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NEWER SYNTHETIC METHODS FOR
NOVEL HETEROCYCLES VIA
A=~QXOKETEN S ,N=2CETALS




Earlicr work from this laboratory has successfully
demdnstrated polarized keten dithionacetals 2 as uscful syntheric
intermcdiates for the construction of a wide varicty of hetcero=-
cyclic and carboecyclic compsunds.l These intermediates arc
easily dcrived in relatively simpler reaction conditions from a
wide variety of active methylene compounds 1 and carbon Jdisulfigde
in thc presence of two equivalent of a suitable basc £allowed by
alkylation in one p>t reactiosn (Scheme 1). Unlike the corres-
ponding O,0O=acet3ls, the dithisacetals are stablc under mild
hydrolytic conditions and thus form an intcrcesting class of usce
ful synthetic intemmediates. It is further shown that -polarized
keten S,N=acetals undergo facile displacement rceactions with
appropriate nucleophiles to give the corrcsponding substituted
acetals in good yiclds. Particularly, when the nuclcophilce is an
amine? the displaccment can takce place eithcr to give the corres-—
ponding S,N-acctals 3 or its N,N-acetals 4 dcpending on the
stoichiomctry of the amines uscd or the reaction conditions
employce (Scheme 1). Alternatively these S,Ne=acetals 3a derived
from primary amines can als> be synthesized in good viclds by

reactions of corresponding active methylenc ecmoounds with alkyl/
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aryl isothiocyanate in the presence of base £ollowed by alkyia-
tion (Schcme 2). The kcten=s,N-acetals 3b derived from secondary
amincs arc obtained by alkylation of the corrcspanding thismides
7 (schemc 2). These polarized keten S,N- and N,N-acctals also
proved to be versatile intermediates for the synthcsis 2f a
varicty of amino- and mercapto-heterocycles. In somc of their
reactions, polarize? keten S,N=-acctals behave as cfficient thrce
carbon fragments (thosc derived from ketones, nitrles and esters)
with l}3nelectr3philic centrces, which on reaction with bifunctional
nucleophiles afford aminoheterocyecles (Scheme 3) likc aminopyri-
midines,2 aminopyrazales3 and aminopyridanes.4 on thce otherhand,
thesc intermediates react with a variety of comﬁaunds with |
activatced double (triple bonﬂq/?E+) at nucleophilicQQﬂcarbon,
which on subsequent transformations yicld a variety of hietherto
inacccssible novel heterocycles (Scheme 3).5"6 Thué these pola-
rized Xcten S,N-acectals and N,N=-acetals can be considcred as

novcl class of functionalized vinylogauszgmides or ¢haminones
(those derived from ketones) or polarized enamincs (those derived
from othcor active methylene compounds like nitromcthanc ana o 7 1
acctonitrle ete), In the prcesent work a systematic investigational
study is earried out to further exploit (X=oxoketcen S;N~acetals as
novel functionalized enaminonces and effiecient threc carbon

fragmants.
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A bricf account of the various synthetic transfommatior :
of polarizced kcten=-sS,S-, S,N= and N,N-acetals achicved in ouw

laboratory is given in the Chapter I.

Synthesis of few sclected {-dxoketcn=5,N~acctals which
werc required for subseguent transformation is described in
Chaptcr II. Thesc oxoketen=S,N-acctals were preparcd cither by
displacument method, or by direct method using isothioscyanates.
The cyclic ketoketen S,N~-acetals were prepared by alkylation of
respcective thiomides (Scheme 1 and 2).

>

A novel general approach for imidazole, gquinoxaline and
thiazole dcrivatives has been developed via thermal cyclodehy-
dration of novel functionalized nitrosoenaminonces* which are
obtained by direct nitrosation of x=oxokcten S,N=acctals with
nitrosyl chloride. The detailed investigation on thesc trans-
formations is described in the Chapter III. It is pertinent ©o
notc that although a number 2f purines and alloxazincs have becn
Synthcsized by cyclocondensation of 4=amino=S=nitrosouracil
dcrivntives,lo howcver a similar synthetic operation hasced on
open=chain nitrossoenamines/enaminones (or hydroxyiminoimines) to

give imidazole and quinosxaline derivatives has not buen

+* -
J» Rahman, H. Il and H, Junjas=a, J.C.S. Chcm. Comm., 430

( 1984) .



investigated earlier. The scant literature on such transforma-
tions is primarily due to lack of appropriate oopen=chain
nitrosochamine enaminone (or hydroxyiminoimine) precursosis. we
havce synthesized a variety of novel class of functionalized
nitrosocnaminones or hydroxyiminoimines (9aA = 9D) (Schcme 4) by
dircct nitrosation of corresponding o¢=oxoketcn S,N-acctals
derived from primary aliphatic and aromatic amines (Scheme 4 and
5). Structural studies on these intermediates indicated that
they ¢xist in hydroxyiminoimine forms (9B~9D and 10B=1QD)
(scheme 4 and 5). These hydroxyiminoimines 8 and 10 proved to
be versatilc intcermediates for the synthesis of imidazole, qui-
noxaline and thiazole derivatives. Thus thermal cyclodehydration
of hydroxyiminoimines derived from primary aliphatic or anywjl/
amincs under varying conditions afforded the corrcsponding
imiclazoles 11 in excellent yields (Scheme 6). Some 2f the
imidazolcs could also be synthesized by direct trcecatment of
oxokcten 8,N=acetals 3 with nitrosylchloride in rcfluxing
pyridine (Scheme 7). vVersatility of thesc rcactions is demon-
stratcd by taking various substituted S,N=acctals (Schcme 7).
Mechanistic studies of these thermal cyclodchydrations which

involve a 1,5=H Shift have also been incorporatecd.
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12

When the hydroxyiminoimines 10 derived from aromatic
amines were subjected €5 thermal cycladehydratianj the corres-—-
ponding 2-methylthios=3-arosylguinoxalines 13 werc obtained in
exccllent yields (Scheme 8). To best of sur knawledgc: this .s
the first report of quinoxaline synthesis from spen=chain
nitrosocnaminones. Interestingly, however; when thce corrcesponding
¢=bcnzyl=N=-anilinohydroxyiminoimine intcrmadiates 15 wecre sub-
jected €9 cyclodehydration under similar canditians; the corres=-
ponding 2<benzylthisquinoxalines 13 were not abtained; however,
the products isolated in good yields werce charactcrized as novel
2-aryl -4-aroyl-5-anilinothiazoles 16 (Scheme 2). The hydroxy-
iminoimines 9, 10 and 15 arc thercfore shown to be versatile
precursors for novel imidazole, quinoxaline and thiazole deriva-
tivcs. Mecchanism of quinoxaline and thiazZole formation ancd the
stcreocleetronic factors controlling these transformations are

Aiscusscd.

cyclocondcnsation afcxroxaketenas,Nwalkyl/aralkyl acetals
with nitrosobenzene is described in Chapter IV which afforded
novel 1-N-aryl 2,5-substituted~4-alkyl"thisimidazsle (17) in
exccllent vields (Scheme 10). Generality of this mcthod is
Acmonstrated by synthesis of wvarious substituted imidazolcs and

the mechanism of this cyclocondensation is also discussed,
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In the Chapter v of the thesis, a novel mctho?l for the
synthesis of zaaryl/barboethaxg-4ualkylthiaw5=arayl/écylthiav
zolaes is reparteﬂ*, which involves direct annelatiosn o>f S,N-
benzylacetals (3) with thionyl chloride (Scheme 11), It is
pcriinent to note that 4-alkylthiothiazoles are virtually not
known in the literaturcll and this rcaction provides a novel
route for these heitherto inaccessible 4-alkylthiothiazoles 18
by direct heterocyclization. The method however was not successe—
ful for the synthesis of corresponding 2-unsubstituted and
2=alkyl derivatives, Mechanism of thesc transformations is
discussced, Interestingly when thce thiazoles 18 werce reacted
with sodium hydride in DMF, the corresponding debenzoylated
thiazoles 19a=d were obtained in excellent yiclds (Scheme 12).
The mcthod thercefore is applicablc for the synthesis of 5=unsub-

stituted 4-alkylthisthiazoles also.

In all the reactions Adescribcd in Chapter III; IV and
v: the oxoketen S,N=acetals behave as functionalizced wvinylogous
amidc or enaminonces which react with nitrosyl chloride, nitro-
sobenzcne @y thionyl chloride to yield novel hcterocyclic

compounds after subscquent transformations. In the last

* A. Rahman, H. Ila and H. Junjappa, Synthesisj 000 (1984).
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Chaptcr (VI) however, X~oxoKctendithioacctals arc shown to be
versatilc 3=carbon fragments for the synthcsis of novel I -n
3—amin3isaxazales* 20 and 21 by reaction with hydroxylamine
(schcme 13 and 14), Thus the rcaction of few represcentative
kétakcten S,N=acctals with hydroxylamine afforded the correspond-
ing 3-aryl/alkyl/aralkylaminoigoxazoales 20 in excellent yields
(Scheme 13), Similarly the method could also be extended for
the synthesis of 3-aminoizoxazoles 21 derived from cyelic
secondary amines (Seheme 14). Very few 3-aminoisoxazoles are
reported in the literature,which are synthesized by long and
circuitous routes,12 Prcsent procedurce provides a facile and

7/

simple route for these isoxazZoles,

*
A. Rahman, R.D. Yadav, H. Ila and H. Junjappa, Synthesis, 000
(1984).
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PREFACE

Earlier work from this laboratory has demonstratcd that
polarizcd keten S,.N- and N,N~acctals which arce casily dcrised
from A vnrietyzfsgiive methylene compounds, arc vorsatiic
intermediates for the synthesis of novel hetcerocyclic compounds,
In the nresent investigation, a systematic study was undcrtaken
to further exploit =dxdketen 3,N-acetals as novel functionali-
zed cnaminones and useful three carbon fragmcents for
construction of a wvariety of novel heterocyclic ring systems.
These studics have resulted in ncw gencral methods f£or the
synthcsis of novel imidazole,quinoxaline,thiazole and isoxazole

derivatives.

In the first chapter, a brief survey of +*the various
synthctic transformations using polarized keten S,Sc} S,N-= and

N,N=acctals achieved in this laboratory is described.

In the sccond chapter synthesis of few sclcected polarized
keten S',N== and N,N-acetals reguired for subsedguent transforma-=

tions i1is described.

The reactions of c&oxokcten S,N=acctals with nitrosyl

chloride arc discussed in Chapter III. Thc rcactions affordg

()



(ii)

a novel c¢lass open~chain functionalized hydroxyiminoimine
intermcdiates in excellent viclds, which are not described
earlicr, Subsegucent thermal cyelodehydration of thoe hydroxy-
iminoimines afforded novel imidazosle, quinoxalince and thiazole
derivatives. The generality and synthetic limitations of thece

mcthods and mechanism of these transformations are discussed,

In the next Chapter (IV) a new gcneral method for
l=Nearyl=2-unsubstituted/alkyl/aryl~4-alkylthio=5=arnyl/acylimi-
dazoles has been developed Dby cyclocondensation >f o{=dxoketen

S,N=alkylacetals with nitrossarencs.

In the fifth chaptcr annelation of =<=0x2kctch--S,N=acetals
with thionyl chloride t5 give heitherts inaccessible 4-alkyl-
thin=2=aryl/ethoxycarbonyl=5=aroyl/acyl/unsubstitutc® thiaznles

is discusscd. The limitations 2f the method arc described,.

In 211 the reactions of «<oxdketen S,N=acctals described
in Chapter III, IV and V, the cnamine character of thesce inter-
mcalates was exploited., In the last chaptcr, ketoketen
S,N%acetals arc shown to be cfficient three carbon fragments f£or
thc synthcsis of novel 3=aminoisoxazoles by roeaction with
hyCroxylamine. The reactisn was found to be general for the
synthesis of 3=3nilino, 3=a3lkylamino and 3=N-3zaeycloalkylamino-

isoxazolcs.



CHAPTER I

POLARIZED KETOKETEN=S,S-=, S,N= AND
N,N=ACETALS: GENERAL INTRODUCTION

The polarized keten dithioacetal 2 are among the

1,

simplest synthetic intermediates which can be prepared by
simple methods treating active methylene compounds of general
formula 1, with +two eguivalents of base in the presence of
carbon disulfide followed by alkylation (Scheme 1). These
acetals 2 are either liquids with well defined boiling points
or solids, with sharp melting points which can be purified by
conventional purification methods. They are stable at room
temperature,under mild acidic and alkaline conditions and can
be stored indefinitely without apparent decomposition. On the

otherhand, the corresponding o,onacetals3 3 are generally

prepared by methods involving more than one step, strictly
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under moilsture free conditions since they undergo rapid
Lhydrolytic cleavage. Besides, active methylene compouinds
can not be used as‘starting materials to prepare these
crmpounds employing the same methods used for the corres-
ponding S,S-acetals. Similariy, kztlen f‘.ihalogenides4 4
are prepared in the laboratory by chlorinating directly

the corresponding keten-=S,S-acetals 2, thus making the
acetals 2 as primary precursors of keten dihalogenides 4.
Similarly the corresponding N,N=-acetals 5 are also derived
from either one of the analogqé‘g,g or 4. Apparently, the
polarized keten=S,S-—acetals 2, form an important class of
1,3=electrophilic three carbon fragments, which are of
potential synthetic value. Despite a large number of

reports in the literature on their preparations and physical
pr:>per'cies,6=’14 a systematic synthetic investigation on their

synthetic utility was not much explored until these studies

were initiated in our laboratory.



R

SR" R OR"
R';>:=2=3<j ;>32:;:3</-

1
‘2- SR Rl 2 ORII
Keten=5,8«=acetals Keten=-0,0-acetals
R cl R

Keten dihalogenides Keten-N,N=-acetals

. 2=5, RﬁH; alkyl, aryl, nitrle, acyl, aroyl, nitrog sulphonyl
etc.
R' = nitrle, acyl, aroyl, sulfonyl, nitro etc,

R" = alkyl group.

A few of the important synthetic applications of 2 for
the construction of a variety of heterocyclic compounds which
are developed in our laboratory azre shown in the Scheme 2. The
methods thus developed have been shown to be of general syn-
thetic importance, since the choice of the structural variants
of active methylene compounds is quite large. Besides, these
ketoketen dithioacetals have been shown to be versatile inter=

mediates for 1,3-=carbonyl transposition. Thus we have shown
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in our earlier work tha&l£5mketoketenas,saacetals der ived
from wvarious active methylene ketones undergo selective
1,2=reduction with sodium borohydricde toc give the corres=
ponding carbinol acetals & in nearly dquantitative yields
(Scheme 3). These carbinosl acetals undergo boron trifluoride
etherate assisted methanolysie to afford the corresponding
dv@»unsaturated esters 7 in good to excellent yields. Thus
a highl§ stereoselective and regiospecific method for homo=-
logation of easily available ketones 1 to«Q@b—unsaturated

esters has been developed.25

The carbinol acetals 6 on
treatment with boron trifluoride etherate and water yield

the correSponding¢LlQ}—unsaturated S-methylesters 8. On the
ostherhand, ketoketen dithioacetals 2 undergo selective
reductive dethiomethylation in the presence of sodium boro-
hydride and nickel (II) chloride to give @ ~alkylthio-
methyleneketones 9 in good yield526 These alkylthiomethylene
ketones could be converted t:)d)@'aunsaturated aldehyde 10

by 1,2=reductiosn with sodium borohydride and subsequent
hydrolytic rearrangement (Scheme 3). Further, the corres-
ponding arylidene dithiosacetals 12 obtained by condensation
of aromatic aldehydes and acylketenldithioacetals 11, yielded

corresponding methyl 5-aryl=2,4-pentadiencates 14 on
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borohydride reduction and subsequent methanolysis in the presence
of boron trifluoride etherate.27 Thus ketoketen dithioacetals 2
have been shown to be common precursors forxﬁ,ﬁ =unsaturated-0O=

mathvi, S=methyl estersidjgyaunsaturated aldehydes and methyl=5-

aryl pentadiencates.

The ketoketen:dithioacetals 15 derived from propiophenone
and other higher analogous are shown to undergo interesting
1,3=alkylthio shift to give the rearranged acrylophenones 16 in

28 A detailed

the presence of base like sodium hydride (Scheme 5).
mechanistic studies on this rearrangement has been already publi-
shed.29 Similarly the allylketen dithioacetals 17 are shown to
undergo an unprecedented 1,5=alkylthi?Fhift in the presence of
sodium hydride and dimethylformamide to give novel dienes 19
(scheme 5). Mechanistic studies on this rearrangement has

shown to involve concerted pathways through the diene inter=

mediate 18 (Scheme 5).31

The dithioacetals are also shown to undergo facile dis-=
placement reactions with primary and secondary amines to give
the corresponding S,N-20 and N,N-acetals 5 depending upon the

stoichiometry of the amines used. The S,N-acetals 20 (R"=H)
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11

are best prepared by treating active methylene compounds with
appropriate isothiocyanates in the presence of base f£oliowe.

by alkylatizn (Scheme 6).32 These S,N= and N,N=acetalis r2pr. -
sent a novel class of functionalized vinylogruslamiles or
cnaminones (those derived firom ketones) or enamnines {(those
derived from other active methylene compounds),which prsved'to
be versatile intermediates for the synthesis of a variety of
amino= and mercaptoheterocycles (Scheme 7)., Some of these
transformations achieved in our laboratory are shown in the
Scheme 8 and 9. Thus ketoketen S,N=acetals are shown to be
useful three carbon fragments for the synthesis of aminohetero-
cycles by reacting with bifunctional nucleophiles (Scheme 8)?3m35
On the otherhand, the behaviour of polarized S,N- and N,N-acetals
as functionalized enaminones or enamines is manifested in the
reactions of 5 and 20 with compounds having activated multiple
bonds leading to> the synthesis of a wide variety of amino and

36-40 Loy of the other trans-—

alkylthioheterocycles (Scheme 9).
formations of these acetals £or the synthesis of pyrrolines 30,
2-aminopyrroles 32 and thiazoline derivatives 34 are shown in

the Scheme 10.4’1-43

It is evident from these schemes that polarized keten-=§,5-

S,N- and N,N-acetals which can be prepared in larger quantities
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from a variety of active methylene compounds can serve as build-
ing blocks for the construction of novel heitherto inaccessible
heterocyclic systems, In the present investigation, we have
stin.ied electropnilic nitrosaticn of ketoketen-s5,N-acetals 20
with nitrosyl chloride, which afforded nitrosoketen=S,N-acetals
(or hydroxyiminoimines) 35 in excellent yields. These nitroso-
enaminones 35 again proved to be useful versatile synthons for
the construction of a number of hetcrocyclic systems.44 Synthesis
of these heitherto unknown nitrosoenaminones 35, their structural
studies and synthetic transformations leading to new general
routes f£or the imidazole, quinoxaline and thiazole derivatives

(Scheme 11) are described in the Chapter III.44

In Chapter IV, a novel general route for Nearylimidazole
derivatives 39 by reaction of ketoketen-=5,N-acetals 20 with

nitrosobenzene has been described (Scheme 12).

Aamelation of ketoketen S,N-acetals with sulphur leading
to a new/general method.for the synthesis of novel 4=alkyl-
thiothiézales has been achieved45 by reaction of ketoketen
S,N-acetals 20 with thionyl chloride. These results are

described in the Chapter v (Scheme 13).
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A novel general route for the synthesis of 3=aryl/alky.
cycloalkyllamino=5=arylisoxazole by reaction of ketoketen=S,N=

acetals with hydroxylamine is described in the Chapter VI.46
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CHAPTER Il

PREDAPATION OF POLARIZED KETEN=-S,N= 7D
N,N=ACETALS

II. 1 Introduction

A number o»f opnlarized keten=s,N- and N,N-acetals
required for the present investigation were prepared according
to our earlier reported methods.1 Infact,any active methylene
compound carrying tw> replaceable hydrogen atoms on the
o -position of the electron withdrawing group can,in principle,
be converted to its corresponding S,N= and N,N-=acetals. However
in the present investigation,only a few representative examples
of polarized keten S,N-= and N,N=acetals were prepared. The
various methods used for the preparation of these known as well
as unknown. keten=s,N- and N,N-=acetals and their spectral and

analytical data are described in this Chapter.



11.2 Preparation of polarized keten=S,N=acetals

The active methylene compounds used for the pr=uarat.co
of S,N-acetals were either acctophenones, azetone or nitro-
rithane. Polltwing three netnoasds ware used for the prepara” .ol
of polarized ketoketen=5,N-acetals and N,N=acetais and thos-

Qerived from nitramethahe.

IT.2.1 Displacement method
IT1.2.2 Direct method using isothiocyanates

I1.2.3 Thicamide method.

IT.2.1 Displacement method

The polarized keten S,S-acetals are known to undergo
facile disgsplacement reacti3n2“4 with primary or secondary
amines to give the carrespsnding S;N-= and N,N=acetals depend-
ing upon the reaction conditions and the stoichiometry of the
amines used (Scheme 1). This method was found to be usefull
for the preparation of keten-sS,N-acetals derived from primary
aliphatic amines. However with primary aromatic amines and
secondary amines,a mixture of S,N-= and N,Neacetals or only
N,N-acetals were obtained.” The S,N=acetals (2a~V} prepared by

Jdisplacement method are given in Table 1. The spectral and
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TABLE 1

Preparation of Polarized Keten=S,N-acetals by direct displa=

cement method.

SR*
NHR"
2

f]a % 22;;2;23 g Product R R? g R"”
1 la 2a CgH5CO Me C HCH,
2 ib 2b p=MeC H,CO Me CHCH,
3 ic 2¢c R-MeOC H,CO  Me C H:CH,
4 14 24 P~C1C H,CO Me CHCH,
5 le 2e CHsCO Et C HeCH,
6  1f 2£ C HCO CeHsCH, CHCH,
7 g 29 p-Me0C 6H4CO C6H5CI—I 2 c 6HSCH2
8 la 2h CHCO Me p=C1C H,GH,
9 ib 21 p=ClC gHACO Me p-ClC oH 4CH2
10 1c¢ 2] p-MeOC H,CO Me p=ClC H,CH,
i1 1a 2k CéHSCO Me _1_3~Me0C6H4CH2
12 ic 21 pP-Me0C 6I—I4CO Me _QvMeOC6H4GH2
13 14 2m P=C1CH,CO Me p-MeOC H CH,




Table 1 (Contd.)

14 1h 2n
5 1 29
16 a 2o
17 1o 2q
18 1d 2r
19 1a 2s
20 1 2t
21 14 2w
22 1f 2%

32

MeCO

NO.-

z

C HSCO

6
p=MceC H,CO

EuC1C6H@;O

C6H5L,O

ra
C6H5v0

p-MeC H,CO

64

H,CO

p-ClC H,

Me

Me

Me

Me

C_H.CH

65

Me

Me

2

C6H5CH2

C6H5CH2
Me

Me
Et
Bt
Et

Et

* reported earlier.

1
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analytical data of the unknown S,N=-acetals 2a-s are given in

Table 3 and 4 respectively.

IT.2.2 Direct method using isothiocyanates

The direct method for the synthesis of S,N-=acetals bv
reacting active methylene compounds with-alkyl or aryl iso-
thiocyanate in the presence so>dium hydride and dimethylforma-
mide f£5llowed by subsequent alkylation with methyl iodide
constitutes an alternative method (Scheme 2).6"“10 Some of the
keten S,N-acetals which were not satisfactorily obtained by the
displacement methods were successfully prepared by this
method and are listed in the Table 2. The spectral and analy=

cal data of the keten s,N-acetals égasjwhich are not reported

in the literature are given in the Table 3 and 4 respectively.

IT.2.3 Thioamide meth3d6’lo'=11

The displacement metho>d failed to yield S,N-=acetals
derived from cyclic secondary amines. These S,N=acetals were
therefore synthesized by an alternatc method reported earliecr.
We have recently repsrted12 a facile prepération of dithio=
ester 7 by reacting active methylene ketones with dimethyltri-

thiocarbonate in the presence of sodium hydride. The



(Z eqel) 7 2wayg

E
ammzH .HI
ds” Y ,
N
X,
G

mi WAHNH Q 5 O s z.ﬁ,.,& L H
W vuu/: T dWQ/Hen A Ny
m



TABLE 2

Preparation of Polarized Feten=s,N-acetals by direct

using isothiocyanates,

method

R SR'*
\ Y
=
H’ \N TR
33 g Product ? R R' R"
1 6a* CgHsCO Me CHg
2 6b* p-MeC H ,CO Me C¢Hg
3 6c* p-MeOC (H,CO Me CHg
4 6dx* pCIC H,CO Me CHg
5 6ex CgHCO Me p=CIC.H,
6 6f CHLCO Et CHe
7 6g CHCO Me p-MeC H,
8 6h p=ClCH,CO Me b-MeC_H,
9 6i QmClC6H4CO Me EeClC6H4
10 63 EmMeOC6H4CO Me __Q=C1C6H4
11 6k p-MeCH,CO Me p=ClCc.H,
12 61 CgH-CO Me p~MeQC H,
i3 6m EeMeC6H4CO Me _E=Me036H4
14 én p=C ic 6H4C’O Me Db=MeCC 6H4




Takle 2 (Contd,;

15
16
17
18
19
20

21

306

C6H5CO

p=MeC H,CO

p-ELOCH,CO

p=C1C H,CO

C6H5CO

C6H5CO

N02

EﬂM@C

E=C1C6H4.

Celsg

*
reported earlier1



37

dithioester thus prepared underwent smooth condensation with
piperidine Ba in boiling ethanol to give the corresponding
thicamide 9a which was subsequently alkylated with methyl
iodide in the presence of sodium hydride to give S,N=-acetal
10a in good yield (Scheme 3). The keten-S,N-acetals, 10b=a

were similarly prepared (Scheme 3).

The displacement method was also not successful for the
preparation of §,N-acetal 10e derived from ethyl glycinate.
However, 10e was obtained in good yield by thiocamide method
(Scheme 3). The spectral data of all the new S,N-alkylacetals
2a=-s indicated that they exist in enamino tautomeric f£orm
(2A).13 The benzylic protons in 2a appear as doublet at
¢ 4.45 due to coupling with NH protoﬁ. The doublet collapses .

to singlet on treatment with D2O.

77 7 CH,R"Y

:SR"
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The carbonyl stretching fregquencies in the i.T. spectra
of 2a-s appear between 1600-1557 em™t which further support
the enamino form since in imino form the carbonyl frequency

appears at 1700 cm_l.

The i,r. and n.m.r. sSpectral data of S,N=arylacetals
6f=t also show that they exist in enamino tautomeric form

(Table 2).

II.3 Preparation of polarized keten N,N-=acetals

The ketoketen N,N-acetals required in the present
investigation were prepared by displacement method by treat-
ing the keten-s,N=acetals with two eguivalents of amines
under varying conditions (Scheme 4). Thus while 3¢ was
obtained by refluxing 1 with two equivalents of morpholine
in ethanol, the corresponding N,N-phenyl acetal 3b was
obtained in 64% yield, when acetic acid was used as refluxing
medium. The N,N-acetal 3a was obtained in high yield when
the corresponding S,S~acetal 1 was heated in sealed tube at

150=60°C with ethylamine.
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II.4 Experimental

M.ps. were determined on a Boetius (German) apparatus
and are uncorrected., The i.r. spectra were recorded on Perkin
®lmer 297 spectrometer. The 1lHen.m.r. spectra were recorded
on a vVarian EM~390 spectrometer using TMS as an internal stand-

ard and chemical shifts are expressed in § (ppm).

The starting:materials

The commercial samples of acetophenone, p-methylaceto-
phenone nitromethane, acetone, anisaldehyde, g—-chlorobenzaléle-=
hyde, benzylamine, aniline, pe-methylaniline, p-chloroaniline,
ethylamine, methylamine pyrrolidine, morpholine, piperidine and

N=phenylpiperazine were purified before use.

4
The dimethyl trithiocarbonate, b.p. 225° (760 mm):
15
phenyl isothiocyanate,15 p-chlorophenylisothiocyanate,
. -16
Enmetboxyphenylisothiocyanate,15 p-chlorobenzylamine,

E=methoxyben2ylamine16 were prepared by the repprted methods.

The keten-S,S-acetals; 3,3~bis(methylthio)}-l=phenyl-2~

o 3,3=bis(methylthio)=l=(p-methyl=-

propen=l-one (la), mp 93°;
phenyl)=2-propen-l=one (19),17 mp 104=105°; 3,3-bis(methylthio)

l=(p=methoxyphenyl)y—2—propen-1i-~one ng),l7 mp 100=1°; 3,3-~bis



(methylthio)=1=(p=chlorophenyl)=2-propen=1=one (19)117 mp 109=
110°; 3,3=bis (methylthio)~i=methyl=2=propen=1l=one (;E),lg
mp 66=7°, 1,l1l=bis (methylthio)=2=nitroethylene (li),6 mp 125°;

3,3=bis(ethylthio)=-1l-phenyl=-2~propen-l=one (leg), mp 49=50°;18

3,3=bis(benzylthio)=1=(p-methoxyphenyl)=2=propen=1l=one (1g)718

17-19 by reacting

mp 120° were prepared by the reported methods,
respective active methylene ketones with onhe egv. of C52 and
two eqv,., of t=BuONa in dry benzene followed by alkylation with
the respective halides. The nitroketen=5,N-acetal 1i was

prrepared by methylation of the corresponding dipotassium salt

with dimethylsulfate.

12

The reported methyl benzoyldithioacetate (7):
mp 54=55° was prepared by reacting acetophenone with dimethyl
trithiocarbonate in the presence of twd egv. of sodium hydride

in refluxing benzene.

Preparation of keten=5,N-=acetals

Method A: By displcement method

General procedure: A solution of keten=S,S~acetal (0,02 mol)
Q-
znd the appropriate amine (0.025-0.05 mol) (/40% solution of
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either methyl- or ethylamirc) in ethanol (50 ml) was refluxed
for 5=25 hr. After completion of the reaction (monitored by
TIC), solvent was removed and the reaction mixture was dilutad
with water, extracted with ethvl acetate, dried (Na2SO4) and
evaporated %o give crude S,N-acctals 23-s which were purifiea
by either crystallization using benzene/hexanhe mixture
(1:1) or by passing through silica gel column (ggglgg, 2i-n,
28=v) using hexane/benzene (8:2) as eluent. The S,N-acetals
2a~=v were prepared by this method (Table 1)._ Spectral and
analytical data of unreported S,N-acetals 2a=s 3xe given in

Table 3 and 4 respectively.

Method B: By the reaction of active methylene compounds with

aryl isothiocyanate: General Procedure: To an ice

cooled and well stirred suspension of sodium hydride (2.4g,

0,15 mol) (washed 2=3 times with dry benzene) in dry dimethyl=
formamide (DMF) (50 ml), a solution of active methylene compounds
(0.05 mol ) in dry DMF (15 ml) was added dropwise during 0.5 hr,
A solution of aryl isothiocyanate (0.05 mol) in dry DMF (25 ml)
was then added and reaction mixture was further stirred for

15«2 hr, £ollowed by subsequent addition of alkyl halide

(0.05 mol) in DMF (15 ml). after further stirring for 2 hr,



the reaction mixture was poured over crushed ice,neutrilized
with 20% acetic acid, extracted with chloroform (3x75 ml).
The chloroform layer was washed with water (3x200 ml), dried

(Na 504) and concentrated to give crude S:N—acetals 6a=-u -

2
(Table 2), which were purified either by crystallization from
benzene/hexane (l:1) or by passing through silica gel column
using hexane/benzene (4:1) as eluent. The S,Nwacetals 6a~u

were prepared by this method (Table 2).

Method C: Thioamide method

Preparation of thiocamides({9; A solution of methyl benzoyl-

dithioacetate 7 (O.OlAmol) and the appropriate amine 8

(001 mol) in ethanol (25 ml) was refluxed for 4=7 hr. After
completion of the reaction (monitored by TIC), ethanol was
removed on water bath and the residue triturated with hexane
to remove excess of amine. The crude thioamides 9a-e thus
obtained, were either purified by crystallization 9a-~d or
by passing through silica gel column 10e using benzene/hexane
(1:1) as eluent. The physical data of reported thioamides
9a=d and physical, spectral and analytical data of unreported

thicamide 9e¢ are listed below.

10,11

Benzoylthioaceticacidpyrrolidide (%9a) was obtained 65

orange solid (benzene:hexane), mp 124=-25°; (reported 125-26°)-

yield 85%.



Benzoylthioaceticacidpiperidide 9% was obtained

yellow s5lid (benzene:hexane) mp 128-30° (Reported 130-—31°);1
vield 80%.

Benzoylthioaceticacidmorpholide 9¢ was obtained

vellow crystalline solid (benzene:hexane); mp 126~27° (Repor-
ted 127-29");6 vield 78%.

Benzoylthioaceticacid-N-phenylpiperazine 22 was obtained

light yellow s0lid (benzene:hexane); mp 94«95° (Reported
95-—97"):2O vield 79%.

Na(a{-carbaethoxymethyl)-/@-benzsylthioacetamide 9e¢ was

obtained pale white needles mp 95-96° (benzehethexane):

yield 52%; i.r."y max (KBr): 1730 (ester CO); 1669 (aromatic
CO); 3500 (NH); n.m.r. (CC1,);& 1.30 (t, 3H, CHLCH,0): 3.72
SCOCBQ); 4,0-4,40 (m, 44, OC§2CH3 and NH—CEZCO)f
7.10-7,.30 (m, S5H, aromatic); Found: C, 59.32; H, 5.92; N,

(s, 2H, CgH

5.50; C13H15NO3S (265) requires C, 58.86; H, 5.66; N, 5.28%.

Preparation of keten-5,N-acetals 10 :

A suspension of thioamide 9 (0,004 mol) and potassium
carbonate (0.56g, 0.004 mol) in acetone (30 ml) was refluxed

for 3 hr. The solution was cooled and 0.71g (0.005 mol) of



methyl iosdide was added with stirring and the reaction mixt-
ure was further stirred st room temperature for 3 hr. It was
then poured osver crushed ice, acidified with 204 acetic acid,
extracted with chloroform, dried (Na2504) and solvent evapo~
rated to give corresponding keten-$,N-=acetals 10a-e which were
further purified by passing through silica gel column using

benzene/hexane (2:1) eluent.

3=Methylthio=iNpyrrolidino=l~phenyl=2-propen-l-one 10a was

obtained pale yellow crystalline solid (benzene:hexane):
mp 80°; yield 85%; i.r. Y max (KBr): 3280 (y.), 1570, 1600
(3vC0); n.m.r. (CCl,):82.00 [br s, 4H, -(CH,),-] 2.46 (s,

2

7.10-7.48 (m, 3H, arom:); 7.60-7.95 (m, 2H, arom ); Found
c, 67.76; H, 6.35; N, 5.85; C14H17NOS (247) requires: ¢, 68.02;

Hi‘ 6.88; N' 5.85%.

3=Methylthio=3=piperidino=1l-phenyl=2-propen=-i=one 10b was

obtained viscous liquid (TIC single spot):; vield 83%; i.r.

and n.m,r. sSpectra same as reported.

3=Methylthio=3=morpholino=l-phenyl=2-propen=1=one 10c was

obtained semisslid (TIC single spot); yield 87%; ir and

1
n.m.r. spectra same as reported.
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S=Methylthio=3=(N-phenylpliperazino)=1=phcnyl=2=propen-1l=-one
(%)
104 was sbtainedLsemisslid (TIC single spot):; yield 90%

i.r. Yrax (CHC13): 3245 (br, NH), 1600 (w}co); NaMoTa (cclg):

D2.43 (s, 3H, SCHB) 3.10=3.86 (m, 8H ): 5.83 (s,

piperazine
iH, olerinic); 6,.68=-8.12 (i, 104, aron Y. Found: C, 71.38;

H, 6.21; 1T, 8,57; C 0s (338) requires: c, 71.00; H,

202N,
6051,‘ N' 8-28%.

3=Methylthio=3=( L ~carboethoxymethyl)amino=l-phenyl=2=propen-
A
l-one 10e was DbtainedLyellaw viscous liguid (TIC single

spot); yield 75%; i.r. vmax (KBr): 1620 (aromatic CO), 1730

3CH2—);

and

(ester CO), 3250 (NH); n.m.r. (cCl,):<&1.30 (%, 3H, CH

2CHy

NH-CH,=); 7.10-7.90 (m, 2H, aroms); 11,00 (br s, 1H, NH,

2.34 (s, 3H, SCH,); 3.82-4.30 (d and q. 4H, OCH

exchangeable with D,0; Found: C, 60.,55; H; 6;42; N, 5.50;
C14H17N035 (279) requires: C, 60.22; H, 6.09; N, 5.02%.

Preparation of keten-N,N-acetals

By direct heating: A solution of keten~S,S=acetal 1 (2.24g,

0.01 mol) and ethylamine (1.40g, 0.025 mol) was heated in a
sealed tube (150-160°C) for 6 hr. After complete disappearance
»f keten=S,S=acetal (TIC), the reaction mixture was diluted
with water to remove excess of amine, extracted with ethyl-

acetate, dried (Na 504) and evaporated to give crude N, N-acetal

2
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Sa, which was further purified by column chromatoyraphy over
silica gel using benzene/hexane (2:3) as eluent, soiid (1l.4q,
65%), mp 75-=77° (repucted 76=76°), the n.m.r. and i.r.

spectra of 3a was in agreement with that reported.

In refluxing acetic acid:= 7 solution of keten=5,5-aceta’ '

(2.24g, 0.01 mol) and aniline (2.40g, 0.025 mol) in al.

ACOH (20 ml) was refluxed for 8 hr. The solvent was removed
under reduced pressure, the reaction mixture was diluted with
water and extracted with ethylacetate. The organic layer was
dried (Na2804) and concentrated to give crude N,N-acetal 3b,
which was further purified by column chromatography over
silica gel using BenZene/hexane (3:7) as eluent; yvellow solid,
mp 130-32° (2.20g, 70%), reported (132=33°), i.r., n.m.r.

spectra same as reported.

The corresponding N,N-=morpholinoacetal 3¢ was also
prepared in the similar manner except that ethanosl was used
as solvent instead of acetic acid, white solid (benzene),
mp 138=39° (71%), reported (138~40°), i.r. and n.m.r. spectra

same as reported.
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CHAPTER III

SYNTHESIS OF NOVEL HYDROXYIMINOIMINES BY DIRECT
NITROSATION OF X=KETO_KETEN=S, N=ACETALS AND THEIR
FURTHER TRANSFORMATIONS :NEW GENERAL SYNTHESES FOR
IMIDAZOLE, QUINOCXALINE AND THIAZOLE DERIVATIVES*

III.1 Introduction

The chemistry of imidazolel,quinoxalinezand thiazole3
derivatives has been extensively studied in the recent years
in view of the growing applications of these compounds as
pharmaceuticals and in industrial processesJhe importance of
these heterocyctlic nuclel in biological processes has also
been recognized. Besides, substances with fused imidazole and
quinoxalineﬁrings such as purines,pteridines and_riboflavins
play a very important role in the biochemistry of living

cells. Mahy candidate drugs have been modelled on these

* ..
A. Rahman, H. Ila and H. Junjappa, J.C.S. Chem. Comm., 430
(1984) .
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compounds particularly for cancer and virus research. In
addition; several antibiotics incorporating these chemical
structures have been isolated. Numerous review articles
dealing with the chemistry, pharmacology and biology of thzce

heterocyclic compounds have appeared in the recent years.,

Among the wvariosus routes available for the synthesis
of purine and alloxazine derivatives, one approach which has
received considerable attention in the recent years, involves
annelation of imidazole (or quinoxaline) ring to pyrimidine
nucleus by condensation cyclization of 5=nitroso (or nitro)
d=aminopyrimidine derivatives.4 A variety of xanthine,
alloyazine and flavin derivatives have been synthesized by
this route. However, a similar synthetic approach based on
open=chain nitrosoenamines/enaminones (or hydroxyiminoimines)
to give imidazole or quinoxaline derivatives haz» not been
much investigated. The scgnt literature on such transforma-
tion is primarily due to lack of appropriate open=chain
nitrosoZenamine/enaminone (or hydroxyiminoimine) precursors.
In the present chapter, a direct general method for the
synthesis of novel functionalized nitrosoenaminones (or
hydroxyiminoimine) by reaction of easily available K=kecto=

keten=3,N=acctals with nitrosyl chloride and their further

’



transformations to imidazole, quinoxaline and thiazole deri-
vatives hawvebeen described. Since the synthetic strategies
of these transformations are based on the condensation cycli-
zation reactions of 4-amino-5=nitroso (or nitro) uracil
derivatives} a brief discussion on the reactions of 4-aminc-
uracil derivatives with electrophilic nitroso (or nitro)
compounds leading to the synthesis of purine, alloxazine and

other condensed heterocycles has also been included.

IIT.2 4=Amino=5-nitrosouracil derivatives as precursors for

purines and alloxazines synthesis: A brief survey

4=Aminouracil derivatives of general structure 1 are
shown to be highly reactive towards electrophilic substitu-
tion at 5=position. Nitrosation of 1 with either sodium
nitrite in acetic acid or with isoamyl nitrite yields the
correspondinc 5-nitroso-4-aminouracil derivatives 2 in exce-

llent yields (scheme 1).5’6

Thus a variety of 1,3-disubsti-
tuted-4~alkyl/arylamino=5-nitros~uracil derivatives 2 have
been synthesized (Scheme 1) which proved to be ubiquitous

intermediates for the synthesis of purines, alloxazines;

preridines and other fuscd pyrimidine heterocycles.
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IIT.2.1 Synthesis of purine derivatives

It was reported earlier that the fading decomposit=
ion of 5=nitroso 4-alkylaminouracils during melting point
determination was due to imidazole ring formation.7'8 This
reaction has later been developed into a novel general syn-
thesis of purine derivatives. Thus two groups of research
workers have reported5'6 that 4-=amino=S=nitrosouracil deriva=
substituents on the 4~amino group

tives 2 carryving CH, or CH

2 3
undergo facile thermal cyclodehydration to 8=substituted
xanthine derivatives 3 (Scheme 1). It 1s interesting to note
that the methylene groun need not be agtivated; thus the
uracil derivative 2a (Rquﬁ) undergoes facile intramolecular
condensation to glve xanthine 3a, whem refluxed in solvents
like n=butanol or dimethylformamide. Pfleiderer has reported
that the presence of substituent at N=3 or the activation of
methylene group adjascent to nitrogen in the 4=alkylamino
side chain is necessary for cyclodehydration of 2 to 3:6 Thus
while 1:3~dimethyl~4—methylamino 5-nitroso uracil 2a and the
corresponding 3-unsubstituted 4=benzyl derivative 2b undergo
facile thermal cyclization to %anthines 3a and 3b respectively

(Scheme 1)} the corresponding 3=unsubstituted 4=methylamino=-

uracil derivative 2¢ failed to cyclize to 3¢ even under
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drastic conditions (Scheme 2). Further, uracil derivatives
with 4=dimethylamino=5=nitrosouracils 4 could not be
dehydrated to 8,9~-disubstituted Zanthine derivatives 5

(Scheme 2).5 A comparison of the structures 2 and 4 shous
that 2 can exist in three tautomeric forms (2A, 2B and 2C;
(Scheme 3); while such kind of tautomerism is not possible for
4-disubstituted amino derivative 4. According to Goldner,5
existance of isonitroso tautomeric form 2¢ is of consilderable
importance for cyclodehydration of 5=nitroso-4—amino uracil
derivatives (Scheme 3). Thus it has been reported that
2,6-disubstituted 4-~benzylamino~5=nitrosopyrimidine & does

not undergo cyclization inspite of the activation of methylene
group (Scheme 3). This failure to cyclization is attributed
to the presence of aromatic system in & ,which prevents the
formation of isonitroso tautomeric form. Goldner has further
shown that ceyclization of 2 becomes very facile if the
isonitroso form is fixed by alkylation.9 Thus when the uracil
derivative 2a was alkylated with diazomethane at room tempera=
ture, no N= or O=alkylated products were isolated and the
caffiene 9 was isolated in excellent yield (scheme 4);9 The
facile transformation 2f 2a to 9 at room temperature is attri=

buted to the intermediacy of nitrone 8 which undergoes
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spontaneous cyciization to 9. According to Pfleiderer,6 1owW=
ever, formation of isonitroso form is not the only factor for
the surprising ease with which 1,3=disubstituted-4-alkylamino-
5=-nitrosouracils 2 undergo dehydration to xanthine derivatives.
On the basis of this explanatizn, 3-unsubstituted uracil
derivatives 2c and 2d (Scheme 2) should undergo cyclization

as they are capable sf existing in isonitroso tautomeric forms,
however 2c and 24 could not be dehydrated to the corresponding
3¢ and 3d even under drastic conditions (Scheme 5). The
authors have further emphasized the role of 3=alkyl substitu-
ents in these cyclizations. In the absence of N=3 substitu”ents,
the planar vinylogous=amide system exists in the anti confor-
mation 10 (scheme 4), which is further stabilized by intramo-
lecular H=bonding with the nitroso group. However in the
presence of N=3 substituent, the syn conformation 11 is
favoured and due to the presence of three vicinal substituents,
the molecule exists in sterically strained conformation which
is the driving force for the facile cyclization. The authors
have correlated the cyclization temperatures of various
3=N-substituted uracil derivatives with the bulk of 3=N=sub-
stituents by differential thermogravimetric methods (Table 1)

and found that cyclization temperature decreases in the
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675 / 3
n=CAH93 The surprisingly high temperature required for the

‘ Mex ~
~, CH.' “H 1 xyl
order C,.H .LHA‘?CHQC()HS;} CeHg™ C2H5> CH \Mejcyc ohexyl >

dehydration of 3=N=phenyl uracil derivative indicates that
the phenyl group exists in planar vertical configuration in

these derivatives.

Dehydrogenation of nitrosouracils 2 under mild condi-
tions is reported to yield 7-hydroxyxanthine derivatives 13
(Scheme 5);1O which could be converted to xanthines 3 on
treatment with phosphorous trichloride and subsequent reductive
dehalogenation with Raney Nickel. The formation of 13 apparen-
tly involves the dehydrogenated anils 12 as intermecdiates

(scheme 5).

When 1,3=dimethyl=5-nitroso~4=secondaryalkylaminouracils

14 were subjected to cyclodehydration, novel 8;8=disubstituted
were formed which

xanthines 15/undergo facile thermal rearrangements to 7,8«
disubstituted xanthines 16. Dehydrogenation of 14 under mild
conditions is reported to afford 8H -xanthine=7-N-oxidc 18 via
intermediate anil 17 (Scheme 6). The xanthine=N-oxide 18
isomerizcs to fused oxadiazines 19 under thermal conditions

(Schemc 6}.11
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TABLE 1

Thermogravimetric estimation of cycloadechydration tcmporaes
tures for 1,3-disubstituted 4-mcthylamino=5-nitrosouracils

O
CH,
2 3
R CH, C6H11 CH(CH3)2 CH3 CH, CH, C6H5

R? n=_C ,H C.H

4Hg 611 CH(CHB)z C2H5 CH.C_ H CH C.H

°C 61 8] 34 93 99 131 1lee:
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Recently Yoneda has reported direct synthesis of theo-
phylline 3b by treatment of 1b with N-nitrosodimethylamine

and phosphorous oxychloride (Scheme 7).12

The reaction apparen=-
tly involves ring nitrosation followed by cyclization.
Nitration of 4-benzylaminouracil lb with potassium nitrate and
acetic acid/HZSO4 §imilarly affords 7=hydroxyxanthine 13b

(scheme 7)313

Electrophilie nitrosation and ayclization of 4-~amino-
uracil derivatives 1 has also been achieved with nitrosobenzene
in the presence of acetic anhydride which affords 7=arylxan-
thines 14 in excellent yields (Scheme 8).14 The rceaction
proceeds through the intermediacy of S5=hydroxylamino deriva-
tive which suffers dehydration in the prescnce of acetic
anhydride to give the diimine 15. Prototropic rearrangement
of 15 gives monowmine 16, which is ideally disposad for
intramolecular cyclization to 17. Subsequent dehydro%%m&wmi@t
17 by excess of nitrosobenzene would then afford the

7=aryltheophylline 14 (Scheme 8).

Taylor has reported the synthesis of 8-phenyltheophy-
lline derivatives 21 by treatment of 4=amino=5-nitrosouracil

derivatives with benzaldehyde in refluxing dimethylformamide
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5

(8cheme 9).1 The reaction has been shown to involve 7=hydro=

xyxanthines 13 as intermediates which undergo an unusual

[}

Leukart type reduction by dimethylformamide to give 21. T

-

e
intermediate complex 19 can undergo an intramolecular oxidation
reduction sequence either by transfer of a hydride ion to
8=position of purine ring (path a) or by dircct collapse to

gg} CO2 and dimethylamine (path b) via a cyelic transition
state involving 6~garbonyl group (Scheme 9). The correspond-
ing 4-N=alkylderivatives 2 (Scheme 10) however did not yield
the B=aryl-9=substituted theophylline derivatives 26 on
treatment with benzaldehyde under similar conditions. However
when 2 were reacted with various substituted hydrazones of
aldehydes, corresponding xanthines 26 were formed in good yields
(Scheme lO)-16 This new purine synthesis is rationalized by
assuming intermolecular nucleophilic attack of electron rich
okcarbon of hydrazone 23 on nitroso group of 2 to form hydro-
xylamine intermediate 24, followed by intramolecular cycliza-
tion by addition of ?EEES amino substituents to imine carbon

of the intermedilate. Elimination of hydrazine and dedxXygena-
tion of purine 7-oxide by hydrazine could yield the purine

26 (Scheme 10).
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In an interesting variatiosn of above reaction, Yoneda
and coworkers have reportced the synthesis of 8=disubstituted-
amino purines 30 by reaction of 4-amino=5-nitrosouracil
derivatives 2 with vilsmceler's reagent (Scheme 11).17 Thus
when 2 was treated with phosphorous oxychloride in dimethyl-
formamide at 150°C the corresponding 8=-dimethylaminotheophy=
l1line 30 (R"=R"=Me) was obtained in excellent yicld. The
proposed mechanisms for the formation of 39 through initial
nucleophilic attack of hydroxyimino form 2B on vilsmeier/A
reagent and subsequent intramolecular cyclization to 29 by
elimination of dichlorophosphoric acid is shown in the Scheme
11.18 Deoxygenation of purine 7-N-oxide 29 probably by

dimethylformamide leads t¢> the purine 30.

The reaction of excess of dimethylformamide diethyl=-
acctal with 4mamino=5cnitrosqﬂerivatives has also bkeen reported
to afford the corresponding 8=dimethylaminopurine derivatives

30 in good yields (Scheme ll)o19

111.2,.2 synthesis of alloxazine and flavin deriwvatives

Goldner has reported a new general synthesis of
alioxazine derivatives 34 (scheme 12) by nitrosation of
d-anilino 1,3=dialkyluracils and subsequent thermal cyclo-=

dehydration of 4-anilino=5=nitrosouracil derivatives 31
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. (Scheme 12).2O

Taylor has synthesized alloxazinc 34 by
reduction of 4-anilino=5=nitrosouracil derivative 35 with
triethylphosphite and by electrophilic nitrosation of
4=aminouracil 1 with nitrosobenzene in the presence of acetis
anhydride (Scheme 13).21 The former reaction appears to
involve nitrene intermediate, while in the latter reaction,
thé hydroxyimino intermediate 36 after cyclodehydration,
undergoes dehydrogenation with excess of nitrosobenzene t©o

give the alloxazine 34 (Scheme 13).21

Alloxazine 34 has als> been obtained by direct nitrosa-
tion and cyclization of 4-=anilinouracil 1 (scheme 14) with
N=nitrosodimethylamine in the presence of phosphorous oXy-
chlaride.22 This reaction has been further utilized for the
synthesis of flavin derivatives 38 by treatment of 4=(N=alkyl-
N=anilino) uracils 37 or by treatment of corresponding
5-nitroderivatives 392 with Vilsmeierreagent (Scheme 14).23
The conversion of 39 to 38 probably involves the initial
formation of flavin-5-oxide 40 by dehydrative cyclization of
39 followed by subsequent loss of oxygen by dimcthylformamide

(Scheme 14).24'25
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I11.3 Synthesis of novel functionalized hydroxyiminoimines

by direct nitrosation ofoK-Ketoketen §,N~acetals and

their further transformations: New general routes to

imidazole, quinoxaline and thiazole derivatives

From the above discussion it is apparent that 4~amin5=
S<nitross/nitrouracil derivatives 2 are useful intcrmediates
for the synthesis of purine, alloxazine and flavin derivatives.
Our literature survey at this stage revealed that a similar
synthetie approach based on open=chain Qitrosaenamines/enami=
nones (or hydroxyiminoimines) to give iﬁidazale or quinoxaline
derivatives has not been investigated. The only related
reference reported in the literature invslves the synthesis
of 4=acetyl=2-aryl=5-methylimidazoles 42 by annelation of
3=hydroxyimino=2,4=dione 41 with benzylamines (Scheme 15).26’27
The scant literature on such transformations is primarly due
to the lack of appropriate open=chain nitrosoenamine/enaminone
(or hydroxyiminoimines) precursors. Despite; the report of
the preparation of few 1,2-hydroxyiminoimine derivatives by
condensation of KX=hydroxyiminozketones with appropriate
a‘mines,27 an alternate general approach for thesc precursors,
by electrophilic nitrosation of open-chain or cyclic

28,29

enamines or enaminohés has not been reported. There is
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only one reportSO of the preparation of methyl (6«benzylim¢nu=
A=bximinoproplyl)ketone 44 by nitrosation of the corfespondn
ing imine 43 (or enaminone) with sodium nitritc and acetic
acid (Scheme 15). 1In the previous chapters we have showh <ha*
polarized ketoketen-=s,N- and N,N-acetals represent a novel
class of functionalized enaminomeg/which react with a variety
of electrophilic compounds to yield novel mercapto and amino-
heterocyclic compounds. In the present ghapter we have carried
sut nitrosation of these compognds with nitrosyl chlorides
which affords a facile general route to novel glass of functi-
onalized hydroxyiminoimines. Further cyclodehydrations of
these hydroxyiminoimine derivatives afford novel imidazole,
quinoxaline and thiazole derivatives. Thus novel general
routes to these heterocyclic rings systems have been developed

and the results are described in this chapterl

ITT.3.1 Synthesis of . novel functionalized hydroxyiminoimines

and their structural studies.

TIT.3.141 Results and diszussion

All the keten=3S,N- and N,N=acetals required for the
present investigation were prepared by one of the methods
described in the chapter II. wWhen a sslution of ketoketen-=S,N=

acetal 45a (R = C_H

: R = Mc; R” = i 1 s
CeHs R 1 R C6H5) in ethanol wa



stirred at room temperature with equimolar quantities of
isoamylnitrite in alcohol, the starting material was recovered
unchanged. The keten=s,N=acetal 45a similarly remained
unreacted even on prolonged refluxing in ethanol in the
presence of i1soamylnitrite. Alternatively, when the nitro-
sation of 45a was attempted with sodium nitrite in acetic
acid at room temperature, analysis of the reaction mixture
after work-up revealed, that a mixture of several products was
formed, although the starting material had complctely
disappeared. On the otherhand, when a solution of 45a (0.0l
mol) in ether was stirred with nitrosyl chloricde (0.012 mol
in ether) in the presence of pyridine at 0=5°,a3colorless
amorphous compound was obtained in 80% vield after work-=up
which was characterized as phenyl (e<=dximino= f=benzylimino=-
@nmethylthio) ketone 46a on the basis of spectral and
analytical data (Scheme 16). Thus 46a analysed for
C17H16N2023 and its mass spectrum showed weak molecular ion
peak at m/e 312 (M+). Its infrared spectrum (KBr) exhibited
strong bands at 3480 (Br, OH) 1592 and 1642 (C=N and CO) cmglo
Further structural proof for 46a was obtained from its
1Han.m.r. spectrum (CDcléDMso=d6) which showed tw> singlets

(total 3H, 2:1 ration) at §2.32 and 2.42 for SMe group in



96

~S3h _eupidg 999,

e .J&a\.ilrluf
e

AL S e o A e

i sWialcg

M mmﬁ

J —
o &
CHO 10~
- Taf . o
| D) o N5 A
. NS~ N S, W\ . -
— J\ q ..\ui. SO . ...ﬂ.‘.\ ﬁ/ U M.M.P“
R T e
N7 W
[ e

3@;@

bl\
~

/10N MA



37

different environment, and another two singlets (total 2H,
1:2 ratio, C6H5C§2) at $4.38 and 4.55. The aromatic protons
appeared as multiplets at §6.85-7.55 (m, 8H, Ar) and $7.62=
8.11 (m, 2H, Ar). Its ultraviolet spectrum showed absorptiin
maxima at pAmax (MeOH): 242 (logé , 4.23) nmi}\Max (MecOH) fovx
45a 245, 342 (loge , 2.35, 4.58EWWW;The hydroxyZiminoimine
structure ( B and C ) (Scheme 16) for 46a: was assigned on the
basis of its ultraviolet spectrum and the n.m.r. signal for
the benzylic protons,which appears as a singlet,31 while in
the corresponding §,N-acetal 45a the signal due to benzylic
protons appeared as doublet ( S 4.45, J=6Hz) owing to coupling
with the NH proton. However the appearance »f two signals
for the MeS and benzylic protons in the n.m.r. spectrum of 46a
is probably due to the existance >f two geometrical isomers

(S=cis B and S5=trans C).

The reaction of »+ther Lkotokcten=S.N=acetals 45b-j
derived from primary alkylamines with nitrosyl chloride
similarly yielded the corresponding hydroxyiminoimine deriva-
tives 46b=-j in 76-81% overall yields (scheme 17, Table 2).

All of these hydroxviminoimincs 45b-j werc characterized



98

NROp—

a9y
mxwkm

SO eG~ N
. N
34

:mN IU\.Z
P m T \‘\ N..._
N < J_\.J«T

*
Ho O

Jlawaydg

At

:.m ’ I 3 7?/7%\\@ 3N S

ot e

e

G0
SUIPLIAG]

ml.mtll B, “‘,\\br» z I
TN M\
D| "
el v
v 87
HCHOHN -GS
. Mﬁ g
-~ d mu
i\\
N

100N



93

TABLE 2

synthcesis of Ne=3alkylhydroxyiminoimine derivatives (4;@‘@ )
' OH

QH
;
) /\% _CHR" .
46

N i comoung jPEOMCt; R ¢ Ry R
1 45a 46a CHe Me CeHs
2 45b 46b Me Me CoHe
3 45¢ 46¢ CgHe CHeCH, CgHg
4 454 464 CgHg Me H
5 45G 46¢ P-McC H, Me H
6  45% 46£ p-ClC H,  Me H
7 459 4o6g C 6P~IS Mc Ma
G 45h 46h p=McC 6H4 Mc Mc
9 451 463 p=Cclc H, Mo Mc
10 45j 463 CgHg CgHLCH, Ma
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with the help of spectral and analytical data (Table 8 and
12). The u.v. and n.m.r, spectra of 46b=] indicated that
they exist in hydroxyiminoimine tautomeric forms (46B and

46C) «

When the ketoketen-S;N~acetal 47a derived from
aniline was subjegted %o nitrosatipn under identical condi-
tions; corresponding hydroxyimine 48nwas qbpained in 80%
yield (Scheme 18, Table 3), which was characterized with the
help of spectral and analytical data (Table 8 and 12). The
wltra=violet spectrum of ggggihmax (MeOH) ¢ 244}nm supported
the hydroxyiminoimine tautomeric structure. The other
N-aryliminohydroxyiminoimines 48b=-s were similarly obtained
in 75=81% overall yields under idcentical conditions (Table 3).
The spectral and analytical data of 48a=-s are given in Table
8 and 12, The ultraviolet spectrum of 4Ba=-s indicates

hydroxyimino tautomeric structures.

Attempted nitrosation of nitroketen=S,N-acetal 49
was not successful (Scheme 19) and the starting matcerial was
Wi
re@overed unchanged, evenﬂﬁhe nitrosation was carried out at

higher temperature in refluxing chloroform, When the
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TABLE 3

Synthesis of Nwaryl hydroxyiminoimine derivatives(4-8& -4).

OH OH
fo; ‘ 0 I
‘ M
R /\7 R
L
*\\ ar
R'S " ' g N
| SR
Ar
48
S. I starting} ¥ I ; i
No § compound {§ Product i R 1 R § Ar
l. 47a 48a C6H5 Me C6H5
2. 47b 48b p-MeC H, Me CeHe
3. 47c 48c P-MeOC H, Me C6H5
4. 474 484 P~C1C H, Me CeHg
5. 47¢ 48e C6H5 Me _j@aMeC6H4
6. 47f 48f C6H5 Me ~]_9_=-MeOC6H4
7. 47g 48g C6HS Me 2"C1C6H4

B¢ 47h 48h _EwMeC6H4 Me yMem6H4



Table 3 (Contd.)

9. 47i
10. 47j
11, 47k
12. 471
13, 47m

14. 47n

19. 47s

5 s
~ B R

>
0]
ot

48r

48s

103

BMeCeH)
P-MeOC (H,
g-=ClC6H4
p-ClC H,
CHs

CegHsg
RMeCH,

P-EtOC H,

pC 1C6H4-

Cellg

Cells

Me
Me
Me
Me
Et.
CH,C H

27675

CH2C6H5

CH2C6H5
CH2C6H5
CH2C6H5

CH2C6H5

< lc 6H4
_QuClC 6Hfl

p-MeOGH,,
C5H5
Cellg

Cellg

Cellg

Cetls

E=M6C6H4

i
-

p~Cic eHa




corrcsponding S,N-morpholincacetal 51 was subjected to
nitrosation under identical conditions, the product isolated
in 60% yield was characterised as ¢ =oximinomorpholinide 53
on the basis of speetral and analytical data. Apparcntly,
the intermediate hydroxyimine 52 undergoes facile hydrolysis

during work-up to give 53 (Scheme 19).

Nitrosation of the corresponding ketoketen—NjN—acetals
(54, 56 and 58) was next investigated. The corresponding
N,N-ethylacetal 54, however, failed to yield the correspond-
ing hydroxyiminoimine 55 even under drastic conditions and
the starting material was recovered unchanged (Scheme 20).
Interestingly, the corresponding N,N-phenylacetal underwent
facile nitrosation to give the hydroxyiminoimine 57 in good
yield (Scheme 20). The spectral and analytical data of 57
was in conformity with the assigned structure. Howcver, it
is not possible to give any rational explanation at this
stage for the observed different behaviour of N,N~acetals
54 and 56. Nitrosation of the corresponding NjN«morphalino=
acetal 58 under reported conditions yielded o(=~oximino=
morpholinide 53 (scheme 20) which was also osbtained from

nitrosation of S,N=acetal 51 (scheme 19). aApparently, the
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nitrossenaminones 52 and 59 derived from secondary amines
undergo facile hydrolysis during work-up to give hydrolysed
oximinoketone 53. These observations are in conformity with
the earlier report of facile hydrolysis of 4=Adimethylamino-
S5~nitrosouracil derivatives 4 (Scheme 2) to 1,3=dimethyl-5=

nitrosobarbituric acido5

IIT.3.1.2 Structural studies

Despite the wide applications of 4=amino=~S=-nitrose
pyrimidine derivatives for purine and alloxazine synthesis,
there is still no real knowledge on the predominating
tautomeric states of these derivatives;31 It ie still uncer-
tain whether they exist in nitroso or oximino osr both tauto=
meric formse32 Nitrosopyrimidines are coloured compounds.
Explanation of the various colors along the lings of
"Strained Structure" associated with isonitroso=ketonitroso=
hydroxy tautomerism in the molecules are describked in the
several papers, but the osverall picture is still not clear.31
The n.m.r. spectral studies on the only reported acyclic
nitrosoenamine 44 support the hydroxyimino structurcs 44A
and 44B on the basis of splitting pattern of benzylic

. 31 . . : .
protons signal. Tiw niirosoenaminones 4€a-j and 48a-s
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prepared in the present investigation by nitrosation of
e=ketoketen S,N=acetals with nitrosyl chloride are ail
colorless compounds with u.v. absorption maxima in the
range of Amax (MeOH): 242 nm~ 269 nm; which supports the
hydr%yimino structures B & C (Scheme 16 and 171,since

most of the nitroso monomeric compounds show weail aksorption
between Amax 630 = 790 fm. > The splitting pattern of
N=alkyl protons (saee discussion in section III.3.1.1 ) in
the n.msr. spectrum of N=-alkyliminohydroxyimines 46a-j
(Table 8) also supports the hydroxyiminonimine tautameric
structures for these intermediates. The ultraviolet
spectra of aryliminohydroxyiminoimines 48a-s also> indicate
the presence 2f hydroxyiminoimine tautomeric f£orms.

However it is not possible to draw definite conclusion
about predominant tautomeric forms in these derivatives and

further work is in progress in this directionne

III}3°153 Conclusion

A novel g¢lass of functionalized nitrosochaminones
or hydroxyiminoimines have been synthesized by direct
nitrosation of polarized ketoketen=S,N=acetals with nitrosyl
zhloride. The spectral studies on these compounds indicate

that they exist in predominent hydroxyiminoimine tautomeric



109

forms. Their further synthetic transformations to imidazole,

quinoxaline and thiazole derivatives are described below,

III,3;2 A novel general route to 2-aryl/alkyl/ethoxycarbonyl/

unsubstituted=4=-aroyl/acyl=5=alkylthioimidazoles by

thermal cyclodehydration of aryl/alkyl (& -2oxXimino=

G=aryl/alkylimino-~{ =alkylthio)ketones

TITZ.342+1 Results and discussion

With a wvarilety of functionalized hydroxyiminoimines
46a=4 and 48a~s in hand, we next intended to study the thermal
cyclodehydration of these intermediates with a view to develop
novel general routesfor imidazolce and qguinoxaline derivatives.
Interestingly, when the hydroxyiminoimine 46a was heated at its
melting point for 0.5 hr,the recovered compound was not the
starting material 46a, on the atherﬁand a light yellow compound,
m.p. 215°C, was obtained in 80% yield. The same compound was
also obtained in 78% yield, when the hydroxyiminoimine 46a was
refluxed £or 3 hr in acetonitrile. The product was character=
ized as 2=phenyl-4-benzoyl-S-methylthioimidazole 60a on the
basis of spectral and analytical data (Scheme 21). It showed
molecular ion peak at m/z 294 (100%, M+) in its mass spectrum

N.OS. 1It's infra-red spectrum (KBr)

.
and analysed for C17H14 5



110

(¥ POYIaW )
(5 20Z)29n) pajeas

30 NOEHD/ v



exhibited absorption peaks at 3240 (NH) and 1600 (conjuga-
ted CO) cma%. Further structural proof for 60a was obtaine’
from its n.M.r. spectrum (CDCls/DMSO=de), which showed dig=
appearance o2f signal due to benzylic protons present in the
n.m.f. spectrum of hydroxyiminoimine 46a, A singlet at §2.55
(3H) was assigned to MeS protons, while the aromatic protons
appearcd as three multiplets at § 7,45 (6H)£ 7.88 (2H) and
8,15 (2H) respectively. A low field braad signal at $12.85

(exchangeable with D,0, 1H) was assigned t2 imidazole NH

2
proton. The tautameric structure 61 was ruled out on the

basis of u.v, spectrum of 60a, which showed absorption maxima

at Amax (MeOH): 270, 230 (logé , 4.54, 4.23) nm pdointing

tc a (3 —aminoenone molety; Amax (MeOH) for 45a: 245, 342
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(logé&} 2.35, 4.58) nm. The corresponding e« =acetyvlhydroxy-
iminoimine 46b and S=benzylhydroxyiminoimine 46c (Takle 2).
similarly underwent facile cyclodehydration in refluxing
acetonitrile to give the corresponding 2=aryl-d=acctyl=E-
methylthioimidazole 60b and 5=benzyl*hicimidazole 60c (Sche.e
21) (Table 4) in 58% and 82% yields, respectively; The
corresponding N-methyliminohydroxyimine ﬁgg, on the otherhand
remained unchanged when refluxed for prolonged time in
acetonitrile (12 hr). However when 464 was subjected to
cyclodehydration at higher temperature (200°C in secaled tube/
CH3CN}/the corresponding 2-unisubstituted=4i=benzoyl=5~methyl-
thisimidazole (60d) was obtained in 55% yield. Apparcntly
the mcthylene group in 46d is not activated and the cyclo=-
dehydration to imidazole 608 requires more drastic conditions
than 46a in which the methylene group is activated by an

aryl group. The other substituted Nemethylimino 46e¢=f and
Neethvlimino 46g=] hydroxyiminsimines similarly underwent
cyclodehydration at higher temperature (200° in sealed tube)
to give the corresponding 2-unsubstituted (60e=£) and
2=methyl (60g=j) imidazoles in 52-60% overall yields (Mcthod A)

(Table 4)., The spectral and analytical data (Table 9 and \3)



TABLE 4

2=Ary1 /methyl/unsubst:_tuted-4-—aroyl/acy1-=5 alkyl‘chloz.mldav
.zolaes prepared*

60
o ] e S N
1. 46a _6_93 CeHg Me CgHe
2. 716b 60b Me Mc Cetl
3. 46¢ 60c CeHs CEHeCH,  CH.
4. -46d 60d CyHe Me E
5. 46e 60¢ p-MeC H, Me H
6. 46£ 60£ pClcH, Me H
7. 46g 60g CeHg Me Me
8. 46h 60h p-MeCH, Me Me
9. 463 604 p-clc.H, Me Me
10. 463 603 CeHs CeHCH, Mo

* By mcthod A
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of all imidazoles 60b-j were in conformity with thce assigned

structures.

Interestingly, the 2-phenylimidazole 60a could also
be prepared directly in one step in 75% yield (m.p.) l.xe
and n.m.r, spectra in agreement with 60a obtained by Method
A), when a mixture of S,N-acetal 45a (0.0l mol) and nitrosyl
chloride (0,012 mo) in 5 ml of dry ether) was refluxed in
pyridine for 2.5 hr (Method B) (Scheme 22). The reaction was
found ©o be general and other substituted 2~aryl imidazoles
(60k=m) (609=q) S~ecthylthio=(60n) imidazoles were obtained
in 70=82% overall yields (Table 5). Method B thus provides
a direct entry to 2-arylimidazoles without the nced for the
isolation of corresponding hydr oxyiminoimine intermediates
46. However this direct method was not successful for the
preparation of 2=unsubstituted (60d-f) and 2-methyl (60g=j)
imidazoles and attempted reaction of 5,N=-methyl 45d and
5,N-ethyl 45g acetals with niltrosyl chloride under similar
conditions (Method B) yieclded only intractable reaction
mixture from which the corresponding imidazoles 60¢ and 60g

could not be isolated.

When the S,N-acetal 45r derived from ethylglycinate

(preparation given in the Chapter II) was reacted with
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TABLE 5

2=aryl/ethoxycarbonyl~4-arosyl-5-alkylthinimidazoles prepared
(Method B)* (Scheme 22)

I l\\> RH
P
11
R'S H
50

S. t Starting 1] b 1} ' ) u
No § Compound Product§ R i R ] R

sl h
1. 45a 60a CgHg Me C6h5
2. 45k 60k D-MeC H, Me CHe

4 -
3. 451 601 p-1Me0C H, Me CeHs

4 T
4. 45m 60m EdCL:6H4 Me C6n5
5. 45n 60n CeHg Bt Celic
6. 450 602 C6H5 Me B?MeOC6H4
8. 45g 60g C6H5 Me _pﬁClCE)H4
°. 45r 60r C6H5 Me CozEt

*
By direct treatment 2f nitrosyl chloride with S,N-=acetals.
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nitrosyl chloride in refluxing pyridine (Method B),6 the
corresponding 2ncarhgthoxyimidazole ggg was obtained in 55%
field. The structures of all imidazoles 6Cke-r prepared Dby
method B were confirmed by their spectral and analytical

data which are given in the Table 9 and 13, respectively.

ITT.342:2 Mechanism of imidazole formation

The mechanism of imidazole fgrﬁétign from the
hydroxyiminoimines 46 is shown in the Scheme %435 The hydro-
xyiminoimine 46C in its S=cis configuration ié févourably
disposed for a thermal 1,5=proton shift to give substituted
enaminoimine intermediate 623. Intramolecular nuelegphilic
attack of hydroxyimino group at imine carbon anhd subsequent
elimination of water in the intermediate 62b affords the
imidazole 60. The imine carbon in the intermediate 62a is
very susceptible to nucleophilic attack due Lo delocallzation
of electrons over carbonyl group as shown. NO attempts were
made to isolate any of these intermediates. Interestingly
when the hydroxyiminoimine 46a was reacted with methyl iodide
in refluxing acetone the corresponding l=N-methyl=2«-aryl-4-

methylthio=5=aroylimidazole 63a was obtained in 70% vield
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(scheme 24B) and uone of the corresponding o-methyl or

-

N-methylhydroxyiminoimines 54a or 64a’ were isolated. Ta

structure of 63a was confirmed with the help of sgpectral and

OMe o 0 ©
o S te
) ]
N Al N
Al/J\\T//‘/” nr e wes e
i :
’ NG 7
Mes® xR MeS ’\’\N’f\"R
o4
64a, a’ Ar = R=C Hg
b, b' Ar = p=CIC(H,: R=
C: C; Ar = C6H5; R=Me

analytical data (experimental). However wheh the correspond=
ing N~methylhydroxyiminoimine géj was reacted with methyl
iodide under identical conditions, the corresponding l=Ne
methyl=2-unsubkstituted imidazole 63b was not formed (Scheme
24B}, the product isolated after work-=up was found to bhe a
mixture of N= and O=alkylated hydroxyiminoimines 64b and 64b'

Shechak omd ama
from{ data. Similarly the corresponding N-ethylhydr oxyimino=

imine 46g vielded « mixture of N= and O-alkylated hydroxyimi
noiminines 64c and 64c! These results indicate that fixing

P

of isonitroso structures by alkylation (64a'=c') does not
“acilitate the cyclization to the corresponding imidazoles as
observed in the alkylative cyclization of 4«=Nemethylamino-5-

nitrosoTuracils 2a (Scheme 4) to the corresponding N-methyl
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purines 9 in the presence of either diazomethane or methys
iodide (Scheme 4). On the otherhand,'cyclization of 46 to
imidazoles 60 is facilitated either by activation of l-methyl-
enezamino group by an aryl group (46a=c) or by increasing the
cyclization temperature (46d4-j). These studies indicate the
importance of tautomeric hydroxyiminoimine intermediate 62a
(Scheme 24A) in the cyclization of 46 to 60 formed by a
thermal 1,5-H shift in the hydroxyimine 46¢, However, our
attempts to isolate such intermed:.*e (62a) were not success=
ful and further work is in progress to study the concerted

nature of this 1,5=H shift.

ITITI.3:.2.3 Conclusion

A novel general route for 2=aryl/alkyl/ethoxycar-
bouyl~4=aroyl/acyl=5=alkylmercaptoimidazoles has been developed
by thermal cyclodehydration of novel functional ized hvdroxy=
iminoimines 46 which could be easily prepared by nitrosation
of easily available S,N-acetals 45. The imidazoles 60a,
60k=r could also be prepared directly from the corrcs; ~ding
S,N=acctals 45 without the isolation of hydroxyiminoimines
~ntermediates 46. It is pertinent to note that very few

4(5)=alkylthinimidazoles are reported in the literaturec,which
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are usually prepared either by alkylation 2f the correspond=
ing imidazole=4(5) thiones in presence of base or by
nucleophilic displacement of 4(5)-halogenoimidazoles by alkyl
mercaptans.34_38 Recently a few of the 5=methylthicimidazole
derivatives (65b) have been synthesized by reaction of the
corresponding imidazol-5-ylithium derivatives (65a) (prepared
by metallation 2f the corresponding 5-=haloimidazoles) with
dimethyldisulfide (Scheme 25)039 The present method provides
a simple high yield route for the preparation of 5-alkylthio-~

imidazole derivatives from easily available starting matcrials

having build-in alkylthio groups.

ITT.3.3 Thermal cyclodehydration of phenyl (c(Thydroxyiminsaﬁm

arylimino=(%=alkylthio) ketones: A novel gcneral

routes to 2-methylt hio=3=aroylquinoxalines and 2=aryl=

4=aroyl=5=arylaminothiazoles

After considerable success achieved in the synthesis
of imidazole derivatives by thermal cyclodehydration of novel
N-alkylZhydroxyiminoimines 46a-j, we next investigated thermal
cyclodehydration of the corresponding N-aryl hydroxyiminoimines
48a=s (Table 3) with a view to develop a facile gencral routé
for quinoxaline synthesis from these intermediates, 7Thus the

corresponding { =N=arylimino=( -methyl thiochydroxyimines 48a=1
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vielded the expected quinoxalines 66a-1 (Table 6) in good
vields. However, cyclodehydration of the corresponding
S=benzylthiohydroxyiminoimines (48n-s) (Table 3) tooh different
course and the corresponding 2-aryle4=-aroyl-=5-anilinothiazoles
(68) (Table 7) were obtained instead of the quinoxaline

derivative.. These raesults are presented here.

III¢3}3.1 Results and discussion

when (3 ~phenylimino=@ -methylthio—~( ~hydroxyimino=
ketone 48a (Table 3) was subjected to cyclodehydration in
refluxing acetonitrile, the imine 483 was recovered unchanged
even after prolonged refluxing. However when the solution of
48a in acetonitrile was heated in a scaled tube (200°C) for
2.5 h:; work=up of the reaction mixture yielded a bright vellow
crystalline solid (65%), which was characterized as 2-methyl-
thio=3=benzoylquinoxaline 66a on the basis of (Schemc 26)
spectral and analytical data (Table 10 and 14). Thus the
product 66a showed molecular ion peak at m/z 280 (MTy and
N.0S. 1Its infra—red spectrum (KBr) exhibi-

16512N
ted strong intensity peak at 1668 cmm1 which was assigned to

analysed for C

avomatic carbonyl group. Its n.m.r. spectrum showed signal
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due to MeS gjroup protons at §2.54 (s, 3H), while the aromatic
protons appeared as two multiplet at §7.,0=7.81 (5H) and
7.82-8.20 (4H) which were in conformity with the assigned
structure, Presence of absorption maxima at Amax (MeOH) :
242, 267 (Sh) and 362 (log& , 4.30, 4.25, 3.62) nm further
supports the presence of quinoxaline chromaphorei}&max(cyclo—
hexane) for 2emethylthioquinoxaline 240, 270, 360 (logeg .,

4.4, 4.42, 3.85)]nm .40

The other substituted (3~aryl:iminoa
(Bbemethylthio= ~hydroxyiminoketones 48b-1 similarly underwent
facile cyclodehydration under identical conditions to give the
corresponding quinoxalines 66b=1 in 48<65% overall yields(Tbblté),
The spectral and analytical data (Table 10 and 14) of 66b=1
were in conformity with the assigned structures, Recently at
the time of writing this work, it was found that the guinoxa-
line 66a was formed in improved yield (70%), when the corres-
ponding hydroxyiminoimine 48a was refluxed in acetic

anhydride for 5 hr. Thus the cyclodehydration step is faci-
litated in the presence of acetic anhydride. when thc
corresponding@»«ethylthis=ﬁ;=phenylimin3hydroxyimine 48m was
subjected to cyclodehydration under identical conditions, the

desired 2-ethylthioguinoxaline 66m was not obtained. Work-up



TABLE 6

Synthesis of 6=-substituted-2-methylthio=3-aroyl quinoxalines ({(a-

R
66
5. T Starting | I S
NO ‘ compound ! Product 6 Ar ‘ R
1, 48a 66a CeHe H
4
2 1 8b 66b p-MeCH, H
3. 48c 66c p-MeOC H, H
4, 484 66d p=clC H, H
5. 48e 66e CgHg Me
A ._
6.  48fF 60£ CeHe MeO
7. 48g 669 CeH, cl
8, 48h 66h p-MeC H, MeO
9. 484 661 pMeCH, cl
10.. 483 66 ] p-MeOC H, cl
11l. 48k 66k PCICH, , Me
12.- 481 661 p=CIC.H, MeO




of the reaction mixture yielded a light brown solid, m.p.
160=61°, which could not be identified on the basis of its

spectral data., Its n.m.r. spectrum showed absence of

etinylthio group and only signals due to aromat./c protons yere

0 O
I
H5C6 /U‘\/N - £ ,/8 N\ S
N L) el YT
mes”” SN g5 NN
48m com

present between & 7.0-8.25. 1Its i.r. spectrum (KBr) exhi-
‘bited sharp peaks at 3350, 1600 and 1660 om™t probably due

to NH and carbonyl group.

Similarly., when the corresponding S<=benzylhydro=
xyiminoimine 48n (Table 3) was subjected to thermal

cyclodehydration under reported conditions the desired

2=benzylthios=3=benzoylquinoxaline 66n (R=H) was not obtained.

However, . . work—=up of the reaction mixture yieldedwyellow

crystalline compound (55%) which was chari§t§§i2ed as
2=phenvl=d=benzoyl=5=anilinothiazole (68a)A(Scheme 27)



(Table 7) on the basis of spectral and analvtical data. Thus
the thiazole 68a exhibited molecular ion peak at m/z 356 an’

it was analysed for C 0S showing that 68a is formed by

227162
elimination of one equivalent of water from hydroxyiminoimine
48n. However, the characteristic high intensity carbonyl
peak between 1660=1675 cm"1 present in all 3-aroyl”quinoxalines
(66a=1) was absent in the infra-red spectrum (KBr) of 68a
which showed two peaks at 1600 and 1588 c:mm'1 due to H-=bonded
carbonyl stretching frequency and N=H bending vibrations. The
weak broad bonds at 3240 cm‘==1 were assigned to H=bonded N=H
stretching vibrations. Further support for the thiazole 68a
was obtained from its n.m.r. spectrum (CDCl3l,which showed
absence of signal for benzylic protons between § 4=5 showing
that benzylthiomethylene protons are involved in the rceaction.
The aromatic protons were present as three multiplets at
§7.0-7.65 (9H); 7.65-8.22 (4H) and B8.25-8.58 (2H) while 2
low field broad signal (1H) at 515.2 (exchangeablc with D,0)
was assigned to H=ponded NH proton. Its ultra-=violet spectrum
showed absorwntion maxima at pAmax (MeOH): 240, 345; 333
(1oge , 4.78, 4,77, 4.70) nm which shows the presence Of
anaminne moLcty E?ﬁmax;for 47n (MeOH): 275, 360 (logé€ ,

4.29, 4}59ﬂth.The reaction was found to be general with all
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N-aryliminobenzylthio 7 hydroxyimines 48o=s which gave <tlc
corresponding 2=phenyl~4=-aroyl=5-arylaminothiazoles 68b-f in
48=56% overall yields (Table 7) (Scheme 27). The spectral
and analytical data of 68Bb-f were in confommity with the
assigned structures {(Table 11 and 15). The probable mechan:’ um
of thiazoles 68 formation from the corregponding hydroxyimino-
imines 48 is shown in the scheme 28, It appears that the
S=trans hydroxyiminoimine 48€ exists in equilibrium with
dipolar structures like £9 and 70 under thermal conditions.
The ylid intermediate 70 is stabilized due to delocalization
of carbanion over aryl group and over empty d orbitals of
sulphur, Subsequent énionotropic rearrangement in 70 gives
the intermediate z;lwhich undergoes facile intramolccular
cyclization and dehydration to afford thiazoles 68 via
N=hydroxyimidazole intermediate 72. It 1is pertinent to note
that the corresponding N=benzylimino=S=benzylthio (46c¢) and
N-ethylimino=s=benzylthio (46j) hydroxyimines (Table 2)
undergo facile cyclodehydration to give the expected 2~aryl-
5—beﬁzyl§thio=(§9g) and 2=methyl-5-benzylthio (60j) imida-
zoles (Table 4, scheme 29) and no trace ofA;ereSpsnding
S5=benzylamino 73a or S5=ethylamino 73b thiazoles was isolated

from the respective reaction mixtures (Scheme 29). Howcver,



TABLE 7

2=Phenyl-4=aroyl=5-arylaminothiazoles prepared Légﬁ”_s:_ )

AIY'
0.//
- N\
H ’ >‘ Cellg
Ny s :
M
S. I Starting ' T ; [}
No § compound | Product § ar i &
4
1. 4 8n 68a C6H5 H
2. 480 680 p-MeC H, H
3. 48p 68c p-EtoC H, : H
4. 48g 68d p-CIC H, H
5. 48r ) 68e C6H5 Me
6 s 68f C_.H cl

65

|
|
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in the case of Nearylimino=S<benzylthiohydroxyimines (48n-=s",
the expected quinoxalines 66n=s (Scheme 29) are not formed
and cyclodehydration takes different course to give the
corresponding 5-anilino=thiazoles 68a-f£. The probable expla~
nation for this unexpected behaviour of N=arvlimino=S=pbcnzyl-
thiohydroxyimines (48n=s) during cyclodehydration lies in the
presenge of bulkier benzylthio group orthd to the aroyl group
which prevents the formation of planar transition state 74
required for six electron electrocyclization to give guinoxa-

lines g6én=s thus resulting in different course of reaction by

cyclodehydration at methylene carbon of benzylthio group to

give thiazoles 68a-f (Scheme 29).

Attempted thermal cyclodehydration of hydroxyimino-
imine 57 derived from N,N=anilinoacetal 56 (Scheme 20) did

mot yield the expected 2-anilinoquinoxaline 75 (scheme 30),
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however the reaction mixture after work-up afforded a white

so1id which could not be identified,

III.B;B;Z Conclusion

A facile general route for 2-methylthio=3=aroyl-
quinoxaiines 66 have been developed by thermal cyclodchydration
of novel N=phenyllimino=S-methylthiohydroxyimines 48. Although
the alloxazines and pteridines have been synthesized by cyclo=-
dehydration of 1,3-=disubstituted 4-arylamino=5=-nitrosouranil
derivatives (Section IIT.2,2), to our knowledge; this is the
first report of quinoxaline Sﬂmﬂusé . by cyclodehydration
of Nearyl hydroxyiminoimine intermediate. Very few 2=methyl-
thiogquinoxalines are repnrited in the literature, which are
prepared by methylation of the corresponding quinoxaline
2=thiones.4o The present method provides a simple and conve=
nient route for 2-methylthioquinoxalines from easily available
starting materials having build in methylthio group. The
method is not successful for the preparation of higher
2=alkvl=thioquinoxalines and reaction takes different course
in the case of N-arylimino=S<benzylthiohydroxyimines (43n=s)
which on thermal cyclodehydration afford novel 4-arovl=5-~
anilinothiazoles (68a-f). To our knowledge, 5=anilinothia-

zoles are not reported in the literature and the present
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method provides a novel approach to 2=aryl=4-aroyl-=S-=anili.auv

thiazoles by cyclocondensation of benzylicthiomethylene and

hydroxyimino group.

Thus from these results it is obvious that hydroxy-=
iminoimines 46 and 48 are versatile intermediates for
synthesis of novel functionalized heterocycles like imidazoles,
quinoxalines and thiazoles, Further synthetic transformations

based on these novel intermediates are in progress.
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ITI. 4 Experimental

M,ps were determined on a 'Boetius' (German) appara-
tus and are uncorrected., The i.r. spectra were recorded on
Perkin=Elmer 297 spectrometer, while the u.v. spectra were
obtained on Beckman 26 spectrophotometer. The len}m.ra
spectra were recorded on a varian EM=390 spectrometer using
T™S as an internal standard and chemical shifts are expressed

in § (ppm).

The starting materials

The commercial samples of pyridine, acetonitrile and
acetic anhydride were purified before use,

The keten-5,N=(45a-=j, 47a-s, 49, 51) and N,N-acetals

(54, 56; 58) were prepared as described in Chapter II.

e € v © sctomman

Attempted nitrosation of 45a with isocamylnitrite

A solution of 45a (1l.4g, 0.005 mol) in alcohol (25 ml)
was refluxed with isoamyl nitrite (0.50g, 0,005 mol) for 15 hr,
work=up of the reaction mixture yielded 1l.2g (85%) of 45a,

m.p. 55=57° (mixed m.p., supcrimposable i.r. and n.m.r.

spectra).
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Attempted nitrosation of 45a with sodium nitrite

To an ice cooled and stirred solution of 45a (1.4q.
0.005 mol) in acetic acid (20 mi), O.4g (0,006 mol) of
sodium nitrite was added in fractions and reaction mixture
was stirred for 1 hr. The reaction mixture was then poured
over water, extracted with chloroform (2x100 ml); dried
(Na2504> and evaporated to give a dark residue which showed

several spots on T.L.C. plate, from which no pure compounds

could be isolated on column chromatography over silica gel,

General method for the preparation of hydroxyiminoimines
(46c-1, 48a~s, 57):

To an ice cooled and well stirred solution of either
S,N=(45a=j, 47a-s) or N,N-acetal 56 (0.01 mol) in dry pyridine
(2 ml) and dry ether (25 ml), nitrosyl chloride (0,012 mol in
5 ml ether) was added and the reaction mixture was further
stirred for 10=15 min. It was then diluted with ice cold
water (50 ml), extracted with chloroform (3x50 ml). The
“aloroform layer was washed with water(3x100 ml) to rcmove
excess of pyridine, dried (Na2804) and evaporated o give

crude solid nhydroxyiminoimines 46a-j, 48a=-s. 57 (Table 2 and 3),
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which were purified by crystallization using benzene (46a-c.
48a=s, 57) and chloroform (46d=1). Spectral and analytical
data of 57 is given below, while of 46a-j, 48af§ are given 'n

Tables3 and 12 respectively.

Phenyl (ex —oximino=-(3~bis (anilinn)-ketone (57) m.p, 178-7.°¢
1

was obtaihed iH 82% yield; i.r.D7.max (KBr): 3235 cm -~ (br,
NH), 1595, 1660 c:m'"-1 (I)CN and CO); Uy Ve 2\ max (MaOH) : 262
(log€ , 4.53) nm; n.m.r, (CDC13DMSO=d,): §6.72=7.60 (m, 15H,
arom); Found: c, 73.11; H, 4.82; N, 11.93; calc. for

C21H17N302(343): C, 73.47; H, 4.%96, N, 12,24%.
Attempted nitrosation of keten=S,N-acetal 49 and Xeten-N,N-
acetal 54

e ot

Wwhen a solution of either 49 (1l.12g, 0.005 mol) or
N,N-acetal 54 (1.10g, 0,005 mal) in 20 ml of ether was stirred
with nitrosyl chloride (0,006 mol in 3 ml of ether) at 0=5°
for 15 min, work-up of the reaction mixture yielded cither
49,m.p., 105=7° (0.93g, 85%) or 54, m.p. 75=77° (0.94q, B83%)
(mixed m.pe., Superimporisle i.r. and n.m.r. spectra). When
the rcaction mixture was stirred for longer time (5=6 hr),

the starting matec. 21 49 and 54 remained unchanged (TiC).
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rgtmpted nitrosation of 49 or 54 in refluxing chloroform Loy
7 hr under identical conditions vielded only starting matov.al
49, mep. 105=7° or 54, m.p. 74=76 (mixed m.p., superimposéb e

iere and n.m.r. spectra).

Nitrosation of keten=S,N-acetal 5

A solution of 51 (1.30g, 0.005 mol) in cther (20 ml)
was stirrcd with nitrosyl chloride (0,006 mol in 20 ml of
etheri for 15 min, work-up of the reaction mixture (as descri-
bed in general procedure) yielded a white solid (O;SOg; 60%),
Mepa 169=70°, which was characterized as phenyl =oximino-
benzoylaciticacidmorpholﬁgé (53); MT 262; i.r. Umax (KBr):
3400 an™* (br, OH), 1620 em™t (CO): num.r. (cDC1,) :§3.20-3.60
(br 8, 8H, morphnlinog); 6¢90~7.48 (m, 3H, arom); 7.60-7.90
{m, ZH; arom); Found: ¢, 59,12; H, 5.868; N, 10.28; calc. for

Cq13H14N,04 (262): C, 59,547 H, 5.34; N, 10.68%.

Nitrossation of koten=N,N~acetal 58

Kcten N,N=acetal 58 (1.50g, 0.005 mol) undcr identieal
concitions as 51 yielded 0,9g (70%) of 53 (m.p. 168=70°)

(mixcd m.p. supcerimmosfble 1.r., n.m.r. spectra).
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Synthesis of 2=phenyl-4«tcnzoyle5-methylthisimidazole (60a):

1,40g (0.005 mol) of 46a was heated at 150° in an oil
bath f£or 0.5 hr, The solid was then dissslwed in hot acetic
acid which on cosling gave 1.20g (80%) of 60a. Spectral and
analytical data of 6Qa is given in text as well as in Table
9 and 13 respectively.

General method for the synthesis of 2-aryl-4-aroyl/acotyl-5=-
methyl/benzylthioimidazoles (60a=c) (Method A):

A solution of hydroxyiminosimines 46a~c (0;01 mol) in
acctonitrile (25 ml) was refluxed for 3 hr. The sadlvent was
removed on water bath and crude imidazoles 80a~-c thus obtaincd
werc crystallized from acetic acid. Spectral and analytiteal

data 2f 60a~c are given in Tablc 9 and 13 rospectively.

General procedurc for the synthesis of 2-unsubstitutcd/methyl=-

d=arayl=5-methyl/benzylthiosimidazoles (60d=73) (Mcthod A):

A solution of hydroxyiminoimines 46C=73 (0,01 mol) in
acctonitrilc (25 ml) was hecated in a stecl bomb at 200° for
0.5 hr. The reaction mixture after cooling was pourcd over
watcr (100 ml), extracted with chloroform (2x100 ml), dried

(NaZSO,F e conecntrated o Jive erude imidazoles 60d=7,
& i mis W



which were further puarified by column chromatography over
silica gel using ethylacetauﬂhexane (1:3) as eluent. Spcctral
and analytical data of 60d=-j are given in Table 9 and 13

respectively,

General method for the gynthesis ©f 2=aryl/ethoxvcarbonyl-

4=aroyl=5-alkylthisimidazoles (60a, 60k=-r)

(Method B)Y : To an ice cooled solution of keteanQNaaCGtal
45a, 45k-r (0.0l mol) in pyridine (40 ml), nitrosyl chloride
(0.012 mol in 5 ml of dry ether) was added, the reaction
mixture was stirred for 10 min and then refluxed for 2.5 hr.
The reaction mixture after cooling was poured over water,
extracted with chloroform (2x50 ml). The chloroform layer
was washed with water (3x150 ml), dried (Na2804) and concen=
trated to give crude imidazoles 60a, 60k-r, which were
purified by column chromatography over silica gel using
benzene/nexane (2:3) as eluent. Spectral and analytical data

of 60a, 60k-r are given in Table 9 and 13 respectively.

Methylation of hydroxyiminoimine 46a: gynthesis..r 0of 1-N-

mathyl=2=arvl=4=methylthio=5=benzoylimidazole (63a)

To a suspension of hydroxyiminoimine 46a (1.55g: 0. 005

mol) and potassium carbonate (1.35g, 0.01 mol) in dry acetone



(20 ml), 1.05g (0,075 mol) of mcthyl iadide was added and the
reaction mixture was rofluxed for 3 hr. It was then diluted
with ice ¢2l1ld water (60 ml), acidified with 204 acetic acid,

cxtractced with chlorsform (2x40 ml),dried (Na SOA) and evae

2
porated £o give erude wviscous liquid, which was purificed by
column chromatography osver silica gcl uggng benzeneg/hexane
(2:3) as ecluent to give 1.0g (70%)&;1ght yellow crystalline
s01id (benzenc): m.D. 93=95°; Umax (KBr); 1660 cm" (CO)sn.m.r.
(cpcly); §2.48 (s, 3H, SCHy): 3.88 (s, 3H, CHj)s 7.13-7,88

(m, 1OH; arom); Founc: C, 70.,63; H, 4.75; N, 8.73; Calec. £for

C1gH1N,08 (308): ¢, 70.13; H, 5.19; N, 9.0%.

Methylation of 46f

A suspengion of 46£ (1.37g, 0,005 mol), potassium
carbonate (1.35g, 0.01 mol) and methyl iodide (1;05g: 0.,0075
mol) in dry acetone (20 ml) was refluxed for 4 hr. Work=up
of the reaction mixturce as described for methylation >f 63a,
affordcel a white s»lid (0.65qg, 50%), maD. 82m86°; which was
found €5 he a mixture of 64b and 64b'; (1:1); i.r. ‘b’max
(KBr): 1660 cm“l n.m.x (CDC1,) : §2.50 (s, 1.5H, SCH,); 2.52

RbLb NU%) 350 (8 1-SH, NGz ),
(s, 1.5H, ?'s‘c 1.C - 1.5H, OCH, y; 7.0-8.15 (m, OH, arom).
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; Found: C., 50.35; H, 4.73; N, 9.63:

CIN.O.S (284.5); C, 50.62; H, 4.57: N,S.84%.

Calc. £or 612 13 205

Methylation of 46g

e
e

A suspension of 46g (1.25g, 0,005 mol), potassium
carbonate (1.35g, 0,01 mol) and methyl iodide (1.05g, O.0075
mol) in dry acetone (20 ml) was refluxed for 4 hr. Work-up
of the rcaction mixture as described above afforded a viscous
semisalid} 0.73g (60%) which found to be a mixture (1:1) of
64c anc 64c'; i.r. Vnax (Ccl )Y: 1660 cmnl; NeMaTo (CDC13):

§1.0-1.45 (m, 3H, CH,CH,); 2.20 (s, 1.5H, SCH,); 2.30 (s, 1.7~

37=2
l.SH: C§3O)7 7.15=8.25 (m, 1O0H, arom); Found: C; 59;43; H,

6.35; N, 10.34; calc. S (264): Cc, 59,09; H, 6.06;

for C 13H16N202
N, 10.61%.

Cyclodehylration of hydroxyiminoimines 48a=1: General method

for preparation of 2-methylthis-3-arosylguinsxalincs (oCa-l)
i l@/W\»QG{OHgCM
A solution of hydroxyiminoimines 48a~1 (0.01 mol) [was

hcated in a sealed tube (200°C) for 2.5 hr. Reaction mixturc
was ¢ooled, poure? over ice ¢2ld water (100 ml),’extrncteﬁ
with chloroform (2x70 ml), dried (Nazsoﬂ) and evaporatced to

give crude quinoxalines 66a-1l (Table 6), which
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were purified by column chromatography over silica gel using
benzene/hexane (1:4) as eluent. Spectral and analytical cata

of 66a-=l are given in Table 10 and 14 respectively;

In another experiment, a solution of hydroxyimino;mine
48a (1.50g, 0,005 mol) in acetic aphydride (30 ml) was reflux-d
for 5 hr. Acetic anhydride was removed under reduced
pressure and crude quinoxaline 66a was purified by column
chromatography over silica gel using benzene/hexane (1l:4) as
eluent, vellow s0lid,1.00g (70%) mep. 109=10° (mixed m.P..,

superimposible i.r. and n.m.r. spectra).

Attempted cyclodehydration of phenyl (A~oximino={3 -phenyl=

imino={ ~ethylthio)ketone (48m):

Hydroxyiminoimine 48m (1l.55g, 0.005 mol) under
identical conditions as described in general procedure yielded
1.20g of light brown s2lid (benzene), m.p. 160=61°; ier. max
(KBr); 3350, 1600, 1660 cmﬁl; NeMaeTo (CDC13)7 7.0-0.25 (m,

aromatic protons).

Attempted cyclodehydration of phenyl{ﬁc<=oximin0a(§ab;s(anilinoij
ketone (57)

Thermal cyclodehydration of 1.2g (0,005 mol) of 57

under identical aeonditions as described in general procedurc
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for preparation of guinoxalines, yielded 0.80g of white
crystalline solid (benzene); m.p. 163=64°; i.r. })max BV .
13350, 1660, 1600 ew™t; num.r. (CDC1YEMS0~d, ) 1§6.90=8.13 (m,

aromatic protons).

Cyzlodehydr=tion of hydroxyiminoimii.es 48n-s: Gereral

-

method for the preparation of 2=phenyl=4=aroyl=5-aryl-

amihothiazoles (68a-f)

A solution of hydroxyiminoimines 48n-s (0.0l mol) in
acetonitrile (25 ml) was heated in a sealed tube (200°C) for
2.5 hr. Reaction mixture was cooled, poured over water:
extracted with chloroform (3x50 ml), dried (Na2804) and eva=
porated to give crude t.iazoles 68a-=f (Table 7), which were
purified by column chromatography over silica gel using
benzene/hexane (1:3) as eluent. Spectral and analytical data

of 68a=f are given in Table 11 and 15 respectively:
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CHAPTER IV

CYCLOCONDENSATION OF KETOKETEN=S,N=ACETALS
WITH NITROSOBENZENE: A FACILE GENERAL ROUTE
TO 1=N=ARYL-2=ARYL/ALKYL/UNSUBSTITUTED=4~
ALKYLTHIO=-5-AROYL/ACYLIMIDAZOLES

IV.l Introduction

In the Chapter III, we have successfully achieved
anneTlation of ketoketen=5,N-acetals with nitrosyl chloride
which affords novel imidazole, quinoxaline and thiazole
derivatives wvia acyclic WN-alkyl/N-=aryliminshydroxyimine
intermediates. We further intended to extend thia approach
for the synthesis of title imidazZoles by cyclocondensation
of ketoketen=s,N=benzyl/alkylécetals with nitrosobenzene.,
Electrophilic nitrosation of 4-alkylaminouracils with
nitrosobenzene and subsequent cyclization to 7~arylaxanthines

(14) (scheme 8, Chapter III) has been reported by Taylor and



couw:rkers.l The same authors have also synthesized allicxa~
zine derivatives (34) (sScheme 13, Chapter III) by cycionn=
densation of 1,3=dimethyl 4=aminouracil with nitrosobensze~a,
iicwever there is nc report 2f thie reaction ofdeysliic enun.n=s
or ehaminones with nitroscbenzene Yo give N-~aryiimidazoles.
In the pres=nt investigation, we have successfully carried
out the cyclocondensations of polarized ketoketen=5,N=alkyl=
acetals with nitrosobenzenes, which afford the title imida~
zoles in excellent yields. These results are presented in

this chapter.

IV,.2 Results and discussion

The $,N=acetals la-m required in the present investiga=
tion were prepared by one of the methods described in
Chapter II. when a solution of S,N-acetal la in acetic
arnydride was refluxed for 15 hr with equimolar quantity of
nitrosobenzene, the starting material was recovered unchanged.
However when la (0.01 mol) and nitrosobenzenc (0,013 mol) in
acetic anhydride were heated in a sealed tube (200°C) for
1 hr the corresponding l=N-phenyl=2=phenyl-4-methylthio=5=
benzoylimidazole 2a was obtained in 30k yield; Improaoved

yields (85%) of imidazole 2a were obtained when nitrosobenzene



186

was taken in excess (0.03 mol for O;Ol mol of la). The
structure of 2a was confirmed with the help of spectral and
‘analytical data. The elemental analysis of 2a agreed with

the molecular formula C 0S,while its mass sgsctrum

23t18M;
exhibited molecular ion peak at m/z 370 (M+)vwhich showed

that l1la has eondensed with nitrosobenzene with elimination

of one mol of water., 1Its infra red spectrum (KBr) showed
aromatie earbonyl freguency at 1638 cmnl. Further confirma-
tion of its structure was obtained from ité ﬁ.m.r. spectrum
(CDC13). The characteristic benzylic protons and olefinic
proton signhals present in the n.m.x. spectrum of la, at

,4e85 (d, 2H) and ' 5.56 (s, 1H)//\w%?rsépea%tsjle\zfde’cl%_n the n.m.r,
spectrum of 2a, thus indicating thatd-carbon and aminomethyl-
ene carbon atoms of la are involwed in cyclocondensation

with nitrosobenzene., The signal due to MeS protons was
present at 2,50 (s, 3H) while the aromatic protons appeared
as two multiplets at 7.05=7.53 (13H) and 7.6=7.83 (2H).

Its ultra?iolet spectrum'exhibited abéorption maxima at max
(MeOH) ¢ 253: 347 (log , 4.37, 3.89) nm. The reaction of
other S,N-benzyl acetals-lgmg with nitrosobenzene similarly
vielded the corresponding lnNmarylm4—methylthia(ggfgjand

4=ethylthio 2e and 4~benzy1thio(2f)imidazales in 80-85%
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TABLE 1

1-N=Aryl—2-aryl/alkyl/unsubstituted=4=alkylthio=5=aroyl/acvl-
imidazoles prepared

0 AY
| I
Vel
ris”” !
2
S | Sstarting| . ] | ) w3
N> | compd. i Product X R i R I R i Ar
1 la 2a CHg Me CeHg  CHe
2 1b 2b p-MeC H, Me CgHg  CgHe
3 lc 2c p-MeoC H, Me CeHg  CgHg
4 14 2d p=CICH, Me CeHg  CgHg
5 le 2e CeHg Et CgHe  CgHe
6 1f 2f CeHg CHLCH, CgHy CH
7 1g 29 Me Me C6H5 C6H5
8 1h 2h C¢Hg Me H CgHg

9 13 21 p-MeC H, Me H CeHg
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Me

Me

Me

Me

Me
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Me

Me

H
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Me
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overall yields. The s,N~benzylacctal lg derived from acctone
similarly yielded S-acetylimidazole 2g in good yield. The
reaction was equally successful with the corresponding S,N-
methyl (lh=-3j) and S,N~ethyl (lk-m) acetals having unactivagcd
methylcone protons. Thus when S,N-methylacetal 1lh was rcacted
with nitrosobenzene under identical conditions, corresponding
2-unsubstituted-l-N-arylimidazole 2h was obtained in 75%
vicld. The osther substitutced 1l=-N-aryl-2-unsubstituted 2i-j
and l=N-aryl-2-methyl 2k-m imidazocles werc similarly obtained
in 72-80% overall yields. Similarly the rcaction of §,Ne
benzylacetal la, s,N-methylacetal 1lh, S,N=-cthylacctal 1k with
p-nitrosotoluene yielded the corresponding l=-Nep=tolylimicda-—
zolcs 2n-p in 70-84% overall yields (Tablc 1): The structures
of all now l-N-arylimidazoles 2b-p were confirmed with the
help of spectral and analvtical data, which are given in

Tablc 2 and 3, respectively.

The mechanism of N=-aryl imidazole 2 formation from 1 and
nitrosobenzene is shown in the Scheme 2, which is very similar
to that suggested by Taylor for the formation of T—=arylxanthincs
by thc rcaction of 1=3=dimcthyl=6=alkylaainouracil with |
nitrosobcnzene. Thus (b ~hydroxylaminoimine intermediate 3

formed by nucleophilic attack of & —-carbon >f 3,N-acctal to

A
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nitrossbhenzene suffars dehydration in the acetic anhydrida
mrdium to give the dilwine 4, which on l;S-protan shif*
gives the monocimine 5, which is id=ally disposed for intra-
irolecular cyelization two dihydroiinidazola g; Subecatu =nt
dehydrogenation by excess of siylinaitroso compound would then

lecad to 1=N-arylimidazoles 2 and arwvlhydroxylamine.

'When the corresponding S,N=-anilinoacetal 7 was reacted
with 2 eqv. 2f nitrosobenzene the expected dihydroqunoxaline
8 was not formed. The product thus isolated was characteri-
zed as imine 10 (Scheme 3), Apparently, the diimine inter-
mediate 9 suffers hydrolysis during work=-up to give 10. When
the corresponding N,N-ethylacetal 11 was reacted with
nitrosobenzene under identical conditians: the starting
material 11 was recovered unchanged after 2.5 hr. However
on prolonged heating (10 hr) intractable reaction mixture

was obtained.

0
)J\/H
H506
H NH
| o
Et -
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IV, 3 Conclusion

A novel general approach for 1=N-aryl-2-aryl/alkyl/
unsubstituted-4—alkylthio~5=aroyl/acyliﬁidazoles has been
developed by cyclocondensation of correspondings{~kctoketen
S)Nnbenzyl and alkylacetals with nitrosobenzene. The
reaction yields the imidazoles 2 under simplry reaction
conditions from easily available §,N-acetals in exccllent
yields; Although several approaches to N-aarylimidaZoles2 are
available in the literature, to our knﬁwledge this is the
first rcport of use of acyclic enaminones for the synthesis
of N=arylimidazoles by electrophilic nitrosation with

nitrosobenzenc.
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iv.4 Experimental

M.ps. were determined on a 'Boetius' (German) appara-=
tus and are uncorrected. The 1.r, spectra were recorded sh
Perkin=Elmer 297 spactirometer, while ths Ui spectra vera
obtained on Beckman 26 spectrophotometer. The, N.mI. Spectlca:
were recorded on a varian EM=390 spectrometer  using T.M.S.

as internal standard and the values are expressed in & (ppm).

The starting materials

Commercial acetic anhydride was purified before use by
distillation.

Nitrosobenzene and nitroso-p-toluene were prepared by
the reported method.4

The keten=5,N-acetals (la-m) were prepared as described

in Chapter II.

General method for the preparation of l=N=arvl-2-aryl/alkyl/
unsubstituted=-4=alkylthio=5=aroyl/acylimidazoles (2a-p)

A sdolution of S,N=acetal 1 (0.01 mol) and nitroso-
benzene/nitroso~p-toluene (0.03 mol) in 25 ml of acetic
anhydride was heated in a sealed tube (200°C) for 1 hr.
Acetic anhydride was removed under reduced pressure and the

residue diluted with water (50 ml),extracted with chloroform
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(3%x25C nl), dried (Na,.sSO,) and evaporated to give crude .ini-

2- 74
cazoles (2a=-p) (Table 1), which were purified by coli. ..
chromatsgraphy over silica gel using kenzene,’hexens (2:3) ¢
aluent. Spe-tral and analyticel data of imldazoles Za-p 1

iven in Table Z and 3, resycctively.

Reaction x keten-S,N-acetal 7 with nitrosobenzene

A solution of 2.83gm (0.01 mol) of §,N-acetal 7 and
2.14gm (0,02 mol) of nitrosobenzene was refluxed in acetic
anhydride for 2.5 hr, work-up of the reaction mixture yielded
starting material, m.p. 75=76° (mixed m.p.j superimposible
i.r. and n.m.r. spectra. In another attempt the reaction
mixture was heated in a sealed tube (200°C) for 1 hr. Acetic
anhydride was removed under reduced pressure: diluted with
water (50 ml), extracted with chloroform, dried (Na2804) and
evaporated to give crude viscous liguid 10 (sScheme 3), which
was purified by column chromatography over silica gel to
give white crystalline solig(é%%nzene); m;p: 113=14°C; i.r.
\)max (KBr): 1665, 1600 cm-l; N.Mel o (CDC13):_2.O6 (s, 6H,
CHs.

5,297 N, 4.40; Calc. £or Cq H,NO,S (297): C, 68.69; H, 5.05;

SCH,); 6.93=7.60 (m, 9H, arom); Found: C, 68.35, H,

Nl 4 . 71%#



Beaction of keten-N,N=-acetal with nitroschenzene:

Attempted preparation of l=N=aryl-2-nethyl=4=cth.laminc-5e

axoyl imidazole

N,N-ecthylacetal 11 under idernticzl conditions as
described In general prrcedure yielded starting material;
MePe 75=77° (mixed m.p., superimposable i.r. and n.m.r.

spectra).
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CHAPTER V

REACTIONS OF POLARIZED KETOKETEN=S,N=ACETALS
WITH THIONYL CHLORIDE:s A NOVEL GENERAL ROUTE
TO 5=AROYL/ACYL=2~ARYL/ETHOXYCARBONYL~4=

ALKYLTHIOTHIAZOLES BY DIRECT HETEROCYCLIZATION*

Vel Introductioa

In the previous chapters we have successfully
achieved the anne®lation reactions of polarized keten=s,N-=
acetals with nitrosyl chloride and nitrosobenzene,which
provide novel routes for the constructiosn of imidazole,
quinoxaline and thiazole derivatives. We further antici-
pated on similar grounds that polarized keten S,N-=acetals
of general structure 1 should undergo electrophilic
C=sulfination and subsequent ring closure in the presehce
of thionyl chloride to afford novel thiazole derivatives

2(scheme 1). Our literature survey at this stage revealed

*A. Rahman, H. Ila and H. Junjappa, Synthesis, 000 (1984).
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that C~sulfination of appropriately substituted active methy=
lene compounds to give thicphenes and isothiazole derivatives
is known in the 1iterature,1 however, no examples >f clectro-
philic C-sulfinatiosn of enamines or enaminones are reported,
The only related reference available in the literature2
describes the synthesis of fused thiazslo [@,5=d} pyrimidine
derivatives 4 by reaction of thionyl chloride with 4~alkyl-=
amino=1,3=dimethyluracil 3 (Scheme 1). 1In the prescnt chapter,
we have discussed the results of our studies on the rcactions
of polarized ketoketen-S,N=acetals with thionyl chloride, which
provide a novel general route to hitherto inaccessible 4-=alkyl-
thio-5=aroyl/acyl/unsubstituted=2-aryl/ethoxycarbonyl

thiazoles.

V. 2 Results

When the S,N-benzylacetal la was reacted with excess of
thionyl chloride in pyridine at 0=5° for 3 hr, work-=up and
column chromatography of the reaction mixture yielded a yellow
solid (60%), which was characterized as 2-phenyl-=4-=methylthios-
5=benzoylthiazole (Zg) on the basis of spectral and analytical
data (Scheme 2). It showed molecular ion peak (M+) at m/2

311 and was analysed for C17H13NOS2. The strong band at
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16183 cm.'1 in the i.r, spcctrum of 2a was attributcd to the
aromatic carbonyl groupe. Further structural proof for 2z
was derived from its n.m;:. spectrum, which showed the
disappcarance of the characteristic doublet at £4.45 and
singlct at £5.56 (due to benzylic and olefinic protons
rcspectively) prescntly in the nem.r. spectrum of la. The
singlct at §2.70 (3H) was assigned to the 4-MaS protons.

The aromatic protons appeared as broéd multiplct at § 7.28-
7.68 (6H) and 7.68-8.05 (4H). sSimilarly the other S,N=benzyl
acctals lb-m reacted with thionyl chloridc under idcntical
conditions to give the corresponding thiazolcs 2b-m in 57-
65% overall yields under similar conditions. The StNmacetal
in derived from acetone yielded the thiazolc 2n in only 21%
yield} Further attempts to increase the yield of 2n were

not successful probably due to furthcer reaction »f acyl group

with thiosnyl chloride,

Under similar rcaction conditians; the S:Nmalkyl=
acetals 1o and 1p failed to recact with thionyl thsrid@ to
givce the corresponding 2-unsubstituted 20 and 2-mcthylthia-
zolcs 2p (Scheme 3). In both the eases, intractable polymers
were obtained. Apparently, the activation of aminomcthylene

protons 1s necessary f£or thiazole formation. It is pertincnt
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to note however, that -the corresponding 4=methylamino=(3b)and
4= ethylamino(3d-1, 3=dimethyluracils underwent facile cycli=
zatinn under similar conditions to yield the corresponding

andl-methyl
2=unsubstitutedﬁthiazolopyrimidines 4b and 4c in good yiledlds

9

(scheme 1),

When the S,N-acetal 1g derived from ethyl glycinate was
reacted with thionyl chloride in pyridine, corresponding
2=ethoxyzcarbonylthiazole 2g was obtained in 30% vield. The

yield could not be improved further under varying conditions.

Treatment of nitroketen S,N=acetal lr with thionyl
chloride under identical conditions did not yield the desired
thiazole. However, a yellow viscous liquid was obtained in
45% yieldiwhich could not be identified. Interes%inglj: when
the thiazole 2a was stirred with sodium hydride in dimethyl=
formamide for 5 hr, after work-up, a viscous semi-solid was
obtained which was characterized as 2-phenyl—=4-methylthio-
thiazole 5a on the basis of spectral and analytical data
(scheme 4) (Table 2 and 3). Thus the thiazole 2a undergoes
facile debenzoylation in the presence of sodium hydride. The

other thiazoles 2e, 2h and 2k similarly underwent facile
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debenzoylation under identical conditions to give the
corresponding 5-unsubstituted 4=alkylthiothiazoles 5b=d in
70-75% overall yields (Scheme 4), thus providing a novel
and convenient route for 2=aryl-d4=alkylthio=5-unsubstituted

higzoles.

V.3 Mechanism for thiazosle formation

Mechanistically, the formation of thiazole 2 from
S,N=acetals 1 appears to be similar to that proposed by
Goldman for thiazolo{?,5=d]pyrimidine 4 formation from 2.2
The sulfene intermediate 7 formed from the intermediate 6
(scheme 5) undergoes cyclization after proton abstraction
vie anion 8 to give the corresponding thiazoline S=oxide 9.
Further reaction of 9 with thionyl chloride affords the
corresponding thiazoles 2 via Pummerer intermediatg 10.
Attempts to isolate any one of the intermediates 6=10 were
not successful, while the reaction of la with thionyl
chloride in absence of pyridine yielded mixture of several
unidentifiable products. The failure of S,N=acetals 1o
(R'=H) and 1lp (R'=Me) to undergo cyclization to the corres-

ponding 20 and 2p is probably due to decreased acidity of

N-alkyl protons in lo and lp resulting in the slower rate of
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anion 8 formation. However the corresponding Asmethylamino
3b and A~ethylamino 3¢ uracil derivatives undergo facile
cyclizations to the corresponding 4b and 4c¢ under similar
conditivons ‘Scheme 1). The reason for this vbserved differ-
ence in the reactivities of lo (or 1p) and 3b (or ég) can br
traced in the geometrically flexible nature of the anion 8.
The enaminone moiety in the uracil'derivative 3 is retained
in a rigid ring system, so that the sulfene moiety and the
N=alkyl anion in the intermediate 11 have favourable geometry
(with syn sulfeno and alkylamino group) for cyclization to
thiazolopyrimidine 4. However, in the case of acyclic S,N-
acetals 1, the sulfene intermediate 7 exists probably in

more stable S-trans conformation 7a. When R'=aryl, the anion

o ©
I
Me__ S
33— Ci\\ ‘ = — 4
_ ] CH
0 N NN
R
}
Me

11 (R= Ar, H, Me)



BA is stable enough to equilibriate to anion 8B (S-cis)
having favourable geometry for cyclization to thiazole 2.
However when R'=Me or Et, the anion B8A undergoes faster

proton abstraction rather than equilibriation to 8B thus

leading to different course of reaction.(Scheme 5).

V. 4 Discussion

The present method provides a novel general route for
2=aryl=4~alkylthios=5=aroyl/acyl/unsubstituted thiazoles in
good vields. It is pertinent to note that the chemistry of
2-mercaptothiazoles and their S=alkyl/aryl derivatives is
well established3a and these compounds have long been establi-
shed as fundamentally important accelerators for wlcanization
of rubbers4 Besides they are known to exhibit herbicidal,
inisecticidal, antibacterial and CNS activity.3b A few of
the 5-mercaptothiazoles and their S5=S=alkyl/aryl derivatives

are also reported in the literature.3c’3d

surprizingly
d=mercaptothiazoles and their S-alkyl/aryl derivatives are
virtually not knownac and to our knowledge, S—nitro—4=butyl=
thioa2aacetamidothiazole,5 an intermediate in the preparation
of azo=dye, and 4=phenylthinsthiazole (13, R=H)6 prepared by

the nucleophilic displacement of 4<bromothiazole by thio=-

phenolat €asu(Scheme £) are the only two examples found in the



literature. This is apparently due to the lack of suitarlie
precursors leading to 4=alkyl/arylthio derivatives. The mo @ :
general methods for the synthesis of either 2- or S-alkyl/

arylthiothiazoles include (a) one of the varients of direct

7,8

heterocyclization (b) alkylation of the corresponding 2-

) S
or 5emercaptothiazoles with appropriate alkyl halldeSBe'
(c) nucleophilic displacement of 2= or 5=halogenothiazoles

3¢, 10 which has been

by the appropriate alkyl/arylthio anions,
most commonly used. Since very few of the 4-mcrcaptothiazoles
are reported in the literature, the second method is not much
applicable for the synthesis of 4-alkylthiothiazole. Similarly,
4=halogenonthiazoles are also not easily accessible although
they are known to undergo facile nucleophilic displaccment by
alkyl and aryl mercaptans at the rates comparable with those
of 2=halogenothiazoles.6 The preparation of 4=halogcnothia-=
zole 1is only achieved by partial dehalogenation of thec
corresponding 2,4- or 4,5-dihalogenothiazoles with zinclo
(Scheme 6), This is primarily due to the fact that direct
halogenation of substituted thiazoles lead preferentially to

. . * 11
5=halogenoderivatives.

*

When S5-position is substituted by an activating group as
ir. 2=methyl=5-ethoxythiazole, the bromination takes place
at 4=position.
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The present method therefore provides a novel and
simple route for hithertos unreported S=aroyl,’acyl/unsub-
stituted=4-alkylthiothiazoles by direct heterocyclization

in good yields,



V. 5 Experimental

M.ps. were determined on a '‘Boetius' (German) appara-
tus and are uncorrected. The i.r. spectra were recordcd on
Perkin=Elmer 297 spectrometer. The n.m.r, spectra were
recorded on Varian EM=390 specirometer using TMS as internal

standard and the values are expressed in &(ppm).

The starting materials

The commercial samples of thionyl chloride (Merck) and
pyridine (BDH) were distilled before use., The corrcesponding

S.N=acetals were prepared as described in Chapter TI.

General method for the preparation of 2-aryl/ethoxylcar=

bonyl=~4-alkylthio=5=-aroyl/acylthiazoles 2a-n, 29

To an ice cooled solution of S,N=-acetal 1 (0,01 mol)
in dry pyridine (8 ml), excess of freshly distilled thionyl
chloride (40 ml) was added slowly during 0.5 hr and the
reaction mixture was further stirred for 2 hr. The whole
reaction mixture was poured over crushed ice, slowly
neutralized with s51id sodium bicarbonate and the rcaction
mixture was allowed to warm up at room temperature. It

was then extracted with chloroform (3x100 ml), washed with



water (3x%150 ml), dried (Na SO4) and evaporated to give

2
orange yellow viscous residue, which was purified by columr

chromatography over neutral alumina. Elution with benzens,’

hexane (1:4) gave the pure thiazoles as bright yellow s2li’n
2a=-n (Scheme 2) or viscous liquid 29 (Scheme 2). The

spectral and analytical data of 2a-n and 29 are given in

Table 1 and 3 respectively.

Attempted reaction of keten=s,N-acetals 1o, lp and 1xr

with thionyl chloride:

The S,N=acetals 1o, 1lp and lxr . were
reacted with thionyl chloride under similar conditions as
desnribed under general procedure. Work=up of the rcaction
mixture as described, yielded dark residues, which showed
several spots on T,.,L.C. and no identifiable product could

be isolated from the reactiosn mixture.

General method for the preparation of 2«aryle4-alkylthio=

S5=unsubstituted-=thiazoles (5a-=4):

To a suspension of sodium hydride (O{3g, 0.006 mol,
504 suspension) in 20 ml of dry dimethylformamide, O.004

mol of respective thiazoles 2a, 2e, 2h and 2k in 5 ml of



dimethylformamide was added slowly and the reaction mixture
was further stirred at 65=70° for 4-5 hr. It was then
poured over ice cold water, neutrilized with 20% acetic acid
and extracted with chloroform (2x100 ml). The chloroform
layer after drying and evaporation yielded the thiazoles
S5a=d as viscous liquids (5a) and (5d) (Scheme 4) or low
melting solids (5b) and (5¢) (Scheme 4), which were pure
ehough f£or spectral data. They were further purified £for
microanalysis by passing through small alumina column using
benzene/hexane (1:4) as eluent. The spectral and analytical

data of 5a=d are given in Table 2 and 3 respectively;
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CHAPTER VI

REACTION OF POLARIZED KETOKETEN=S,N=ACETALS
WITH HYDROXYLAMINE: A FACILE GENERAL ROUTE
FOR SYNTHESIS OF 5=ARYLe=3=N~ARYL/AIKYL/N=
AZ O YCLOGALK YLAMINOISOXAZOLES*

VIll Int:oductisn

In the previous chapters we have exploited echaminone
character 2f polarized ketoketenaS;Nnacetals; which undergo
initial electrophilic attack ati@—carb:n by nhitrosyl chlori-
de, nitrosobenzene or thionyl cﬁloride £2 give either stable
(nitrosoketen=S,N~acetals) or unstable intermediates. Subse-
quent transformations of these intermediates yield a variety
of novel heteroeyeles like imidazole, quinoxaline and
thiazole derivatives. Earlier work from this laboratory has

demonstrated that ketoketen-S,N-acetals of general structure

1 are efficient three carbon fragments for the construction

" .
A. Rahman, R.D. Yadav, H. Ila & H., Junjappa, Synthesis, 000,
(1984),
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of aminoheterocycles like S-aminapyrazoles1 2, 6-~aminopyri=-
midines §2 and 4-aminopyridones §3 on reactions with
bifunctional nucleophiles like hydrazine, guanidine and
cyanoacetamide anion, respectively (Scheme 1). Inh continu-
atisn with these studies, it was intended to study the
reaction of a variety of ketoketen=-S,N-acetals with hydro-
Xylamine in order to develop a general synthetic route to
3-aminoisoxazoles, Our literature survey-at this stage
revealed that doubly activated keten-S,N-acetals 5a and Sb
have been reacted with hydroxylamine to give the correspond-
ing anilinoisoxazoles 6a and 6b, respectively (Scheme 2).4’5
In the present work a systematic investigation of reaction
of hydroxylamine with a variety of ketoketen-S,N-acetals
derived from aromatic, aliphatic and cyclic secondary amines

have been carried out, which led to a facile general route

for the synthesis of 3«amin3—5~arylvisaxazOles:

VI.Z Results

The ketoketen=5,N-acetals required for the investi-
gation were prepared according to the general procedures
described in Chapter II. Few representative examples of

ketoketen=5,N=-acetals derived from primary aromatic amines
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la~-d, aliphatic amines le-g, benzylamines 1lh-j and cyclic
secondary amines lk~n were selected to study the generaiat~
Of the reaction (Schemes 3 and® ). When a suspension of
S,N=anilinoacetal la, hydroxylamine hydrochloride and sodium
acetate was refluxed for prolonged time (20 hr), starting
material la was recovered unchanged. However when 5, N~
anilinoacetal la was refluxed with 1.2 eqv. of free hydro-
xylamine (generated separately by treatment with KOH) in
ethanol, work-up of the reaction mixture yielded pale white
needles m.p. 143=-44°; in 88% yieldywhich was characterized
as 3-anilino-5=phenylisoxazole 7a on the basis of spectral
and analytical data. Thus 7a showed molecular ion peak at
m/z 236 (M+) and it was analysed for C15H12N20. Tts i.r.
spectrum (KBr) exhibited a sharp band at 3340 cmn1 (X}NH)
).

and strong bands at 1600 and 1620 cm"'1 ( and ¥

1 C=N NH

Further proof for its structure was obtained from its n.m.r.
spectrum (CDC13/DMSO-G6),which showed a signal at 56125

(s; 1H) due to H=4 proton, while the aromatie protons were
present as brosad multiplet at{6.70-7.85 (10H). The anilino
NH=-proton appeared as broad singlet at 58;0 (1H; exchangea-
ble with.Dzo). The isoxazole T7a hasg been reported earlier

(reported mp 142~143° and 145=146°) which is synthesized by
/
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the routes shown in the gthemes 4 and 5.6'7 However: the

authors have not reported spectral data for this compound
except u.v, spectrum (reported'ﬁmax 258 and 211 nm)j which
is in agreement with the u,v. spectrum{i?\max (MeOH) 211
{loge = 4;11) and 258 (log ¢ = 4.09f1 of 2=anilinoicoxazole
prepared'by us. Interestingly, the corresponding 5~-anilino-
3—phenyi:}soxazole 16 prepared by the reaction 5f 3-morpho-
linoacrylicacidthioamide 14 with hydroxylamine (Scheme 6) is
also reported to have mp 145=l46°.8 However, 16 shows
absorption maxima at“ﬁ_max (EtOH): 256 (log+: 4;29) and 293 nm
(4.09): Besides, the 4-=H proton in 16 is reported to appear
at higher field at §4.3 (s, 1H)* (¢ H=4 in 7a = 6.25)
probably due to delocalization of lone pair of amino group

as shown which increases electron density at 4 position in 16.

Hydrolysis of 16 with mild acid is reported to yield 3-phenyl

*The authors have reported two singlets at §4.3 (s, 1H) and &
5.84 (s, 1H) in the n.m.r. spectrum of 16, however they have
not assigned thesc chemical shifts to specific protons. We
believe that they have got a mixture of 3= and 5=phenyliso-
xazoles 7a and 16 and the signal at £5.84 is due to H~4 proton
of 3=anilinoisoxazole 7a. The band at 256 rm in u.v. spectrum
of 16 is also probably corresponds to u.v. spectrum of 7a.
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isoxazoline-5-one 17 (Scheme 6).8 However our attempts to
isolatc 5-phenylisoxazoline=3-onc 18 by mild hydrolysis >f 7a
wcre not successful and the only products isolated  f£rom the
reaction mixture were characterized as acetophenone and
anilinc hydrochla;ide. The acetophenone is apparently férmed
by complete degradation of isoxazole Ja (Schecme 7). On the
basis a% fhese arguments, 7a 1is characterizced as 3eanilino-5-
phenylisoxazole, The structure of 7a is further supportaed
by carlier studies on the reaction of hydroxylamine with
various, ﬁwsubstituted vinylketones 19 ( X=Cl; OAr and NRZ)
which gave exclusively S5-aryl/alkylisoxazole 20 {Schcme 8)

when X is either aryl-, alkyle or dialkylamino substituent.g
The osther anilinoacetals lb=d similarly yielded the respective
3=anllinoisaoxazoles Tb=d in 75-85% overall yiclds (Scheme 3).
The corresponding 3=cthylaminoisoxazales Je=g were similarly
obtained in 75-92% sverall yields from the corresponding
S,Necthylacetals le=g (schemc 3). When the corrcesponding

S, Nebcnzylacctals lh=j were reacted with hydroxylamine under
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identical conditions the corresponding 3=benzylaminoisoxaznles
Th=j were obtained in 56=-92% overall yields (Scheme 3)s  Thus
~E

the reaction is found to be general f£or the synthesis&BLéryl
and 3-alkylaminoisoxazoles. When the reactiosn was extended to
keten=S,N=acetals derived from cyclic secondary amines lﬁ‘h
(Scheme 9),the respective 3-pyrrolidino=(7k) 3=piperidino- (71)
3=morpholino-{7m) and 3-~(N-phenyl)piperazino-(7n) isoxazoles
were obtained in excellent yields (Scheme 9). All the isoxa-

zoles were characterized with the help of spectral and analy-

tical data (Tables 1 and 2).

VI;B Discussion

A facile general route for the preparation of 3-aryl/
alkyl/cycloalkylaminoisoxazoles has been developed from the
easily available < <ketoketen=5,N-~acetals 1 under simple
reaction conditioms, It is pertinent to note that very few
3=-substituted aminoisoxazoles are reported in the literature,
The reported synthesis of few 3=anilinoisoxazoles involves
the reaction of hydraxylamine with phenylpropioslthinanilides
(10) (scheme 4),which affords the ecorresponding 3=-anilino
isoxazoles in poor yiélds (Scheme 4).6 The isoxazole 7a has

also been sbtained by reaction of benzsylketen-N;O-acetal 12
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with hydroxylamine (Scheme 5).'7 Both methods are of limited
synthetic value for liberal structural variations; since the
former method requires preparation of thiocanilides 10 from
substituted arylacetylenes. Similarly the benzoylketen=0,H-
acetal 12 is not easily accessible, besides it is not very
stable under atmospheric conditions. Except these few
3~anilinoisoxazoles, no examples of 3=alkylamins and 3=N-
azacycloalkylaminoisoxazoles are reported in the literature.
The present method therefore provides an efficient general
route for 3=substituted aminpisoxazales.which has wide scope

for liberal structural wvariations,



VI. 4 Experimental

M.ps. were determinced on a !Boetius' (German) appara-
tus and arce uncorrccted. The l.r. spectra were recorded on
Perkin=Elmer 297 spectromceter, while the u.v. spectra were
obtained on Beckmann 26 spcctrophotomceter. ThG NJ.r. spectra
worc rcecorced on varian EM-=390 spectromcter using TMS as inter-

™

nal standard and the values are cexpressed in 5§ (pgpm).

The keten=$,N-acctals la-n werc prepared as described
in Chapter II.

Gencral method for the preparation of Swaryle3-Nearyl/alky/
N-azacycloalkylaminoisoxazoles (7a=n)

A solution of §,N-acctal la=n (0,01 mdl) and hylroxy-
lamine (gcnerated from 0.04 mol of hydroxylamine hydrochloride
and 0,04 mdol of potassium hydroxide in 5 ml of watcr: ncutral
to litmus) in ethanol (25 ml) was refluxed for 3=4 hr. The
mixturce was poured into icce=csld water. The agquous laycer was
extractcd with chloroform (3x25 ml), and the chloroform layer
was dried with N2,50,, and evaporated to give isoxazolcs 7a-n
(Schcames 3 and 9),which werc crystallizcd from cthanol.
Spectral and analytical data of isoxazoles 7a-n arc given in

Table 1 and 2, respectively.
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Acid hydrolysis of 3-anilino-5~-phenylisoxazole (7a)

A solution of isoxazole 7a (2}36gm: 0,01 m2l) in 50 ml
5f methanol and 5 ml of hydrochloric acid (12%) was refluxed
for 1 hr. Reaction mixture was casled; methano>2l was removed
uncer rceduced pressure,diluted with water (50 ml) and extra-

ted with chloroform. Chloroform layer was dried (Na 504) and

2
concentrated to give dark viscous liquid; which was further
parified by eolumn chromatography over silica gel; The
viscous liquid thus obtained (0.9g, 75%) was identified as

acetophenone (supcrimposdble i.r. and N.Mere).

Agquous layer was basified with 4 ml of sodium hydroxide
(10%): cxtracted with chloroform, dried (Na2804) and cvapdra=
ted ©o give dark eolored liquid, which was dissolved in cther
an¢t heatced with dry HCLl, a #ﬁte solid, wag obtaincd which was

charactcrized as aniline hydrochloride (super imposdblc i.r.).
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