilitated by the prescnce of 3,4-
mcthoxy groups since the 4=methoxy group would assist the
elimination 2f acctate ion during cyclization. Also the
positively charged nitrogen would be stabilized by the elect-~
ron donating effect of 3-methoxy group (Scheme 21).17 when
66b was stirred with one eqv. of LTA at room temnerature £Or
1.5 hr, the reaction mixture was triturated to Jive the tesoms
Wh was separated and charactcrized as the
oxidative dimer (77) (Scheme 19) (52%). The mothcr liquor

after evaporation gave a »roduct which was charactcrizcd as
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38 dlminoacctatc 78. It was found to be unstabl;\anﬂ no attempts
werl made to purify it further. It was thoe refluxcd with BF3Et20
in <ther f£or 0.5 hr, when the t.l.c. of the rcaction mixturc
showed the formation of a new compound which aft.r column chro=
matographic separation was characterized as l-N-phcnyl-2-methyl-

thio=3-cyano>-5,6~dimethoxyindsle 79 (40% from S,N-acctal 66b:

95% from iminoacetafe 78). It wasanalyscd for C18H16N2025 and

ury
exhibitced molecular ion peak in its massZ@t m/z 324 (M 100%)

an an intense peak at m/z 309 (M =15) which is »Hrobably due to

ion 81. Its i,r. (KBr) spectrum showced a medium intensiky peak

81 m/z, 309

due to nitrile group at 2200 cm™ ! and other bands at 1620,
1600, 1500, 1485 cmnl. The structurc >f 79 was further confir-
med by its n.m.r. Spectrum (CDC13) {(Figure 1); It showed threce
singlets at£:2.20, 3.78 and 3.95 (3H each) due to methylthio
and twd methoxy groups respectively. The H-4 and H=7 protons
of indole (79) appeared as singlets at 87.13 (1m) andg6.52

. . 2
(1H) ruspectively which is in conformity with thc structure. >



FIGURE 1 1 1 H NMR SPECTRUM OF INDOL
I U S s T T T e | 1t 1
7 6 5

)




~I

The higher field shift of H=7 proton is due t2 shcilding effect
of l=N=phenyl group. The aromatic protons 2f 1-1'=->h nyl group

appeare? as multiplct (5H) betweengg7.22n7.80.

Interestingly, when the crude iminoacectotc (78) was
pAassed through silica gel column in an attempt to surify it,
the cluted product was found to be identical with l=N-phenyl-2-
methylthio-3-cyano=5=methoxy~6~hydroxyindole (80) (30% from

iminoacetal 78) (Scheme 20). It showed molecular ion pcak at

m/z 310 (M+

, 100%) and other peak at m/z 295 (M+nCH3) Adue to
ademcthylated incdole ion. The elemental 3nilysis of 30 was in
confomity with the molecular formula (C17H14N2028) while its
i1.r. spectrum (KBr) exhibited broad band at 35Q7 amél and A2

med ium intensity band at 2210 c:m'=1 “ue to phcnolic OH 3and
nitrile stretching vibrrtions, The signalgﬁ:g-3.78 due to
6=mcthoxy protons in n.m.r. spectrum of 78 was a"scnt in 30

and showed insterd two singlets atg~2.32 (3H) and® 3.95 (3H) due
to SMc and 5-methoxy protons. The corresponding H=4 and K-=7
protons appcared as singlcts at 5‘6.60 (1H) Hnd€:7.07 (1H)
respectively while the signal Adue to 1-N~phenyl arometic protonsg
was present as a brnad multiplet at 7.20-7.68 (5H). The

»robible mcchanism of the £formation of 79 and 20 from the imino-=

acctatc 78 is shown in the scheme 21. Borontrifluoride
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assisted elimination of acetate ion assiste” hy n-mcthoxy
group (Scheme 21) affords the quinonc methicc intcrmedtiate 82,
which on subsequent cyclﬁzatian yields the indolc 79. Altcrna-
tivcly the intermediate 82 undergoes demethylation by water

during silicagel column chromatography to give the correspond-

ing 6=hydroxyindole 80 (scheme 21).

The light yellow solid (A) obtained aftcr oxidation of
66b was agsigned the symmetrical dimeric structure 77 formed
by edupling of S,N-acctal 66b through its carbon atom (Scheme
19 anc@ 22). The symmetry of the dimer is reflocted in ite TH
and 13C n.m.r. spectrum (Figures 2 and 3). Thc characteristic
i.r. band at 3310 cm™* of 66b was found abscnt in 77. The
strong band at 1600 cmml was assigned to C=N strctching vibra-
tion, while the weak band at 2200 ot was assicncd €o Q1CEN
which was in linc¢ with our earlier Dbservations.21’22 The Adimer
showed in 1ts n.m.r. (CDClB) the signals similar to that of
66b: at€:1.85 (s, 3H, CE3S—), 3.70 (s, 3H, CHBOM); 3.35 (s,
34, CH3O); 6,75=7,82 (m, 8H, arom) except thc signal Aue to NH

proton (% 6.30, S, 1H) ohserved in 66b. Thg abscnec of signal

—
between 0 5,3=6.70 (w ﬁmm)

rules nut the tautomeric iminostructure 86, Thce « lcmental

analysis of 77 was in agrecment with the moleculayr formula
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(C36H34N406.,82) and its mass spectrum* exhibitce” pcaks at m/z
326 (20%) 278 (75%) and 263 (100%) which arc prozably due €92
ions shown in the scheme 23, "he definitc prosf for the

symmetrical oxicdative dimer 77 was obtained by comparison of

CN

|
Me N
!
13C N.m.r. spectrum o>£ 66b and 717 {Figures 4 &3), The® crrbon of geh
(to which nitrile and aryl groups arc attached) a»pcarcd at
893.5 (s. ) of 66b which was absent in 77 bctwoeng"fo-allo.
The signal due ta ¥ ~cirbon in 77 appearcd atg64-.5 (s) show-—
ing its Sp3 hydridized nature, The multinlicity of this signal

(singlct) in the off resonance spcectra rulcs sut the tautomeric

structure 86 since the O =carbon in 86 ehould aposcar as doublct.

The LTA o2xidation of S,N-asctal 66 Aerived from
pemcthoxyphenylacotonitrile was next investigatcd. The reaction
followed similar course as in the axidation of thc c¢orrespond-
ing Adimethoxy derivitive 66b. After work-up, the rcaction
mixture gave the oxidative Aimcr 91 and the crudc iminoacatate

90 in 6% and 34% yiclds respectively. (Scheme 24). The
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structurc of the dimer (91) was confipmed by ntlvtical and
, , 13 , ..
spectral (including C n.m.r.) data (cxoorimene~l), Similarly

BF, catalyzed cyclization of 90 undcr ifcntical zonditions

3
gave the corrcsponding l=N-phonyl=Z2emethylthio-3=crino=6=
mcthoxyindole (92) in 92% yicld (from iminoacctatc 90)

(Scheme 24)., The i.r., mass spectral and analytical Aata of

92 were in agreement with the assigned structurc (experimental).
Its n.m.r, spectrum (CDC13) exhibited two singlcts at 252.4 (3H)
anﬁg 3.68 (3H) duc to> mmw methylthios and mcthoxy protons
respectively., The signals due to H-7 and H=5 nrotons were
orosant nt§;6.35 (d, J=2.5 Hz, 1H) and 6.8 (dd, J=3 Hz and

2.5 Hz; 1H) reswmcctively while the corresponding H=4 proaton
signal was merged with leNephenyl protons which appceared as

multiplet between 8 7.2=7.67 (6H) respectivcly (Figure 5).

when the crude iminoacetate 90 was passed through silica
gel column, no pure identifiable product could be isolated.
The mechanism of the formation of incdole (92) from iminsacetate

90 is similar to that of 79 (Scheme 21).

when the S,N=acetal 664 derived from 3,4,5~trimethoxy-
phenyl acetonitrile was oxidized with LTA under the identical

confitions an® the oxidative dimer (94) was obtaincd in low
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yield (20%). The structure of 94 was confirmeC with the help
of spectral and analytical data an® was in acrcoment with
those of other dimers 77 and 91. Filtration of 24 and evapo-
ration 2f the mother liguor afforded a viscous resicdue (A)
which was foaund to be a mixture of twod products on tlc. It
showed strong absorption at 1760 and 1660 cm™© in its i.r.
spectrum. Column chromatagraphy of the mixture on silica gel
gave only one product in 35% yield (baseal on 66¢) which was
characterized as guinone (2§) (Scheme 25)., On the other hand
when the mother liquor was stirred with boron trifluride
ctherate at room temperature, it gave an uncxpectced indosle
96 or 97 instead of 98 in which one of the methoxy graup was

replaced by an cthoxy group.

MeO
.uuij/,CN
MeO ?/L SMe
Me C 6H5
98

———

In another experiment, quinone 95 was stirred wikh BFjEtZQ
in ether under similar conditions, which was rccovered
unchanged and demonstrates that the indale 96 (or 97) is not

derived from the 95 but obtained from 93 prescnt in the
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rcaction mixture. The structure 2>f 95 and 36 (or 97) were
confirmed with the halp of spectral and analytical cdata. The
95 showed molecular ion peak at m/z 340 and analysed for
C18H16N203S. Tts infrared spectrum showed strong band at
1660 and 1590 cm—l due to quinone carbonyl and C=N stretching
vibration while the band at 2200 om~ ! was assicned to the
pnitrile stretching vibration. The n.m.r. spectrum (Figure 6)
of 95 showed a singlet 3t§; 2.58 (3H) due to methylthio
protons, while twdo methoxy Qroups appeared as singlets at
53.75 (3H) and.3.80 (3H), the two quinone ring protons
appeared as broad singlets at Sé.l (1H) and§>6.3l (1H)
respectively while the multiplet between§;6.72=7.4l (5H) was
assigned to the aromatic protons. The nltraviolct spectrum
€ 95 (max (McOH) 355 (logg , 3.194) and 390 (Sh} (logé
1.54) was in conformity with the structurc 25. The indole
(96) (or 97) similsrly was analysed £or C,qf, N,045 and
exhibited molecular isn peak 3t m/z 368 (M+, 20%) and the
base peak was presem at m/z 339 (100%) (M+w29) which pro=
bably was due to ions 98Aor 99. The ir. spectrum of 96

(or 97) showed band due to nitrilecgroup at 2215 cmul.




FIGURE 6

1,, NMR SPECTRUM OF

113

QUINONE 25
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The three singlets present atg'2.4 (3H), 3.35 (38) and 3.90
(37) were assigned .to methylthiosgroup and methoxy groups
nresent 3t 7 and 5 (or 6) positions respectively. The 7-metho-
Xy group appears at higher field due to sheilding by 1-N-
aromatic ring. A triplet (3H) and qQuartct (2H) present 2t
21,35 (3H) andg;3.9 (2H) respcctively were assigned to 5 (or
6) ethoxy group, while the H-4 proton 3pwoeared as singlet(1H)
at£>6.85 along with a multiplet betweenE;7.20—7.7l (5H) Aue

to 1l=N-phenyl aromtic proton. The position of the exchanged

alkoxy agroup hdwever could not be fixed though it is presumed

to be exchanged at position 6.

The probable mechanism for the formation of 95 and 36
(or 97) is shown in scheme 26, The quinone (95) can also,
arise from 66d by the decomposition of plymbylated adduct

(100) (scheme 27). It appears that <he @thoxy crxup is

Scheme 27
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incorporatcd in 96 or 97 through displacement of the original
mcthoxy group. The failure of the quinonc 95 to undergo
cyclization to any of the indoles 96 or 97 is probably due to
its rigid structure. The Dreiding mocdel shows considcerable

stcric repulsion between N-phenyl and methoxy group of 95.

The LTA oxidation of S,N-acetal (66e) derived from
p~chlorophenylacetonitrile under similar conditions gave two
s31id products which were characterized as the imminoacetate
(48%) 105 an® the oxidative dimer 106 (47%) (Schcme 28). The
subsequent attempts to cyclize 105 to the corrcsponding
6=chloroindsle (107) under different acicdic conditions were not

successful. Only the unrcacted starting material was recovered.

IIT.5.2 CONCLUSION

The LTA oxidations of S,N=acetals derived from aryl
acetonitriles yield both iminoacetates and dimcfric oxidation
procucts. Attempts to isolate iminoacetates exclusively in
these oxidations by varying the reaction conditions were not
successful. The iminoacetates derived from S,N-acctals (éég-g)
having methoxy groups in the aryl ring could be cyclized to the
corresponding indole derivatives in good yields. However the
corrcsponding iminoacetates Aerived from S,N-acctals (66a & 66¢)

with no activation in the aryl ring failed to cyclize to the
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corresponding indsle derivatives. Tha BF3 cat~lyzed cycliza-
tions of the iminoacetates 78, 90 and 93 to thc respective
incoles 79, 80, 92 and 96 provides a novel appro~ch to indole

derdvatives via cationic cyclization of the corresponding

1,3=dlaryl=-1-azaallyl carbonium ions which arc n>t reported in

26,27
(i&&jbwwaOZV CMMOL5§L>

the literature.



IIT.5 EXPERIMENT AL

Melting mnoints were determine? on a 'Boctius! appiratus
(made in Germany) and are uncorrected, The i.r. "0 u.v.
spectra were recorded on "Perkin=Elmcr 297" 3Ind "3.ckmn 26"
spectrophotometers respectively., The lH N.M.r« SpPcctra were
rcecorded on varian EM=390 spectrometer using TMS as an internal

standard and the chemical shift values are expressed ing;(ppm).

The rcagents

The recagent lead tetraacetate (LTA) was preparcd pefore use
according to the reported method, A 50% suspension of sodium
hydride was used. Dim thyl f£faxrmamide was Aricd over lime,

Mcthvléne chloride was driced® over calcium chlaricc.

The starting mAatcrials

Tho commcréial samples of acctophenone, p~methylacctophenone,
p=chloroacctophenone, phenylacctonitrile (64a), -i-methoxypheayl—
acctonitrile (64c), 3,4-dimethoxyphenylacetonitrilc (64b)
3,4,5=trimcthoxyphenylacetonitrile (64d), 4-chlorovhunylacotoni-
trile (64e) ethylamine solution (40%), were uscd without

purification.

The commercial samples of aniline, p-toluiding, pemnisldine,

benzylamine were purified before use.



The phenylisothiocyanate, b.pe. 90° (10 mm)20 was oreparcd

accoraing to the standard method.

The kcten-=S,S=acetals: 3,3-~bis(methylthios)<l-phcnyl=-2~-propen=-
l=-onc, m.p. 93° and 3,3-bis(methylthio)-1-(p-methylphenyl)-2~-
propcn=l-one,, m.p. 104-5° were prepared acecording to the

method reportedzg cAarlier by reacting one edv. of the respective
Ketone with one egv. of carbon disulfide and two cqve. of sodium

t-butoxide in dry bonzene £ollowed by alkylation with two eqv.

of methyl iodide.

Thc kcten=-S,N=acetals: 3-ethylamins-3-methylthis=l=-phenyl=-2-
propcn=l-sne (52a), viscous :)il;30 3=-benzylamino-3~methylthio=1~
phenyl=-2-pr open=1-one (52b), m.p. 58"31 and 3=hecnzyl anino—3-~
methylthio-1-(p-methylphenyl)=2-propen-l=one (52¢), m.p. 67“31
were prepared according to repsrted method by refluxing the

respective keten S,S=acctal (1 egv.) with appropriate amine

( .1 cgv.) in ethannsl (95%) for 15=20 hr.

The keten=S,N=acetals: 3-anilino«3-methylthio=l=(p-methylphenyl)

2=pr open-1-one (52d), viscous liquid:3o 3= il ino=3=methylithio-

0 .
l=phenyl-2-propen=1-one (52¢), m.p. 56---5’7”3 and 3eanilino-—-3-

- - 30
methylthio=1=(p=chlorophenyl)=2-propen=1=one (52£f), m.p. 77
and the unknown osnes (66a-e) were preparcd by the general

methoad described below.



General method for the preparation of keten §,N=acctals (528~f)

an? (66a=e) by the reaction 2f active methylenc compounds with

phcenyl isothiocvanate:s To an ice cooled and well stirred sus-

pension of sodium hydricde (2.4g, 0.15 mol) (washced 2 times with
c¢ry benzene) in Adry dimethylf ormamide (50 ml), a solution of
active methylene compound (0,05 mol) in dry dimecthylformamide
(25 ml) was added dropwise during 0.5 hr. A solution of phenyl
isothiocyanatce (0.05 mol) in dry dimethyl formamide (25 ml) was
then added and the reactiosn mixture was further formamicde (25 ml)
was then added and the reaction mixturc was furthcr stirred for
1.5=2 hr, followed by subseguent addition of methyl iodide
(0405 mol) in 25 ml of dAry Adimethylf ormamide. Aftcr further
stirring for 2 hr, the reaction mixture was poured over

crushed ice, neutralized with dilute acetic acid and extracted
with chloroform (2x100 ml). The chloroform layer was washed

with water (3x100 ml), dried (Na 804). and conccntrated to give

2
crucdc §,N-acetals (52d-f) and (66a=-e) which were cither puri-
fied by crystallization » or by passing through silica gel

column using benzene/hexane (1l:1) as eluent. The physical and

spectral properties of the unknown keten S,N-accials {(66a-e)

arc described below.

3=Anilino=3-methylthios=2-nhenylacrylonitrile (663), was odbtained

as vellow s5lid in 84% (9.5q) yicld; m.p. 113-1207; i.r. (KBr)



-
3;2,2.20 (s, 3H,

SCH3); 6.45 (s, 1H, NH), 6.90=7.40 (m, 1CH, crom); Found: C,

max; 3290 (NH), 2200 (CN) cmml;lH=n.m.r.(CDCl
h

72,33, H, 5.05, N, 10.75 calc., for C1gHqaN,S (266): C, 72.18,

H, 5.26; N, 10,52%.

3=inilino=3-methylthio=-2-(3,4-Adimethoxyphenyl)=acrylonitrile

(66b), was obtained as a yellow s51lid, m.p. 172=74°, in 74%
(12gY yicld; i.r. (KBr):> maxs: 3300 (NH), 2190 (CN) cm—l;
Yenum.r. (CDCl3):g 2.20 (s, 3H, SCH4): 3.65 (s, 3H, OCH,),
3.75 (s, 3H, OCH3), 6.35 (s, 1H, NH), 6.60=7,30 (m, 3H, 2rom);

Found:; C, 66.45; H, 5.63; N, 83.29%; Ccalc. for clPH 28 (326);

10N,0
C, 66.25, H, 5.52; N, 8.58%.

3=2nilino=3=methylthio~2~-(4=-methoxyphenyl)=acrylonitrile (66c),
was obtained as a yellow solid, m.p. 105-8°, in 70% (10.36g) yi
i.r. (KBr):}max; 3240 (NH), 2190 (CN) cm°1;1H=n.m.r,(CDCl3)
6)2.18 (s, 3H, SCH3); 3.70 (s, 3H, OCH3)7 6,20 (br, 1H, NH,
cxchandcable with Dzo); 6,60-7.40 (m, 9H, arom). Founc: C,
68.72; H, 5.62; N, 9.60; C3lc. £or CyqH{N,0S (296); C, 88.91}
H, 5.40; N, 9.45%.

3=Anilin3w3=methylthio—Z«(3,4,5—trimethoxyphcnyl)ﬁgcrylanitgi}

(664), was obtaine” as a yellow so2lid, m.p. 144=6" in 80%
(14.24g) yield; i.r.(XBr)}max: 3040 (NH), 2200 (CN) cm“l;

1H-=n.m.r.(CDcl3):§} 2.25 (s, 3H, SCHB): 3.65 (s, GH, twD OCH30

(o



3.75 (s, 34, OCH3); €.55 (s, 2H, arom); 6.02=~7.32 (m, 6H;
5H aromatic and lNﬁ); Founds:s C, 64.21; H, 5.45; N, 7.06%:;

Cale, for C19H2ONZOS3 (356): Cc, 64.04; H, 5.61; N, 7.,36%.

3=Anilino-3-methylthis-2-(4-chlorophenylj-acrylonitrile (66e),

was obtained as a yellow s0lid, m.p. 248-50°% {n 5C% (7.51qg)
yield; i.r.(KBr)Qrmnu 3280 (NH), 2190 (CN) gmél; 1Hmn.m.r.'
(CDC13):8-2.15 (s, 34, SCH3); 6.10 (s, 1H, NH, cxchangeable
with D,0)7 6.70-7.35 (m, 9H, arom): Found: C, 62.70; H,4.42;
N, 9.09%; calc. £or CygH,,N,8€1 (300.5): C, 62.839; H, 4.26;

N, 8.31%, IR

The known keten N,N-acet2l: 3,3=bis{anilino}=l-phcenyl-2-
propen=l-one (56b), m.p. 132—33°:3O anad the unknown keten
N,N=-acctals (56a, c=d) were preparer” according to the general

method described below.

gencral method for the preparatiosn of keten N,N—acctalg

(56a-d): A sdlution of respective keten S,5=acetnl (0.0% aul)
and the appropriate aniline (0.025 mol) in glaciol acetic acid
(20 ml) was refluxed for 5-8 hr. The solwnt was remowed
under reduced pressure, the reaction mixture was diluted with
watcr, extracted with ethylacetate. The organic layer was
Aricd (Nazso4) and concentrated to give crude N,N~acetals

(56a=¢), which were purified by column chromat xjraphy over
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silicn ¢gel using 5=10% EtOAc: hexane as elucnt. “he ohysical
and spectral data of the unknown keten N,Neacct>ls (56a, c-2)

arc described below,

3,3-Bis(anilino)~1~(p-mcthylphenyl)=2-propen=1=3ne¢ (56a), was

obtained as white solid, m.p. 165°; in 75% (2.467) yield;
i.r.(KBr):Dwmxn 3250, 3200 (NH); 1600 (CO) cm“l; lHun.m.r.
(CDCl3x%;2.3O (s, 3H, CHB): 5.58 (s, 1H, vinylic); 6.30 (br,
s, 2H, twd, NH, exchangeabhlc with DZO); 7.00=-7.65 (m, 1l4H,
arom); Found: C, 80.32; H, 6.21; N, 3.39%; Ccalc. for C, H,qN,0
(323): C, 80.48; H, 6.09, N, 8.53%.

3,3=Bis(p-toluidino)=~l-phenyl-2=-propen-1-ong (56¢), was obtained

as white s21id, m.p. 150=51° in 70% (2.4qg) yicld; i.r.(KBr)‘q
max: 3450, 3200 (br NH): 1615, 1605 (C0) cmwlr lHon‘m.r-{rnnla);
§2.20 (s, 38, CHy): 2.30 (s, 3H, CHy): 5.40 (s, 1H, vinylic);
6440 (br s, 2H, twd> NH, exchangeable with D20)7 7 .00=7,30,
7.,50-7.75 (2 m, 13H, arom); Found: C, 80.91; H, 6.22; N, B.32%

Calc. f:)r C23H22N20 (342): C, 80.70: by ¥} 6.43; N, 8.13?5.

3,3=-Bis(p-anisidinon)=l=-nhenyl-2-propen=1=one (564}, was obtained

as white s21lid, wmep. 128-29° in 68% (2.54g) yicld; i.r.(KBr)

Q max: 3350, 3300 (NH); 1605 (CO0) cm-l; 1Hwn.m.r.(CDCJ.B)z

-~

% 3.20 (s, 6H, twd OCHB); 5.35 (s, 1H, vinylic); 6.20 (bx, s,
2H, twd NH); 6.80=7.80 (m, 13H, arom); Found: C, 73.96; H,5.62;

N, 7.65%; CAalc. for CZ3H22N203 (374): ¢, 73.79, H, 5.38; N,

-y e



Oxication of 3-aryl/alkyl/benzylamino=3-mevhylthinoe=ledryle=2-

proxn-l-oncs (52a-f) with lead tctra acctatc: 32 ncral

Proceurc: 7o the ice cooled suspension of lcar cotrhaccetate

(LTA) (4,439, 0.01 mol) in dry methylene chloridc (CH Clz),

2
a solution of keten S,N-acetal 52 (0,01 mol) was af'ded slowly
(15 min) with stirring and stirring continued at room tcmpera-
ture for 2 hr (rcaction monitored by tlec). “Then tlc showed

the disappe wrence of starting material, a few drops of ethylene
glyecol was adcded to the reaction mixture (to ~“istroy the excess
of LTA present) and it was then poure® in to c¢old water,
extracted with chlor>form (3x100 ml), the combincd axr-anic
layer was washed with water (2x100 ml), Arien (Nazso4), andad
conccntrated to give crude residues, which werc purified by
column chromiatography over silica gel using benzcne: hexde

(1:1) as cluent, to give the pure acetates (53a=f) whose

physical and gpoectral data re described below.

2=hcctoxy=3=ethylamino=3-methylthios=l=-phenyl=2=propen=1-ote

S

(53a), was obtaiined as a white solid, m.p., 193=99°, in 55%

yicld (1.53g); spectral data is given in text, Found: C,
60.12; H, 6.25; N, 4.85%; Calec. for C,,H,,NO,S: (279): c,60.21

H, 6.,09; N, 5.01%.



2=Acctoxy«3wbenzylamin353~methylthiO°laphcnylmzwyﬁggcnml=9ne

(53b), was shtaincd as a white solicd, m.D. 175-6°; in 45%

yicld (1.537): i.r. (KBr)\}maA' 3371 (vy), 1767, 1497, 1673,

1547 cmﬁl; i. r.(CHCl )Q max: 3446 (br NH) 1750, 1694, 1682 cm”l;
1Hmn.m.r.(CDCl )-é 1.95 (s, 3H, SCHj Yy 2.20 (s, 3H; CH3=C=Ow),
4,50 (A, 2H, CHZnC6H5)7 7.00=7.50, 7.70-8.10 (2 m, 1CH, arom) ;
m/z: 341 (u7): Found: C, 66.557 H 5.01; N, 4.25%; Ccalc. for

C19H19N038 (341): €, 66.86; H. 5.57¢ N, 4.10%.

2mAcetoxynB—benzylamina-3=mg§bylthioaln(Q@methxlﬁhgggl)—Zn

propen=1-one (53c), wWAS shtained as a dull white solid, M.Pa
133=:%; in 52% (1.84Q) yield; i.r. (KBr);b max: 3315 (NH),
1755, 1675, 1640 Cmol; i.r.(CHCl3):) maxs: 3406, 1750, 1694,
1650 anal; lHan MeX e (CDCl )'g;l 95 (br s, 3H., CH y; 2.15
(br S, 3H, SCH4): 2. 35 (br S, 3H, CH3—C=O), 4,50 (¢, 2H,
ngc ), 7.10=7.,40 (m, SH, arom); m/z; 355 (M y; round: C,

H NO s (355): C,

67.55; H, 5.63; N, 3,80%; Calc. for C20 51!

67.60; H, 5.91; N, 3.94%.

zaAcetnya3~aniliggf§ip§fhylthioul (3=methylohrnyl)~2=prapen

1-onc (534), was sbtained as a white s01idl; mM.D. 120=-1°; in 52% (

(1.77g) yield; i.r.(KBr)i>max: 3283, 1706, 1761, 1705, 1666
™,
cmfly i.r.(CHCl3)"1}max: 3299, 1757, 1697 om™; Yen.mor. g
* 0
n
(cocly):  2.05 (s, 3H SCH4) 7 2.30 (s, 3H, CHy=C=0)« .20 (s,

3H, 3“3), A.52 (s, 1H, methine): 7.10=8,10 (m, 9H, arom) s



m/z; 341 (MT); Found: ¢, 66.65; H, 5.41; N, ~.35%; Calc. for

C19H19N03S (341): C, 66.86; H, 5.57; N, 4.104,

2=/cctoxy=3=anilino=3=methylthio=l-phenyl=2=prox n=1=one(53e),

was obt3ined as a white solid, m.p. 143=5°, in 4907% (1.564q)
yields i.r.(KBrﬁ"Q max: 3412 (NH); 1665, 1601 cgrl; 1Han.m.r.
<cnc13):571.95 (s, 3H, SCHy); 2.05 (s, 3H, CH,=C=0); 7.10-8,00
(m, 10H, arom); m/z; 326 (M'): Found: C, 66,04; H, 5.98; N,

4.11% calec, for C NO.,S (326): C, 66.,25: H, 5.052; N, 4.29%.

168717893

2=/cetoxy=3=anilino=3=-methylthio=l1=(p=chloroohenyl)=2=propen=

l-onc (53f), was obtained as a white solid, m.p. 101=3°, in

A7% (1,69g) yield; i.r.(KBr):Q maxs 3320 (br NH):; 1720, 1630,
1640 cmulf 1H°n.m.r.(CDcl3):g1.7O (s, 3H, SCHg)7 2.15 (s, 3H,
CHy): 2.15 (s, 3H, CHy=C=0); 5.20 (S, O.5H, methinc); 7.20-0.20
(m, 9H, arom); m/z: 361.5 (M+); Found: C, 59.61; "1, 4.50; N,
3.75%: Calc, for C18H16N038Cl (361,5): ¢, 59.75;: H, 4.42; N,
3.07%.

oxicdation of 3,3-Bis(arylamind)=l-aryl=2-=prosen=-l=oane (56d=c)

with lead tetraacetate: Formation of 2-arylamino=3=arosylindoles

v ——

(87a~c): General Procedure: A solution of keten N,N-agetals

s

(5€) (0.01 mdol) in 20 ml dry CH2C12 was slorly adred (15 min)

to wcll stirred and coole® suspension of LTA (6.657, 0,015 mal)

in “rv CH2C12 (30 ml) and the relction mixtur: --as stirred at
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room temperature for N-10 hr, when tlc showed the Jisappearcnce
of startinc matcrial. A few drops of ethylene olycol was added
to the rcactian mixture and it was then poured into cold water,
extracted with CH2C12 (2x100 ml), the combined extract washed

with water (2x100 ml), dried (Na 504) and eoncencratcd to give

2
the residues, wvhich were purified by column chromatography
over silica gel using 5-10% EtOAc-hexane as cluent to give the
purc indoles (57a-c) as white solids, whosc physical and

spectral data are described below,

2—Anilin3=3=(gntoloyl)—inﬂole (57a), was obtained as white

———

s2lid, m.p. 106=7°; in 50% (1.63g) yield: spectral data descri=-
bed in text, Found: C, 30,82; H, 5.69; N, 8,43%, Calc. for

C22H18N20 (326); Cc, 80,93; H, 5.52; N, 3.53%.

2=Anilino=3=hbenzoylindole (57b), was ohifained as a white s2lid

mep. 93°, in 60% (1.87g) yield; i.r.(KBr)QInax: 3715 (br),
- s
.3160, 3060, 1690, 1650, 1595, 1500 cm l; 1H=n.m.r.(CDCl3);c
7.,00-=7,90 (m, arom); m/2; 312 (M+); Founc: C, .0.60; H, 5.31;
N, §8.79% calc. for C21H16N20 (312): C, 30,76; H, 5.12; N,

B.97%.

2=(n=nethylaniling)-3=benzoyl=5~methylindslec (57c), was obta-

e e, 2

ined as a white s91id, m.p. 136°, in 25% (0,05¢g) vicld:

i.r.(KBrJ‘g maxs 3400 (br), 3150, 3060, 1670, 1650, 1605 cmml;
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1Hmn.m.r.(CDCl3):£;2532 (br 5, 6H, twD CH3); 7.00=7.70 (m, 12H,

arom): m/z: 340 (M+); Founc: C, ©1.35; H, 5.62; ¥, 5.40; calc.

for C 0 (340): c, 81.17; H, 5.88; N, 5.237.

23H20N5

Oxidation of 3-anilino=-3=-methylthio=2-arylacrylonitriles(66a=-¢)

with lead tetra acetate; General Progedure:

To a well cooled and stirring suspension of LTA<94.43g, 0,01
mol) in dry CH2C12 (25 ml), a solution of S,N-acctal (66a-¢)
(0,01 mol) in 25 ml of CH2Cl2
stirring continued for 1=4 hr (till the disappearcnce of starte

was added dropwise (15 min) and

ing matcrial on tle)., A few Adrops of ethylene clycol was

added to the reaction mixture (to distroy the exccess of LTA
nresent) and it was then ooured into cold water, coxtracted with
CH2C12(2x100 ml), washed the combined extraction with water

(2x100 ml), dried (Na 504) and concentrated o <ive crude

2
residues from which, pure praducts were isolated cither by
recrystallization or by column chromatography as mentioned

below,

The iminpacetate (67), was obtained, after column chromato-

grayhy over silica gel using hexane: EtOAc (9:1) as celuent as
wale yellow s2lid, meo. 00=81°, yield: 1l.7qg (52%); (spcctral
data described in text): Found: C, 66.47; H, 4.75; N, 3.90%;

calc, for C 0.5 (324): C, 66.66; H, 4.,93;: N, T.64%.

18M16N29;
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Trcatment >f the iminoacetate (67) with Boron-trifluoride ethe-

rate: Formation of thc amide (69): The imindacctatc (67) (1nm,

e

0.003 m21l) in BF,.-Et.0 (10 ml) was heated at 130-120° for 20 hr.

3 2

The reaction mixture was then poured ints cold water, neutrali-

zedd with sodium bicarbonate, extracted with cHCl, (2x50 ml),

3
washed the combined extract with water (2x50 ml), cdried and
concentrated to give a crude residue, which was purified by
column chroma ogranhy over silica gel using hexane/EtOAc (9:1)
as eluent, to give the amide (63) as a pale coloured semisdlid,
yield 0.63q (70%): spectral data given in text. Found: C,64.21:

H, 5.51; N, 9.,12; Ccalec., for C N.O.S (300): C, 61,00; H,

16716V2°%2
5.33; N, 9.33%.

LA oxidotion of 3,4=dimethoxy=S,N-acctal (66b) f£ollswed by

usual work=un as described above gave viscous residuc, which on
trituration with hexane gave the dimer (77) as amorphous solid,
Mepe 156=7°. yield 1 699 (52%); (spectral data in text); PFound:
C, 65,85%, H, 5.47; N, 8.94%; calc. for Cc,.H N,0,5 (650); C,

36734 472
66.,46; H, 5.23; N, 8.61%.

1-N-phenyl=2-methylthis=3-cyano=5,6=-dimethoxy=-incole (79), was

preparced by refluxing the mother liqu or content (i.c. crude
iminoacetal 78, 1l.71lg, 45%) of the above reaction mixture with

BFB”Etzo (5 ml) in cether (15 ml) for 0.5 hr: £ollowecd by work=up
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by »ouring the resulting reaction mixture over cold water,
neutralising with sod. bicarbonate extraction with chloroform.
The purc indole (79) was obtained by column chromatographic
purification was white solid, m,p. 146-7° yield 1.30g (95%)
(40% based on 66b) spectral data described in text:; Found: C,

66,53; H, 4.72: N, B.74%; Calec., for C.-E

4
1dt1e S (324), C,

Ny0,

66.66; H, 4.90; N, B8.58%.

1-N-phenyl=2-methylthis=-3=cyano=5-methoxy-6-hydroxyindole (8%)

was obtained when the mother liquor content (i.e. crude
iminoacctate 78) of the above reaction mixture was subjected ¢o
co2lumn chromatographic purification on silica gel using 25%
benzene/hexane mixture as eluent. The pure hydroxy indole was
obtained as a pale coloured solid, m.p. 115=6°C yicld l.1lg -
(B0%), spectral data in text. Found: C, 65.66; H, 4,64; N,
8.39 calc. for C

Tzo

( ; Z 7 . % o
17H14h S (310), ¢, 65.80; H, 4£.51; N, 9.03%

2

LTA oxidation of 4-methoxy S,N-acetal (66c¢c), followed by usual

work-=up gave viscous resicdue, which on trituration with hexane
gave the dimer (91) as white s51id, m.p. 140°%; yicld 1.77g (66%);
i.f.(KBr)Q max: 2195 (CN), 1615, 1605, 1595 cm™'; “Hen.m.r.
(CDC13):g1.82 (s, 3H, SCH3): 3.80 (s, 3H, OCH3); 6.30=7.70 (m,
9H, arom); Bonmar. (67.39 MHZ, cnc13):§:16 (@, SCH;): 55 (g,
OCH3): 65 (s, C=CN); 113.8, 119.8, 125, 129, 131 (cach 4, arom),
123, 147, 161 (each, s, arom); 116.,5 (s, c=N), 15338.5 (s,-C=N);

N,0.8

Found: €, 69.25; H, 5.19; N, 9,3%%, Calc. for C34H3O 49558,

(590): Cc, 69,15; H, 5.03; N, 9.4%%.
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l-N-phenyl=2-methylthis~3-cyano~b6-methoxy=-indole (92), was

similarly prevared by refluxing the mother lidqu or content
(i.c¢. crude iminoacetal 90, 1.30g, 37%) of the above reaction
mixture with BF3—Et2

work-up as described above. The pure indole (22) was obta-

O in ether for 0.5 hr, £3llowed by usual

ined as white solid, m.p. 114-5° yield: 1,00qg (92%) (34%
based on 66c) i.r.(KBr):Dmax: 2210 (cN) cm"l; len.m.r,(ccl4):
82,40 (s, 3H, SCH,); 3.65 (s, 3H, OCH,); 6.36 (d, 1H, arom);
6.50 (Ad, 1H, arom); 7.20=7.67 (m, 6H, arom): m/z: 294 (M');
Found: C, 69.27; H, 4.90; N, 5.33%; Ccalc, for C17H14NZOS
(294): C, 69.38; H, 4.76; N, 9.52%.

LTA oxidation of 3,4,5-trimethoxy S,N=acetal (656d), £ollowed by

usual work-up similarly gave a viscous residue, which on tri-
turation with hexane gave the dimer (84) as a white s0lid, m.p.
174=5°C; yield 0.71g (20%): i.r.(KBr)blnax: 2190 (cN), 1600

(m), 1580 (strong) cm-l; 1Hnn.m.r.(CDClB):g,\l.BO (s, 3H, SCH3)7
3.75 (s, 6H, twd OCH3): 3.85 (s, 3H, OCHB): 6,60 (s, 2H, arom);
6,90=7.60 (m, 5H, arom): Found: C, 64.11; H, 5.46; N, 7.75;

Calc. for c38H38N40652 (710): Cc, 64.22; H, 5.35; N, 7.80%.

l1=l-henyl=2=-methylthio=3-cyano=5=-ethoxy=6,7=dimethoxyindole

(96) or l-N-phenyl=2=-methylthio=6=~ethoxy=5,7=dim:thoxyindole

(97) and the guinone (95): The mother liglor content (A)
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obtained after filtering the dimer 94 was stirrcd with boron
trifluoride etherate (5 ml) in 20 ml ether at room tcemperature
for 2 hr. The reaction mixture after usual work-up gave a
viscous residue which was c¢olumn chromatographed over silica
gel. Elution with benzene gave first 1.28qg,(52.6%) (35% based
on 66d) of the indole 96 or 97 as a white solid, m.p. 124=5°
(spectral data in text):; Found: C, 6508; H, 5.54; N, 7.47%;

Calc. for C20H20N203S (368): ¢, 65.21; H, 5.43; N, 7.60%.

Further clution with benzcne/ethylacetate (10:1) -—a3ve 1,159
(47.3%) (34% based on 66d4) of quinone 95 as an ycllowish
s21lid¢, m.p. 137=8°; (spectral data in text); Founc: C, 63.65;
H, 4.58; N, 8.05; Calc. for C1gH16N5035 (340): ¢, 63.52; H,

4,70; N, 8.23%.

LTA oxidation of 3-anilino-3-methylthios-2-(p-chlorophenyl)-

acrylonitrile (66e): followed by sual work-up as described

above gave a s21id which was found to be a mixture 2f two
products (tle). Fractional crystallization of thce above

mixture gave first 1.40g (47%) of dimer 106, as white s3lid,

W e
MeP. 166=7°C; i.r. (KBr); ¢ max: 2220 (CN) cm 1; lH«n.m.r,

(CDC13):g\1.8 (s, 3H, sMec); 7.00=7.50 (m, 9H, arom); 1%3mn.m-r‘
(£7.39 MHZ, cnc13);é; 16.0 (q., SCH,), 64.5 (s, C=CN), 116.5
(s, C=N)Y, 119.5, 125, 128.5, 129, 131 (&, aromatic), 129.5:;

136, 146 (s, ar omatic); 157.5 (s, C Yy; Found: C, %4.24;

vinylic

H, 1.13; N, 9.21; Calc. for CB2H24N482C12 (599): C, 64.10; H,

4.00; N, 2.34%.
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The iminocacetate 105 was obtained as a second fraction as a

white solid, yield 1.72g (48%), m.,p. 115-6°C; i.r,(KBr) max:
0

1

2240 (CN); 1760 (E—CH3); H-n.m.r.(CDCl,): 1.80 (s, 3H, SCH,);

2.25 (s, 3H, CH,~C-); 6.80~7.80 (m, 9H, arom); Found: C, 60.37;

3

H, 4.31; N, 7.65%; Calc, for C, H,N,SCl1l0

H, 4‘.18; NI 7.81%0
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CHAPTER IV

REACTIONS OF POLARIZED KETEN-S,N=ACETALS WITH
HYDRAZINE AND GUANIDINE : FACILE GENERAL ROUTES
TO NOVEL 3(5)=MNYL=5(3)=AYL/ALKYL/ARALKYLAMINO=
1(H)-PYRAZOLESFAND 2= AMINO=4=ARYL/ALKYL/N=AZ ACY=
CLOALKYLAMINO-S , 6~SURSTITUTED PYRIMIDINES % ¥

Iv.l INTRODUCTION

. . . .1
Barlicr from our laboratory, a facilc onc pot synthesis

. of a fow 3(5)-aryl-5(3)=-alkoxypyrazoles (33-d) and the corres-

* %k

poncing 3(5)=aryl=5(3)=N-2zacycloalkyl/M-alkylaminonyrazoles
(5a=d) was reported by recaction of the corresponding oxoketen-
dithioacctals (1) with the corrcsponding alkoxidec or amine
followcd by subsequent insitu treatment with hydrazinc hydratc
(Schcme 1).  The corresponding S-mcthyl-0-alkyl (2) and Snm@tﬁylw
N=-alkyl=(4) acetals formcd by displacoment of one of the
methylthis groups in 1 by cither alkoxide or alkylamind group
resoncctively were sugaestced as intermediatces in thosc transfor-

mations (Scheme 1) Similarly 3 novel one step synthesis of

J.N, Vishwakarma, B,K.Roychowdhutry,H.Tla and H.Juni
Ind, J.&hem,,000(1984), Yo ? -wHRJappe.

J.N, Vishwakarma, S,Apparao H.Ila and j
Chem., 000(1984) , ! n¢ HeJuniapps, Ind.J.

- . o . .
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2-amino=4=-aryl/ethyl aminopyrimicdines 9 was ﬂcvelopch by
insitu generation of the corresponding S,N-=acctils 7 f£ollowed
by subsequent recactions of 8 with guanidinc (Schome 2), However
whcn the simil3r aproach wi3is extended for the synthesis >f the
corrcsponding 2=amino=4-aryl/cthylamino=6-=3ryl >yrimiincs, by
insitu ccncration of S,N=acetals 10 the corresponding 4d=substi=-
tutced aminopyrimidincs 12 were obtained in low yiclds (Scheme 3),
Later it was shawn2 that ketoketen S,S=acetils 1 rcact with
substitutcd anilincs to give a3 mixture of bosth $,N=(10) and
N,N=(11) acetals and the N,N=acctals 11 were found to be
inactive towards guanidine reosulting in the lower yiclds of
oyrimicines 12 (Scheme 3). The oyrimidincs 12 werc abtained2
in improved yields by rcacting purc S,N=acetals (orcepared by
isothioscyanate meth2>d) with ~uanidine (Scheme 3). Similarly
th2 corrosponding 4=mdoroholinopyrimidines 16 were obteined  in
low viclds by reaction of the corresnonding N,N-mormhalino-
Acctals 15 (generated insitu) with ~uanidinc sincc the attempted
synthesis of the corresponding S,Ne-morpholinoacetals 1.1 from
1 by direct displaccment method affordcd »nly 15 9nd no trace
of 11 were formed in the reaction (Scheme 4). The S,N-Aacefal
_ﬁ, bcing more re3ctive than the corresponding S,S=acctal 1,

reacts faster with morpholine than 1 to ¢give the N,N--acet3ls
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15 exclusively (Scheme 4). Howcver subsedquently, the S,N-
acctals 20 derived from cyclic secondary amines could be
preparcd in gooad yields3 by alkylation of the corrcsi>onding
thiocamides 19 under mild conditions (Scheme 5), Tho
thiosamides 19 were ohtained by the reaction of the raspective
amincs with the apporopriate ketodithioesters 18. Thce dithio-
esters in turn were obtained in good yields by a mecthod
dgovcloped in our laboratory my methylthiocarbonylation of the
respective acetophenones 13 with dimethyltrithioscarbonate 17

in the presence 2f sodium hydrice (Scheme 5).4

Wwith @ variety of polarized keten S,N-acctals in hand,
which wcre cerived from virious primary alkyl/aryl an® sccondary
cyclic amines, we h3ive further investigited the rcactions of
thcse 5,N=acetals with hycrazine and quanidine in order to
study the scope and generality of these reixctions £or synthesis
of 3(3)=aryl/alkylaminopyrazoles and the corrcsponding
4=231lkyl/aryl/azacycloalkylpyrimidines. The results of these

st. "ics are presentcd in this chapter.

I, 2 RESULTS AND DISCUSSIONS

Tv.2.1 2ections of Polarized Keten S,N=acctals with Hydrazine:

Synthesis of Novel 3(5)=N-=-Aryl/alkyl/N=3zacycloalkyl-

aminonyrazoles

Tn an attemntced Airect preparation of the pyrazsle 21a
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from the dithioacetal 1 (R=C6H5), when a mixture of 102 and
aniline was treated at 160°C for 15 hr £2llowed by sulzsequent
treatment with hydrazine hydrate in refluxing cethanol, the
corresponding 3(5)=-phenyl~5(3)anilino=1(H)pyrazole (21a) was
obtained in low yield (35%) (Scheme 3) along with the N,N-
acetal_}&é (Ar, R=C6H5) which were separated by column chro~
mitography. However when the pure S,N-anilinoacetal 10a was
refluxed with hydrazine hydrate, work-up of the reaction
mixture afforded the corresponding 3(5)-phenyl~5(3)=anilino-
1(H)—py;azole (21a) in 85% yield (Scheme 6). The pyrazole

21a has becen reported in the litersture, which has baeen
preparcd either by the reaction of phenylacetylinic thioanilide
225'6 or the corresponding N,O-acetal 237 with hydrazine
Scheme 7). The m.p. (154=55°C) and u.v, spectrum , max
(MeOH): 266 (logg 4,.20) of 2la were in conformity with the
reported values., Its i.r. spectrum (KBr) cxhibited absorption
bands at 3400 (Y ) and 1550, 1580 and 1600 () ,_.) om™ 3,
while its 1H—n.m.r. spectrum (TFA) showed a singlet (1H) at
8 6.35 and a multiple+~ :1C0H) between%§7.15w7.92 cue to H=4 and
cromatic proton respectively. The tautomeric S5-arylimino-
pyrazolone structure 2lc was ruled out due to the abhsence of

4=methylene proton signal in the n.m.r. spectrum of 2la.
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However, it w3s not possible to differentiatce between the
tautomeric structures 21A and 218 on the basis 2f thesc data,
The rcaction of other substituted S,N-acetals 10b-f similarly
afforded the corresponding 3(5)-aryl=5(3)anilinopyrazoles
21b-f in 89%=97% overall yields (Scheme 6) on rcaction with
hydrazine hydrate under similar conditions. The spcectral and

analytical data of 21b-f were in conformity with the assigned

structures (Table 1 and 2).

The reaction was next extended for the synthesis of
3(5)varyl—S(3)~alkylaminopyrazoles, Thus whaen the S,N-methyl-
acetal 10g was reacted with hydrazine in refluxing cthanol the
corresponding 5(3)=-methylamino-3(5)=phenylpyrazole (21g) was
obtained in 93% vield (Scheme 8). The other substituted
3(5)=aryl=5(3)=N~methylamino (21h-1i):; 5(3)~N=ethylamino -
(214=1) and 5(3)=N-benzylamino (21lm=-n) pyrazoles were similarly
obtained in excellent yields (Scheme 8). The structurcs of
all the pyrazoles were confirmed with the help of spcciral

and analytical data which are given in Tahles 1 and 2

respectively.

when the keten S,N-acetal 1l0g-t derived from aminoace-

taldchydediethylacetal were rcacted with hydrazine hydrate
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unccr similar conditions the corresponding 5(3)-N=ﬁg=bis(cthoxy)—
cthylaminopyrazoles (21lg-t) were obhtainced in 50=72% overall
yiels (Scheme 3). The spectral and analytical data of 2ig-t
werc in conformity with the assigned structures., Howcver our
subscucnt attempts to cyclize 21g=t to either the correswmonding
triazapcntalenes (24A) or the pyrolopyrazoles (24B) in the
prcscnce 2f a variety of mineral and Lewis acids (mcthanolic HCI,
32804, TFA, PTSA, BF3.Et20, Ticl4) were not successful (Scheme 9)

although attempts in these Adirections arc still in xrojress.

"hen the doubly activated $,N-3nilinoacctals 253 and
25b derived from malononitrile were rcacted with hydrazine
hydrate under similar conditions the corresponding 3(5)=aryl-
aminos=4=cyano=5(3)amins=1(H)pyrazoles 262 and 26b wcrce obtaineA
in 95% and 96% yields respectively (Scheme 10). The structures

of 26a and 26b werc confirmed with the help »f specctral and

analytical data. Similarly the S,N=acctal 27 derived f£rom
dimcthoxyphenyvlacetonitrile reacted with hydrazine hydrate to

give the expected pyrazole 28 (Scheme 10).

The reaction of S,N-piperazinoacetal 30 (prepared by the
displacemcnt reaction on the dithioacetal 29 by Nemcthylpipera-
zine) derived from ethylecyanoaccetate with hydrazine hydrate

afforced 3(5)=Nemethylpiperazino=4-cyano=5(3)=~hydroxypyrazole32
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in 63% yield and no trace of the corresponding 5(3)=amino-

3(5)=N=-mcthylpiperazino=i=ethoxycarbonylpyrazole (31) formed
by the nucleophilic attack of hydrazine on cyano group of 30
was 1solated from the re3action mixturc. The structurc of 32

was confirmed with the help of spectril and analytical Asta.

The reaction 2f S,N=3cectal gﬁgmé derived from *the
corresponding pyrazolone S,S5-acetal 33, with hydrazine was
next investigated in order to get the corresponding 3=N=aryl/
alkyl/cycloalkylaminopyrazalopyrazoles 35. Howcver 35 could
not he synthesized from either of the reactions of 34a<b with
hyAdrazine and the products isolated in all these cases were
charactcrized as 36a-b formed by displacement of mcthvlthio

~roup by hydrazine (Scheme 12).

s few of the 4=-unsubstituted pyrazolces werc rcacted with
nitrosylchloride in ether using pyridine as a hase when
corresoonding 4-nitrosopyrazoles were osbtained (Scheme 13) in

B5=95% overall yields.

IV.2,2 CONCLUSIGON

The rcaction of {X=oxoketendithioacetal 10a-t with
hydrazine provides a facile gencral route f£for 3(5) ryl=5(3)=
aryl/alkyl/aralkylaminopyrazole 2la-t. It is »pcrtincnt to

note that very few 3(5)=substituted aminopyrazoles arce reported
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in the literature. The litcrature methods for the svnthesis

oL
of 3(5)asubstituteiigyrazales arc as £ollows:=

IVe2.2,1 By substituted amination of 3(5)=halogcnopyyrazoles

The replacsment 2f halogen in 3(5)=haloccnooyrazosles
by substituted amines is one of the oldest mcthods employed
for thc synthesis of 3(5)=-substituted aminopyrazoles (Scheme
14)s The 3(5)=chloro or bromopyrazoles 39 are obtcined by
troatment of the corresponding 3(5)=pyrazsloncs 3t with phos-
phorous oxychloride (or bromide). However, the nucleophilic
displacement of halogen by nucleophiles like ammonia, substi-
tuted amines or alkoxy group are facile only when an electron
withdrawing group is present in the 4 position of the haloge-
nopyrazole (32)9 or one of the nitrogen atoms 2f the

~
] O
halojenopyrazoles is guirternized (41, Scheme 14).)'1

IV.242.2 By Reactions of N-substituted thios—=scmic-rbazides
11,12

with halosketones,

A few of the 3(5)-suhstituted aminopyrazoles (ég)
have heen synthesized by reactions of Ne=substituted thiosscmi-
carvazices 44 withe{-h3loketones to give 1,3, 4=thiazidines 45
which undergo facile 1loss of sulphur to give pyrazolcs 46

(Schcme 15).
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IV.2.243 By Reaction of hydrazine with polarized N,Onacetal7

There is only one report 2f the reaction of polarized

oxo=N=anilino=0O=ethylacetal (gg, Scheme 7) with hycdrazine to
give the corresponding 3(5)=anilinovyrazole in good yields.

Howcver the N,0-acetal re not casily availabhle, hesides they

unccrgs fast hydrolysis in the presence of moisturc.

IV.2.2+.4 From Thinanilides

The rcaction of phenylicetylenic thioanilides (22,
Schcme 7) with hydrazine to give the corresponding 3(5)-
inilinopyrazole under this category has been alrcady described7
(Scheme 7). Only two anilinopyr2zoles have been synhthesized
by this procedure. This method requircs orior synthesis of

substituted arylicetylenes for wide structural variavrions,

A fcw of theﬂgpeunsaturated thioaniliccs (.7), which
arac obtained by the reactions of the respective cnamines with
chenylisothiocyanate, h3ive 31so heen reacte” with hydrazine to
afford the corresponding 3(5)=anilinopyrazoles (0 in cxcellent

.13

yiclcds (8chemc 16). Howcver this method rogaircs maisture

scnsitive enamines s the starting materials.

The re3ctions d>f 1 few of =oxothioaniliTcs 19 with

16

, , l/i= ,
1ryl hydrazine have 1lso heen renorted to yicld the

corrcsmonding leN-aryl=3(5)anilinopyrazoles 50 in <xccllent
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viclds (Scheme 16). However our attemptcd synthcsis of
3(5)-N=substituted amino=1(H)=-pyrazoles (especially=3(5)-alkyl-
aminopyrazoles) has shown that the yields of pyrazolcs (504)
were low due to the formation of side products likc thiopyra-
zolones (ggg) and their dimers (59;) which werc formcad by
dlsnlaccement of the corresponding alkylamines in thiocanilicdes

49 by hydrazine (Schcme 16).

rrom the above discussion it is apparcnt that the
recaction of appropirately substituted oxoketen S,N-acctal (or
polarizod S,N-acetals) with hydrazine provides a very facile
and highly efficient route for 3(5)-2lkyl/arylaminopyrazoles,
Although the reactions of 3 few of the doubly pilarized S,N-
acctals with hydrazine to give the corresponding 3(5)-2nilino=

17,15 the

nyrazole have been reported in the literature,
generality of this reaction for the synthesis of various
aminopyrazoles with Aifferent structural variations was not
invcstigated, The prescnt studies therefore demonstrate that
the polarized S,N=acetals are versatile precursors for the
synthesis 3(5)=-aryl/alkyl/aralkyl/N=azacycloalkyl=5(3)aryl/
amino/oxo=4=substituted® pyrazoles. The corresponding 4-unsub-

stituted=3(5)=-aminopyrazoles can be further cxploitcd for the

synthasis of fused pyrazolohcterocycles by rceactions with
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. . . 10
varisus activated heteromultiple bonds and subscqucnt trans—

formations. The attempts in these directions re in progress.

IV.2.3 Reactions of Polarized Keten S,N=acetals with guani-

dine: Synthesis of Novel 2=Amind/mercapto=4=N-aryl/

alkyl/N-azacycloalkylamino=5,6=substituted »Hyrimidines

The earlier reporte62'3 studies on the synthesis of
d=substituted amino pyrimidines by reactions of S,N-acetals
with guanidine were mostly carried out on the ¢ =oxo-S,N-acetals
Aerived from 2ctive methylene ketones and ethyl cyanopacetate.
In the prescnt investigation we have extended these studies to
other keten S,N-acetals derived from arylacetonitriles malono-
nitrile, phenylacetate and the oxoketen $,N=3cetals derived
from benzyl and sccondary cyclic amines and the results are

described here,

IVe2.3.1 RESULTS AND DISCUSSIONS

when the S,N-3anilinoacetnal 5S5laderived from phenyl=-
acetonitrile was reacted® with guanidine in the prescnce of
sodium t-butoxide in t-butanol, the corresponding 2, %=cdiamino=~
4=anilino-5=phunylpyrimidine 52a wés obtained in 65% yield
(Scheme 17). The structure of 528 was confirmed with the

help of mass (M', m/z2 276); i.r.(KBr) 3150, 3305, 3400, 3460
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(Froce and Habonded} NH); 1640 (gNHz) ANA NeMere(TrA) g6.9o—
7.05 (m, arom) snectral and analytical Aata, Thc other sub-
stituted S,N-acetal 51b=d similarly =2ffordecd the corresponding
4-anilino=5=arylpyrimidines 52b-d in 82-90% ovcrall yieclds.
The spectral and analytical data of 52b=d wecre in conformity

with the assigned structures (Tables 3 and 4),

The reaction of S,N=3anilinosicetals (53a-b) derived from
malononitrile wAas next investigited. The S,N-arilinoacetals
(53a=b) reacted with guanidine to give the corresponding 2,6-
diamino=4-arylamino=5-cyanopyrimidines 54a-b in good yields

(Scheme 18).  The structures of 543=b were confirmed with the

hels of spectral and analytical data (Tables 3 and 4).

The reilction was found to be equally facilc with the
S,N=anilinoacetal (55) derived from cthylphenylacctate and the
corrcsponding 2=amino=4-anilino-5-phenyl=6-oxo~1(H)pyrimidine
56 wais obtaincA in 56% yield undcr similar conditions
(Schcme 19).  Also when the 5,N-acet2l 55 was rcrctcd with
thiosurea in the presence of sodium t-=butoxide in rufluxing
£=butanol; the corresoonding 2=mercant o=4=anilino=t=oxo=1(H)-
pyrimidine 57 was obtiined in 7% yield (Schcme 19). Thus
the §,N-acctals 3re useful nrecursors for the svnthesis of

2=mcrecapto=4=substituted minopyrimidincs also.
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In sur earlier studie52 3 few of the 4<N-morpholino=6-
arylpyrimidines (16a-c), (Scheme 4) wcre obtaincd in low yields
by the reactiosn of guanidine with the corresponding N,N-;;E;;éfibwuw
acetals (15a-c) which were gcnerated insitu from the correspond-
ing oxoketen S,S-3cctnls I (scheme 4). 1In the prcsent
investigation, we have synthesized the corresponding o{=oxo=S,N=
(N'=phenylpiperazino)acetal 58 accordéng to the route shown in
i

, 655
the scheme 5 |Ar=C Hg; R=R, = =(CH,),~N- (CH2)2 by methyla=-

5’
tion of the corresponding thiosamide 18. When the 35,N-acctal 58
was rcecacted with guanidine under identical conditions as described
earlicr, the corresponding 2-aminoed-N-(N=phenylpipcorazino)
pyrimifine 59 was exclusively obtained in 62% yield (Scheme 20).
Similarly the S,N{@'nm@thylpiperazinﬁ)acetal 60 Cerived from
cthylcyanosaccetate afforded the corresponding 2-amino=4-N(N-
mcthylpiperazino)-5-cyano=6=-oxo=1(H)=pyrimicdine (61) in 48%

vicld (Schemc 20). Thus these studics demonstrate that the
corrcesponding 4=Ne=azacycloalkylpyrimidines could be obtained in
bettcr yieclds from the corrasponding S,N=accti3ls r~ther than

via the corresponding N,N-acctals such as 15 (schcmc 4). The
structures of all the new pyrimidincs 56, 57, 59 nnd 61 were
confirmed with the help of spectral and analytical data (Table

3 =2nd 4).
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TThen thcoC=3x3aS,Nmbenzylﬁcotals 623 T 625 wcre reeted

with ~unifinc undcr similar conditions the corres .onding
2=ino=4=N-bcnzylomino=6-substituted pyrimicincs 632 1nd 063b
were owtained in oood yields (Scheme 21), Similarly the
rchection of S,N=benzylacetal (62b) with thiourch un”er the
ifentical conditions fforded the corresosonding 2-mercipto=id=
benzylminopyrimidine (64) in 60% yicld. Thc nitros-tion of
nyrimicfincs 633=b with nitrosyl chloridc affordcd the corres-
oon'ing S5enitrosopyrimidines 653=b in good yields. Ilowever
our subscquent ttempts to cet the —urines €72 and 679 by
thermal cyclodehy”rition of the corresponding S5=nitrosopyrimi-
“incs 65a-b undcr virying confitions werc not succussful
(Schewme 22). These results are in linc with the ¢-~rlier
rcported studies19 on the thermil cyclodchydration of 5-nitro-
so-~vrimicdine 65¢c which Aid not ffor” the purinc Jorivotive

. . 19
A7c cvcn under Arastic conditions. The authors hve

1ttributed this failure of 65¢ to undergo cycliz~tion to 67¢
to the presence of stible aromatic system in 65¢, -'hich
orevents it to oxist in hydroxyiminostautomceric form 06c.
Aceording to thesc authors, the existance 3£ hydroxvimino-

twtomeric form 66¢c is one of the prercguisitce for the facile

cyclodfchydrition of 4=1rilkylamino=5=nitrszasyrimicinc
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Aerivatives (Scheme 22).19'20

The obscrved failurce 2f 6513 and
65b to give the corresoonding 673 and 67b could als> be ratio-

nalized on the basis of same arquments.

IV.3.2 CONCLUSION

The wversatility of »nolarized keten S,N=2cctls as
precursars for 4=N=substituted nyrimidines has heen demonstriated

by extending the reactions of different polarized kcten S,N=-

acetals like 513-d, 53a-b (g{ -cyano) 55(eGethoxyarbonyl)
S.N=acetals and novel S,N=acetals 58, 60 and 62 derived from
cyclic sccondary and benzylamines respectively with ~uonidine,
The reaction onrovides a facile route to 2 variety of novel
functionalized 4=alkyl/aryl/N=azacycloalkylaminopyrimicdines.

It is pertinent to note that many of the substituted amino-
oyrimicdines are know to exhibit wide spectrum of iological
activity,z1 The usual methods £for the synthesis of 4(6)-sub-
stitute” aminonyrimidines involve substitution of the corres=
Honcines chlara»,22 hydroxy,23 alkoxy22 or alkylthiopyrimidines22
by the a»oropriate amines. The present procedurc from the
corresponding S,N=acectAals »nrovides synthesis of thcesce pyrimidines
from thrce carbon fragments having built in substitutcd amino

~nroun with wide structural variations.
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IV.: EXPERIMENT AL

Mps were determined osn a "Boetius" (German) apparatus
and arc uncorrcected, The l.r. spectra were recordct on a
Perkin=Elmer 297 spectfaphatometer, while u.vs soectra were
taken on Beckman 26 swpectrophotometer., The 1H=n.m,r. spectra
were rceorded on a varian EM=390 (90 MHz) spectromctor using
T™MS as an_inférnal‘standard and chemical shifts arce cxpressed

in S (om) .

The Sfarting Materials

The commercial samples o>f acetone, 3ceto>ohenone, E%chlaroacetoo
phenone/ p=bromdoacetophenone, g—methylacetaphenane; p=methoxy-
acetophenone, p-ethoxyacetophenone, malansnitrile, »henylaceto-
nitrile, E—chlorophenylacetonitrile, P-methoxyphenylacetonitrile,
dimethaxyphenylacétonitrile, ethylcyanoacetate, ethyvlacetosacetate,
aniline, pe-chloroaniline, Emmethylaniline, ethyvlamine, methyl-
amine, benzylamine, 2,2—dieth3xyethylamine, o=fluoroaniline,
morpholine, Nemethylpiperazine, N=-phenylpiperazine, phenylhydr—

azinc were purified before use.

Ethylbenzoylacetate, b.p. 132=37 (4 mm)24 ethyl=p="romophenyl-

25 1, 3=Adinhenyl=2=pyrazslin=5=one, m.p. 128°;26

26

acetate, m.p. 30°;

l-phcnyl=3=(p-bromonphenyl)=2=pyrazonlin-5-onec, m.p, 125-7;
6

l=phenyl=3=methyl=2-pyrazoslin=5-one, m.p. 126"2 wcre prepared

by the roported maethod,
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The “imethyltrithioscirhon3te, b.p. 225° (750 mm);27 ~henyl
isothiocyanate, b.p. 120=1° (35 mm);z'q p=chloronbhenylisothio=
cyanatc,28 B=methylphenylisothiocyanate,28 ethylisothiocyanate,
Hape 130=1° (760 mm)29 were also prepared by the reported

procerures,

Thce ketendithioacetils, 3,3=(bismethylthio)=1l-=phenyl-2=propen=
l1-one; 3,3=(hismethylthio)=1=(p-methoxyphenyl)=2=propen=-1-one;
3,3=(bismethylthio)=1-(p~hromophenyl)=2-propen~l=onc 3nd 3,3=
(hismethylthis)=1l={p~methylohenyl)=2=propen=1-one were prepared
hy the renorted procedure described in chanter II nd 3,3«
(hismcthylthio)=1=(p=chlorophenyl)=2=or oen=1-onc, 109=10°3O
was prepared by the reported me{haﬂ (the ~encral proccfure
agiven in chapter II). The Aithiosacctals 4m[jbis(mcthylthia)
mcthyleng} =5=0x0=1, 3=diphenyl=4,5="lhydropyrazole (333a) m.p.

150031

-
and 4=Lpis(mcthylthio)methylené]m5=3xo=lwphcnyl=3=
(p=bromophenyl)=4,5=Aihy’ropyrazole (339), m.p. }21"31 were

preparec by the reported method.

The S,N-acetals 10 (a,h,c,.j,m,n), 27 an? 51 (a=7) wcrc

prenarcd 3s descrired in chapter IIT.

Prcoaration of polarized keten S,N=acctils: The S,N-=xectals

have becn =revpared by one 2f the following methods
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(A) By displacement method: - A solution of respective keten

Adithisacetal (0.02 mdl) in ethanosl was refluxed with corres-
ponéding amine (0.025 mdl) for 3=10 hr. ANter the completion
of the reaction (tle) the solvent was removed and the crude
S,N=acetals thus ohtained® were purified either by crystalli-
s3tion or by column chromatogranhy over silica gel using
henzene/shexane (1:1) as eluent. The S,N-acetals prepared by

this method are descrihed helow:=

The known S,N-acetals: 3=methylthis=3=N-methylamino=l-phenyl-

2=oropen=1l=one (10g) m.pn. 7Oa1$32 3=methylthio=3=N=methyl-

amino=l=(p=chlorophenyl)=-2=~propen=l=-one (10h) m.p. 710032
3=methylthio=3=N=ethylamino=]l-(p=-chlorophenyl=2=nropen=l=one
(q2513 viscous liquicd (tlc sinale spot); 3=methylthlo=3=ethyl-
amino=1=(p-methoxyphenyl)=2=pr open=1=one (19£)3 viscous liquid
(tlc single spot): 3-me thylthio=3-(2,2=-dime thoxyethylamino) -1~
phenyla2=propenalaaﬁe (223)33 semisolid (tlc sintlc spat)}
3=methylthio=3=(2, 2-diethoxyethylamino)=1=(p-mcthyl-hcnyl)=2-
proxn=1l=one (193)33 M.Ds 62=3°%; 3=methylthio=3=(2,2=cdicthoxy-
ethylomino)=1=(p-methoxyphenyl)=2=pronen=1l=one (;gg)33 viscous
liguid (tlc single swoot); 3-methylthis=3-(2,2=dicthoxy=
ethylamino)=1=(p=ethoxyphenyl)=2=propen=1=one (;95)33 MePea
N3=4°; 3=methylthio=3=(2,2="icthoxycthylamino)=1=(p=chloro-

Shoenyl)=2=nropen=1=sne (lg§)33 yellow 2il (tlc sincle spot);
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3=-mcthylthio=3-~(2,2=diethoxyethyl mino)=1~(p=hromoohcnyl)=2-
Dro>cn=1=2one (193)33 yellow 2il (tlc single spot); 4-methyl-
thio=4<henzylamino=3=huten-=-2-one (§g§)32 semisnlicd (tlc single
spot) 7 and 3=methylthis=3-henzylamino=1=(p=chloroshcnyl)=2-

nroxen=1=one (62b) m.n. 95=7°32 were prepawed by ohove method,

3=mcthylthio=3=(N-methylminog)=1=p=methoxy shenyl=2<sropen=1=-

one (10i), was ohtained 1s a light yellow solid, m.o. 93=95°;

in 74% (3.5g) yield: i.r.(KBr){)max: 3450 (NH); 1600 (CO) cm“l;lH
n.m.r.(cncly); § 2.40 (s, 3H, SCHy): 2.55 (s, 3H, NCH,); 3.05

(s, 3H, OCHB); 6.65 (s, 1H, vinylic):; 6.30=6.95 (m, 2H, Arom);
7.75=7,90 (m, 2H, arom); Founcé: C, 60.,64; H, 6.43; N, 5.75;

calc. for C NO.S (237): ¢, 60.75; H, 6.32; N, 5.00%.

12H15N0,

3=Methylthio=3-(p=methylanilino)=2-cyandicrylonitrilc (25a),

was obtained as yellow s5lid, m.p. 164°, in 70% (3.2g) yield,
i.r.(KBr)Q maxs: 3210 (NH), 2170 (CN) cm_l;JIin.mkr.(CDC13),'82.25
(s, 3H, SCH3); 2.33 (s, 34, C§3C6H4); 7.10=7.30 (m, 4H, arom);
3,30 (br, 1H, NH); Found: C, 62.65; H, 4.95; N, 13,563 C1lc.

for C 48 (229): C, 52.083; H, 4.80; N, 13.31%.

12H11N

3=M. thyvlthio=3=(o=fluoro3anilino)=2=cyanoacrylonitrilc (25h},

wag obhtained as yellow s31id, mon. 63=70°, in 75% (3.5q)
yield; i.r.(KBr)'Q max: 3225 (NH), 2205 (CN)ﬁ%n.mor.(TFA):
6~2.7O (s, 3H, SCH3); 7.10=7.65 (m, 4H, Arom); Found: C, 56.42;

H, 3.71; N, 18.22: Cilc. frr C N_SF (233): C, 56.65; H,

11553
3,433 N, 10.02%.
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3=Mcthylthio=3=(p~chloroanilino)=2~cyanolcrylonitrile (53b)

wis ohtained as yellou solid, m.p. 72=74°, in 30% (3.97)
yicld; i.r.(nujal):) max: 3220 (NH), 2210, 2190 (CN)f%n.m.r.
(TFA):E;Z.OS (s, 34, SCH3); 6.50=7,50 (m, 4H, arom): Found:
c, 52.62; H, 3.41; N, 11,51; Chlc. for cllHlBNBSCl (219.5)¢
C, 52.90; H, 3.20; N, 16,063%.

3=tlcthylthis=3~=(N=methylnipcrazino)=2=cy3dnocthylacrylate (30)

wis ohtained as pale yellow solid, m.p. 73=00° in 52% (4.47)
yield: i.r.(KBr)Q maxs: 2200 (CN), 1670 (CO) cm_lgﬂn.m.r.(CDCl3);

£ 1.30 (t, 3w, oCHCH,); 2.33 (s, 3H, SCH,): 2.51 (t, 4H, piper-

2
azino); 2.63 (s, 3H, N»CH3); 3.93 (t, 4H, piperozino); 4.21

(qa, 2H, OCH,CH,;); Found: C, 53.25; H, 6.31; N, 15.95; Calc. for

2
C12H19N3028 (269): ¢, 53.53: H, 7.06; N, 15.61.

SmOxaml,3adiphenyln4—(methylthiowNnmethylamina)mmthylcneozgza

pyrazoline (342), was ohti3ined as light yellow solid, m.w.

213-5° in 80% (5.16qg) yield; i.r.(XBr) D max: 3310 (NH),

1640 (CO) em *iHn.m.r.(TFA): & 2.22 (s, 31, SCH,), 2.00 (s, 3H,
NHC§3); 6,90=7.50 (m, 10H, 3Iom); Founds: C, 67.10; H, 5.02:;

N, 13.33; Ccalec. for C18H17N3OS (323): C, 66,57; H, 5.,26; N,

13.00%.
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5n0x3n1—phenyl=3—(p—bramaphenyl)=4—mcthylthiyﬂh6¢mothylm

. . 2 . .
plpera21n3)methylene=45 -»nyrazoline (34h), wrs obtaincd as

n
yellow needles m.p, 192-93°; i.r.(KBr)‘)max: 16273 (CO0) cmal;lH*

NeMeX o (CDC13):E;2.28 (s, 3H, SCH3): 2.33 (s, 3H,anCH3)7
2.50 (»r, 4H, piperazino); 3.91 (s, 4i, pipgerszino); 5.96~
7.60 (m, 7H, arom); .13 (Ad, 2H, arom); Found: C, 506.26; H,
5.06; N, 11.72: calc. for CyoHyN,OSBr (471): C, 56.05; H,

4-88,‘ Nl 11‘8@'3-

(B) By arvlisothiocyanate method

To> 2n ice codled well stirred suspension of N3H (2..:¢, 0.15
mol) (washed 2-3 times with dry hwenzene) in dry DMF (50 ml)
2 solution of active methylene compound (0.05 mol) in Ary
DMF (25 ml) was added dropwise Auring 0.5 hr. A solution of
aryl isothiocyanate (0.05 mol) in dry DMF (25 ml) was then
dded and the reaction mixture was further stirred for 1.5-2
hours f£ollowed hy adition of methyl iodide (2.05 mol) in
dry DMF (20 ml). After further stirring for 2 hr, the
rcaction mixture w3is poured over crushed ice, neutralized
with glacial AcOH and extracted with CHC13. The CHCl, layer

L 3

was waished with water (3x100 ml) dAried (Na 504) an” conecen-

2
tratcn to give crude S,N=acetal, which was purificd by
piIssing throuch silici acl column using henzene/hexone (1:1)

as eluent. The S,N=acctals prcparced by this mctho' are

Aescrihed below:=
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The known S,N=acetals: 3-methylthio=3~(p=methylinilino)=1-
phenyl=2=oropen-1l-one (10d), m.p. R4°;32 3=-mcthylthio=3=-~
(p=methylanilino)=1-(p-chloraophenyl)=2-propen=1=onc (10£f),

MePo 105-6°32 were prepared by the above procedure,

The unknown keten S,N-acetals: 3-methylthio-3-(n-mcthylani-

lino)=1=(p=ethoxyphenyl)=2-propen-1-one (10e) was obtained

as a hrownish s21id, m.n. 72=3°, in 70% (11.4'g) vyicld;
i.r.(KBr):} maxs: 3075 (NH), 16”0, 1600 (CO0) cmnl; 1u=n.m.r.

%
(cncly):p 1.50 (t, 3H, OCH,CH,4); 2.15 (s, 3H, CH,C.H,);

<15 (s, 3H, SCH3); 4.10 (g, 21, 1, HB); 5.23 (s, 1H, NH):

6.35 (s, 1H, vinylic); 7.20-8.10 (m, OH, arom); Found: C,

69.61; H, 6.55; N, B8.45; C3lc. for C1gH,NO,S (327): C,

69072; H' 6-42; N’ 4.28%’

3-Methylthipo=3-anilino=2~-phenylethylacrylate (55) vas obtained

as a semisolid (tlec single spot) in 75% (11.730) yicld; i.r.

(KBr)\}max: 3075 (NH), 1620 (Co0) cm-l; 1Hmn.m.r.(CDCJ.?)): g

1.40 (t, 3H, OCH,CH,); 2.80 (s, 3H, sCH,); 1.45 (4, 2H,

OCH €H3); 7.33-83,15 {(m, 10H, arom); Found: C, 63.00; H, 6.22;

2

N, 4,36; Ccalc. for C18H19N025 (313): c, 69.00; H, 6.,07; N,

‘:’: - ’::70/0 L)
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(C) Thismide Method

Proccourc f£for the synthesis of benzoylthioacctieacidm(N—phenylj

pincrazide: A so2lution of methyl £3=benzaylﬂithioncetate

(0.05 mol) and N=phenylpiperazine (0,01 mol) was rofluxed in
ethanosl (25 ml) for 7 hr. Aftcer completion of the reaction,
ethanosl was removed on wataor hath anad the residue triturated
with hexane to remove excess of amine. The crude thioﬁide thus
ohtained was purified by crystaillization from o ther/hexane
mixture as yellow crystalline. solid, m.p. 95-7“34; yiecld 7%
(2.267); i.f.(KBf)‘Q max: 1680 tCo) om™ Ly lﬁ,&‘m.r.(cnc13):
5;3.55a4.20 (m, 8H, piperazino); 4.69 (s, 2H, -CHZCS); 7.13=7.62
(m, 10H, arom); m/i: 324 (M+); Found: C, 69.93; H, 6.35; N,

3.21; calc. for C19H 0S (324): c, 70437; H, 6.17, N,3.64%.

20N

pProccdure for the synthesis of 3-methyvlthio=3-N=(N'<phcnyl=

piperazino)=l-phenyl-2-propen-1l-one (53)

A suspcnsion of thiomide (0,004 moal) and potassium carbonate
(0560, 0.004 mal) in acetone (30 ml) was refluxed for 3 hr
with stirring. The solution was co2led and 0.71c (0.004 mol)
of methyliodide wis added and the reaction mixturc was stirred
at room temperature for 3 hr. It was then pourcd svcr crushed
ice, acidified with 20% 7cOH, extracted with CHC1,;(3x50 ml)

Aried (Na2504) and solvent evaporatced to cive the S,N-=acetal
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(538) which was obtained in »urc form by passing through silica

gel column using bonzene/hexane (2:1) as cluent as yellow
N

viscous semisolid in 90% (1.29 yield; i.r.(neat)ﬁ max: 1625

(Cco) cmml; len.m.r.(CCl4):g2.43 (s, 3H, SCHB); 3.10=3.36
(m, 38H, piperazino); 5.83 (s, 1H, olcfinic); 6.68=3.12 (m,10H,
arom); Founds C, 71.38; H, 6.21; N, 83.57; calc..fsr CZOHZZNZOS

(333): ¢, 71.00; H, 6.50; N, 03.20%.

General Procedure for the Synthesis of 3(5)-aryl=5(3)=N=aryl/

alkyl/benzyl/MR -biscethoxycthylaminopyrazoles (2la=r); 3(5)=
-/

amino=5(3)=arylamino=4=cyano/3,4-dimethoxyphenylpyrazoles

(26a=, 28) and 4d=cyand=5=-N(N'=mcthylpinerazinos)=3=nyrazolone

(32):

A solution of the respective S,N-acetal (0,01 mol) ancd hydra-
zinc hydrate (0.015 mol) in 30 ml of ethansl was rcfluxed for
7=8 hr (20 hr in Zl)' The salvent was removed on whter bath
anc the residue was triturated with water, cxtracted with

chloroform (3x50 ml), dried (Na 504) and evaporated to give

2
pyrazoles which werc crystallized from benzene-hexane mixture,
The pyrazoles 26a-b, 28 and 32 separated out while triturating
with water and were filtered as such without extractione.
Spectrnl and analytical data are given in tables 1 and 2

resohootively.
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Gencral procedure for the synthesis of 3(5)=aryle=d-nitroso-

5(3)=N=aryl/alkyl/benzyl/aminopyrazoles (37a~c):

To a solution of pyrazosle (0,003 mdol) and »Hyridinc (C.003 mol)
in dry chloroform (20 ml) a solution of nitrosylchloride in
dry ether (2 ml) was added with stirring and cooling. The
reaction mixture was further stirred for 15 min and then
chloroform was removed on water bath. The residuc was dilu-
ted with ice cold water, extracted with chloraform {3x25 ml),
dried and cvaporated to give crude nitrosopyrazole which was

purified by crystallisation using acetone and hexane.

3-Phenyl=-4=nitroso~5-anilinopyrazole (37a) was obtained as

reddish hrown s21id, m.p. 281=2°, in 90% yield; i.r.\}max:
(KBr): 3040 (NH); 1620 (N=C ); 1580 ( C=N ) ety lgen.m.r.
(TFA);g7.10—8.05 (m, 10H, arom); A\ max(MeCH):; 230 nm (loyg,
4.12); Found: C, 63,40; H, 4.23; N, 21.50; Calc. for

C15H12N4O (264) C, 63.18; H, 4.54; N, 21.21%.

3-Phenyl=4-nitroso-5-methylaminopyrazole (37b) was obtained

as a brown solid, m.p. 184=5°; in 85% yield; i-.r.Dmax: (KBr%:.

3250 ( NH) 1580 (N=0O ); 1505 (C=N .): 1Hmn.m.r. (TPA) ¢

53.40 (s, 3H, CH,NH-j; 7.30-8.30 (m, 5H, ar:)m).,->\ max{MeOH) :

3
240 nm (log¢ ,3.99); Found: C, 59.62; H, 4.66; N, 27.95; Calc.

for C, - H

10 N‘lO (202): C, 59.41; H, 4.95; N, 27.72%.

10
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3=Phcnyl=4=nitroso-5-henzylaminopyrazosle (37c) was obtained

as a ycllow solid, muep. 178°, in 94% yielA; i.r.(KBr);bmax:
3225 ( NH):; 15R5 (N=0), 1500 ( C=N ); 1H=n.m.r.(TFA):

6~4.90 (br s, 2H, C§2C6
(MeOH): 235 nm (lmgé :4.09); Found: C, 69.32; H, 5.15; N,

Hg); 7.30-8.10 (m, 10H, arom);}xnax:

19.32; C2lc. for C16H14N4O (278): C, 69.06; H, 5.03; N,20.14%.

Gencral Procedure for the Synthesis of 4-anilino=2,5=cdiamino-

S5-arylpyrimidines (52a-d); 4-arylamino=5-cyans=2,6=Ciamino-

pyrimidines (54a-b); 2-3mind=4-anilino-5-phenyl-6-gxo=-1,6-

Aihydropyrimidine (56) ; 2=3mino=4-N=(N'=~phenylpiotrazino)~-6-

phenylpyrimidine (59) 2-amind=5-cyano=4=N-(N'-mcthyliperazino)-

6-ox0=1,6=dihydropyrimidine (61) and 2-amino=6-alkyl/aryl-—i=-

henzylaminopyrimidines (63a=b) e

A solution of respective S,N-=xcetal (51a-d), 55, 58 and
(62a=p) (0.01 mol) in cdry t=butanol (10 ml) was addcd to a
suspcnsion of guanidine nitrate (1.22g, 0.01 mol) and sodium
t=butoxide (from 0.0lg atom of Na) in t-hutanol (50 ml) and
the rcaction mixture was refluxed for 18«20 hr (monitored by
tlc). The solvent was removed under reduced pressurc and the
resiuc wis diluted -vith ice eold water and extracted with

chloroform (2x150 ml). The chloroform layer was dried
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(Na,80,) nd evaporited to give crude pyrimicdines uvhich were

2
ourified "y crystallisation from dichloromethance/hexne

mixturc.

The pyrimicdines (543-b) and 61 were synthesizcd unfcr similar
conditions using sodium ethoxide in dry ethanol instcad of
t=butoxide, t=butanol the swoectral and analytical data of the
pyrimicfines thus synthesisced arce agiven in tables 3 ond 4

reso>actively.

Gencral Procedure £or the Synthesis of 4-anilino=2=-mcrcinto-

6-0x0=5=phcnyl=1,6=Clhydrooyrimidine (57) 3nd 4= nzylamino=-

2=mercant o=6=(p~chloronhenyl)pyrimicdine (64):

A sd>lution of respective S,N=acctal 55 an® 62 (0.01l-mol) in
dry t=butanosl (10 ml) was acded to a susansion of thiourea
(0.765, 0.01 mdol) and sodium k=hutoxicce (from 0.0%}Qtam of
so>dium) in t=-butansl (50 ml) and the rcactiosn mixture was
refluxcd® for 18-20 hr (monitored by tlc). The solvont was
removed under reduced pressure and the resicuc wis diluted with
ice ©2ld water and extracted with chloroform (2x15) ml). The

chloroform layer was cdric” (Ma 504) anA evasorated ©o gilve

2
crudc oHyrimicincs which were purificd oy crvstallizacion from

Aichlorom~thanc/h7x3Ine mixturc.



189

4-~Anilino=2-mercapto~6~oxo-5-phenyl-1,6~dihydropyrimitiine (57)

was obtined as yellow s20lid; m.p. 225-6°C, in 70% (2.06qg)

yield; i.r.(KBr)anax: 3440 (hr OH, NH), 1600, 1620 mel:

lH=n.m.r.(TT70: 8.6.80-7.70 (m, 10H, arom):; m/z (M+) 295;

Found: C, 65,47: H, 4,77; N, 14.68; calc. for CigH 0S (295)

13%3
C, 65.00; H, 4.40; N, 14.23%.

A-Benzylamino=-2-mercapt o-6~-(p-chlorophenyl)pyrimidine (64) was

shtaincad as a light yellow solid; m.p. 85-6°, in 75% (2.459)

yield i.r.(KBr)s max: 3450 (SH), 3250 (NH); 1640, 1530 cm-l;

1

ch.m.r.(CﬂCl3){gz;SO (4, 2H, NH“C§2)7 7.20=-8.20 (m, 1OH, aram),
. - A . -

Founds: C, 62.,51; H, 4.06; N, 13.05; Ccalc., for C17H14N3SC1

(327.5)C, 62.29; H, 4.27; N, 12.82%.

synthesis of 2-amino-4=N-benzylamino-5=-nitroso=-6-methylpyri-

midinc (65a) and 2=-amino-4=N-benzylamino=-5-nitroso-0C=p-chlero-

phenylnyrimidine (65bh)

To a solution of pyrimidines (63a-b) (0.003 mol) in pyridine

(0.003 mol) in dry chloroform (20 ml) a snlution of nitrosyl

chloride (2 ml) in dry ethor was added with stirring and ice

cooling. The reactich mixture was further stirred for 15 min
and chloroform w3s remdoved on water bath. The rcsiduc was

Adiluted with ice cold watcer (15 ml), extracted with chloroform
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(3x25 ml), dried (Na 504) and evaporated to give crude pyrimi-

2
dines 65a and 65b which wecre crystallized from 3acctonc and

hexane mixture,

2=-Amino=4~benzylamino=-5-nitroso-6=methylpyrimidine (65a), was

ohtained as a light green s2lid, m.p. 100-2°, in 704 (0.519)
yield: i.r.(KBr)anax: 3125, 2950 (br NH), 1670, 1630 (N=0),
1580 (gNH); 1H—n.m.r.(TFA):gZ.OO (s, 3H, CH4): 450 (4, 2H,
NHng); 7.18 (s, 54, arom)gA max(MeOH): 220 nm (1log £, 4.25);
575 om (logg , 1.91); Found: C, 59.08; H, 5.50: N, 23.62; calc.

for C12H13N50 (243): C, 59.25; H, 5.34; N, 23.30%.

2-Amino=4=N=benzyl amino=5~nitroso=-6~(p-chlorophenyl-

(65b) Qas obtained as a greenish solid, m.p. 2172-197; in
75% (6.76g) yield; i.r.(KBr)i) maxs: 3300, 3450 (NH):; 1590
<5 NH): 1640 (N=0); ‘H-n.m.r.(TFA): gzl.m (d, 2H, CH,NH);
7,10=7.35 (m, 9H; arom); >\max(MeOH): 230 nm (log &, Ae36);
590 nm (logeg, 1.83); Found: C, 60,33; H, 4.47; N, 20,92%:;

C17H14N5031 (339.5) requires: Cc, 60.00; H, 4.15, N, 20.61%.
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Tahle 1

Spectral Data for Pyrazoles (2la=-t, 26a-b, 25, 32 ~nd 36a-b)

Product %anbmax (KBr) g 1H=NMR(TFA)5
21a 3405,3275 (NH) 6.35 (s, 1H, H=4); 7.,15-7.90
1600 (C=N ) (m, 10H, arom).
21b 3400, 3270  (NH) . 2.50 (s, 3H, CH,): 6.55 (s,
1600 (C=N) 1H, H=4); 7.30=8.15 (m, 9H,
arom).
21c 3400, 3300  (NH) 6.31 (s, 1H, H=4); 7.00=3.23
1600 {(c=N) (m, 94, arom).
21cd 3400, 3300 (NH) 2.28 (s, 3H, CH3); 6,13 (s,
arom) .
21e 3400, 3420 (NH) 1.55 (t, 3H, CH,~CH,); 2.40

1604  (C=N) (s, 3H, CH,), 4.40 (g, 2H,
CH,~CH4); 6.42=(s, 1H, H=4);
7.15-8.10 {(m, OH, arom).

21f 3405 (br, NH) 2.50 (s, 3H, CHB): 6.4 (s,
1610, 1600 (C=N) 1H, H=4); 7.25-=0.10 (m, OH,
arom) .
213 3150, 3405 (NH) 3.15 (br s, 3H, C§3NH);
1560, 1530 c=N) .25 (s, 1H, §=5); 772 (br s,

54, a2rom).
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Tahle 1 {(Contd.)

21h 3400, 31830 (NH) 3.15 (br s, 3H, c§3NH); 6.20 (s,
1560, 1578  (C=N) 1H, H=5); 7.72 (5r s, !H, arom).
1i 3250, 3150  (NH) 3.10 (s, 3H, CH,NH); 3.95 (s, 3H,

e e

3
1610, 1600  (€=N) CH30); 6.10 (s, 1H, H-5); 7.15-

7.90 (m, 4H, 3rom).

213 3300, 3150  (wH) 1.40 (£, 3H, CH,CH,=); 3.12 (g,
1600, 1530  (cwd) 2H, CH3-=C}_I2-): .15 (s, 1H, H=5);
7.68 (hr s, 5H, arom).
21k 3390, 3150 . (NH) 1.48 (&, 3H, C_Ij2_3==CH2==); 2.58 (q,
1605, 1540  (C=N) 2H, CH.CH,-): 6.20 (s, 1H, H-4);
7.30 &m, 4H, arom).
211 3310, 3210  (NH) 1.42 (t, 3H, CH,CH,=); 3.50 (q,
1600, 1540  (C=N) 2H, CH,CH,); ¢.10 (s, 3H, CH,=0-);
602(-3 (SI lH/ E”"l); 7.202'(\.15 (m,
4H, arom)a
21m 3125, 3300, 3175 4.20 (br s, 2H, cg2c6H5): 6.30=
(NH) 1595, 1530 7.70 {m, 10H, arom).
(C=N)
21n 3405, 3325 (NH) 2.40 (br s, 3H, C§3); 4450 (br s,
1610 (C=N) 2H, cg2c6H5): 6.00 (s, 1H, H=%):
7.35 (br s, 94, arom).
212 3250  (NH) 1.18 (¢, 6H, C_I_—}3CH20); 3.31 (¢,

1600 , (Cc=N) 2H, NHCH,): 3.40-3.90 (tws, q,
4H, CH4=CH,0); 4.65 (t, 1H,
=C§(0Et)2; 5.83 (s, 1H, %=4);
7.13=7.70 (m, 5H, arom).
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Table 1 (Contads)

[Ne]
[
{e]

3240 . (NH) 1,18 (t, 6H, C}_13=CH20); 2.31 (s,

1602 = (C=N) 3H, CH5): 3.31 (4, 2H, CH -NH);
3.30-3.90 (m, 4H, twd CHCH;);:
4.65 (t, 1H,-CH(ORt),); 5.80 (s,
1H, H=4); 7.30 {(m, 4H, nrom)a

N
=
Q

3235  (NH) 1.21 (£, 6H, CH,CH,0); 3.31 (d,

1605 (Cc=N) 2H, C§2NH); 3.30=3,80 (m, 4H,
CH,CH,0); 3.80 (s, 3H, CH;0);
4.68 (t, 1H,=CH(OEt),); 5.76 (s,
1H, H=4); 6,86=7.46 (m, Aza 4H,

'
a 2
arom) .

)
=
H

lr

3245  (NH) ' 1.00-1.50 (m, SH, CH,CH,0); 3.30
1605 (c=N.) (d, 2H, CHNH): 3.36 = 3.71 (m,
4H, CH,CH,0); 4.00 (q, 2H,
~OCH,CH4); 4.61 (¢, 1H, CH(OEt),);:
5.76 (s, 1H, H=d), 6,03-7.46 (m,

A 4H, arom).

2-2f -

[\
-
0]

3255  ( NH) 1.18 (t, 6H, CH,CH,0); 3.203 (4,

1610 (c=N) ~ 2H, CH,NH); 3.36-3.90 (m, 4H,
CH4CH,0): 4.63 (t, 1H, CH(OEt)

5.76 (s, 1H, H=4); 7.36 (m, 4H,

a
arom).

[\
'_J
ct

3260  (NH ~1.15 (t, 6H, CHy

1615  (c=N) 2H, CH,NH) 3.38-3.91 (m, 4H,
CH,CH,0)3 4.65 (t, 1H, CH(OEt).);

5.80 (s, 1H, H=4):; 7.33 (m, 4H,

3rom) .

CHZO), 3.23 (4,
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Table 1 (contd.)

|m
o))
o

36b

3240, 3340 (NH)

2210  (CN)

1610, 1620 (C=N)

3450, 3405, 3350,
(NH), 2200 (CN)

1615, 1585 (C=N)

3410, 3340, ( NH)

1605, 1600 (C=N)

3450, 3150 ( NH)

2210, (CN ), 1610

)

340C ¢br NH)

1610 (CO), 1600
(C=N)

3450 (br NH)
1620 (cfp)
15610 (C=N)

L

q

2.45 (s, 3B, ch), 7.0 (m, 4H,

arom).,

7020 b 7-60 (m, 4H, arDm).

4,00 (s, 6H, twd OCH3); 7.76 (m,
fH, ar-m).

2.36 (S, 3H/ CI:I_3N): 2.50=20r§3 (m,
4H,
piperazino).

pinerizino); 3.13=3,50 (m, 4H,

insoluble

insoluble

a
cncl
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Tahle 2

) .. Y Molecular Analvsis

Procduct y Yicld MaeDe  § g a | y o A e e oo e AT - = = —
- Formula N

P ey § ey | Form c H _
21a 35 155=6 C15H13N3 76,60 5.53 17.8%
(235) 76.01 5.30 17.63
21b 91 138 C16H15N3 77.10 6,02 16,86
(249) 77,31 6.25 16.57

AN
21c 92 190 C15H12N3Cl 66,79 te15  15.58
{269.5) 66,50 £,67 15.79
21d 96 161 C15H15N3 77 .47 5.92 16.60
(249) 77.73 5.71 16.45
21e 97 190 C18H19N30 73.70 6.483 14.33
(293) 73.47 £.23 14.15
21f a9 230 C16H14N3Cl 63.17 A06 14.60
(28705) 68041 ‘1'52 14-3‘7
21g 93 130 C10H11N3 69,36 6.36 24.28
(173) 69,50 6,61 24.42
21h a0 134 C10H10N3Cl 57.83 4,32 20.24
(207.5) 57.56 L,50 20,05

1 A
211 95 121 C11H13N3O 65,02 6,40 20,69
(203) 64,737 6.6 21.91
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Tahble 2 (Contd.)

j Bg e B L [ ]
21 110 Cq1HyaN3 70.5 6.95 22,46
(137) 70,79 7.63 22.21

V1 P i

21k 94 144 C11H12N3Cl 59,59 541 13,96
(221.5) 59,75 5.20 13.01
211 94 924 c12315N3o 66,36 6,91 19.35
(217) 66.42 7.20 19,12
21m 05 76 CqgHigNa 77.47 5,92 16.60
(253) 77.63 5.71 16.37
2in 96 120=22 Cq7H17N3 77.57 6446 15.96
(263) 77.41 642 16.67

had 4‘ . .
215 72 70=2 C15H21N302 65 .45 7.63 15.27
(275) 65.67 7.0 15.53
21p 51 71 Cq16HpaN3"9 66.43 7.95 14,53
(2739) 66,27 7.60 14.28

/
21q 65 77 C16H23N303 62,95 7.54 13,77
(305) 62.71 7426 13.51
- YA a3

21r 50 95«6 Cq17H,5N303 63,94 7.033 13.16
(319) 63.30 7.65 13.35
21s 71 100=-1 C15H20N302Cl 53.15 6.46 13.57
(309.5) 503,43 6.6 13,81

had { o 4 .
21t 51 105-6 C15H20N302Br 50,034 5.6 11.06
(354) 51,50 5,42 11.50



Tahle 2 (Contd.)

26a 95
26b 96
28 95
32 69
36a 40
36k 45

130

200

200

292

350

350

197

Cq11H11Nsg
(213)

ClOHBNSF

(217)

C17H15N,0;

(310)

C9H13N50

(207)

C17H17N50

(307)

C21H23N6OBr

(455)

61.97
61,60

55.30
55.58

65.80
65.53

52.17
52.38

66.44
66,23

55.33
55.56

5.16
5.05

3.69
3.91

5.00
5.40

6.20
6.49

5.53
5.71

5.05
5.31

32.06
32.67

32.26
32.48

10.06
17.830

33.81
33.60

22.00
22.62

17%.46
18,68
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Tavle 3

Spectral Data for Pyrimidine (52a-d), (54a-=b), 56, 55, 61 and
(632=h) ~

o 0 \ § ‘/‘.
Product 3 IR (KBr) Vmak . ngaNMR(CDC13) é\,
52a 3140, 3305, 3400, 3460  (NH) 7.00=7.30 (m, 10H,
1620, 1600 ( NH) arom)a
52b 3120, 3290, 3300, 3420, 6.70=7.70 (m, 9H,
3470  (NH); 1620, 1600 ar om) &
(& nm)
52¢ 3150, 3310, 3390, 3470, 3.72 (s, 3, CH,0):
(NH); 1620, 1640, ' 6,70-7.79 (m, 9H,
a
(NH, C=N) arom)
524 .. . 3150, 3300, 3340, 3490, 3.50 (br s, 6H, two
( NH); 1620 (SNH) CH30)7 6,0u=T7.79
a
(m, OH, Arom)
54a 3215, 3380, 3480 ( NH) 7.30-8,01 (m, 4H,
1620 (5NH) arom)cl
54b 3200, 3340, 3490 ( NH) 7.40=7.89 (m, 4H,
1620 (‘5 NH) ar:>m)a
56 3200, 3250, 3400 ( NH) 6.80=7,70 (m, 10H,

1592, 1605, 1630 arom) >
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Tahblc 3 (Contd.)

59 3220, 3330, 3370, (NH) 3.20 (m, 4H, pidlxcrazino);
1560, 1590 (grﬂﬂ 3.35 (m, H, pipcrazino);
4.92 (br s, 2H, NH2)7 6.30
(s, 1H, H=5); 6.,70=7.98 (m,
10H, arom).

61 3230, 3450 (br NH) 2.21 (s, 3H, CH;); 2-20-
2.50 (m, 4H, pipcrazino);
3.38=3.30 (m, 4H, piperazino)a

63a 3120, 3260, 3305, 3490 2.01 (s, 3H, CH3); 4.30 (4,
(NH), 1595, 1610 (SNH) 2H, NH=CI_:I_2) 1,95 (hr s, 2H,
NHZ); 5.50 (s, 1H, H-=5):
7.23 (s, 5H, Arom).

63h 3210, 3340, 3425 4.40 (4, 2H, NHCH,); 5.02
(NH), 1595 (E;NH) (br s, 24, NH2); £.00 (s,
1H, H-5); 7.25 (m, 7H,

arom); 7.79 (&, 2H, arom).

TFA
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