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Earlier w:Jrk fr:Jm this l>J.b:Jrat:Jry has successfully 

dem:Jnstrate~ p:Jlarizc~ keten dithi:Jacetals 1 as useful synthe~ic 

intcrmcui~tes f:Jr the cJnstructiJn :Jf a wi~e variety :Jf hctcr:J~ 

1 cyclic anc'l carb:)cyclic c:Jmp:Juncls. These intcrmc:oc: i.J.tcs .J.rc 

easily derived in relatively simpler reactiJn c:Jn~iti:Jns fr:Jm a 

wic'\c variety :Jf active methylene c:JmpJunrls 1: u.nc1 carb:Jll c"1isulfi~da.... 

in the presence: Jf tw:J equiw1lcnt :Jf a suitable base f:Jll:Jwecl by 

alkylat i:Jn in :Jne p:Jt re-::J.ct i:Jn (Scheme 1). Unlike the c:Jrres-

p:Jn•ling o, o~acet:Jl s, the eli thi:J:Jcet=tls are stu.blc unc:cor mild 

hydr:Jlytic cJncitiJns and thus f:Jrm an interesting clJss :Jf usc~ 

ful synthetic intermecL1tes. It is further sh:Jwn that -p:Jlu.rizec'1 

kctcn S,N-3.cr;;tals underg:J fJ.cile displacement rcacti:Jns with 

appr:Jpriatc nucle:Jphiles t:J give the c:Jrrcsp:Jnc'ling substituter] 

acetu.ls in g:J:Jd yiolc:s. P.J.rticuL1rly, when the nuclc:J;;Jhilc is an 
.-. 

,J.minc, the cisplJ.ccment c:tn t.:1kc place either t:J give. the c:Jrres-

p:Jnf!ing s,N-J.cctJ.ls ~ :Jr its N,N-~cetals 4 0cpcn0ing ~n the 

st:Jichi:Jmctry :Jf the amincs usecl :Jr the re:~cti:Jn c:Jnc:iti:Jns 

em~::JL)yc~ (Scheme 1). 1\lternativcly these S,N==tcet.J.ls 30. c:crivcc 

fr:Jm prim:J.ry C3Inincs c.-~n als:J be synthesizec'1 in g:J:Jr: yiclcls by 

re3.Cti:ms :Jf c:Jrresp:JncHng active methylene c:::m~):Junr:s v-Jith :tlkyl/ 
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3 

Jryl is:Jthi:JCY,Jn·J.te in the presence :Jf base f:Jll:J'I!Jcr' by alkyla~ 

t i:Jn (Scheme 2). The kGten-=S ,N~acctal s 3b cJer ivec~ fr:Jm sec :Jn(!3r;.· 

amincs arc :Jbtained by alkylati:Jn :Jf the C:Jrrcsp:Jncing thi:Jmi~cs 

::_-:>r:Jvcc, t:J be vers.3tile intermEdiates f:Jr the synthesis :Jf a 

V:'.lr icty :Jf amin:J- anr~ mere "'lpt:J-heter:Jcyc les. In s:Jmc :Jf their 

reJ.cti::;ns, p:Jl.:lrizc~ keten s,N-acct.J.ls behave as efficient thrco 

c:rrb:Jn fr.J.gmcnts (th:Jsc ~crivcc fr:Jm kct:Jncs, nitrlcs und esters) 

vdth 1, 3 ... elcctr:Jphilic centres., which :Jn re.J.cti:Jn with bifuncti:Jn.J.l 

nucls:Jpbiles aff:Jrd amin:Jheter:Jcycles (Scheme 3) like amin::>pyri~ 

''1' 2 . 1 3 ~ . ·~ 4 h h ~ mJ.clncs, '3.ffiln:Jpyraz:J es anc1 amJ.n:JpyrJ.Ci:Jnes. on tho :Jt er :J.nc-1, 

these intcrmecliates reu.ct with a variety :Jf c:Jmp:Junc1 s with 

uctiv.J.tcc! cl::>uble (triple b:mcls/'E+) :J.t nuclc:J:)hilic (?~cJ.rb:Jn, 

•111hich :JO subsequGnt tr-3.nsf:Jrmati:Jns yiclcl ·J. variety :Jf hiethcrt:J 

. ) 5-6 1nacccssible n:Jvel hcter:Jcycles (Scheme 3 • Thus these rnlu.~ 

rizc~ k0tcn S,N-acctals ·an~ N,N-acctals c~n be c:Jnsidurcd as 

n:Jvel class :Jf funct i:Jnu.l izod vinyl:Jg:Jus:::_ymie1cs :Jr cnamin:Jnes 

( th:JSG c.lcri vecl fr:Jm ket :Jnes) :Jr p:Jlar izec'J en.J.mincs ( tb:Jse c~er i vcc'l 

fr:Jm :Jthcr active mcthylc:ne c:Jmp:Junc:s like nitr:JmctbQnc ."'lno:-: •; ·· .. 1 

acct ::mitrle etc). In the prGsent w:Jrk a systematic invest igat i::>n.l.l 

stucly is C:::J.rricn :Jut t:J further expl:Jit 0(-:JX:Jkctcn s,N-acct-'J.ls ::ts 

n:Jvcl functi:Jn-'1lized enamin:Jncs anc efficient three c:J.rb:Jn 

fr?J.gmcnts. 
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A brief acc:Junt :Jf the w1ri::>us synthE:.'tic trLJ.nsf .'):rmu.t i:Jr 

13b::>ro.t::>ry is given in the Chapter Is 

Synthesis :Jf fe'l!-r selectec'l~-::>.X:Jketcm=S 1 N~~u.cet;:llS which 

were required f:Jr subsequent transf::>rmati:Jn is ~cscribcd in 

Ch:::tptcr II. These :JX::>ketcn-S,N-acct<lls were prc:;_JClrcc~ ci ther by 

c isplac.__mcnt meth::>d, :Jr by direct mcth::>d using is:Jthi::>cy,:w.:ltes. 

The cyclic kct::tkcten S,N-o.cc?tals were prep'lrecl by alkylo.ti:Jn :Jf 

respcctivG thi::>micles (Scheme 1 anc! 2). 

A n::>vel general appr::>ach f:Jr imiclaz::>le, quin:J:}Calinc a.nc'l 

thiu.z::>lo ckri vati ves has been devel::>pecJ via thermal cycl:x1ehy-

c!rati:)n ::>£ n:Jvel functi:Jnalized nitr::>s:Jenamin::>ncs* which are 

:Jbtaincc:"1 by cl irect nitr:JS"lti :Jn 'Jf o(-:JX:Jkct en s ,N=acctals with 

nitr::>syl chl::>rioe. The dEt~ilcd invcstig3ti:Jn :Jn these tr3ns~ 

f:Jrm:=J.t i:ms is clcscribecl in the Ch::J.pter III. It is ·;-crt inent t:J 

n::>tc that alth::>ugh .J. number ::>£ purines u.nd u.ll:Jxazincs h;:].VC been 

syn~hcsizcd by cycl::>c:Jndensati::>n :Jf 4-amin::>=S=nitr::>s:Jur~cil 

~ . . . 10 h . . 1 h . t . 1 'I ccr lVl.'Cl vcs, :Jwevcr u. Slffil ar synt et 1c :Jpera l::>n Dascc :Jn 

:>pen-chain nitr:Js::>en:1mines/en31Tlin::>nes ( ::>r hycJr::>xyimin::>iminE":S) t::> 

give imidaz::>le and quin:JxOJ.line deriv:J.tiv~:s htlS n:Jt been 

-:;--
,\. R:::thmJ.n, H. Il ~ ,-:mel H. Junj ::t~;~~:J., J .c .s. Chern. c :Jmm., <130 

(198L1). 



investig:=:ttcd eC'lrlier. The scant literJ.ture :::>n such trunsf:::nma-

huvc synthesized ·:1 variety "Jf n"Jvel clu.ss "Jf functi::mo.lized 

nitr':JS':Janamin:::>nes "Jr hyclr:::>xyimin:::>imines ( 91\. ~ 9D) (Scheme 4) by 

direct nitr"Jsati:::>n Jf c"Jrresp"Jnoingc(-:JX':JketGn S,N-ilcetills 

derived fr:Jm prim~y ~liphatic and ar:::>matic <J.mincs (Scheme 4 and 

5). Structural studies "Jn these intermeciutes inoic<J.teo that 

they exist in hynr:::>xyimin:::>imine f:::>rms (~-9D and ~-lQQ) 

(Scheme 4 and 5}. These hydr:Jxyimin:Jimines 2 anc 1£ ~r:Jvcn t:J 

be versatile intermediates f"Jr the synthesis :::>f imid~z:::>lo, qui-

n:::>xalinc and thiaz:::>le derivatives. Thus thermal cycl:::>dchyclrdti:::>n 

:::>f hydr:::>xyimin:::>imines derived fr:::>m primary aliphatic :::>r ~r~ 

::tmincs under varying c"Jncli ti"Jn s aff:::>rdecl the c"Jrrc s:;_J:::>nc1ing 

imidtJZ:Jlcs 11 in excellent yielcls (Scheme 6). S:::>me :::>f the 

imic\c:tZ:::>lcs c::>Uld als:J be synthesized by cirect trcu.tra:.:::nt "Jf 

:JX':Jkctcn s .. N~.acetals ~ >vith nitr:Jsylchl':Jric1c in rcfluxing 

i_.Jyric:inc (Scheme 7) • vers::1t ili t y :Jf these rc1ct i:::>ns is c'lcm:::>n­

stru.to: by taking vari:Jus substitutec S,N~acct<J.ls (Scheme 7). 

MechJ.nistic stuc!ics :Jf these thermal cycl':Jckhydruti"Jns which 

inv:::>lvo u. 1,5=H Shift have als:J been inc:::>r::_')':Jrated. 



0 :.Jr
:H

 
N

O
C

l 
>

 
R

 
· 

P
yr

id
in

e
 

R
 5

 
N

H
C

H
2R

!I 
0

-5
° 

3 

0 
R

 
. 

0 
9H

 
0 

?H
 

R
~
N
 

R~
-:
/N
 

R~
.N

 
-
~
>
 

! 
-
-
1

.
 

_....
.) 
~
 

,..H
 

R
11

 

M
eS

 
N

H
C

H
2R

11
 

N
 /"

S
M

e
 

M
eS

 
N/

~_
. 

2 
I 

9
A

 

oe
 

0 
I®

 
R,
L.
~N
--
H 

"" 
Me

S~
NC

H2
 R' 

9
0

 
-

R
"C

H
2 

9C
 

--
9

8
 

3 
9

. R
 =

su
b

st
it

u
te

d
 a

ry
l 

an
d 

al
ky

l;
 R

' 
=

 M
e 

7 
E

 t 
_, 

CE
 H

5
C

H
2

 7
 

_
,_

, R
11

 =
 s

u
b

s
ti

tu
te

d
 

ar
yl

 ,
 M

e
, 

E
t 

, 
C

0
2

E
t 

2
tc

. 

S
ch

e
m

e
 4

 

,p
:l 



~
H
 

:.S
J.l

NH
Ar

 
3 

0 

:j{o 
~ 

NO
Cl

 
, 

R
 

-~
~:

:y
rT

ai
ne

 ~
 

R
 s 

N
H

A
r 

10
A

 

O
 

OH
 

I 
R
~
N
 

N~
SR
' 

A
t 10

C
 

:::..
 

""' 
-

__
:::

.. 

0 
O

H
 

R
~
~
 

::
»-

. 
~l
 

~
-

R'
S~

'N
 ,.

A
r 

~
 

10
8 

o 
oe

 

:X
I®

 
R

 
N

" 
R

's 
N_...

..~r 
10

0 

R
 =

a
lk

yl
, 

ar
yl

 ;
 R

' =
 M

e
, 

E
t 

>
 C

6H
5C

H
2 

J> 
A

r 
=

 s
u

b
st

it
u

te
d

 
a

ry
l 

Sc
h

"'
 ...

 ~,.
.,

 
1

: 
,.

t:
l!

lt
::

 
:..1

 

w
 



0 

R~
/~
 

R
'S

)l
N

'_
..

C
H

2R
" 

H
 

~
 

0 

_ 
6

. 
/C
H3
C~
 o

r_
, 

::. 
R~

N'
J-

R"
 

R
'S

).
l_

N
 

H
 

11
 

9 
,}_

!, 
R

 =
 s

u
b

st
it

u
te

d
 

a
ry

l 
, 

al
ky

l 
; 

R
' =

 M
e 

, 
E

t]
 C

 6
1-

's
C

H
2-

; 
R

"=
 H

 ~
M
e
 ,

 s
u

b
st

itu
te

d
 

ar
yl

 

S
ch

e
m

e
 6

 

~-
~-

­
C

) 



0 I
I
 

R
~
Y
H
 

R
'S

_
A

N
/C

H
2

R
11 

H
 

3 

N
O

Cl
 

P
yr

id
in

e
/ 1

:::.
 

~ 

0 

R~
.-

-N
~R

" 
R

'S
)l

_N
 

H
 

1 1
 

~,
11

~R
 =

 a
ry

i,
ai

ky
l 

~ 
R

'=
M

e 
.~ 

E
t 1 

_C
G

H
5C

H
2 

7 

R
r':

: 
su

b
st

it
u

te
d

 
ar

yt
 

~
H
 

HsC
.~.

-.J
.l 

/C
H

2C
02

U
 

M
eS

 
N

 
H

 

1 

NO
Ct

 
I 

Py
ri

di
ne

/~
 >

 

S
ch

e
m

e
 7

 

0 

H5 c
~N

')
-c

o 2
Et 

M
eS

 
N

 
H

 

12
 

~
 
~
 



12 

When the hyc!r::>xyimin::>imines 10 rkrivocJ fr::>P:' ur::>matic 

.3.ffiines vJGro subjected t ::> t herm:.'l.l cycl::>c~ehyclrat i::>n, the c::>rros·~ 

p::>nc!ing 2-met hyl thi::>-3-ar::>ylquin::>xalincs 13 were ::>1Jt.J.inec~ in 

excellent yislcls (Scheme 8). T::> best ::>f ::>ur kn::>vJle::clgc 1 this ..:..s 

the first rep::>rt ::>f quin::>xaline synthesis fr::>m ::>J.X.:O=cha.in 

nitr::>s::>cnamin::>nes. Interestingly, h::>wevcr 1 v1hon the c::>rros~)::>ncling 

S-bcnzyl~N~anilin::>hyor::>xyimin::>imine intcrmcc!iu.tcs }5 vmre sub-

·' 

jc:ctccJ t:J cycl::>clehyflrati::>n under s.imilar c:mcliti::>ns, the c::>rres-
... 

p::>ncing 2~benzylthi::>quin::>xalines 13 were n::>t ::>btainod, h::>wever, 

the pr::>cuct s is::>l'ltecl in g::>::>d yields vmro charactcrizecl as n::>vel 

2-aryl· ,4-ar::>yl-5-anilin::>th iaz::>les .l§. (Scheme 9). The hycJr::>xy-

imin::>imines 9, 10 ann 15 uro thercf::>re sh::>wn t::> be versatile 

prccurs::>rs f::>r n::>vel imiclc:J.Z::>le, quin::>xaline ::tnd thiaZ::>le c'leriv:=J-

tivcs. I'-·1cch3nism ::>f quin::>:x:.::lline and thiaZ::>le f::>rmati::>n a.nf1 the 

stcre::>clcctr::>nic f:::tct ::>rs c ::>ntr::>lling those trans£ =>rma't i::>ns are 

rliscusscc. 

Cycl::>c::>n:::1 cn sat i::>n ::>f ~-::>x::>1<eten~s, N-."J.lkyl/aralkyl acetals 

with nitr::>s::>benzcne is describefl in Ch~ptcr IV which uff::>rGcc'l 

n::>vel 1-N~:rryl 2,5~substituted.:.4-"l.lkylSthi::>imicJu.z::>lc (17) in 

excellent yields (Scheme 10). Gonc:r3.lity ::>f this mC"i:h::>o is 

•:cm::mstru.ter~ by synthesis ::>f vari::>us subst itutec: irnirJaz::>lcs anc1 

the mechanism ::>f this cycl::>c::>n•~cnsati::>n is als::> c..~iscussecJ. 
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In the Cha,;_:::>tor v :Jf the thesis,. c:t n:Jvcl mcth:::>rl f:Jr the 

synthesis :Jf 2=aryl/carb:Jeth:Jxy-4~alkylthi:J~5=ar:Jyl/acylthia· 

* Z:Jles is rep:Jrt~~ , which inv:Jlves direct annelati:Jn :Jf S,N-

bcmzylu.cet:J.ls (1,) with thi:Jnyl chl:Jricle (Scheme 11). It is 

pertinent t:J n:Jte th::!.t 4-alkyl thi:Jthi·:lZ::>les are virtuully n:Jt 

k . th 1. t 11 ~ h. . . c1 1 n:Jwn ~n e ~ eraturc anc: t ~s rc:tct ~::>n pr:J"'!L es Cl n:Jvc 

r:Jutc f:Jr these heithert::> inaccessible 4-alkylthi:Jthiaz:Jles 18 

by direct heter:Jcyclizati::>n.. The meth:Jd h:J\vcver \vas n:Jt success-

ful f:Jr the synthesis :Jf c::>rresp:Jncing 2~unsubstituten and 

2=alkyl derivatives2 Mechanism ::>f these tru.nsf:Jrmu.ti:Jns is 

c!iscussccl, Interestingly when the thiw.z:Jles 18 \..rc~rc reactecl 

v.rith s:JcJium hyc'ric'lG in DNF 1 the c::>rrGS!):JncJing c~cbcnziylaten 

thiu.Z"Jlcs 19a~c1 were :Jbtainecl in cxccllcmt yic;lcls (Scheme 12) • 

The; mcth:>d thercf:::>re is a~J~:::>lic:Jblc f=>r the synthesis :::>£ 5-unsub~ 

stitutc;d ~-nlkylthi:>thiaz"Jlcs als:::>. 

In all the rcn.ct i:::>ns c!escribcc in Chapter III, IV ancJ 

v, the :::>x:>keten S,N-aceta:s behave as functi::>nalizccJ vinyl"Jg:Jus 

amide :::>r enamin"Jncs which react with nitr:Jsyl chl:Jridc, nitr:>-

s:::>~)cnzcnc; ''cr:t: thi:Jnyl chl::>rir'le t:> yielcl n:Jvel hctcr:Jcyclic 

c:::>m~:Jun~s after subsequent transf:::>rmati:::>ns. In the 1-J.st 

*A. R~hm:1n, H. Il~ ann H. Junj~ppa, synthesis, ooo (1984). 
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7 

Ch:J.ptcr (VI) h:>wever, -?<,-:>x:>J<;ctencJi thi:>acct<J.ls u.rc sh:.:n·m t ::> be 

vorsu.tilc 3-carb:m fragments f::Jr tho synthesis :>f n::)Vcl -

. * 3-amin:>J..S::JX·J.Z::Jle5 20 ancl 21 by n::acti:>n with hyCr:::Jxylllmine -
(Scheme 13 and 14). Thus the rc.J.cti:>n ::Jf fevl ropruscmt.:J.tivc 

ket:>kcten s,N-J.cet<J.ls with hyclr::J:xylu.mine aff:>rclec"'! the c:>rresp::JnC' ~· 

ing 3-aryl/alkyl/a:ralkylamin:Jis:>xaz:Jl es 20 in excellent yielcls 

(Scheme 13). Similarly the meth:>n c:>ulc als::J be extcn~cd f::Jr 

the synthesis :>f 3-amin:>iZ:JXaZ:>les £1 dcrivcn fr:>m cyclic 

sec::mcl::Jry umines { SehGme 14). Very few 3-amin:>is:>xaz:Jles .J.re 

re~;:>rtccl in the litor.::Jturo1which are synthesizccl by l:>ng and 

. 't t 12 cJ.rcu J. :>us r:>u es ~ PrGsent prxeC1urG pr:>VJ..C"~GS a f.J.cile u.nc3 

sim~lc r:Jutc f:>r these is:>x:J.Z::Jles. 

* A. Rahm.J.n, R.D. Y'lnc:tv, H. Ila and H. Junjapj_JU. 1 SyntJ1esis, ooo 
( 1981). 
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PREFACE 

Earlier w::Jrk fr:Jm this lab:Jr,J.t::Jry has dem::JnstrTtc:d th::rl 

p:Jla:cizcd kcter; s .. N~ 3nd NJ'N-3cctals which arc cusi.ly dcri·;·cd 
::Jf 

fr:Jm 0 VJ.riety !_ :::J.ctive methylene c::Jmp:Junds, arc vcrs:::_tjJ..-= 

intcrmcdiJ.tcs f::Jr the synthesis :Jf n::wel hctcr:Jcyclic c:Jmp:Jt.mds. 

In the present invostigati::JnJ' a systematic study was undcrt~kcn 

zed cno.min:Jncs and useful three fre1.gmcnts 

c:Jnstructi:Jn :Jf a V3riety :Jf n:Jvel heter:Jcyclic ring systems. 

These studies h.:1ve resulted in ncvv guncru.l mcth:Jds f::Jr the 

deriv:ttivcs. 

In the first ch.J.pter, a brief survey :Jf thG v.J.ri:Jus 

synthetic tr::J.nsf:Jrmati:Jns using p:Jlarized kctcn SJ'S=, S,N~ .::J.nd 

N., N=acct:tls a.chievGd in this lab:Jr,J.t:Jry is described. 

In the sec:Jnd chJ.pter synthesis :Jf few selected p:Jlarized 

kctcn S,N= J.nd NJ'N~acetals required f:Jr subsequent transf:Jrma= 

ti:Jns is described. 

chl:Jrick c.1rc discussed in ChJ.pter III. The rc3.cti::J!:1S .J.ff:Jr¥ 

( l ) 



( ii) 

a n:>v~l class :>pcn-ch~in functi:>n~lizcd hycJr:)xyimin:>im.:l.no 

intermediates in excellent yiclc1s, which are n:>t clcscriberl 

e3rlicr~ Subsequent thermal cycl:>dehyc'1r3ti:>n :>f the hynr:>xy= 

imin:>imines aff:>rdec1 n:>vel imidaz:>lc, quin:>xalinc ~n~ thi~z:>le 

~erivutivcs. The gener~lity and synthetic limitati::>ns :>f thc~c 

mcth:>c1s ::1nc1 mechanism :>f these tr::msf :>rmati:>ns u.re (\iscussec1. 

In the next Chapter (IV) a new gcneri1l meth:>c f:>r 

1=N-aryl~2-u n subst itut ec'1/alkyl/ar yl-4-alkyl t hi :>-5 -~.J.L) yl/.J.c ylimi­

daz:>lcs has been devel:>ped by cycl:>c~n0ensati:>n ::>fo<~:>x:>kcten 

S,N=alkylu.cet;~_ls with nitr:>S::>:::lrcncs. 

In the fifth ch"j_ptcr -J.nnel:::!ti::>n :>£ o<~:>x:J1cc-tcn··S,N=3.cet:'lls 

with thi:>nyl chl:>ride t::> give heithcrt:> in:J.cccssible 4-a.lkyl~ 

thi:>~2=.:lryl/cth:>xycarb ::>nyl~S~ar::>yl/a.c yl/unsubst i tut u·1 thiaz ::>los 

is cliscusscd. The: limitat i:>ns :>f the meth::xl u.rc t:loscribc0. 

In J.ll the: reacti::ms :>f':.<-:>x:>kGtcn S,N=.::tc<::t,:J.ls clescribec'l 

in Chapter III, IV and v, the on3mine ch1r3ctcr :>f these inter-

mcciatcs vias expl:>itcc'1. In the L"l.St 

s ,N=-:tcct ::1ls '1ro sh:>wn t:> be cff icient three c.J.rb::>n fragments f ::>r 

the synthesis :>£ n:Jvel 3~?lmin:>is:>XCJ.Z:>lcs by rc.-lCti:Jn with 

hyc:r:>xylz::uninc. The rca.ctL>n was f:~mnC'l t:::> be general f:>r the 

synthesis :>£ 3~~nilin~L 3~3lkyl~min:> and 3~N~3Z~cyc1Jalkyl3min:>-

is:>xu.z:>lcs. 



CHAPTER I 

POLARIZED KETOKET?,N~S~S=, S,N~ AND 
N ,N~ACETALS: GENERAL INTRODUCTION 

The p~larized keten dithioacetal 2 are among the 

. 1 t th . . d. l, 2 h. h b d b s1mp es syn et1c 1nterme 1ates w 1c can e prepare y 

simple methods treating active methylene compounds of general 

formula l' with two equivalents of base in the presence of 

carb~n disulfide f oll~wed by alkylation (Scheme 1). These 

acetals 1 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 conditi~ns and can 

be st~red indefinitely with~ut apparent dec~mpositi~n. on the 

3 
~therhand, the corresp~nding o,o~acetals 3 are generally 

prepared by methods involving more than one step, strictly 
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3 

under tn:Jisture free c'Jndit i:Jns since they underg:J ra.pid 

hydrolytic cleavage. Besides, active methylene c::>mp::_:~t;~1CB 

can not be used as starting ma.terials t'J prepare these 

c~-r:lp::lunds empl::;ying the same methods used f::>r the correG= 

p:mdi.ng s 1 s~acetals. • '"j ~ 1 1'' 1 'd 4 SJ..mJ. ?.I"J y 1 K·~ten (.J...1a ogen..~. es 4 

are prepared in the laboratory by chlorinating directly 

the corresp::>nding keten-s,s-acetals 1, thus making the 

acetals 2 as primary precursors of keten dihalogenides !· 

Similarly the corresp:?nding N ,N~acetals .!?_ are also derived 
..Q. 

fr::>m either ::>ne of the analog* _z.,2_ or 4. A.pparently, the 

p::>larized keten-s,s-acetals 1, form an important class ::>£ 

1,3~electrophilic three carbon fragments, which are of 

potential synthetic value. Despite a large number of 

reports in the literature on their preparati::>ns and physical 

. 6-14 propert1.es, a systematic synthetic investigation on their 

synthetic utility was not much explored until these studies 

were initiated in our lab::>ratory. 



R~SR'' 
R' /-~-~'\ 

SR" 
2 

Keten=s,s-acetals 

R Cl 

\.____./ 
·Rr~ 

Cl 
4 

Keten dihal~se~ides 

4 

R~OR" 

/ -~ 
R' 3 OR 11 

Keten-o,o-acetals 

.. 
1-5, R=H, alkyl, aryl~ nitrle, acyl, ar~yl, nitr~, sulph~nyl 

etc. 

R' = nitrle, acyl, ar~yl, sulf~nyl, nitr~ etc. 

R 11 = alkyl gr~up. 

A few ~f the imp~rtant synthetic applicati~ns ~f 2 f~r 

the c~nstructi~n ~f a variety ~f heterocyclic c~mp~unds which 

are devel~ped in ~ur lab~rat~ry srfJ sh~vm in the Scheme 2. The 

meth~ds thus devel~ped have been shown to be of general syn= 

thetic imp~rtance, since the choice ~f the structural variants 

~f active methylene c~mp~unds· is quite large. Besides., these 

ket~keten dithioacetals have been shown to be versatile inter= 

mediates f~r 1,3-carbonyl transposition. Thus we have sh~wn 
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in ::mr ear2_ier \v:)rk thai...0!~ 1~=ketoketen=S,S=acet-'3.ls de~ iveC 

fr:)m various active methylene ketones undergo select i·::c 

1,2~reducticm with s:Jdium b:Jr:Jhjdride to give the cor:r·es= 

p:)nding carbinol acetals 6 in nearly quantitative yields 

(Scheme 3). These carbinol acetals underg:J bor:Jn triflu:Jride 

etherate assisted methan:)lysis t:J aff:Jrd the c:Jrresponding 

~~~-unsaturated esters 2 in good to excellent yields. Thus 

a highly stere:)selective and regi:Jspecific meth:Jd for h:Jm:)-

1 :Jgation :Jf easily available ket :Jnes I. too<:,~ -unsaturated 

esters has been developed. 25 The carbin:)l acetals 6 :Jn 

treatment with b:Jron triflu:Jride etherate and water yield 

the correspondingd,
1 
~-unsaturated s-methylesters 8. on the 

:Jtherhand, ketoketen dithi:)acetals 2 undergo selective 

reductive dethiomethylation in the presence :Jf sodium boro­

hydride and nickel (II) chloride to give ~ -alkylthi:J~ 

methyleneket:Jnes 9 in good yield,5·26 These alkylthiomethylene 

ketones could be c :mverted to ol1~ -unsaturated aldehyde 10 

by 1,2~reduction with sodium borohydride and subsequent 

hydrolytic rearrangement (Scheme 3). Further, the corres= 

ponding arylidene dithioacetals 12 obtained by condensation 

of aromatic aldehydes and acylketen:dithioacetals 11, yielded 

corresponding methyl 5-aryl-2,4~pentadienoates 14 on 



0 ~
~
 

, 
R.-

... 
' 
' 

4.
 ..

. -v
..:

,~ 
.!~>

, 
fo 

-.,
 ...

 -•-
w-

---
...,

 ....
. ,.

.-m
 

"if
'~'

 

·t =
 

H
 

f~
CH

O 
' 

-
\. 

O
' 

.......
...... 

_.J
i.r;

. 

1.
 N

aB
H

4 
<cy

 .. ,...
....,_ ..

. -x
n

·c
•-

x 
· 

o:
:::

n 
-'

T
?

-.
"

;0
+

 

2 .
. H

30
 +

 

'10
 

..
;u

;t
..

 

0 
SM

& 
...

 /
 

.
.
 ·'

 
...

. 
-

~
~
 

R
 

·--
-

5M
e 

; .....
.. m.

,,.
--

=
):

. 

t 
. R

' 
.. .. ..

..
 l

A
."

 2 """"
 l NaflH

4/
N

iC
t2

 

0 
H

 

~v
.S

Me
 

. 
. 

. 
R'

 
.....

.....
 ~~

 

9 .....
 

OH
 

SM
e 

!(
~S

Me
 

t 
H

 6
, 

.. 
4

\ 

'·§
· 

~F)
.E1

:£0
1H2

0 
~F·

. 
e--

t 
0 

\ 
c 

~-
~ 

2 
\ 

M
eO

H 
~
 

H
 

f~
C0
2M
e 

\.
 

' 
.:

. 
4 

• 

.....
... ~

.·
R 

7 ""
' 

H
 

t~
~C
OS
Me
 

\ 
R1

 
..

. 
•'

!"
 

-ll
o"

-.;
;..

-
.. 

.; 8 =
 

L2
 .6

=1
0!

; 
R

 a
nd

 I
 o

r 
Ff

;:;
 A

r,
 a

lk
yl

 j 
H

 
~
 

.-.
. 
~
 
~
 

R:
:;

R~
~-

{C
H

2l
n.

 

S
ch

em
e 

3 
~
\
·
:
z
-
-
-
-
r
·
·
 

-..
.1 



8 

b:J.r'Jbydride reducti'Jn and subsequent methanolysis in the presence 

of b'Jr'Jn triflu'Jride etherate. 27 Thus ket'Jketen dithi'Jacetals 2 

have been sh'Jwn t:::_~ be c'Jmm'Jn :;:Jrect.:.rs:::-.rs f'J.r c!-
1 
p ~unsattiratedr-"0= 

:n."1thyll s~methyl este:::-s, rJ./(' =ur.saturated aldehydes and methy]=5= 

aryl pentadien'Jates. 

The ket'Jketen"'dithi'Jacetals 15 derived fr'Jm prGpiGphen'Jne 
.... -

·:lnd other higher anal'Jg'Jus are shown tG underg'J interesting 

1,3-alkylthi'J shift to give the rearranged ucryl8phen'Jnes ~ in 

the presence 8£ base like sodium hydride (Scheme 5). 28 A detailed 

mechanistic studies on this rearrangement has been already publi~ 

29 
shed. Similarly the allylketen dithi'Jacetals 17 are sh'Jwn t'J 

undergo an unprecedented 1,5=alkylthiofhift in the presence 

s8dium hydride and dimethylf'Jrmamide to give novel dienes 19 

(Scheme 5). Mechanistic studies 'Jn this rearrangement has 

sh'Jwn to involve c'Jncerted pathways thr'Jugh the diene inter~ 

mediate 18 (Scheme 5). 31 

'Jf 

The dithi'J:lcetals are also sh'Jwn to undergo facile dis= 

placement reacti::ms with prj_mary and sec'Jndary amines t'J give 

the c'Jrresponding S,N-20 and N,N~acetals 5 depending upon the 

st:'Jichiometry of the amines us.ed. The s~N-acetals 20 (R"=H) 
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11 

are best prepared by treating active methylene c:>mp:>ur:ds ·,vitr• 

appr.Jpria'i:e is:>thi:>cyanates in the presence :>f b.::tse f:,J . .i.:>'/'18.• 

6). 32 b:-; a.lkylati=n (Scheme These S,N~ and N,N-aceta:i.s r .?::>:r· • .-. · 

sent a n::n.?ei class :::>£ functi::malJzed viny1:::g::.:us::ami~~C.:3 :Jr 

cnarr.in::mes ( th::::se derived L .. -:.Jm · ket :>nes) :::>r enar:,ines ~ ·:.:h:::>se 
. 

derivec fr:>m :>ther active methylene c:>mp:>unds~ ,v?hict.. :f'Y.":Jved t:::> 

be vers3tile intermediates f:>r the synthesis :>f a variety :>f 

arnin:>- and mercapt:::>heterxycles (Scheme 7). S:>me :::>f these 

trans£ :>rmat i:>n s achieved in :>ur lab:>rat :>ry are sh:>wn in the 

Scheme 8 and 9. Thus ketoketen S,N-acetals are sh:>wn t:::> be 

useful three carb:::>n fragments f:>r the synthesis of aminoheter:::>~ 

33=35 
cycles by reacting with bifuncti:>nal nucle:>philes (Scheme 8). 

On the :::>therhand, the beh~vi:::>ur :::>f p:>larized S,N- and N,N~acetals 

as functi:>nalized enamin:::>nes :>r enamines is manif.ested in the 

reacti:::>ns :::>f ~ and 20 with comp:::>unds having activated multiple 

b:::>nds leading t:::> the synthesis :::>£ a wide variety :>f amin:> and 

. . 36~40 
alkylthl:::>heter:::>cycles (Scheme 9). Few :::>f the :>ther trans= 

format i:::>ns :::>£ these acetals f :::>r the synthesis :>f pyrr:>lines 30, 

2-amin:>pyrr:>les 1£ and thiaz:>line derivatives 34 are sh:>wn in 

the Scheme 1o. 41- 43 

It is evident fr:>m these schemes that p:::>larized keten=S,S= 

S,N- and N,N~aceta1s which can be prepared in larger quant~~ies 
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fr::>m ·"l. variety ::>f active methylene c::>mp::>unds can serve as bL·.~ !.:5 = 

ing bl::>cks f::>r the c::>nstructi::>n ::>f n::>vcl heithert::l inaccessibJ.c 

heter::>cyclic systems. In the present investigati::>n, we have 

stL.:-.ied electr:::-~hilic nitr-:sat i::::1 ::lf ket ::>keten=S_,N-acetals 20 

with ni tr::>syl chJ.::>ride_, which aff 'Jrded ni tr::>s::>keten-s.,.N~acetals 

( ::>r hydr"Jxyimin"Jimines) 35 in excellent yields. These nitr"JS'Jr· 

enamin"Jnes 35 again pr"Jved t::> be useful versatile synth"Jns f"Jr 

the c"Jnstructi::>n ::>fa number 'Jf heter::>cyclic systems. 44 Synthesis 

::>f these heithert::> unkn::>wn nitr::>s::>enamin::>nes 35, their structural 

s-tudies ::md synthetic transf::>rmati::>ns leading t::> new general 

r::>utes f::>r the imidaz::>le, quin::>xaline and thiaz::>le derivatives 

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

In Chapter IV, a n::>vel general r"Jute f:>r N-arylimidaz:>le 

derivatives 39 by reacti'Jn 'Jf ket'Jketen=S,N~acetals 20 with 

nitrJS:>benzene has been described (Scheme 12)~ 

Anner,::lati::m ::>f ket::>keten S,N=acetals with sulphur leading 

t::> a new general meth::>d f::>r the synthesis ::>f n::>vel 4~alkyl~ 

thi::>thi~z::>les has been achieved45 by reacti::>n ::>f ket::>keten 

S,N=acetals ~ with thi::>nyl chl:>ride. These results are 

described in the Chapter v (Scheme 13). 
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\ r~::Jvel general r::Jute f::Jr the synthesis ::Jf 3=:J.ryl/.J.lky. 

cycl::Jalky~amin::J=5=arylis::Jxaz::Jle by reacti::Jn ::Jf ket::Jketen=S,N= 

acetals with hydr::Jxylamine is described in the Chapter vr. 46 
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II. 1 In t r;:, duet i :m 

CEAPTER II 

PREP.:\Eh'l'::.::ON OF ?OLhRIZED KETEN-S,.N= /.''JD 
N,N-.\CETALS 

~ number ~f p~lorized keten=S,N~ and N,N~acetals 

required f8r the present investigati8n were prepared acc8rding 

1 
t8 JUr earlier repJrted meth8ds. Infact,any active methylene 

CJmpJund carrying twJ replaceable hydrJgen at8ms Jn the 

~-pJsitiJn Jf the electrJn withdrawing grJup can,in principle, 

be CJnverted t8 its CJrrespJnding S,N~ and N,N-acetals. HJwever 

in the present investigatiJn_,:)nly a few representative ex~mples 

J£ pJ13rized koten S,N= and N,N=acetals were prepared. The 

vari8US methJds used fJr the preparatiJn 8f these knJwn as well 

as unknJwn. keten-s~N- and N,N-acetals and their spectral and 

analytical data are described in this Chapter. 
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II,2 Prep~rati~n Jf,p~larized keten~S,N=acetals 

The active methylene CJmp:mnds used f~r the prc-c:~a:cc;·~~:. =·' 

~f S,N-acetals were either acatJphenJnes, a2etJne J~ nitr~~ 

~f p~larized ket ~keten~s,N-2.cetals and 1\J,N-acetals· and thos-:. 

derived from nitr~ethane. 

II.2.1 Displacement methJd 

II.2.2 Direct meth~d using isJthiJcyanates 

II.2.3 ThiJamide methJd. 

II.2.1 Displacement meth~d 

The pJlarized keten s,s-acetals are knJwn tJ undergJ 

f . , d . 1 . 2- 4 . h . d acL,.e 1sp acement react1~n l'l!lt pr1mary ~r sec~n ary 

amines tJ give the CJrresp~n~ing s,~- and N,N-acetals depend-

ing upJn the reactiJn CJnditi~ns and the stJichiJmetry Jf the 

amines used (Scheme 1). This methJd was fJund tJ be useful 

fJr the preparatiJn ~f keten~s,N-acetals derived frQ~ primary 

aliphatic amines. HJwever with primary arJmatic amines and 

secJndary amines)a mixture Qf S,N= and N,N-acetals Qr Qnly 

N~N-acetals were Jbtained. 5 The S,N-acetals(2a-y}prepared by 

Jisplacement methJd are given in Table 1. The spectral ~nd 
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TABLE 1 

Preparation of Polarized Keten~S,N=acetals by direct displa~ 
cement meth:Jd. 

R SR' 

. >=<NHR" 
H 

2 

s I Starting ~ Pr:Jduct 0 R 0 R' 0 R" N:J I c;:>mp:)Und 0 t ~ ~ 

1 la 2a C6H5co Me c
6

H5cH
2 

2 lb 2b ;E-Mec 6H 4co Me c 6H
5
cH2 

3 lc 2c E-MeOC 6H4co Me C 6H5CH
2 

4 1d 2d ;e-clc6H4co Me c 6H5CH 2 

5 1e 2e c 6H 5co Et c 6H5CH2 
-=-

6 lf 2£ c 6H
5
Co c 6H5CH 2 

c 6H5CH
2 

7 .!9 2g p-MeOC 6H1co c 6H5CH 2 
c 6H5CH2 

8 la 2h c 6H5Co Me ~1C6Hi':m2 -
9 lb 2i p-C1C6H4co Me E~ClC6H4CH2 -
10 l£ 2j _E~MeOC 6H4co Me _E...ClC 6H4cH2 

11 1a 2k c6H5CO Me .P""MeOC 6H4CH2 

12 1c 21 p-MeOC 6H4Co Me p-MeOC 6H
4
6H2 -

13 ld- 2m J2=ClC 6H 4co Me p=MeOC 6H4cH2 
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Tu.ble 1 (c::mtd.) 

14 lh 2n MeCO Me c 6H5CH:2 

:L5 -:!.l 2:) NO,- Me c
6
H

5
CH

2 L 

16 " 2P c
6

H
5
Co Me Me __ Q. -

J7 1b ~q p=MCC H CO 
- 6 4 

Me Me 

18 ld 2r _E~c lc 
6
H 

1
c J Me 1v1e 

10 l."l. ls c
6

H
5
co c

6
H

5
CH

2 
Et 

20 1b 2t* c 6H5Co Me Et 

21 ld 2u* p-MeC 6H4CO Me Et 

22 lf 2V* p...ClC
6

H
4
co Me Et 

* rep:::>rted earlier.1 
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analytical data ~£ the unkn~wn S,N-acet~ls 2a-s are given in 

Table .3 and 4 respectively. 

II.2.2 Direct meth~d using is~thi~cyanates 

The direct meth~d f~r the synthesis ~£ S,N-acetals by 

reacting active methylene c::Jmp:::mnds with -alkyl ~r aryl is::-.~ 

thi~cyanate in the presence S::Jdium hydride and dimethylf~rma~ 

mide f~ll::Jwed by subsequent alkylati~n with methyl i~dide 

. . 6-10 
c~nst1tutes an alternat1ve meth~d (Scheme 2). s~me ::Jf the 

keten S,N-acetals which were n~t satisfact~rily ~btained by HNL 

displacement meth~ds were successfully prepared by this 

meth~d and are listed in the Table 2. The spectral and analy-

cal data ~f the keten S,N-acetals 6£-t.which are n::Jt rep::Jrted 
- -J 

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

The displacement meth~d failed t::J yield S,N-acetals 

derived fr~m cyclic sec~ndary amines. These S,N-acetals were 

theref::Jre synthesized by an alternate meth~d rep~rted earlier. 

12 we have recently rep::Jrted a facile preparati~n ::Jf dithi~~ 

ester 7 by reacting active methylene ket::Jnes with dimethyltri-

thiJCarb::Jnate in the presence ~£ s::Jdium hydride. The 
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TABLE 2 

Preparat i:>n :>f 'P:>larized :v.:eten~s~N=acetals by clirect metb:>d 
using i3:>thi:>cyanates$ 

R SR 1 

\ j 
\ _ _j 
}'------\ 

\ 

H' N~-TR'' 

.s 

s 0 
Pr:::-duct 0 

R 
0 R' 0 R" N:> ~ I ~ ~ 

1 6a* c 6H
5
co Me C6H5 

2 6b* £~MeC 6H4co Me C6H5 

3 6c* p-MeOC
6

H
4
Co Me C6H5 

4 6d* J2=ClC 6H4co Me C6H5 

5 6e* c 6H
5
co Me J2=ClC6H4 

6 6£ c 6H
5
co Et C6H5 

7 ~ c
6

H
5
Co Me J2~MeC 6H4 

8 6h £=ClC 6H 4co Me J2='MeC 6H 4 

9 6i J2..ClC 6H 4co Me _E=ClC 6H 4 

10 .§1 ~Meoc6H4co Me J2=ClC6H 4 

11 6k _E-MeC 6H 4Co Me p=ClC 6H 4 

12 61 c
6

H
5
co Me p=Meoc H 

- 6 4 

] 3 6m £=MeC 6H 4co Me p=MeOC H 
- 6 4 

14 6n J2~1C 6H4co Me po:oMeOC
6

H
4 
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Table 2 (c::mtd.) 

15 6::) c 6H5co C,..Hr:CH2 C6H5 
0 :.) -

16 6p _E~Mec6H4Co C~H CH 
b 5 2 C6H5 

17 6q p-EtOC H CO 
- 6 4 

c 6H5CH
2 C6H5 

18 6r 12-clc 6H4Co c 6H5CH
2 C6H5 

19 6s c 6H5co c 6H5CH
2 J?HeC 6H4 

20 6t c 6H5co c 6H5CH2 J2=ClC6Jj4 

21 6u N02 
Me C6H5 

* t d 1' 1 rep:::>r e ear 1er 
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di thioester thus prepared underwent sm:>oth condensat i:>n witl; 

piperidine Sa in boiling ethan:>l t:> give the c~rresp~nding 

thioamide ~ which was subsequently alkylated with methyl 

iodide in the presence of sodium hydride to give S,N-aceta.t 

lOa in good yield (Scheme 3). The keten-s,N-acetal:s, 10b~6 

were similarly prepared (Scheme 3). 

The displacement method was also not successful for the 

preparation of SJN-acetal lOe derived from ethyl glycinate. 

However, lOe was obtained in good yield by thioamide method 

(Scheme 3). The spectral data of all the new S,N~alkylacetals 

2a-~ indicated that they exist in enamino tautomeric f:>rm 

(2A). 13 The benzylic pr~tons in~ appear as doublet at 

6 4.45 due to c:>upling with NH prot~n. The doublet collapses 

to singlet on treatment with n2o. 

Ar 0 

0 M~ 
.~ /CH2 R" 

. SR II R'S N 

CH R 11 

2 

2A 2B 
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The carb~nyl stretching frequencies in the i.r. spectra 

=1 of ~-2. appear between 1600=1557 em which further support 

the enamino f~rm since in imino form the carbonyl frequency 

appears at 1700 cm-1 • 

The i0r. and n.m.r. spectral data of s,N~arylacetals 

6£-t also sh~w that they exist in enamin~ taut~meric f~rm 

(Table 2). 

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

The ketoketen N,N~acetals required in the present 

investigati':)n were prepared by displacement method by treat-

ing the keten-s,N-acetals with two equivalents of amines 

under varying conditions (Scheme 4). Thus while 3c was 

obtained by refluxing l with two equivalents of morpholine 

in ethanol, the corresp~nding 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 corresp~nding 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 

Elmer 297 spectrometer. The lH-n.m.r. spectra were recorded 

on a varian EM-390 spectrometer using TMS as an internal stand­

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

The starting materials 

The commercial samples o£ acetophenone, ~methylaceto~ 

phenone nitromethane, acetone, anisaldehyde, f;Chlorobenzalde~ 

hyde, benzylamine, aniline, P-methylaniline, E;Chloroaniline, 

ethylamine, methylamine pyrrolidine, morpholine, piperidine and 

N-phenylpiperazine were purified before use. 

4 
The dimethyl trithiocarb·::mate, b.p. 225 ° (760 mm); 

h 1 . . t 15 1 . h . t 15 p eny lsoth~ocyana e, E~chloropheny ~sot 1ocyana e, 

h 1 . h • 15 hl b 1 . . 16 P=met oxypheny ~sotplOCyanate, p-c oro enzy am1ne, 

p=methoxybenzylamine16 wer~ prepared by tRe ~ep~rtBd methods. 

The keten-s,s-acetals; 3,3~bis(methylthio~-~~phenyl=2= 

propen-1=one (la), mp 93°; 17 3,3-bis(methylthio)=l=(p=methyl-- -
phenyl)~2=propen-l-one (lb), 17 mp 104=105°; 3,3-bis(methylthio) 

l~(E~methoxypheny~}-?-propen-1-one (j£), 17 
mp 100~1°; 3,3=bis 
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(methylthio)~1-(£~chl8rQphenyl)~2-propen~1~one (1d), 17 mp 109~ 

110°; 3,3=bis (methylthio)-1-methyl-2-propen~1=one (1h),
18 

mp 66=7°, 1~1-bis (methylthio)~2-nitroethylene (1i), 6 mp 125°; 

3, 3=bis( ethylthi.o) -1-phenyl-2-propen-1-one ( 1e), mp 49~50°; 18 

18 
3,3~bis(benzylthio)-1~phenyl-2-propen-1-one (lf), mp 113° and 

3,3-bis(benzylthio)-1-(£-methoxyphenyl)-2-propen-1=one (lg};
18 

17~19 mp 120° were prepared by the reported methods, by reacting 

respective active methylene ketones with one eqv. of cs2 and 

two eqv. of t-BuONa in dry benzene followed by alkylation with 

the respective halides. The nitroketen-s,N-acetal l! was 

prepared by methylation of the corresponding dipotassium salt 

with dimethylsulfate. 

The reported methyl benzoyldithioacetate (7): 12 

mp 54-55° was prepared by reacting acetophenone with dimethyl 

trithiocarbonate in the presence of two eqv. of sodium hydride 

in refluxing benzene. 

Method A: By displcement method 

General procedure: A solution of keten=s,s-acetal (0.02 rn8l) 
(9.1}._ 

end the appropriate amine (0.025-0.05 mol) q~rylo solution of 
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either methyl-8r ethylamir..\!) in ethanol (50 ml) was refluxed 

for 5~25 hr. After C8mpletion of the: reaction (rn8nitcred by 

TI.C), solvent '~1Tas rcm:rved and the .r.ear:t:t.:.~n mixture 1-:as dD.t1"tr:d 

with watEr 1 extracted ·1::i th ef~~yl ar.:'etate_. dried ( Na2so 4 ) and 

evap8rated to give crude S,N~·accta.ls ~-~ which were purifi~-

by either crystallization using benzene/hexane_mixture 
-·· 

(1:1) or by passing through silica gel column (2e, 2h, 2i-~, 

~""'.:~0 using hexane/benzene ( 8:2) as eluent. The S,N~acetals 

2a=y were prepared by this method (Table 1). Spectral and 

analytical data of unreported s,N-acetals ~~~are given in 

Table 3 and 4 respectively. 

Meth8d B: By the reaction 8f active methylene compounds with 

aryl isothiocyanate: General Procedure: To an ice 

c':loled 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 C8rnp8unds 

(0.05 mol ) in dry DMF (15 ml) "i.vas 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 

1 .. 5-2 hr, foll:>wed by subsequent addition of alkyl halide 

(0.05 mol} in DMF (15 ml). After further stirring for 2 hr, 
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the reaction mixture was poured over crushed ice/neutrilized 

with 2a1o acetic acid, extracted with chloroform (3x75 ml)~ 

The chloroform layer was washed with wate:r (3x200 ml)~ dried 

(Na2so4) and concentrated to give crude S,N-acetals ~-~ 

(Table 2), which were pur if Jed either by crystallizati:::>n from 

benzene/hexane (1:1) or by passing through s~lica gel column 
.. 

using hexane/benzene (4:1) as eluent. The S,N-acetals 6a-u 

were prepared by this method (Table 2). 

Method C: Thioamide method 

Preparation of thioamidest~; A solution of methyl benzoyl­

dithioacetate 7 (0.01 mol) and the appropriate amine 8 

(O.Ol mol) in ethanol (25 ml) was refluxed for 4-7 hr. After 

completi::m :::>£ the reaction (monitored by TLC), ethanol was 

removed on water bath and the residue triturated with hexane 

t:::> 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 lOe using benzene/hexane 

(1:1) as eluent. The physical data of reported thioamides 

9a=d and physical, spectral and analytical data of unreported 

thioamide 9e are listed below. 

Benzoylthioaceticacidpyrrolidide (~) 10 ' 11 was obtained o..~ 

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

yield 85%. 
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Benz~ylthi~aceticacidpiperidide 2£ was ~btained 

yell~w s~lid (benzene:hexane) mp 128-30° (Rep8rted 130-31°);
1 

yield 80'/o. 

Benz~ylthi~aceticacidm~rph~lide 9c was ~btained 

yell~w crystalline s~lid (benzene:hexane); mp 126-27° (Rep~r­

ted 127-29°);
6 

yield 78%. 

Benz~ylthi~aceticacid-N-phenylpiperazine 9d was ::>btained 

light yell8w s~lid (benzene:hexane); mp 94~95° (Rep~rted 

95-97°);
20 

yield 79%. 

N.,( cl: -carb~eth~xymethyl) -tt-benz ~ylthi::>acetamide ~ was 

~btained pale white needles mp 95-96° (benzene:hexane); 

yield 52%; i.r. y max (KBr): 1730 (ester C9); 1669 (ar~matic 

CO); 3500 (NH); n.m.r. (CC14 );b1.30 (t, 3H, C!:bCH 2o): 3.72 

(s, 2H 1 c 6H5CocH
2

); 4.0-4.40 (m, 4H 1 OC!:!_
2
CH3 and NH...C!i,2Co); 

7.10-7.30 (m, 5H, ar~matic); F~und: C, 59.32; H, 5.92; NJ 

5.50; c 13H15No3s (265) requires c, 58.86; H. 5.66; N, 5.28%. 

Prep·3.rati~n of keten-s,N-acetals 10 

A suspensi~n 8f thi~amide 9 (0.004 mol) and p~tassium 

carb:>nate (0.56g, o.oo4 m~l) in acct~ne (30 ml) was refluxed 

for 3 hr. The s~luti~n was c~oled and 0.71g (0.005 mol) ~f 
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methyl i~dide was added with stirring and the reacti8n mixt-

ure was further stirred a·t r:>:Jm temperature f:Jr 3 hr.. It was 

then p:::mred :Jver crushed ice_, acidified with 20'/o acetic acid, 

extracted with chl:>r:Jf:Jrm_, dried (Na2so4 ) and s~lvent evap:J­

rated t:> give c:Jrresp:Jnding keten-S,N~acetals lOa-~ which we:::-e 

further purified by passing thr:Jugh silica gel c:Jlumn using 

benzene/hexane (2:1) eluent. 

3-Methyl~hi:J-3~pyrr:Jlidin:J-1-phenyl-2-pr8pen-1-~ne lOa was 

:Jbtained pale yell:Jw crystalline s:Jlid (benzene:hexane); 

mp 80°; yield 85%; i.r. y max (I<Br): 3280 ( j}NH), 1570, 1600 

(YCO); n.m.r .. (Ccl4 ): ~2.00 [br S, 4H, -(CH2 ) 2~] 2.46 (s, 

3H, sc~3 ), 3.56 (br s, 4H, -cH2-N=e~2-); 5~50 (s, lH, :Jlefinic); 

7 .10~7. 48 ( m, 3H, ar:Jm ~); 7. 60-7.95 ( m, 2H, ar:Jm; ) ; F:Jund 

C, 67.76; H, 6.35; N, 5.85; c 14H17NOS (247) requires: C, 68.02; 

H¥ 6.88; N, 5.85%. 

3~Methylthi8-3-piperidin:J-1-phenyl~2-pr:Jpen-1-:Jne lOb was 

:Jbtained visc:Jus liquid (TIC single sp8t); yield 83%; i.r. 

1 and n.m.r. spectra same as rep:Jrted. 

:Jbtained semis:Jlid (TLC single sp:>t); yield 87%; ir and 

1 n.m.r. spectra same as rep:>rted. 
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~:Me~hyl~(N-phenylp~perazin:))~1~phcnyl~2~pr:)pen~1-:)ne 
o)) 

lOd was :Jbtained ~semisJlid (TLC single Sp:Jt); yield 90'/o 

. "> ( \ 1~r. ); ,..taX CHC1
3

) ': 3245 (br, l'JH) 1 1600 ( VCO); n.mor .. (cc1
4
): 

~~ .. 43 (.~:;, 3H 1 SCH3 ) 3~l0~3.:86 (m, 8H. . )/ 5.93 (s, p1peraz1ne 

J.H! Jlefinic); 6.68-8.12 (m;· l0H, ar:)rr:·). FJund: c,. -:·1.38; 

H, 6.21: n, 8.57; c 20H22N
2
os (338) requires: c, 71.00; H,. 

6 • 5 l; N, 8. 28%. 

3~Methylthi:)-3-( o<-carb:)ethJxymethyl) amin:J-1-phenyl-2-prJpen-
.c>v 

l~:Jne lOe was Jbtained(yell:Jw visc:Jus liquid (TLC single 

Sp:Jt); yield 75%; i.r. vmax (KBr): 1620 (ar:)ma~ic CO) I 1730 

(ester CO), 3250 (NH); n.m.r. (CC1
4

):61.30 (t, 3H, CH3CH2-); 

2.34 (s, 3H, sc~3 ); 3.82-4.30 (d and q~ 4H, oc~2cH3 and 

NH~~2~); 7.10-7.90 (m, 2H, arJm~); 11.00 (br s, 1H, NH, 

exchangeable with n
2
o; F:Jund: c, 60 •. 55; H, 6.42; N, 5 .50; 

.. 
c

14
H

17
No

3
s (279) requires: c, 60.22; H, 6.09; N, 5.02%. 

PreparatiJn :Jf keten-N,N-acetals 

By direct heating: A s:JlutiJn :Jf keten-s,s~acetal l (2.24g, 

0.01 ffi:)l) and ethylamine (1.40g, 0.025 m:Jl) was heated in a 

sealed tube (1S0-160°C) f:Jr 6 hr. After cJmplete qisappearance 

·Jf keten-s,.s~acetal (TIC), the reacti:Jn mixture was diluted 

with water t:J remJve excess :Jf amine, extracted with ethyl-

~cetate, dried (Na
2
so

4
) and evap:Jrated t:J give crude N,N~acetal 
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3~,. ~Ahich was further pur.i.fiej by c:>lumn chr:>mat":>CJ1-:-aphy ':YJer 

silica gel using benzene/hexane (2:3) as eluGnt, s8lid (lo4g, 

65%), mp 75-77° (rep~:ted 7G-76°), the n.m.r. and i~r • 

.spectra "Jf 32 v-;as ir:. c:-,Jreemer,t Hit h. th2.t :cei:J:>rted c 

(2.24g, 0~01 m"Jl) and an1line (2.40g, 0.025 m"Jl) in gl. 

ACOH (20 ml) was refluxed f"Jr 8 hr. The S":>lvent was rem"Jved 

under reduced pressure, the reacti:>n mixture was diluted with 

water and extracted with ethylacetate. The :>rganic layer was 

dried (Na2so4 ) and c"Jncentrated t"J give crude N~N-acetal 3b, 

which was further purified by c:>lumn chr:>mat"Jgr~PhY :>ver 
--

silica gel using benzene/hexane (3:7) as eluent, yell:>w s:>lid, 

mp 130-32 ° ( 2. 20g, 7rY/o), rep:>rted ( 132~33°), i .r., n .m.r. 

spectra same as rep:>rted. 

The C":>rresp:>nding N,N~m:>rph:>lin:>acetal 3c was a~s:> 

prepared in the similar manner except that ethan:>l was used 

as s:>lvent instead :>f acetic acid, white s:>lid (benzene); 
~. 

mp 138-39° (71%), rep:>rted (138~40°), i.r. and n.m.r. spectra 

same as rep:>rted. 
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CHAPTER III 

SYNTHESIS OF NOVEL HYDROXYIMINOIMINES BY DIRECT 
NITROSATION OF o(-KETO:KETEN-S,N-lCETl\LS AND THEIR 
FURTHER TRANSFORMATIONS:NEW GENERAL SYNTHESES FOR 
IMIDAZOLE, OUINOXALINE AND THIAZOLE DERIVJ\TIVES* 

III.l Introduction 

The chemistry of imidaz~le1 ,quin~xaline2and thiazole
3 

derivatives has been extensively studied in the recent years 

in view of the growing applications of these compounds as 

pharmaceuticals and in industrial processGB.!I'he importance of 

these heterocyclic nuclei in biological processes has also 

been recognized. Besides,substances with fused imidazole and 

quinoxaline' rings such as purines,pteridines and riboflavins 

play a very important role in the biochemistry of living 

cells. Many candidate drugs have been modelled on these 

* A~ Rahman, H. Ila and H. Junjappa, J.c.s. Chern. Comm., 430 
(1984). 



67 

c::>mpounds 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 th2£.'8 

heterocyclic compounds have appeared in the recent years. 

Among the various 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 s~nitroso ( :Jr nitro) 

4-aminopyrimidine derivatives. 4 A variety of xanthine, 

alloxazine and flavin derivatives have been synthesized by 

t~is routeo H:Jwever, a similar synthetic approach based on 

open-chain nitrosoenamines/enamin:Jnes (or hydroxyiminoimines) 

to give imidaz:Jle or quin:Jxaline derivatives ha:/,r. not been 

much investigated~ The scent literature on such transforma~ 

tion is primarily due to lack of appropriate open-chain 

nitroso:enamine/enaminone (or hydroxyiminoimine) precursors. 

In the present chapter, a direct general method for the 

synthesis of novel functionalized nitrosoenaminones (or 

h~·droxyiminoimine) by reaction ::>f easily available o(-keto-

keten=3,H=acctcls ,.rit;h nitrosyl chloride and their further 
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transformations to imidazole, quinoxaline and thiazole deri~ 

vatives hav..ebeen described. Since the synthetic strategies 

of these transforrnati::ms 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~amin~= 

uracil derivatives with electrophilic nitroso (or nitro) 

compounds leading to the synthesis of purine, alloxazine and 

other condensed heterocycles has also been included. 

III.2 4~Amino~5-nitrosouracil derivatives as precursors for 

p~~ines and alloxazines synthesiS! A brief suryey 

4=hminouracil derivatives of general structure 1 are 

shown to be highly reactive towards electrophilic substitu~ 

tion at S~position. Nitrosation of 1 with either sodium 

nitrite in acetic acid or with isoamyl nitrite yields the 

correaoondinN 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=ni+:ros....,urac:il derivi"'lti ves 1. have 

been synthesized (Scheme 1)
1

which proved to be ubiquito~s 

intermediates for the synthesis of purines, alloxazines, 

pt-er:idL1il.S .:md :::>ther fused pyrimidine heterocycles. 
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III.Z.l 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. 718 This 

reaction has later been developed into a novel general syn-

thesis of purine derivatives. Thus two groups of research 

5 6 workers have reported ~ that 4~amino-5-nitrosouracil deriva~ 

tives 2 carrying CH
2 

or cH3 substituents on the 4-amino grcmp 

undergo facile thermal cyclodehydration to 8-substitutod 

xanthine derivatives 3 (Scheme 1). It is interesting to note 

that the methylene gr~up need not be aotivated; thus the 

uracil derivative !a (R 11 =H .• ) undergoes facile intramolecular .. 
condensation to give xanthine 3a, whe~ 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 1 3~dimethyl-4-methylamino 5-nitroso uracil 2a and the 

corresponding 3=unsubstituted 4~benzyl derivative 2b undergo 

facile thermal cyclization to ~~nthines 3a and 3b respectively 

(Scheme 1) 1 the corresponding 3~nsubstituted 4~methylamino-

uracil derivative 2c failed to cyclize to 3c even under 
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drastic conditions (Scheme 2). Further, uracil derivatives 

with 4-dimethylamino~5~nitrosouracils i could not be 

dehydrated to 8,9-disubstituted xanthine derivatives 5 

5 
(Scheme 2). A comparison of the structures 1_ and 4 sho·1:7s 

that 2 can exist in three tautomeric forms (2A, ~ and 2C) 

(Scheme 3) 1 while such kind of tautomerism is not possible f::.>r 

4-disubstituted amino derivative 4. 
5 

According to Goldner, 

existance :>f isanitros:> tautomeric f:>rm 2c is of c:>nsiderable 

importance far cyclodehydration :>f 5-nitroso-4-amin:> uracil 

derivatives (Scheme 3)~ Thus it has been rep:>rted that 

2,6-disubstituted 4-benzylamino-5=nitrasopyrimidine ~ does 

not undergo cyclization inspite of the activatian :>f methylene 

gr:>up (Scheme 3). This failure t:> cyclization is attributed 

to the presence of aramatic system in ~Jwhich prevents the 

formatian of isonitrosa tautomeric form. Goldner has further 

shown that cyclization of 1 becomes very facile if the 

isonitroso form is fixed by alkylation.
9 

Thus when the uracil 

derivative 2a was alkylated with diazomethane at r:>om tempera­

ture, n:> N- or o~alkylated products were isolated and the 

9 
caffiene 9 was is:>lated in excellent yield (Scheme 4). The 

facile transformation :>f ~ to 9 at ro:>m temperature is attri= 

buted to the intermediacy af nitrone 8 'lflhich undergaes 
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spontaneous cyclization to 2~ hccording to Pfleiderer, 6 h~w= 

ever 1 format ion of isonitroso form is not the only _fact or f:c 

the surprising ease with which 1, 3-disubstituted=Ll..,-alkylam.:i..Y\a·~ 

5-nitrosouracils l undergo dehydration to xanthine derivat~ves, 

on the basis of this explanation, 3~unsubstituted uracil 

derivatives 2c and 2d (Scheme 2) should undergo cyclization 

as they are capable of existing in isonitroso tautomeric forms, 

howGver 2c and 2d could not be dehydrated to the corresponding 

3c 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= ..... ~ 

matiJn 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 c::>rrelated the cyclization temperatures of various 

3=N=substituted uracil derivQtives 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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f.lle "'-, ._ 
order c 6H5) CH3> CH2c 6H5/' c 6HS) c 2H5 > CH ::-~e· I cyclohexyl / 

n=C 4H9 ~ The surprisingly high temperature required for the 

dehydration 8£ 3=N=phenyl uracil derivative indicates that 

the phenyl group exists in planar vertical c8nfigurati8n in 

these derivatives. 

Dehydr~genation of nitr8souracils l under mild c8ndi~ 

tions is rep8rted to yield 7~hydr8xyxanthine derivutives 13 

(Scheme 5) J0 
which c8uld be C8nverted t8 xanthines .:.?_ 8n 

treatment with ph8sphorous trichloride and subsequent reductive 

dehalogenation with Raney Nickel. The f8rmati8n 8f 13 apparen~ 

tly involves the dehydr8genated anils 12 as intermediates 

(scheme 5). 

When 1,3-dimethyl=5=nitr8S8=4~sec8ndaryalkylaminouracils 

14 were subjected to cyclodehydration~ novel 8~8-disubstituted 
were formed which 

xanthines 15jundergo facile thermal rearrangements to 7,8= --
disubstituted xanthines 16. Dehydrogenati::m of ll under mild 

conditions is reported to afford BH ·xanthins=7~N-oxidc 18 via 

intermediate anil 17 (Scheme 6). The xanthine~N-oxide 18 

isomerizcs "to fused oxac1ia7ines 19 under thermal c::mdi t ions 

11 
( Se!hemc 6). 
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ThermJgrav~Qctric ostimatiJn Jf cycl~dohydratiJn tcmpcr~­
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Recently Y~neda has rep~rted di~ect synthesis ~f the~~ 

phylline 3b by treatment ~f 1b \..rith N=nitr~s~dimethylamine 

and ph~sph~r~us ~xychl~ride (Scheme 7). 12 The react~~n app2rP.G~ 

tly inv~lves ring nitr~sati~n f~ll~wed by cyclizati~n. 

Nitrati~n ~f 4-benzylamin~uracil .1:.£ with p~tassium nitrate iRr.tcl 

acetic acid;'r.:r2so4 $imilarly af:f;~rds 7-hydr~xyxanthine 13b 

(Scheme ·7). 
13 

Electr~philic nitr~sat i:.:m and oyclizat i~n :Jf 4~amin~-

uracil deriv,~.tives 1 has als~ been achieved vlith nitr:Js~benzene 

in the presence :Jf acetic anhydride which aff~rds 7-arylxan~ 

thines }i in excellent yields (Scheme 8).
14 

The reacti~n 

pr:Jceeds through the intermediacy ~f S=hydr:Jxylamino deriva~ 

tive which suffers dehydration in the presence of ucetic 

anhydride t:J give the diimine 15. Prototropic rearrangement 

of 12. gives mon:J•i!mine 16 1 which is ideally disposed f~r 

intram::>lecular cyclizat i~n t :::> 12· subsequent dehydro~W;;:~ ~ 

1:1 by excess of nitr:Jsobenzene would then aff:::>rd the 

7~aryltheophylline l! (Scheme 8). 

Tayl:Jr has reported the synthesis of B~phenylthe:::>phy~ 

lline derivatives 21 by treatment of 4~amino=5~nitrosouracil 

derivatives vJj.th bEnzaldehyde in refluxing dimethylformamide 
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15 (Scheme 9). The reacti:m has been sh::>wn t::> inv::>lvc 7=hydr::>= 

xyxanthines _22 "lS intermedi=Jtes which underg::> an unusual 

Lcukart type reducti::>n by dimethylf::>rmamide t::> give 21. T:.e 

intermediate c::>mplex 19 can underg::> an intram::>lecular ::>xidati::>n 

reducti::>n sequence either by transfer ::>f a hydride i::>n t::> 

8-p::>siti::>n ::>f purine ring (path a) ::>r by direct c::>llapse t::> 

21, co2 and dimethylamine (path b) via a cyclic transiti::>n 

state inv::>l ving 6-<;::arb::myl gr::>up (Scheme 9). The c:Jrresp:::md-

ing 4=N~alkylderivatives 2 (Scheme 10) h::>wever did n::>t yield_ 

the 8~aryl~9-substituted the::>phylline derivatives ~ ::>n 

treatment with benzaldehyde under similar c::>nditi::>ns. H::>wever 

when 2 were react.ed with vari::>us substituted hydraz::>nes ::>f 

aldehydesJ c::>rresp::>nding xanthines 26 were f::>rmed in g::>::>d yields 

(Scheme 10).
16 

This new purine synthesis is rati::>nalized by 

assuming interm::>lecular nucle::>philic attack ::>f elcctr::>n rich 

~carb::>n ::>f hydraz::>ne 23 ::>n nitr::>s:J gr::>up ::>f l t::> f::>rm hydr::>= 

xylamine intermediate 24 1 f::>ll::>wed by intram::>lecular cycliza~ 

ti::>n by additi::>n ::>f ::>rth::> amin::> substituents t::> imine carb::>n 
...--= 

::>f the intermediate. Eliminati::>n ::>f hydrazine and de::>xygena~ 

ti::>n ::>f purine 7~::>xide by hydrazine c::>uld yield the purine 

26 (Scheme 10). 
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In an interesting variati:m :>f ab:>ve reacti:>n,. Y::meda 

and c:>w:>rkers have rep:lrted the synthesis :>f 8-disubstitutc:d-

amin:> purines ~ by reacti:>n :lf 4-amin:::l-5-nitr~s:>uracil 

derivatives 2 with Vilsmeier's reagent (Scheme 11). 17 Thus 

when 2 was treated with ph::>sph::>r::>us ::>xychl::>ride in dimethyl-

f:>rmamide at l50°C the c:>rresp:>nding 8-dimethylamin:>the:>phy~ 

lline 30 (R"=R 11 =Me) w3.S :lbtained in excellent yic:lc1.. The 

pr:>p:lsed mechanisms f:lr the f:>rmati::>n :>f 30 thr:>ugh initial 
"":"-' 

nucle:lphilic attack :>f hydr:>xyimin:l f:>rm 2B :ln Vilsmeierlh 

reagent and subsequent intrarn:llecular cyclizati:ln t:l 29 by 

eliminati:ln :>f dichl:lr:>ph:lsph:lric acid is sh:Jvm in the Scheme 

11.
18 

De:lxygenati:ln ::>£ purine 7~N-:lxide 29 pr:Jbably by 

dimethylf:>rmamide leads t:> the purine 30. 

The reacti:::m :lf excess :Jf dimethylf:lrmamide diethyl-

acetal with 4=amin:J~5=nitr:>s~erivatives has als:l been rep:Jrted 

t:J aff:Jrd the c:lrresp:lnding 8=dimethylamin:lpurine derivatives 

30 in g:J:ld yields (Scheme ll)o 19 

III ... 2,2 synthesis :lf all:Jxazine and flavin derivatives 

G:lldner has rep:Jrted a new general synthesis :Jf 

all:lxazine derivatives 34 (Scheme 12) by nitr:Jsati:Jn :lf 

4~·anilin:J 1, 3~dialkyluracils and subsequent thermal cycl:>~ 

Oebydrat i:>n :lf 4=u.nilin:l=5=ni tr:lS:JUracil derivCJ.t iVGS ~ 



0 
0 

!I 
M

e 
Jl

. 
.l'-

.l 
'-..

..N
 .~

 
...._ 

_.,.,.
 

., 
p 

o·;
:l._

 N
 )'

-!
, ~~

 H
 

. 
I 

l 
' 

~
A
e
 

n
' 

1''
1 

-
(\

 

2 

Rn
 \ 

'"
'!

 
l(

) 
1\!

 -
-

t..
-~-

. 
' 
. 

I R
 !!!I

 
--

--
--
-·
--
~­

--
-P

O
C

!3
 

Rll
 

0 
O

H
 

®
I 

0 
O

H 
ht

le
 

1 
1 

1 
N

 
M

 
~
 I®

 
H

 
R"

 
-'
-N
?'
'y
/N
~~
 
Q

 "-
R

m
 

e
,N

 
N
~
~
 

,..
 

I 
I 

CH
1 

C
l 

>
 

I 
f 

C
 

N
,R

'"
 

O~
N 

A
':-

N
 

+
 

'o
-~
 

o
?

-.
N

 
"1

i 
\ 

~...C
l 

I 
l 

11
\r

l 
t 

I 
O--

-~'
'·C

'l'
 

R
t 

0 
...... 

1\
J 

R'
 

I 
'-'

 
M

e 
,v,

e 
0 

2
8

 
lJ

 

co
 

-..
J 



88 

1l 
0 
N 
:r: 

' 

c: 
Q) 
t)) 

0 -ro __,. ...c 
>-l- !!'· 

ro :;. ... .. X 

~I 
0 ....... ..::.<. >-- ........ 

~ ro 
ro .. ~I ... -:>. 

I .. ~ u 
li -m (j) 

- .. 
0:: I 
l- II 
0 

......... 
Cc \.J 

c 
ro ~ 

o. 

0:: 0:: 



89 

, (Scheme 12). 20 Tayl:>r has synthesized all:>xazinc 34 by 

reducti:>n :>f 4-anilin:>-5-nitr:>s:>uracil dorivQtivc 35 wit~ 

triethylph:>sphite and by electr:>philic nitr:>sQti:>n :>f 

4-amin:>uracil 1 with nitr:>s:>benzene in the presence :>f ace·c i_(! 

anhydride (Scheme 13). 21 The f:>rmer reacti:>n appears t:> 

inv:>lve nitrene intermediate, while in the lattc:r reacti:>~l, 

the hydr:>xyimin:> intermediate 36 after cycl:>dehydrati:>n, 

underg:>es dehydr~genati:>n with excess :>f nitr:>s:>benzene t:> 

give the all:>xazine 34 (Scheme 13). 21 

All:>xazine 34 has als:> been :>btained by direct nitr:>sa= 

ti:>n and cyclizati:>n :>f 4-anilin:>uracil 1 (Scheme 14) with 

N=nitr:>s:>dimethylamine in the presence :>f ph:>sph:>r:>us :>xy~ 

chl:>ride.
22 

This reacti:>n has ·been further utilized f:>r the 

synthesis· :>f flavin derivatives 38 by tre.::1tment :>f 4-(N~alkyl~ 

N=anilin:>) uracils 37 :>r by treatment :>f c:>rresp:>nding 

5~nitr:>derivatives 39 with Vilsmeiephreagent (Scheme 14). 23 

The c:>nversi:>n :>£ 39 t:> 38 pr:>bably inv:>lves the initial 

f:>rmati:>n :>£ flav~n-S~:>xide 40 by dehydrative cyclizati:>n :>f 

39 f:>ll:>wed by subsequent l:>ss :>f :>xygen by dimcthylf:>rmamide 

(Scheme 14). 24 ' 25 
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III. 3 synthesis :Jf n:Jvel functi :malizcd hydr::>xyimin:>imines 

by direct nitr:>sati:m :Jf a<..~ket:>kcten S,N=acetals and 

their further transf:Jrmati:>ns: New general r:Jutes t:> 

imidaz:>le, quin:>xaline and thiaz:>le derivatives 

Fr:>m the above discussi:Jn it is app~rent that 4-amin:>= 

s~nitr:>s:J/nitr:>uracil derivatives 2 are useful intermediates 

f:>r the synthesis :Jf purine,. all:>x:tzir,e and flavin derivatives. 

Our literature survey :1t this stage revealed that a similar 

synthe~i~ appr:>ach based :>n :>PBn-chain nitrosOBnamines/enami~ 
~ 

n:>nes (or hydr:>xyimin:>imines) t:> give im~daz:>le :>r quin:>xaline 

derivativ€s has n:>t been investigated. The :>nly related 

reference rep:>rted in the liter3ture inv:>l ves the synthesis 

:>f 4~acetyl-2~aryl~5~methylimidaz:>les ~ by annelati:>n :>f 

3-hydr:>xyimin:>=2,4-di:>ne 41_with benzylamines (Scheme 15). 26 ~ 27 

The scant literature :>n such transf:>rmati:>ns is primarly due 

t:> the lack :Jf appr:Jpriate :Jpen-chain nitr:>s:Jenamine/enamin:Jne 
.. 

(:>r hydr:>xyimin:>imines) precurs:Jrs~ Despite, the rep:Jrt :Jf 

the preparati:>n :Jf few 1,2-hydr:Jxyimin:>imine derivatives by 

c:Jndensati:>n :Jf 9\~hydr:Jxyimin:J::,ket:Jnes Hith appr:>priatc:: 

amines, 27 an alternate general appr:Jach f:Jr these precurs:Jrs. 

by electr:Jphilic nitr~sati:Jn :Jf :>pen~chain :Jr cyclic 
28 29 

enamines :Jr enamin~h€s has h~t been repJrted. ' There is 

' . ' 
.• 
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30 :::>nly :me rep:::>rt ":"Jf the preparati:::>n "Jf methyl ((-)-benzylim:._n~)= 

d,=jximin"Jpr<Jp:)!l) ket :::>ne 44 by nitr:::>sat i"Jn ::rf the c "Jrresp<Jndc~ 

ing imine ~ ( "Jr enamin:.me) with s:::>dium nitrite and acetic 

acid (Scheme 15) o In the previ"Jus chapters we have sh"Jwn -::i>.<:·.·: 

polarized ket"Jketen-s,N- and N,N-acetals represent u. n::)Vel 

class "Jf functi"Jnalized ena.min"JAe~which react with a variety 

:>f electr"Jphilic c"Jmp"Junds t"J yield n<Jvel mercapt"J and amin:>-

heter"Jcyclic C"Jmp:::>unds. In the present .chapter we have carried 

:>ut nitrosati:::>n :>f these c:>mp<Junds with nitr:>syl chl:>rides 

which aff:>rds a facile general r"Jute t'J n<Jvel plass "Jf functi= 

'Jhalized hydr"Jxyimin"Jimines. Further cycl"Jdehydrati"Jns "Jf 

these hydr"Jxyimin:::>imine derivatives aff"Jrd n:::>vel imidaz"Jlet 

quin"Jxaline and thiaz:::>le deriv3.tives. Thus n::)Vel general 

r"Jutes t:::> these heter:::>cyclic rings systems have been devel:::>ped 
.. 

and the results are described in this chapter. 

III.3 .. 1 synthe~is :::>f-n"Jvel functi:::>nalized hldr:::>xzJmin?imines 

and their structural studiese 

III.3.1~1 Results and dis~ussi:::>n 

lill the keten=S 1 N= and N1 N=acetals required f"Jr the 

present investigati:::>n were prepared by :me :::>£ the meth:::>ds 

described in the chapter IIQ when a s"Jluti"Jn :::>f ket:Jketcn-S,N= 
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stirred at r:::>:Jm temperature "~N'ith equim:::>lJX quantities ::>f 

is:::>amylnitrite in alc:::>h:Jl, the starting material 1::-JCJ.S rec::;vcred 

unchanged. The kcten~s,N-acetal 45a similarly rEmained 

unreacted even :>n pr:>l:::>nged refluxing in ethan::>l in the 

presence -::>f is-::>amylnitrite. Alternatively., when the nitr:::>~ 

sati::>n -=>f ~ was attempted with s:::>dium nitrite in acetic 

acid at r:J::>m temperature, analysis :::>f the reacti:::>n mixture 

after w:>rk-up revealed/ that a mixture :Jf several pr:::>ducts was 

f::>rmed, alth::>ugh the starting material had c:::>mplctely 

disappeared. on the :Jtherhand 1 when a s:::>luti:::>n :::>f 45a (0.01 

m::>l) in ether was stirred with nitr::>syl chl:Jride (0.012 m:::>l 

in ether) in the presence :Jf pyridine at 0=5 ° ,a c:Jl::;rless 

am:Jrphous c:Jmp::>und was ::>btained in 80'/o yield after \v:::>rk~up 

\vhich was characterized as phenyl (=<. ~:Jximin:J- r.) ~benzylimin::>= 

~=methylthi::>) ket:Jne 46a ::>n the basis :Jf spectral and 

analytical data (Scheme 16). Thus 46a analysed f:Jr 

c 17H16N 2o2s and its mass spectrum sh::>wed weak m:Jlecular i:Jn 

peak at m/e 312 (M+). Its infrared spectrum (KBr) exhibited 

str:Jng bands at 3480 (Br, OH) 1592 and 1642 (C=N and co) ~1 
em 

Further structural pr:::>:Jf f:::>r 46a was :Jbtained fr:Jm its 

1 
H=n.m.r. spectrum (CDCljDMSO=d6 ) which sh:Jwed tw::> singlets 

(t:Jtal 3H, 2:1 rati::>) at .)2.32 and 2.42 f::>r SHe gr::>up in 
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different environment~ and another tw::> singlets (total 2H, 

1:2 rati::>, c 6H5c!:!
2

) at $4.38 and 4.55. The aromatic pr::>t::>ns 

appeareo as multiplets at.S6.85~7.55 (m,. 8H 1 Ar) and S7 .. 62-

8.11 (m, 2H, Ar). Its ultraviolet spectrum showed absorpt-:.:..'1 

maxima at "Amax (MeOH): 242 (log t: ,. 4. 2.:::,) nrn \]\Max (MeOH) far 

45a 245, 342 (logE., 2.35, 4 .. 5Bfl''l'l'm""The hydroxy;iminoimine 

structure (~and c) (Scheme 16) for 46a:was assigned on the 

basis of its ultraviolet spectrum and the n.m.r. signal for 

the benzylic pr:Jtons1 which appears as a singlet, 31 1.vhile in 

thG corresp::>nding S,N~acetal 45a the signal due to benzylic 

protons appeared as doublet ( S 4. 45, J==6Hz) owing to coupling 

vvi th the NH prot on. However the appearance of briO signals 

for the MeS and benzylic protons in tl:e n.m.r. spectrum of 46a 

is probably due to the existance of two geometrical isomers 

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)e 

i'\.11 of tl-tese hydroxyjminoiminc.:::; 40b~j_ were characterized 
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TABLE 2 

Synthesis :lf N-:=~.ll<:.ylhydr::>xyimin:liminc c1 Gr iva t i vs s ( 4-i_~- ci ) 

OH 
OH 

~! :):~ R/ r R 
..... !Yi .~ 

R, S ~ _,.,r¥' CH2R" 
~-

rr~-t . f-.........N SR" 

46 

[ Pr:)dUct O 0 s .. I Starting 
R 

I R' Ru 
N:l I c :lf!:!J?:lunc1 I l ~ I 

1 t15 CJ. -16a C6H5 He C6H5 

2 45b 46b Me NG C6H5 

3 45c 46c C6HS C6H5CH 2 C6H5 

4 45d 46d C6HS He H 

5 45e ,16e ]2-Mc.C 6H4 Me H 

6 <l:Sf 46f _E-ClC 6H4 
Me H 

7 45g 46c;r C6HS He MG 

r 45h 46h poMcC 6H4 
Me Me u 

9 L15i 46i p-ClC6HL1 Me Me 

10 .1?.i 46j C6H5 c 6H
5
cH

2 
Me 
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with the help ~f spectral and analytical data (Table 8 and 

12). The u.v. and n.m,.r~ spectra ~f 46b~j indicated that 

they e~ist in hydr~xyimin~imine taut~meric f~rms (~ and 

,i§£), 

When the ~et~keten=S£N-acetal 47a derived fr~m 

aniline was subjetpted t:J nitr:Jsat:ion under ,identical c::mdi~ 

ti~ns; q:lrr.esp:mding hydroxyimine 48L.\.was J..Qt,aineCl in 80% --- ~ '' 

yield (Scheme 18, Table 3) 1 which was cha~acterized with the 

help of spectral and analytical data (Table 8 and 12)~ The 

ultra~vi~let spectrum of 48a l Nnax (MeOH): 244]nm supported 

the hydroxyimin~imine tautomeric structure. ThG other 

N-arylimin~hydroxyiminoimines 48b~s were similarly obtained 

in 75=81% overall yields under identical conditions (Table 3). 

The spectral and an::~.lytical dat,':l. of 48a~~ are given in Table 

8 and 12. The ultraviolet spectrum of 48a-~ indicates 

hydroxyimino tautomeric structures. 

Attempted nitros~tion of nitroketen=S,N=acetal ~9 

was not successful {Scheme 19) and the starting material was 
~~ 

re~overed unchanged·' even/.. the nitros3.t ion was carried out at 

higher temper3ture in refluxing chlorof:Jrm, When the 
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TABLE 3 

Synthesis of N-aryl hydroxyiminoimine derivatives { 4-2,0.. -~). 

s. l'starting I P od t I 
No § compound 0 · r uc I 

1. 47a 48a 

.. 
2. 47b 48b 

3. 47c 48c 

4. 47d 48d 

5. 47e 48e 

6.. 47f 48£ 

8. 47h 48h -

48 

R 

OH 

R~~l 
N~SR' 
I 
Ar 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

~1e 
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Table 3 (c~nta.) --- .... ~-
9. 47i 481 _f!-M~6H4 Me p-ClC 6H

4 -
10 .. 47j 4.8j p=-MeOC 6H4 Me p-ClC 6H, 

- '.t 

11. 47k 48k £=ClC 6H4 Me J:M6C6H4 

12. 471 481 £='ClC 6H4 
Me _E-MeCXSI4 

... 
13,~ 47m . 48m C6HS Et C6HS 

14. 47n 4Bn 
·.· 

C6H5 CH2c 6H5 C6HS 

15. 47o 48o P'""N ec 6H 4 CH
2
C

6
H

5 C6H5 -
16. 47p 48p ;e-EtOC 6H4 CH2C6H5 C6HS 

17. 47q 48q _E=ClC 6H4. CH2C6H5 C6H5 

18. 47r 48r C6HS CH
2
c 6H5 .R""MeC 6H4 

19. 47s 48s C6H5 CH2C6H5 ,2--.:: lC 6H 1l 
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corrcsp~nding S,N~m~rph8lin~acetal 51 was subjected t8 

nitr~s~ti8n under identic3l c~nditi~ns, the pr~0uct is8lated 

in 6CY/o yield was characterised as o<, -~ximin8m::>rph::>linide .?.1. 

::>n the basis ..,£ spectr.3.1 and analytical data. Apparently, 

the intermediate hydr~xyimine 52 underg::>es facile hydr8lysis 

during w::>rk~up t::> give 53 (Scheme 19). 

Nitr8sati8n 8f the C8rresp8nding ket::>keten-N,N-acetals 

(54, 56 and 58) was next investigated. The c8rresp8nding 

N,N-ethylacetal 54
1
h8wever, failed t8 yield the c8rresp8nd­

ing hydr8xyimin8imine 55 even under drastic c8nditi..,ns and 

the starting material was rec'.)vered unchanged (Scheme 20). 

Interestingly, the c8rresp::mding N,N-phenylacetal underwent 

facile nitr8sati8n t8 give the hydr8xyiroin8imine 57 in g88d 

yield (Scheme 20). The spectral and analytical data 8f 57 

was in c8nf8rmity with the assigned structure. H8wcver, it 

is n8t p8ssible t8 give any rati::>nal explanati8n at this 

stage f8r the ..,bserved different behavi8ur 8f ~~~-acetals 

54 and 56. Nitr8sati8n 8f the c8rresp~nding N,N~m8rph8lin8-

acetal 58 under rep8rted c~nditi8ns yielded c>\-8ximin8~ 

m~rph8linide 2} (Scheme 20) which was als8 8btained fr..,m 

nitr~sati~n 8f S,N=acetal 51 (Scheme 19). Apparently, the 
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nitr:>s:>enamin::mes ~ and 59 der..i.ved fr:>m sec:>ndary amines 

underg:> f~cile hydr:>lysis during w:>rk~up t:> give hydr:>lysed 

:>ximin:>ket::me 53. These :>bservati:>ns are in c:>nf:>rmity with 

the earlier report :>f facile hydr:>lysis :>f 4~dimethylamin:>-

5-nitros:>uracil derivatives 4 (Scheme 2) t:> 1.,3-dimethyl-5-

nitros:>barb~turic acidQ 5 

III~3o1.2 Structural studies 

Despite the wide applicati:>ns :>f 4~amin:>-5~nitros~ 

pyrimidine derivatives f:>r purine and all:>xazine synthesis, 

there is still n:> real kn:>wledge :>n the predominating 
.. 31 

taut:>meric states :>f these derivativeso It is still uncer~ 

tain ilvhether they exist in nitr:>so :>r oximino or both taut:>~ 

. f 32 mer J.c :>r1.1s., Nitr:>s:>pyrimidines are col:>ured c:>mp:>unds. 

Explanati:>n :>f the vari:>us colors al:>ng rhe lin~s ?f 

11 Strained Structure" ass:>ciatod with isonitr:>s:>.,ket:>nitros:>~ 

hydr:>xy taut:>merism in the m::Jl ecu::.es are described in the 

several papers, but the :>verall picture is still n:>t clear. 31 

The n .. m.rG spectral studies :>n the only rep:Jrted acyclic 

nitr:>soenamine 44 support the hydroxyimino structurc:s 44.\ 

and 14B :>n the basis ~f splitting pattern :>f benzylic 

t . l 31 pr:> ons s1.gna ., 
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prep~red in the present investiqati0n by nitr0suti~n 0£ 

c<~ket8keten S,N~acet~ls with nitr8syl chl8ridc are all 

c8l8rless c8mp8un8s with u.v. abs8rpti8n maximu in the 

range 8f Amax (MeOH): 242 nm~ 269 nm: which supp8rts the 

hydrJ·yimin8 structures B & £ (Scheme 16 and 17 )..J since 

m8st 8f the nitr8S8 m8n8meric c8mp8unds sh0w wea};: o.l:.s 8rpti8n 

between ~max 630 • 790 nm~ 33 The splitting pattern 0£ 

N~alkyl pr8t8ns (see discussi0n in secti8n IIIo3.1.1) in 

the n.m.r. spectrum 0f N~alkylimin8hydr8xyimines 16a~j 

(Table 8) als0 supp0rts the hydr8xyimin~imine taut8meri~ 

structures f8r these intermediates. The ultravi0let 

spectra 8£ arylimin8hydr8xyimin8imines 48a=~ als8 incicate 

the presence 8£ hydr8xyimin8imine taut8meric f8rms. 

H8wever it is n8t p8ssible t8 draw definite c8nclusi8n 

ab8Ut pred8minant t~ut8meric f8rms in these deriv~tives and 

further W8rk is in pr8gress in this directi8n~ 

A n8vel class 8£ functi8nalized nitr8s8enamin8nes 

8r hydr8xyimin8imines have been synthesized by direct 

nitr8sati8n 8£ p8larized ket8keten-S,N=acetals with nitr8syl 

2hl8ride. The spectral studies 811 these c8mp8unds indic3te 

that they exist in pred8minent hydr8xyimin8imine tu.ut8mer ic 
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f :>rms •. Their further synthetic trans£ ::>rmat i:>ns t ::> imidaz::>le, 

quin::>xaline and thiaz::>le nerivatives are described bel::>w. 

III.,3,2 ~vel general r::>ute t::> 2-aryl/al_tyl/e~h?xycarb::>nyl/ 

uns~bstituted~4-ar::>yl/acyl-5-al~¥1\hi::>imldaz::>les by 

thermal cycl::>dehydrat.i::>n :1~ aryl/alkyl ( o<. -:>ximin::>~ 

~?-aryl/alkylimin:>- B -alkylthi:>)ket:>nes 

III.3·.2·tl Results and discussi::>n 

Nith a variety ::>f functi::>nalized hydr:>xyimin::>imines 

46a~j and 48a~~ in hand, we next intended t::> study the thermal 

cycl::>dehydrat i::>n :>f these intermed i3.tes with a view t::> devel::>I= 

n:>vel general r:>utesf:>r imidaz::>lc and quin:>xaline derivatives. 

Interestingly, when the hydr:>xyimin::>imine 46a was heated at its 

melting p::>int f::>r 0.5 hr;the rec:>vered c:>mp:>und Has n:>t the 

starting material t16a, :>n the ::>therhand a light yell::>\v c::>mp:>und, 

m.pe 215°C, was :>btained in 80'/o yield. The sarre C:.:!mp.::>und v.ras 

als:> 8btained in 78% yield, when the hydr8xyimin8imin·Ei· L16a w:3.s 

refluxed f8r 3 hr in :::tcet8nitrile. The prx1uct vJas character~ 

b::~sis 'Jf spectr::ll ano analytical d3.ta (Scheme 21). It sh8wcd 

m8leculi1r i:>n peak at m/z 294 ( 1000/o, M+) in its mass spectrum 
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exhibited abs~rpti~n peaks at 3240 (NH) and 1600 (c:~njuga= 

~1 
ted CO) em .• Further structural pr::>::>f f::>r 60a was ::>btaine,-

fr:~m its n~m..,r .. spectrum (CDC1
3

/DMSO=d6 ), which sh::>w<=d dis~ 

appearance ~f signal due to benzylic pr:>t ::>ns present in the 

n.m.r. spectrum :>f hydr:>xyimin::>imine ~· A singlet at S2.=3 

(3H) was assigned t:> MeS pr:~tons, while the aromatic pr:>t::>ns 

appeared as thr.ee multiplets at ~7,45 (6H)r. 7.,88 (2H) and 

8el5 (2H) respectively. A l:>w f'ield br~ac1 s;i.gnu.l at &'12.85 

(exchangeable with n
2
o, 1H) was assigned t:'} imidaz:~le NH 

pr:~t:~n. The tautameric structure 61 was ruled ::>ut :~n the 

basis 8f Uev. spectrum :>f 60a, which sh8wed abs::>rpti::>n maxima 

61 

at )\max (HeOH): 270J J30 ( 18gt_ , 4.54, 4. 23) nm p:~inting 
.. 

t:-. a ~ -amin::>en ::>ne m::>iety; "f'-max (IvleOH) f::>r 45a: 2-15, 342 
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(l:Jgf, 2.35, 4o58) nm. The c:Jrresp::mding o<_~acetylb.ydr:Jxy= 

imin"Jirnine ~and s~benzylhydr"Jxyimin"Jimine -16c (Tu.ble 2).: 

similarly underwent f;'lcile cycl"Jdehydrati:Jn in r8fluxi!:1g 

acet::mitrile t'J give the c:Jrresp:Jndir-:.g 2~ary].~r1=acctyl=5~ 

methylthi:>imidaz:>le _§.2£ and 5-benzyl :hi~~imicaz-::1].e 60c ( Sche,,te 

21) (Table 4) in 58% and 82% yields, respectively. The 

c"Jrresp"Jnding N-methylimin-::1hydr"Jxyimine 46d, "Jn the "Jtherhand 
~ 

remained unchanged when refluxed f"Jr pr:>l-::1nged time in 

acet"Jnitrile (12 hr). H-::1wever when 46d was subjected t-::1 

cycl:>dehydrati:Jn at higher temperature (200°C in sealed tube/ 

CH3CN~1 the c:>rresp:mding 2-unsubstitut;ed .... 4-benz:>yl-5-methyl~ 

thi:Jimidaz"Jle (60d) was ::1btained in 55% yield. Apparently 

the methylene gr:>up in 46d is n-::1t activated and the cycl'J-

dehydrati:Jn t"J imidaz:Jle 60d requires m:Jre drastic c"Jncliti:Jns 

than 16a in which the methylene gr:Jup is activated by an 

aryl gr:Jup. The "Jther substituted N~methylimin:J r16e-f and 

N-ethylimin-::1 ~=.l hydr:Jxyimin:Jimines similarly undc:n-.Jent 

cycl:Jdehydra.ti-::1n at higher temper=tture ( 200 6 in seale<:l tube) 

t:J give the c:Jrresp-::1nding 2=unsubstitutcd (22£=f) and 

2-methyl ( 60g-j) imidaz-::1les in 5 2=60"/o :Jvcrall yielus (Mc:th:Jd A) 

(Table 4). The spectral and analytical dat,::t (Table 9 ancl \)) 
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TABLE 4 

2-Aryl/methyl/unsubstituted-4-aroyl/acyl-51-alkylthioimida= 
. ZDlGs prepared* 

R 
:R~' . 

60 

:s:-r starting I I R I ·R' I Ru No I comp::mnd ~ Product I ~ I 

1. 46a 60a C6HS Me C6H5 

2 •· ·16b 60b Me Me C6H5 

3. 46c 60c C6H5 c 6H
5

CH
2 C6H5 

4. ·46d 60d C6H5 Me I-I 

s. 46e 60e p~NeC 6H4 He H 

6. 46£ 60f p-ClC 6H4 Me H 

7. 46g 60g C6HS Me Me 

s. ·,16h 60h _E-MeC 6H,1 Me Me -
9. 46i 60i _E-ClC 0H4 Me MG 

10. 4U 60j C6H5 c 6H5CH
2 

Me 

* By mcth:JC) A 
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of all imidazoles ~~j were in conformity with the assigned 

structures. 

Interestingly, the 2-phenylimicJazole 60a could als~ 

be pr0pared directly in one step in 75% yield (m,p., i.r. 

and n.m.r. spectra in agreement with 60a obtained by Method 

A), 'VJhcn a mixture of S,N-acetal 45a (O.Ol mol) and nitrosyl 

chloride (0,012 m~l in 5 ml of dry ether) was refluxed in 

pyridine for 2.5 hr (Method B) (Scheme 22)m The reaction w~s 

founcl to be general and other substituted 2-aryl imidazoles 

(~-~) (§22~) 5-ethylthio-(~) imidazoles were obtained 

in 70-82% overall yields (Table 5). Method B thus provicles 

a direct entry t~ 2-arylimidazoles without the need for the 

isolati:::>n of corresponding hydr oxyiminoimine intermedic:ttes 

46. However this direct method was not successful for the 

preparation of 2=unsubstituted (~~f) and 2-methyl (§29=1) 

imidazoles and .:J.ttempted reacti:m of S,N~methyl ~ und 

S,N-cthy~ ~~ acetals with nitrosyl chloride under similar 

conditions {Method B) yielded only intractable reaction 

mixture from which the corresponding imidazoles §g£ and 60g 

could not be isolated. 

When the S,N-acetal ~ derived from ethylglycin3te 

( prepar."Jt ion given in the Che1pt er I I) was re!'l.ct ed vJ'i th 
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TABLE 5 

2=Aryl/ethoxyearb~nyl-4-ar~yl-5-alkylthi~imidaz8les preparec 
(Hethod B)* (Scheme 22) 

R~}R" 
R'S~ 

H 
60 

s:Tstart ing o P ~ o r-· 
R 

§ 
R' R•• r::> uc 

I ~ N~ I c ~mp~und ~ I - ... -..... - -----
1. 45a 60a C6H5 Me C6H5 

2. 45k 60k p-MeC6H4 He C6H5 

3. 451 601 £~}1eCC 6H4 Me C6H5 

4. 45m 60m .J2'-"'ClC6H4 Me C6H5 

5. 45n 60n C6H5 Et C6H5 

6. 45~ 60o C6HS He J2~ileOC 6H4 
7. 45:Q 60p p-ClC 6H4 Me p~~'1eCC 6H4 
8. 45_q 60q C6H5 Me .:e=c1c 6H4 

9. 45r 60r C6H5 Me co
2
Et --

* .. 
By direct treatment ~f nitrosyl chloride with s,N~acetals~ 
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nitr8syl chl8ride in ref luxing pyridine (Meth8d B) the 
~ 

e-
C8rresp8nding 2~car*th8xyimidazole ?O..f. was obtained in 55% 

yield. The structures 8f all imidazoles ~-E prepared by 

methoo B were confirmed by their spectral and analytical 

data which a~e given in the Table 9 and 13, respectively. 

III.3.2e2 Mechani$m 8f imidaZ8le f8rmati8n 

The mechanism 8f imidaZ8le f ~rm~t ipn fr8m the 

hydroxyimin8imines 46 is sh8wn in the Scheme 24A, The hydr8~ 
- -· 1::: 

xyimin8imine 46C in its s~cis c8nfigurati8n is favourably 

disposed f8r a thermal 1,5~pr8t8n shift t8 give substituted 

enamin8imine intermediate 62a. Intram8lecular nuole~phi1ic 

attack 8f hydr8xyimino gr8up at imine carb8n and subsequent 

elimination 8f water in the intermediate 62b aff8rds the 

imidazole 60. The imine carbon in the intermediate 62a is 

very susceptible t8 nucle8philic attack due t8 del8calizati8n 

8f electr8ns over carb8nyl gr8up as sh8wn. N8 attempts were 

made to is8late any of these intermediates. Interestingly 

when the hydr8xyiminoimine 46a was reacted with methyl i8dide 

in refluxing acet8ne the c8rresponding l-N~methyl~2~aryl~4= 
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(Scheme 24B) and Done of the c::Jrresponding o~methyl o:c 

N~methylhydroxyiminoimines 54a or 64-a' were isolated.. '"1\1:J 

structure of 63a was confirmed with the help of spectral an~ 

64 

oe 
0 • 
t! ,. (f) 

_...,, . ...-N 
Ar/ ~/'~.., '-..,_ • , ,.,. Me 

Mes~/".. 
R 

§.4~.; a! 

£ .. b' 
Ar ::: R=C~HS 
Ar == J2=C c 6 H4 ; R=H 

£.r _£., Ar = c6H5 i R=Me 

analytical data (experimental)~ H<Jwever when the c::Jrresp::md~ 

ing N=methylhydroxyiminoimine 46} was reacted with methyl 

iodide under identical c~nditions, the c<Jrresp<Jnding l=N~ 

methyl=2=ur;substitt.:.ted imidazole 63b was not formed (Scheme 

24B), the pr::>duct is::>lated after work=up was found to be a 

mixture of N= 2.nd O=alkylated hyc'l•::"Jxyiminoimines 64b and 64b' 
S~c..l-Vc.l. GVYlcf (\Nu:..~e.cJ.. -

from(datac Similc.r ly the c"Jrrc;sponding N~ethylhydr ::»cyimino-

imine ~ yi8l6Gd c. 1nixtu.re of N= and O=a lkylated hydroxyimi 

noimin i.nes 64c and 64c ~ 'I'hese results indicate that fixing 

of isonitr"JS::J structures by alkylati::Jn (~' =.:;::') d::Jes not 

::acilitate the cycl.izati:m to the c:~rresp::mding imidazoles as 

::>bserved in the alkyla-: ive cyclizati:~n of 4=N=methylamino=5= 

nitr"Jso~uracils 2a (Scheme 4) to the corresp::mding N=methyl 
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purines 9 in the presence af either diazamethane ar methy~ 

iadide (Scheme 4). on the atherhand, cyclizatian C>f 46 tC> 

imidazoles ~ is facilitated either by act ivat ian of J:T=methyl~ 

ene·:::amin':l gr':lup by an aryl group (_:±6a=_£) or by increasing the 

cyclizatian temperature (46d~j)Q These studies indicate the 

impartance of tautameric hydroxyiminoimine intermediate 62a 

(Scheme 24A) in the cyclizatian af 46 to 60 fC>rmed by a 

thermal l,S~H shift in the hydroxyimine 46e, HC>wever r aur 

attempts ta isalate such int ermed .:' .. _.+:e ( 62a) were not success= 

ful and further wark is in progress t8 study the concerted 

nature af this l,S=H shift. 

III.3c2 .. 3 Conclusi':ln 

A nC>vel general route for 2=aryl/alkyl/ethoxycar= 

b~ny2.-=1=arayl/acyl~5=alkylmercaptoimidaz ol es has been de vel oped 

by thermal cyclodehydration of novel functianalized hydroxy= 

imin;:,imines 46 which could bo ea.sily prepared by nitrasa tion 

e>f easily available S,N=acetals 45. The imidazoles §Oa, 

60k=E_ cauld alsa be prepared directly from the corrcs:r, '":'nding 

S,N=acc:tals 45 without the is:~lati:m af hydraxyiminaimines 

'.ntermediates 46. It is pertinent to note that very fev1 

4(5)~alkylthioirnic'l."JZe>les are reparted in the literaturc1 which 
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are usually prepared either by ,3.:Lkylat i:~m :>f the correspond~ 

ing imidaz:>le-4(5) thiones in presence of base or by 

nuclee>philic displacement of 4 ( 5)- hal:>gen oimidaz8les by alkyl 

34-38 
mercaptans.. Recently a fev.r of the S=met hyl thioimidazole 

derivatives (65b) have been synthesized by rea.c·ci::m c:>f the 

cc:>rrespc:>nding imidazol=S-ylithium derivatives (65a) (prepared 

by metallation c:>f the corresponding S=ha loimidazoles) with 

dime~hyldisulfide (Scheme 25).
39 T~e presen~ method provides 

a simple high yield route for the preparation of 5-alkylthio~ 

imidazole derivatives from easily available starting materials 

having build-in alkylthio groups. 

III. 3. 3 Thermal cyclodehydration of phenyl ( .:X::.::hydr_:::l]_(Yimino=(j-N 

?rylimino=('=alkylthio) ketones~ A novel goner31 

r~:mtes to 2~methylt hio=3=aroylq~inoxalines and 2=aryl= 

4=ar:::lyl=5=arylaminothiazoles 

After considerable success achieved in the synthesis 

c:>f imidazole derivatives by thermal cyclodehydration :::lf novel 

N=alkyJChydroxyiminoimines 46a-j, we next investigated thermal 

cyclodehydration of the corresponding N=aryl hydroxyiminoimines 

48a"".§. (Table 3) with a v,.iev-1 to develop a facile general route 

for quinoxaline synthesis from these intermediates. Thus the 

corresp::mding (~ ~N=arylimino~0 ~methyl thiohydroxyimines ~=__! 
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yielded the expected quin2xalines 66a~1 (Table 6) in 928d 

yields. H8wever, cyclodehydration 8f the corresp8nding 

s~benzylthiohydroxyiminoimines ( 48D,-~) (Table 3) too]: (]ifferent 

c8urse and the corresponding 2~aryl-4-aroyl-5~anilinothiaz8les 

(68) (Table 7) were obtained instead 8f the quinoxaline 

derivativE: ... ~ These results are presented here. 

III~3.3.1 Results and discussion 

When (S -phenylimino~(» -methyl thio-o( =hydroxy imino= 

ketone 48a (Table 3) was subjected to cyclodehydrati8n in 

refluxing acet8nitrile, the imine 48a was recovered unchanged 

even after pr8longcd refluxing. H8wever when the solution of 

48a in acetonitrile was heated in a scaled tube (200°C) for 
,, 

2.5 h~, wo~t-up of the reaction mixture yielded a bright yellow 

crystalline solid (65%), which was characterized as 2-methyl= 

thio-3~benzoylquinoxaline 66a on the basis of (Scheme 26) 

spectral and analytical data (Table 10 and 14). Thus the 

product 66a sh:::n.ved molecular ion peak at m/z 230 (M+) and 

analysed for c 16H12N
2
os. Its infra=red spectrum (KBr) exhibi= 

ted strong intensity peak at 1668 cm~ 1 which was assigned to 

a!_·omatic carb::myl group. Its n.m .. r. spectrum showed signal 
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due t::> Mc.S ,;JT::>up pr::>t::>ns at S 2.54 (s, 3H), while the ar::>matic 

pr::>t::ms ap,peared as two multiplet at S 7~0~7.81 (SH) and 

7.82-8.20 (4H) 'N'hich were in c::>nf::>rmity with the assigned 

structuree Presence ::>f abs:rpti::>n maxima at ·(\max (MeOH): 

242, 267 (Sh) and 362 (l::>gE , 4.30, 4.25, 3.62) nm further 

supp:>rts the presence ::>f quin:>xaline chr:>maph::>rel~ax(cycl::>­

hexane) f::>r 2-methylt hi::>quinoxaline 240_. 270, 360 ( l::>gE. , 

J 40 4.4, 4.42, 3.85) nm • The other substituted 0 -aryl:irnino~ 

0~methyl thi::>- o( -hydr:>xyiminoket ones 48b-} similarly underwent 

facile cyclodehydrati::>n under identical c::>nditi::>ns t::> give the 

corresponding quinoxalines 66b~l:_ in 48-65% ::>verall yields(T~h1l6). 

The spectral and analytical data (Table 10 and 14) of ~6b~l 

were in c::>nf::>rmity with the assigned structures. Recently at 

the time of writing this work, it was f::>und that the quinoxa~ 

line 66a was f:>rmed in impr::>vea yield (70%)/when the corres= 

p::>nding hydr:>xyiminoimine 48a was refluxed in acetic 

anhydrids for 5 hr. Thus the cycl::>dehydrati::>n step is faci= 

litated in the presence of acetic anhydride. 1r~hen the 

corresp:mding(~ -ethylthio=(J...:. =phenyliminohydroxyimine 48m was 

subjected to cycl::>dehydration under identical c::>nditi::>ns, the 

desired 2~ethylthioquinoxalioe 66m was n::>t obtained. viT::>rk=up 
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TABLE 6 

synthesis :lf 6~substitutea-2~methylthi':l-3-aroyl quinoxaline:J iJ(a., 

66 

5;-y-g:Earting, I ~ 
No I comp':lund I Product 6 

v--:---:-:---
I - R 

1, 48a 66a C6HS H --
2. 48b 66b g-Mec6H4 H 

3-. 40c 66c ~1eOC-6H4 H 
~ 

4 .. 48d 66d _E-ClC 6H4 H -
s. 48e 66e C6HS Me 

6. <18f 60£ C6H5 MeO 

7. 48g ~ C6H5 Cl 

s. 4Bh 66h J?""'MeC 6H 4 MeO 

9.- <18i 66i ~MeC6H4 Cl 

--
10.- 48j 66. 

~ g-MeOC 6H4 Cl 

11. 48k 66k p-ClC 6H4 
Me 

12 •. 481 ~ £=ClC 6H4 
MeO 
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of the reaction mixture yielded a light brown solid; m.p. 

160=61°, which c~uld not be identified on the basis of its 

spectral data.. rts nem.ro spectrum sh:Jwed absen...::e of 

ei.:~"'.ylthio gr~mp and only signah due t:J ar:>mat~.c pr:J-::ons were 

0 
0 

If 

He ~NJJ 
s 6 )1 I 

EtS. ~ ~ 
H 

48m 66m 

present between 8 7.0=8.25. Its i.r. spectrum (KBr) exhi= 

=1 bited sharp pe::J.ks at 3350, 1600 and 1660 em pr:>bably due 

to NH and carb:>nyl gr:>up. 

Similarly, when the c:>rresponding S=benzylhydro= 

xyimin:Jimine 48n (Table 3) 1.vas subjected to thermal 

cycl:>dehydration under reported conditions the desired 

2=benzylthi:J=3=benzoylquin:>xaline 66n (R=H) was n:Jt :>btained. 

H:>\vevcr, :.. _ w:Jrk=up of the reaction mixture yieldedwJell:Jw 

crystalline c:>mp:Jund (55%) which was characterized as 
<..~::.\-\) 

2=phenyl-4=benz:Jyl=5=anilinothiazole (68a)~(Scheme 27) 
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(Table 7) ::>n the basis ::>f spectral and analyt ica.l dc::ttCJ.. ThuE 

the thiazole 68a exhibited m::>lecular ion peak at m/z 356 a.:-1-:· 

it was analysed for c 22H16N2os showing that 68a is formed by 

eliminati::>n of one equivalent of water fr::>m hydroxyiminoimine 

48n. However, the characteristic high intensity carbonyl 

-1 peak between 1660-1675 em present in all 3-aroyl~quinoxalines 

(66a-l) was absent in the infra-red spectrum (KBr) of 68a 

~1 
which showed two peaks at 1600 and 1588 em · due to H-bonded 

carb::>nyl stretching frequency and N~H bending vibrations. The 

weak br::>ad bonds at 3240 cm-1 were assigned t::> H~bonded N=H 

stretching vibrations. Further support for the thiazole 68a 

was obtained from its n.m.r .. spectrum (CDcl3 )/ which shovvGd 

absence of signal for benzylic protons between S 4-5 showing 

that benzylthiomethylene prot::>ns are involved in the reaction. 

The ar::>matic protons were present as three multiplets at 

~7.0~7.65 (9H); 7.65-8~22 (4H) and 8o25-8.58 (2H) while ~ 

low field broad signal (lH) at S1s.2 (exchangeable with o 2o) 

was assigned to H=bonded NH proton. Its ultra=violet spectrum 

sh::>wed absorotion maxima at ·(\max (MeOH): 240, 345, 388 

(l::::>gt:-, L1e78, 4.77, 4.70) nm which shows th~ presence :>f 

~namin;ne mo:;..c~y r /'<.max~ for 47n (MeOH): 275, 360 (logE I 
. L -

4.29, 4.59nr,~·The reaction was found to be general ;:;.lith all 
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N=arylimin'Jbenzylthi'J:::,. hydroxyimines 48'J-S which gave ·'-- t. 
\ ........ .;:::;: 

c'Jrresp"Jnding 2=phenyl-4~aroyl=5=arylaminothiaz'Jles 

48~56% overall yields (Table 7) (Scheme 27)e The spectral 

and analytical data 'Jf 68b-!, \vere in c'Jnf'Jnnity with t'r"e 

assigned structur~s {'l'able 11 and 15). The pr'Jbable mechan:: 8T'. 

'Jf thiaZ'Jles 68 format ion from the corre§ponging hydr"J:x:yimiD'Jc· 

imines 48 is sh'Jwn in the scheme 28. It appears that the 

S=trans hydroxyimin'Jimine 486 exist9 in equilibrium with 

dipolar structures like 69 and 70 under thermal c'Jncliti"Jns. 

The ylid intermediate 70 is stabilized due to delocalizati'Jn 

'Jf carbani'Jn 'Jver aryl gr'Jup and over empty d "Jrbitals of 

sulphur. Subsequent anion"Jtropic rearrangement in 22 gives 

the intermediate 71)which undergoes facile intram'Jlocular 

cyclizati'Jn and dehydra·;.:i::m to aff'Jrd thiaz'Jles §_Q via 

N=hydroxyimidazole intermediate 72. It is pertinent t'J n"Jte 

that the c'Jrresp"Jnding N=benzylimin'J~S=benzylthi'J (46c) and 

N~ethylimino=S=benzylthi'J (46j) hydr'Jxyimines (Table 2) 

underg'J facile cyclodehydrati'Jn t'J give the expected 2-aryl= 

5~benzyl3thio=(60c) and 2=methyl=5=benzylthio (60j) imida= 
-- \-\,Q_ 

zoles (Table 4, Scheme 29) and no trace ~£~corresponding 

5=benzylamino 73a or 5=ethylamino 73b thiaz'Jles was isolated 

fr.Jm the resp-ective reaction mixtures (Scheme 29). H'JHCVE?rJ 
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TABLE 7 

2=Phenyl-4~ar8yl-5--arylaminothiazoles prepared .l6~-.f..). 
AY 

I-

c?~ -J . Jl )-c6H5 
"'-.N/ ·--....s . 

¢ 
R 68 -

§. r Starting I Pr8duct I Ar r R 
N'J § c~Jmpound I ~ ~ 

1. 4Bn 68a C6HS H 

2. 48o 68b p=Mec 6H4 H 

3. 48p 68c p=-EtOC H
4 H 

- 6 

4. 48q 68d _E=ClC 6H4 H 

s. 48r 68e C6H5 I--1e 

6. 68s 68£ C6H5 Cl 
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in the case 8f N-arylimin8=S=benzylthiohydr8xyimines (48n~2': 

the expected quin8xalines 66n=~ (Scheme 29) are n8t fJrmed 

and cyclodehydrati::>n takes different c:mrse to give the 

corresp::mding s ... anilino=thiazoles 68a~f. The pr8bable expla= 

nation for this unexpected behavi8ur of N=arylimin8=S=bcnzyl~ 

thiohydroxyimines (48n~~) during cyclodehydrati8n lies in the 

presence of bulkier benzylthio group ortho to the aroyl group 

which prevents the formation of planar transition state 74 

required for six electron electrocyclization to give quinoxa= 

lines ~-~;thus resulting in different course of reaction by 

OH 
I 

N 

74 

cyclodehydration at methylene carbon of benzylthio group t8 

give thiazoles 68a·~f (Scheme 29). 

Attempted thermal cyclodehydr.=:Jtion 8f hydroxyimino""' 

imine ~ derived from N,N=anilinoacetal 56 (Scheme 20) did 

n~t YieLd tne e~ted 2-an~lin~uinoxaline 75 (Scheme 30), 
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h~wever the reaction mixture 3fter work~up afforded a white 

s~lid vrhich could not be identified. 

A facile general nute for 2~methylthio=3""'aroyl~ 

quin~xa:ines 66 have been developed by thermal cycl~dchydr3ti~n 

~f n~vel N=phenyl:imino~S=methylthiohydroxyimines ~8. Although 

the al].oxazines and pteridines have been synthesized by cycl~= 

dehydration of 1 1 3~d isubst ituted 4=arylamin~~5=n~tros~urar:: il 

derivatives (Secti~n III.2.2), to our kno\vledge, this is the 

first report of quinoxaline S~M~~s~ by cyclodehydruti~n 

of N-aryl hydro:x:yiminoimine intermediate. very f 8\i>J' 2-mcthyl= 

thioquinoxalines are rep~rtcd in the literature, which are 

prepared by methylation of the corresponding quinoxaline 

2-thiones.~0 The present method provides a simple and conve= 

nient route for 2=methylthioquinoxalines from easily uvailable 

starting materials having build in methylthio group. The 

method is not successful for the preparation of higher 

2-alkyl~thioquinoxalines and reaction takes different cJurse 

in the case of N~arylimino-s~benzylthiohydroxyimines ( 1:3n=~) 

which on thermal cyclodehydrati:m aff~rd novel 4-aroyl=S­

anilinothiaz~les (68a~f). T~ our knowledge, s~anilin~thia= 

zoles ure not reported in the literature and the present 



meth':)d pr8vides a n8vel appr8ach t8 2=aryl=4-ar8yl=5=anil~.:l:.l 

thiaz8les by cycl8c8ndensati8n ':)f benzylicthi8methylcne and_ 

hydr8xyimin8 group. 

Thus fr8m these results it is obvious that hydr':)XY= 

imin':)imines 16 and 48 are versat ilo in termed ia tes f8r 

synthesis of n':)vel functi8nalized heterocycles like imidazoles, 

quin8xalines and thiazoles~ Further synthetic transformati8ns 

basad on these n8vel intermediates are in progress. 
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III. 4 Experimental 

M.ps were determined on a 'Boetius• (German) appara= 

tus and are uncorrected. The i.r. spectra were recorded Dn 

Perkin=Elmer 297 spectrometer., while the u. Ve spectra vJere 

1 . 
obtained on Beckman 26 spectrophotometer. The H=n.m.r. 

spectra were recDrded on a varian EM=390 spectrometer using 

TMS as an internal standard and chemical shifts are expressed 

in S (ppm). 

The starting materials 

The commercial samples Df pyridine, acetonitrile and 

acetic anhydride were purified befDre use. 

The keten-S,N=(4Sa=j, 47a=~, 49, 51) and N,N=acetals 

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

Attempted nitrDsatiDn of ~ with isoamylnitrite 

A solution Df 45a (1.4g, o.oos 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 1.2g (85%) of 45a, 

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

spectra). 
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Attempted nitr8sati8n of 45a with S8dium nitrite 

T8 an ice C88led and stirred solution of 45a (!.4g, 

0.005 mol) in acetic asld (20 mliJ. 0.4g (0.006 m8l) -:>f 

sod.:.um nitrite i.-vas added in fractions and reac·cion mixture 

was stirred f8r 1 hr. The reaction mixture was then poured 

over water~ extracted with chloroform (2x100 ml), dried 

(Na2so4 ) and evaporated to give a dark residue which showed 

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

c8uld be isolated on column chr8matography :Jver silica gel. 

General meth8d for the preparati8n :Jf hydr:Jxyiminoimines 

( 46c...~j, 48a~~, 57) : 

To an ice c:Joled and well stirred solution of either 

S,N=(45a-j; ~=~) or N1 N=acetal 56 (0.01 mol) in dry pyridine 

(2 ml) and dry ether (25 ml), nitr8syl chloride (0.012 mol in 

5 ml ether) was added and the reacti8n mixture was further 

stirred for 10~15 ~in~ It was then diluted with ice cold 

water (50 ml), extracted with chloroform (3x50 ml). The 

·::1lor8form layer was washed with irvater( 3xlOO ml) to remove 

excess 8£ pyridine, dried (Na2so4 ) and evaporated to give 

crude solid r.:_rr'lroxyimi.noimines 46a=j, 48a=,§_! _57 (Table 2 and 3), 
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which were purified by crystallization using benzene (46a=s· 

48a-~, 57) and chloroform (!§.3= ,i). Spectral and analyt ica.l 

data of 57 is given below, while of 46a~j_, t18a=.§_ are given .'t: 

TablES 8 and 12 respectively. 

Phenyl <cx..-oximino- (j;-bis (anilin:'1)-ketone (.§1) m~p, 178=7 Jc 

was obtained in 82% yield; i.r.D~.max (KBr): 3235 cm~1 (br, 
.. 

-1 ,\ '>-NH), 1595, 1660 em ( uCN and CO); u.v. nmax (MeOH) :. 262 
:,; 

(log( I 4~53) nm; n.m.r~ (CDC13DMSO-d6): s6.72~7.60 (m-~ 15H, 

arom); Found: c, 73.11; H, 4.82; N, 11.93; calc. for 

Attempted nitrosation of keten-S,N-acetal 49 and Keten_~N,N= 

acetal 54 
--~·-

;/·Jhen a solution of either 49 (1.12g, o.oos mol) or 

N,N-acetal 54 (lalOg; 0$005 mol) in 20 ml of ether was stirred 

with nitrosyl chloride (Oa006 mol in 3 ml of ether) at 0=5° 

for 15 min, work=Pp of the reaction mixture yielded either 
.. 

49 1 m.p •. 105=7° (0,93g, 85%) or 54, m.p. 75=77° (0.94Q, 83%) 

(mixed m.pq superimpor-; )le ior. and n.m.r. spectra). TrJhen 

the reaction mixture was stirred for longer time (5=6 hr), 

the starting matc .... :"'l 49 2.nd 54 remained unchanged (Tl.C). 
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r-tt "'ntptecl nitr:>sa.ti:>n :>f 49 :>r 5'! in refluxing chl:Jr:>f:>rm f.)j' 

7 hr unClc:r iclent ical c :>ncJi ti::ms yielc!ed :>nly ?tarting mat~':;:· .:..a.~-

A s:>luti:>n :>f 51 (1.30g~ o.oos m:>l} in ether (20 ml) 

was stirred with nitr:>syl chl:>rido (0.006 m:>l in 20 ml :>f 

ethor) f:>r 15 min, w:>rk-up ::>£ the reacti:>n mixture {as (Jc?scri= 

beC1 in general pr:Jceduro) yielded a white s:Jlicl ( o~ 80g, 60"/o), 

m.p. 169=70° 1 which was charactoriz<:Cl as phonyl ~:>ximin:J­

benz:>ylaciticaciclm:Jr;>h:>l~e (53); M+ 262; i.r. Vmax (KBr): 

-1 -1 3400 em (br1 OH), 1620 ~m (CO); n.m.r. (CDC1 3 ) :S3.20~3.60 

(br s, BH, m:Jrph:>lin:J); 6.90-7.48 (m, 3H, ar:>m); 7.60~7.90 
.. 

(m, 2H, ar:>m); F:>unc'1: c, 59,12; H, 5.68; N., 10.28; Calc. f:>r 

Koton N,N.,u.cetCJ.l 58 (lcSOg, 0.005 m:>i) un~cr icJcnticJ.l 

c:>nciti:>ns as 51 yiclc'1cc'1 Oe9g (70%) ::>£ 53 (m.~. 168=70°) 

(m ix~rl m -~ - ..._ . .._ •. ifJ,t....Jo 
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1~40g (0.005 m~l) ~f 46a was heated at 150° in an 'Jil 

bath ;f'Jr 0"5 hr. The S'JlicJ 1...ras then. cliss:~l wd in h"Jt acetic 

:1cicJ '\IJhich :~n c:~:~ling guve 1.20g ( 80'/o) :Jf 60a. Spectru.l ancl 

unalytic.:tl clata :~f 60a is givon in text as well ilS in Tctble 

9 an~ 13 respectively. 

~~~ meth'Jd f'Jr the synthesis 'Jf 2-aryl-1-ar'Jx~/~cctxl~S­

mothyl/benzylthi'Jimioaz'Jles ( 60a-c) (Meth'Jd A): · 
·-------~--------------------~ .. --~-----~---

A s'Jluti:m 'Jf hyc:r'Jxyimin'Jimines 46a"".S. ( 0.01 m:Jl) in 

acct:::mitrile {25 ml) was rcfluxcc: f:~r 3 hr::· The s:Jlvcnt "t;r:ls 

rem'Jvcc~ 'Jn water bath CJ.nd crurJe imidaz:Jles 60a-£ thus :Jbtctinco 

were crystallized fr'Jm acetic ctcid. S~x:ctral u.nc: an2.lytitcal 

data 'Jf 60a-c ure given in Ta.blc; 9 ctnc: 13 rcsj,JCct ively .. 

General pr'Jcedurc f'Jr the synthesis 'Jf 2-unsubstitutcd/methyl-

4-o.r:Jyl-S=methyl/benzylthi'Jimidaz:Jlos (.§.QQ=j) (Mcthxl A): 

.. 
A s'Jluti:Jn 'Jf hydr:>xyimin'Jimines :J6c~j (0.,01 nDl) in 

J.cct 'Jnitrilc ( 25 ni) w,J.s heat eel in a steel l:nmb c:tt 200° f'Jr 

0.5 hr. The rcnct i'Jn mixture after C'J'Jling wu.s p:Jur~cl 'JVcr 

vntcr (100 ml), extr:J.ctcc"; with chl'Jr'Jf:::>rm (2x100 ml), clr?-ccl 
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which \vere further p11rified by column chromatography over 

silica gel using ethylacet~tefhexane ( 1: 3) as eluent .. Spcc;tral 

and analytical data of §~-1 are given in Table 9 and 13 

respectively" 

General method for ~~e _Syn:thesi.s ___?.f_3=aryl/eth::lxycarb"Jn]l-

4~aroyl-5-alkyJ.thioimidazoles ( 60~, ~~-,E) 

(Method B) T:::> an ice co:::>led s:::>luti::m :::>f keten ... s,N=acotal 

4~a"' t15k-_E. (0.01 m"Jl) in pyridine (40 ml)4' nitrosyl chl::lride 

(0.012 m:::>l in 5 ml of dry ether) was added, the reacti:::>n 

mixturG was stirred for 10 min and then refluxed for 2~5 hr. 

The reacti"Jn mixture after c:::>oling was p:::>ured over \'later, 

extrl.ctod with chl"Jrofor'l (2x50 ml). The chloroform layer 

was washed with \vater ( 3x150 ml)., dried (Na 2so4 ) and c"Jncen= 

trated to give crude imidazoles 60a, 60k-E> which v.Jere 

purified by column chromatography over silica gel using 

benzene/~1exane ( 2:3) as eluen to Spectral and analytical data 

of 60a, 60k=.£ are given in Table 9 and 13 respectively. 

MethylatioX: of hydroxyiminoiminP. ~: s~nthesis---' of 1=N~ 

methyl=2=aryl=4~methylthio=5=benzoylimidazole (~) 

To a suspensi:::>n of hydroxyiminoimine 46a (1.55g, o.oos 

mol) and potassium c3rbonate (1.35g, o.ol mol) in dry acetone 
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( 20 ml) 1 l .. OSg ( 0.,075 m:Jl) ::>f me:thyl i::>(~ic:c \:vas u.c-:(!c~J und the 

reu.ctLm mixture W:).S roflu:x:ec'l f::>r 3 hr Q It vJas then clilutecl 

i;lith icc c::>ld watc:r ( 60 ml), ucicifieci . vJith 20'/o ucetic acid, 

cxtru.ctacl v.dth chl::>r::Jf::>rm ( 2x40 ml) ,c1rid1 {Nu.
2
so4 ) u.nc~ cvu.· .. 

p::>ru.tcc: t::> give crude visc::>us liquidr which "llvu.s l")Urificxl by 

c::>lumn chr::>mat:Jgru.phy ::>ver silica gel using benzeno~1exu.ne 
(}~ &Ja. M 

{2:3) qS eluent t::J give loOg (70'/o)~light yell::>w crystalline 

~ -1 s::>lid {benzene); m.:;). 93-95°; umax (KBr); 1660 em (CO) ;n.m4r. 

(CDCl3 ); {<;"2e<'18 (s, 3H.t SCH
3
'); 3.88 (s,. 3H1 CH

3
); 7.13-7.88 

(m, lOH, u.r::>m); F::>unn: C~ 70o63; H1 4ft75; N1 8.73; Cu.lco f::>r 

Mothylati::>n ::>f 46£ 

A sus:xm.si::>n :1£ ~6f (J.,37g, 0,005 m::>l), p::>tassium 
... 

carb::>natc (1..35g., 0.,01 m::>l) ann methyl i::>C1iclo (l .. OSg, 0.0075 

m::>l) in dry acet::>nc (20 ml) w:1s reflu:x:cfl f::>r '1 hr. W::>rk-up 

::>£ the rou.ctiJn mixture as dGscribed f::>r methylu.tiJn Jf 63a, 

f::mnc~ t·.J be a mixture ::>f 64b ::tncl 64b'; ( ~: 1) i i.r. 

(KBr): 1660 cm~l n.m .. r (CDCL,): S2650 (s; 1.5H, SC!i3 );_2.52 
3-~5(_ S,3H, N~j'); "3-~-o <._g_i·S""I·\ 1 N.C.J.i_sJ; 

(s, 1.5H! ~$"-cH3 ) ;~-'"'..~C (s.- l,_SH, OCH
3

) i 7.0~8e15 (m, 8H, ur:>m). 
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.. 
; F~unC: C~J 50.35; H, 4~73; N1 _9.63; 

Methyl~ti~n ~f 46g 

.. 
A suspensi~n ~f ~ (le25gJ o.oo5 m~l), p::Jtas~ium 

c.'J.rb::m-J.te (1 .. 35g 1 0 .. 01 m~l) ancl methyl i::Jdide (1.05g, o.CX:>75 

m~l) in cry acet::Jne (20 ml) was refluxed f::Jr 4 hr. W::Jrk-up 

~f the rcacti~n mixture as describec ab~ve aff~rded a visc~us 

semis::Jlid, 0.73g (6~/o) which f::Jund t::J be a mixture (1:1) J£ 

64c an~ 64c'; i.r. -1 em ; n .. m.r. 

Sl.o-1:·45 (rr., 3H., CH3CH2); 2.20 (s_,1.5H, scg3); 2.30 (s,. ~--·-

1.5H, SC£!J) i 3.15-3.55 (m, 3.5H, CH3cg2 anfl N=C:f13 ); (:.OS ( s, 
... 

1.5H, cg
3
o); 7.15-8.25 (m, lOH, ar~m); F~und: ~' 59.43; H, 

-· . . 

6.35; N 1 10.34; Calc. fJr c13H16N
2
o

2
s (264): C 1 59.09; H, 6.06; 

~ 

N, 10.61%. 

Cycl~cehy0rati~n Jf hycrJxyimin::Jimines 48a~l: General meth~d 

for prc:,:Jar.J.ti~n ::Jf 2-methyl thi~-3-ar~ylquin::J::x:alincs (~-1) 
-Vk ll:l-~% Cikl c.rJ 

A s~luti~n ~f hyc]r~xyimin::Jimincs 483.-1 ( o.ol m'Jl) ~vru.s 

hcatccl in a sealecl tube (200°C) f~r 2.5 hr. Rcc:tcti::m mixture 

was C::J'Jlccl, pJurer~ ~vor ice c~ld wJ.tcr ( 100 ml) 1 · extr."lctec: 

give cru~a quin~xalines 66a-l (Table 6), "iivhich 
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were purified by column chr:>matograpby over silica gel usi_r:-,;-; 

benzene/hexane ( 1:4) as eluent. Spectral and analytical d2·::a 
.. 

:>f 66a-l are given in Table 10 and 14 respectivelys 

In another experiment, a soluti::m of hydroxyimino:._rrt X' 

48a (1 .. 50g, 0,005 mol) in acetic ::iphydride (30 ml) 1.11!as 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 (1:4) as 

eluent, yellow solid,l.OOg (70%) m.p. 109~10° (mixed moPer 

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

Attempted cyclodehydration of phenyl (~~cximi~~~:phepyl~ 

imino~0 =ethylthio)ketone ( 48m): 

· Hydroxyiminoimine 48m ( 1.55g, o.oos mol) under 

identical conditions .::J.s described in general procedure yielded 
... 

1.20g .::>flight brown solid (benzene), m~p. 160=61°; Lr. ffi3.X 

=1 
( KB r ) ; 3 3 50, 16 00, 16 6 0 em i n • m • r • (CDC 1 3 ) ; 7 • 0= C ~ 2 5 ( m, 

aromatic protons)o 

Attem];:>ted ~hydrati::m of phenyl\:._( o<..=oxim~::_o= 0=b~s(anilin::>£] 
keto~) 

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

nnder :ir'\ent:ir::!.=Jl r:!onditions as described in general procodure 
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f:Jr preparati:Jn of quin:Jxalines, yielded o.Bog of white 

c1·ystalline s:Jlid (benzene); mvP• 163-64°_; i.r. ))max CrJ3V.~. 
-1 · r 3350, 1660, 1600 em ; n.m.r. (CDClj~>'lSo-d6 ):u6.90~8.13 (li\'1; 

Cy'":!lodehyd::::-:-·~i:Jn of hydr:Jxyif'l.it"J:Jim~i.es .±§g-s: Ger.eru.l 

meth:Jd f:Jr the preparati:Jn :Jf 2=phenyl-4~ar:Jyl~5-aryl­

amih:Jthiaz:Jles (6~a~f) 

A soluti:Jn of hydroxyimin:Jimines 4Bn~~ (0.01 m:Jl) in 

acetonitrile (25 ml) was heated in a sealed tube (200°C) f:Jr 
... 

2.5 hr. Reaction mixture was co:Jled.,. poured :Jver 'ltJU.tGr 1 

extracted with chl:Jroform (3x50 ml) 1 dried (Na2so4) and eva­

p:JrCLted to give crude t.1iazoles 6Ba~i_ (Table 7), which were 

purified by column chr:Jmat:Jgraphy over silica gel using 

benzene/hexane (1:3) as eluent. Spectral and analytical data 
... 

:Jf 68a~f are given in Table 11 and 15 respectively. 
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IV .1 

CHAPTER IV 

CYCLOCONDENSJ\TION OF KETOKETEN-S 1 N-ACETALS 
WITH NITROSOBENZENE: A F.\CILE GENERAL ROUTE 
TO l=N~PRYL-2~ARYL/ALKYL/UNSUBSTITUTED-4~ 
ALKYLTHI0-5~AROYL/ACYLII'-1ID.AZOLES 

Intr::>ducti::>n 

In the chapt.er III, we };lave successfully achieved 

annE·Slati::>n ::>f ket:>keten~S,N-acetals with nitr"Jsyl chl:>ride 

whi.ch aff:>rds n::>vel imidaz:>le, quin::>xaline and thiaz:>le 

derivatives via acyclic N-alkyl/N-arylimin:>hydr':>xyimine 

intermediates. we further intended t:> extend thia appr::>ach 

f::>r the synthesis :>f title imidaz::>les by cycl'Jc::>ndensati::>n 

::>£ ket::>keten~s,N-benzyl/alkylacetals with nitr"Js"Jbenzene~ 

Electr::>philic nitr::>sati::>n "Jf 4-alkylamin::>ur~cils with 

ni.tros"Jbenzene anc'l subsequent cyclizati"Jn t'J 7-arylaxanthines 

(14) (Scheme 8, Chapter III) has been rep::>rtGd by Tayl::>r and 



k 1 c:.:>-w::r ers. 

185 

The same auth:.:>rs have als:> synthesized ::l)_.J..:Jxa·~ 

z:tne derivatives (34) (Scheme 13J .chapter III) by cycl:;:-:.::r1~ 

densati:>t1 :>f J. r 3=d imethyl 4~amin:>Uracil With n.itr:>S:Jbet1~P''8 • 2 

J:T::v;ever there is n:; rep:.:>rt :>f the reac·::i:.:>n ::JfGlcycl.ic enu..r:_,_v=Js 

In the p:ces·=-nt investigati:m, we have successfully carried 

:.:>ut the cycl:>c:>ndensati:.:>ns :>£ p:.:>larized ket:.:>keten~s,N-alkyl• 

acetals with nitr:>s:.:>benzenes~ which aff:>rd the title imida~ 

Z:>les in excellent yields~ These results are presented in 

this chapter. 

IVo2 Results and discussi:.:>n 

The s,N=acetals ~~~ required in the present investiga~ 

ti:.:>n were prepared by :.:>ne :>f the meth:.:>ds described in 

Chapter II. When a s:.:>luti:.:>n :>f S,N=acetal ~ in acetic 

ar.hydride was refluxed f:>r 15 hr 1:rith equim:.:>lar quantity :>f 

nitr:>s:>benzene, the starting material was rec:>vered unchangede 

H:>wever when 1a (0.01 m:>l) and nitr:>s:>benzeno (0~013 m:>l) in 

acetic anhydride were heatec in a seale~ tube (200°C) f:.:>r 

1 hr the c:>rresp:>nding 1-N~phenyl~2-phenyl~4-methylthi:.:>~5= 

benz:>ylimidaz:>le 2a was :>btained in 3ry/o yield. Impr:>ved 

yi.elds ( 85%) :>f imidaz:>le ~ -w-ere :>btained when nitr:>s:>benzene 
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was taken in excess (0.03 m:>l f:>r OoOl m:Jl :>f la). The 

structure :>f 2a was c~nfirmed with the help :>f spectral and 

analytical datac The elemental analysis :>f 2a agreed with 

the m:>lecular f :>rmula c 23H18N2os1 while its mass s:;:·ec:trum 

exhibited m:Jlecular i:Jn peak at m/z 370 (M+) which sh:Jwed 

that la has e~ndensed with nitr:Js:Jbenzene vlith eliminati:Jn 

:Jf :Jne m:>l :Jf watero Its infra red spectrum (KBr) sh:Jwed 

-1 
ar:>mati~ earb:Jnyl frequency at 1638 em • Further c:>nfirma-

ti:>n :>f its structure was :Jbtained fr:Jm its n.m.r. spectrum 

(CDC1 3). The characteristic benzylic pr:Jt:Jns and :Jlefinic 

pr:Jt::m signals present in the n.m.~. spectrum :>f ~~ at 
respectively 

and · 5.56 (s, lH>jwere absent in the n.m.r. 

spectrum :Jf 2a, thus indicating thutvZ~carb:>n and amin:>methyl~ 

ene carb:>n at:>ms :>f ~ are inv:>lved in cycl:>c:>ndensati:>n 

with nitr:>s:>benzene. The signal due t:> MeS pr:>t:>ns was 

present at -2.50 (s, 3H) while the ar:Jmatic pr:>t:>ns appeared 

as tw:> multiplets at 7.05~7.53 (13H) and 7.6~7.83 (2H). 

Its ultravi:Jlet spectrum exhibited abs:>rpti:>n maxima at max 

(MeOH-): 25,., 347 (l:>g , 4.37, 3.89) nm.. The reacti:>n :>f 

:>ther S,N-benzyl acetals lb=! with nitr:>s:Jbenzene similarly 

yielded the c:>rresp:>nding l~N-aryl~4-methylthi:>(2b-d)and 

4=ethylthi:> l£ and *-benzylthi:J(2£)imidaz:Jles in 80-85% 
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TABLE 1 

1~N=i\ryl~2-aryl/alkyl/un subst i tutocl-4~alkyl t b~:::>-S~ar:::>yl/acv}-.:· 
imidaz:::>les prepared 

0 
Ar 

A' 
R/ TIN}- R" 

R 1S~~ 
2 

s ~ starting 0 Pr:::>duct ~ R ~ R' G R" ~ 1\r 
N:::> I c:::>mpd. 0 ~ 0 ~ ~ 

1 la 2a C6H5 Me C6H5 C6H5 

2 lb 2b p-MeC 6H
4 

Me C6H5 C6H5 

3 lc 2c J2~MeOC 6H4 Me C6H5 C6H5 

4 ld 2d 12-c1c6H4 
Me C6H5 C6H5 

5 le 2e C6H5 Et C6H5 C6H5 

6 lf 2f C6H5 c
6
H

5
CH

2 C6H5 C6H5 

7 .!£ ~ Me Me C6H5 C6H5 

8 lh 2h C6H5 Me H C6H5 -
9 li 2i p-Mec6H4 Me H C6H5 
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Table 1 (c:mtd.) -----
10 ., . 

.;;;]_ 2j .J2=ClC 6H4 
Me H C6H5 

:.J. lk 2k C6H5 Me Me C6H5 

12 11 21 _E-MEC 6H4 
Me Me C6H5 

13 lm 2m J2...ClC 6H 4 
Me Me C6H5 

14 la 2n C6H5 Me C6H5 ]2-MeC 6H
4 

15 lh 2:::> C6H5 Me H J2~Mee 6H4 

16 lk 2p C6H5 Me Me J2~MeC 6H4 
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:::>vcrall yields. The S 1 N-benzylacetal 1g derived fr:::>m acct:::>nc 

similarly yielded 5-acetylimidaz:::>le ~ in g:::>:::>d yield. The 

re~ctiJn was equally successful with the CJrrespJnding s~N-

methyl <12-1) and S,N-cthyl (~-~) acetals having unactiva~cd 

methylene pr:Jt :::>ns. Thus when S,N-methylacetal ~ v-ras reacted 

·1,.-lith nitr:::>s:::>benzene under identicul c:::>ncliti:::>ns, c:::>rresp:::>nding 

2-unsubstituted-1-N-atylimidaz:::>le ~ was :::>btained in 75(o 

yield. The :Jther subst itutod 1-N-aryl-2-unsubst itut(·cl 2i-...i 

ancl 1--:N=aryl-2-met hyl 2k-!!: imidaz:>les "1;-!erc similarly :Jbt::t in co 

in 72-8~/o :::>vorall yields. Similarly the rcacti:::>n :::>£ S,N~ 

benzylacotal ~, S,N-methylacetal lh, s,N-cthylacctal 1k with 

£-Oitr:::>s:::>t:::>luene yielded the c~rresp:::>nding l~N=p-t:::>lylimida-
'" 

Z:::>lcs .l!:!-P in 70-84% :::>verall yields (Table; 1) • The s.tructurns 

:::>£ u.ll now 1~N-arylimidC1Z:::>les 2b~_E were c:::>nfirmurJ ·Hith the 

help :::>f spectral ancl analyticu.l clat<J., which ure given in 

Table 2 and 3, respectively. 

ThG mechilnism :::>f N-uryl imicJ.J.Z:::Jle 2 f:::>rm.J.tL)n fr:::>m 1 and 

nitr:::>s:::>bcnzone is sh:::>vm in the Scheme 2.r which is very simil.J.r 

t :::> th:::tt suggested by Tayl:>r f ::rc :the f:::>rmat i:::>n :::>f 7=arylxu.nthines 

by the rcacti:::>n :::>£ 1-3-climcthyl-6-alkyl z:min::.mr:1.cil \;Ji th 

nitr:::>s:::>bcnzone. Thus~ -hyclr:::>xylamin=->imine intormccli"J.to 3 

f:Jrmed by nucle:::>philic attack :Jf ~ -carb:>n :::>£ S,N-acctu.l t:> 
' 
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nitr:>s:>benzene suffers dehydrati:>n in the acetic dnhydd.d:; 

msdium t.:> give the dii:Pi..ne _i, which :>1.1 1,5-pr:Jt:>n shift: 

gives t~1e m'Jt1:>imine 2_, which is ideo..lly disp:Jsed f:>r 1.:1tra= 

When the c:>rresp:>nding S,N-anilin:Jacetal 7 was reacted 

with 2 eqv~ :>f nitr:>s:>benzene the expected dihydr:~qun:>xaline 

8 was n:>t f:>rmed.,. The pr:>duct thus is:>lated was characteri-

zed as imine 10 (Scheme 3). Apparently
1
the diimine inter= 

mediate 9 suffers hydr:>lysis during w:>rk~up t:> give 10. When 

the c'Jrresp:>nding N,N~ethylacetal 11 was reacted with 

nitr:>s:>benzene under identical c:>nditi:>ns, the st3rting 

material 11 was rec:>vered unchanged after 2~5 hr. H:>wever 

:>n pr:>l:>nged heating (10 hr) intractable reacti:>n mixture 

was :>btained. 

ii 
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rv. 3 c~nclusi~n 

A n~vel general approach for 1-N-aryl-2-aryl/alkyl/ 

unsubstituted-4-alkylthio-s~aroyl/acylimidazoles has been 

developed by cyclocondensation of correspondingP{-ketoketen 
.. 

S,N-benzyl and alkylacetals with nitros~benzene. The 

reaction yields the imidaz-oles 2 under sil'ii_\Q,t~Y reaction 

conditions from easily available S,N-acetals in Gxccllent 

yields. Alth::mgh several approaches to N-arylimic1azoles
2 

-:tre 

available in the literature, to our knmvledge this is the 

first report of use of acyclic enaminones for the synthesis 

of N-arylimidazoles by electrophilic nitrosation with 

nitrosobenzenc. 
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IV~4 Experimental 

Hops, were determined ::m a 1 B:)etius' (German) e.p9ara= 

tus and a:.~e unc:)rrected ~ The i .r. spec-1:::-a vJ"ere rec:1rdcd :Jn 

8btained 8n Beckman 26 spectr:J photcmeter. The. n.nt..r •. spe.ct:~·.:~ 

were rec:>rded :>n a varian El-1.~390 spect:c:>meter· using T .M~S. 

as internal standard and the values are expressed in c.5 (ppm). 

The starting materials 

C-::>mmercial acetic anhydride was purified bef-::>re use by 

distillati-::>na 

Nitr:>s:)benzene and nitr:)s-::>-~t:)luene were prepared by 

the rep:>rted meth-::>d. 4 

The keten-s,N~acetals (la~~) were prepared as described 

in Chapter II. 

General meth-::>d f-::>r the pre arati:)n :)f 
unsubstituted-4~alky thi-::>-s·~ar-::>yl 

A s-::>luti-::>n -::>f s,N-acetal ! (0.01 m:)l) and nitr-::>s-::>­

benzene/nitr-::>s-::>-p-t-::>luene ( 0 •. 03 m-::>1) in 25 ml -::>f acetic 

anhydride was heated in a sealed tube (200°C) f-::>r 1 hr. 

Acetic anhydride was rem-::>ved under reduced pressure and the 

residue diluted with water (50 ml),extracted with chl-::>rof:)rm 



18G 

(3x250 n~l), dried (Na
2
so

4
) and evap:::>ratGd t:::> give cn..1de .,.mi.­

O.az:::>les (2a-p) (Table lL which were purified by c:::>lt',.·_ 

chr:::>mat:Jgraphy ·.:wer silica gel using benzene/hexc>ne ( 2:3 ~ , _ 

given i~1 Table 2 .:;,nd 3 .. rer:p.:;ct iv--.ly. 

Reacti::m ::·: keten-S.,N-acetal 7 with nitr:::>s::>benzene · 

A s:::>luti:>n :>f 2.83gm (0.01 m:>l) :>f S,N-acetal 7 and 

2.14gm (0.,02 m::>l) :>f nitr:::>s:>benzene was reflu:x:ed in acetic 

anhydride f:>r 2.5 hr 1 w:>rk-up :>f the react~:::>n mixture yielded 

starting material, m.p. 75~76° (mixed m.p., superimp:>sible 

i.r. and n.m.r. spectra. In an:>ther attempt the reacti:>n 

mixture was heated in a sealed tube (200°C) ~::>r 1 hr. ~cetic 

.~nhydride was rem::>ved under reduced pressure, diluted with 

'"ater (50 ml), extracted with chl::>r::>f::>rm, dried (Na2so 4 ) and 

evap::>rated t::> give crude visc:>us liquid 10 (Scheme 3), which 

was purified by c::>lumn chr::>mat::>graphy ::>ver silica gel t:> 
10 . 

give white crystalline s:>li'X {"'Benzene); m.p. 113=14°C; i.r. 

Vmax (KBr): 1665, 1600 cm- 1 ; n.m.r. (cocl
3

):_2.06 (s, 6H, 
... 

c~3 , SCH 3 ); 6.93~7.60 (mJ 9H, ar:::>m); F:::>und: ~~ 68.35, H, 

5,297 N, 4.40; calc. f:::>r c
17

H15No
2
s (297): c, 68.69; H .. 5·.05; 

N, 4.71%._ 
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~acti:::m :Jf ~en-N,N-acetal with nitr~::benzene~ 

At tempted_ pre2:~:t::~ t i :Jn :Jf 1~N=~ryl·=2::-.~~et ~'lyJ.~4~c:th.:-: lamin~.:: ~:.:: 

2 :c-:Jyl imidaz 'Jle 

N, N-ethylacetal 11 under ider..:.: ic:::.] .. c ::md.:.t i:J.~s as 

described ::.n general pr::-ced;1re yielded starting material 1 

.. 

m.p. 75~77° (mixed m.p., superimp:Jsable i.r. and n.m.r. 

spectra) .. 
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C~U\PTER V 

RE~CTIONS OF POLARIZEP KETOKETEN~S,N-~CET~LS 

WITH THIONYL CHLORIDE~ A NOVEL GENERAL-ROUTE 
TO 5~"~0YL/ACYL-2-ARYL/ETHOXYCARBONYL~4~ 
ALKYLTHIOTHIAZOLES BY DIR~CT HETEROCYCLIZhTION* 

v.l Intr"Jducti".)~ 

In the pr~Vi".)US chapters we have succossfully 

achieved the anneelati"Jn reacti"Jns ".)f p".)larized keten~S,N= 

ace·:.:;als with nitr"Jsyl chl"Jride and nitr"Js"Jbenzene..J which 

pr"Jvide n"Jvel r"Jutes f"Jr the c"Jnstructi"Jn "Jf imidaZ"Jle, 

quin".)xaline and thiaz"Jle derivatives. we f•:rther antici-

pated "Jn similar gr"Junds that p"Jlarized keten S,N=acetals 

".)f general structure 1 sh"Juld underg:) electr"Jphilic 

c~sulfinati"Jn and subsequent ring cl"Jsure in the presence 

"Jf thi"Jnyl chl3ride t"J aff"Jrd- n"Jvel thiaz"Jle derivatives 

£(Scheme 1). our literature survey at this stage revealed 

*A. Rahman, H. Ila and H. Junjappa, Synthesis, ooo (1904). 
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that c-sulfinati::m 'Jf appr"Jpriately substituted active methy= 

lene c"Jmp"Junds t'J give thi~phenes and is'Jthiaz~le derivatives 

is kn'Jwn in the literature~ 1 h'Jwever~ n'J examples 'Jf electr'J-

philic c~,sulf inat i'Jn 'Jf enamines 'Jr enamin"Jnes are rep"Jrteflo 

The "Jnly related reference available in the literature2 

describes the synthesis 'Jf fused thiaZ'Jl'J [4.,5-dJ pyrimidine 

derivatives 4 by reacti'Jn 'Jf thi'Jnyl chl'Jride with ~alkyl= 

amin'J-1:,·3~dimethylurac il ~ (Scheme 1). In the present chapter .... 

we have discussed the results 'Jf 'JUr studies 'Jl1 the roacti'Jns 

'Jf p"Jlarized ket'Jketen-S~N=acetals with thi'Jnyl chl'Jride., which 

pr'Jvide a D'JVel general r'Jute t'J hithert'J inaccessible ~}~alkyl= 

thi'J~5-ar'Jyl/acyl/unsubstituted=2=aryl/eth'Jxycarb"Jnyl 

thiaZ'Jles. 

v. 2 Results 

~'IJhen the S.rN~benzylacetal la was reacted vdth excess 'Jf 

thi<Jnyl chl'Jride in pyridine at 0-5° f'Jr 3 hr., w'Jrk-up and 

c'Jlumn chr'Jmat'Jgraphy 'Jf the reacti'Jn mixture yielded a yell'Jw 

S'Jlid (6~/o), which was characterized as 2-phenyl=4=methylthi'J~ 

S~benz"Jylthiaz"Jle (~) 'Jn the basis 'Jf spectral and analytical 

data (Scheme 2) .. + It sh'Jwed m'Jlecular i'Jn peak (M ) at m/Z 
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-1 . 1618 em J.n the i.r. spectrum :Jf 2a 1.vL1s a.ttributccl t:J the: 

CJ.r:Jmu.t ic c3rb:Jnyl gr:Jup. Further structurul pr::J:>f f:Jr L:-... 

wClS derived fr:>m its n.m.r. spectrum,· which sh:Jl;\TGd ·ch'-' 

disappearance :>f the characteristic d:>ublot at ~4~45 and 

singlet u.t f; 5.56 (duo t:J benzylic and :Jl<'2finic pr:>t :Jns 

respectively) pres.:;ntly in the n.m.r. spectrum :>f la. ThE" 

singlet u.t S 2.70 (3H) was assigned t:> the 4-HoS pr:Jt::ms. 

Tho c::tr:Jmat ic pr:>t ::ms appearc::d as br:>ad mul tiplct u.t S' 7. 28-

7.68 (6H) and 7.68-8.05 (4H). Simil~ly the :>thor S,N~benzyl 

u.cotals 1£~~ reacted with thi:Jnyl chl:>ridc under ~dcntical 

c:Jnditi:Jns t:> givo tho c:>rrosp:>nding thiaZ:>lcs 2b-~_in 57-

'·· 
65% :>vorall yields undor similar c::mditi:Jns. Tho S,N-iJ.cet.J.l 

ln derived fr:>m acet:>ne yielded the thiaz:>lc 2n in :Jnly 21% 

yield. Further ·:lttempts t:> increase tho yield :Jf .?E_ ~:vcre 

n:)t successful pr:>bably due t:J further rcu.cti::m :Jf .:t.cyl gr:)up 

v.rith thi:>nyl chl:>ride. 

.. 
Under similar rcu.cti:>n c:>nditi:>ns, the S,N=<J.lkyl~ 

u.cotuls l:2, and 1;e failecl t:> reu.ct 1.vith thi:Jnyl chl:;ridc t:> 

give the c:Jrresp:>nding 2~unsubstituted 2:) Gnd 2-mcthylthia~ 

z:>lcs 2p (Scheme 3). In b:Jth the cuses, intru.ctu.blu p:>lyrnGrs 

were :Jbtained. Apparently, the activQti~n :>f umin:)mcthylene 

pr~t::ms is necessary f:>r thiaz~lc: f:Jrmati:>n. It is pertinent 



R
 :XO

 
H

 

/"
'1

 
. 

II
 

R
S

 
N
~
~
-
i
2
-
R
 

SO
C

L2
 

3>
 

P
yr

id
in

e 

R~
o"

· s
 f--

R"
 

R
eS

 
N

/
 

H
 

1 
2.:.

 

1~
~~

, 
¥!

, R
= 

RB
I==

 C
sH

s 
; R

1 
=M

e 
R

'M
C

H
 

.. 
II

 
f2 9

 
=

 .P
-

e 
6 

•4
 ; 

R
 =

M
e 

» R
 =

 C 5
H

5 
£ 

.R
 =

 p-
M

eO
C

G
H

t.;
 R

'=
 M

e
; 
R~

· =
 Cs

Hs
 

d
, R

= 
p-

C
lC

G
H

L.
; 

R
' =

M
e;

 R
'·=

 C
G

HS
 

-
-

II
 

. 

~,
 R

 ~ 
p-

M
e0

C
S

H
4;

 R
1
=

M
e;

 R
 =

 p-
CL

C5
~-

~4
 

! 
?R

 =
p-

-M
e0

C
G

H
4;

 R
'=

 M
e

; R
q=

-p
-

CL
CS

H4
 

g 
.. R

 =
 p
-C

IC
6H

4 
; R

1 
=

M
e,

 R
u=

 p
 --

C
IC

G
H

/. 
h 

, R
 =

 Cs
H

s;
 R

':: 
M

e
, 
R

11
=

 p 
-M

eO
C

sH
4 

· 
i 

, R
 =

 P
-M

e0
C

G
H

4;
 R

' =
M

e;
 R

 .. =
 p-

M
e0

C
G

H
4 

j 
p 

R
 : 

P-
C

lC
6H

4;
 R

'=
M

e 
; R

u =
 p-
~t
1e
0C
GH
4 

-
-

~ 
, ;

~ 
=

 C6
H

5;
 R

' =
 E

t;
 R

''=
· C

6H
5 

l 
, R

 =
 C

5H
5;

 R
' =

-
C

H
2 

C
G

H
s 

; 
Ru

=C
G

HS
 

m
 

R
 -

p 
l~
~r
.:
r-
c:
 '~

a.1
 

• 
n

s
--

C
H

2C
G

i··l
s 

. R
u 
=

 r"
sH

~ 
. 

_ 
~ 

-
-

l,
..
~e
v\
.,
~.
~_
:;
s 

1
4

 9
 

i'
\ 

-
. 

, 
•
J
 

.J
 

R
 

-
1 

n 
n 

, 
=

 M
e 

; R
 =

 M
e 

; 
R

 =
 Cs

Hs
 

S
ch

t:r
ne

 2
 

ro
 

P-
-• 

0 



211 

t:> note h:1wever, that ·the c:>rresp:>nding L\J-=methylamin:r(3b) and 

4-= ethyla.mino(3d=1,3=dimethyluracils underwent facile cycli~ 

zat icm under similar c :>ndi t ions t<J yield the c<Jrresponding 
and~-methyl 

2=unsubstituted~thiazolopyrimidines 4b and 4c in good yieldo 

( sc:1.eme 1). 

vJben the S,N=acetal lq derived from ethyl glycinate was 

reacted 1.-vith thi:>nyl chloride in pyridine, corresponding 

2=ethoxy~carbonylthiaz:>le 2q was obtained in 30% yield. The 

yield could n:>t be improved further under varying conditions. 

Treatment :>f nitroketen S,N=acetal 1~ with thionyl 

chloride under identical conditions did n:>t yield the desired 

thiazole. However, a yellow visc:>us liquid vvas obtained in 

45% yield1 which could n:>t be identified. Interestingly., '"'hen 

the thiazole 2a was stirred with s:>diu.m hydride in dimethyl= 

formamide f:>r 5 hr, after work=up, a visc:>us semi=solid was 

obtained vrhich was characterized as 2=phenyl=4=methyl thio= 

thiazole Sa 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 thiaz8les 2e.. 2h and 2k similarly underwent facile 
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debenzDylation under identical conditions to give the 

corresponding 5=unsubstituted 4=alkylthiothiazoles Sb-d in 

70=75% overall yields (Scheme 4)J thus providing a novel 

and cor.venient route for 2~aryl~4-alkylthio~s~unsubstitutAd 

i·;hiazoles ~ 

V.3 Mechanism for thiazole formation 

Mechanistically, the formation of thiazole 2 from 

SJN~acetals ~ appears to be similar to that proposed by 

Goldman for thiazolo~JS~d]pyrimidine i formation from ~. 2 

The sulfene intermediate 7 formed from the intermediate ~ 

(Scheme 5) undergoes cyclization after proton abstraction 

Yi2. 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 successfulJ while the reaction of la with thiDnyl 

chloride in absence of pyridine yielded mixture of several 

unidentifiable products. The failure of S,N=acetals lo 

(R'=H) and lp (R'=Me) to undergo cyclization to the corres= 

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

N~alkyl protons in lo and lp resulting in the slov1er rate of 
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anl8n G f8rmati8n. H8wever the c8rresp8nding 4-=methylamin8 

3b and.~=ethylamin8 3c uracil derivatives underg8 facilG - \ 

cyclizat ions t8 the cor-:cesp:mding 4b and 4c under similar 

conditi8DS ~Scheme 1). 'J:he reas::m for this observeC d::_ffer= 

et":<ce 5.n t):-1.c: c:::-eactivities 8f 12 (8r lp) and 3b (8r 3c) can b,.. 

traced in the ge8metrically flexible nature 8f the ani8n 8. 

The enamin8ne m8iety in the uracil derivative 3 is retained 

in a rigid ring system~ so that the sulfene m8iety and the 

N=alkyl ani8n in the intermediate 11 have fav8urable geometry 

(with syn sulfeno and alkylamino group) for cyclization to 

thiazolopyrimidine i• However, in the case of acyclic S,N= 

acetals l, the sulfene intermediate 7 exists probably in 

more stable S=trans conformation 7A. When R'=aryl~ the anion 

3 4 

11 (R= Ar, H, Me) 



BA is stable enough t8 equilibriate to anion BB (s=cis) 

having favourable geometry for cyclization to thiazole l· 

However v.Jhen R r =Me or Et, the ani:m 8A undergoes faster 

proton abstraction rather than equilibriation to 8B thus 

leading ·t:D different course of reaction. (.Scheme 5). 

v. 4 Discussion 

The present method provides a novel general route for 

2~aryl~4-alkylthio~s~aroyl/acyl/unsubstituted thiazolcs in 

good yields. It is pertinent to note that the chemistry of 

2=mercaptothiazoles and their S=alkyl/aryl derivatives is 

well established 3a and these compounds have long been establi= 

shed as fundamentally important accelerators for vlcanization 

4 
of rubber. Besides they are known to exhibit herbicidali' 

insecticidal., antibacterial and CNS activity. 3b A few of 

the S=mercaptothiazoles and their 5=S~alkyl/aryl derivatives 

l d . h 1 . 3c,3d are a so reporte ~n t e ~terature •. surprizingly 

4~mercaptothiazoles and their s-alkyl/aryl derivatives are 

virtually not known
3

c and to our knowledge_. 5=nitro-4=butyl= 

thio=2-acetamidothiazole,
5 

an intermediate in the preparation 

of azo~dye, and 4=phenylthiothiazole (13, R=H)
6 

prepare? by 

i::be nucleophilic displacement of 4=bromothiazole by thio= 

phenolat _g:,~( Scheme 6) are the only two examples found in the 
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literature.. This is apparently due to the lack :Jf suitaJ:·le 

precurs:Jrs leading to 4=alkyJ./arylthio derivatives. The me, :: 

general methods for the synthesis of either 2- or 5-alkyl/ 

arylthiothiazoles include (a) one of the varients :Jf direct 

heterocyclization 7 ,S (b) alkylation of the corresponding 2~­

or S=mercaptothiazoles with appropriate alkyl halides3e'
9 

(c) nucleophilic displacement of 2- :Jr 5-halogen:Jthiazoles 

by the appropriate alkyl/arylthio anionsr 3c, 10 l.'llhich hus been 

most comm::>nly used. Since very fm·.r of tho 4-morcu.ptothiQZoles 

are reported in the literature, the second method is not much 

applicable for the synthesis :Jf 4-alkylthiothiaz:Jle. Similarlyr 

4~halogenothiazoles are also not easily accessible alth::>ugh 

they are known to undergo facile rmcle:Jphilic displaccmGnt by 

alkyl and aryl mercaptans at the rates c:Jmparable 1.vith those 

of 2=halogenothiazoles.
6 

The preparati::Jn :Jf 4-halogcn:Jthia= 

zole is only achieved by partial dehal:Jgenation of the 

c:Jrresp:Jnding 2r4= or 4,5-dihalogen:Jthiaz:Jles with zinc10 

(Scheme 6). This is primarily due to the fact that direct 

hal:Jgenati:Jn of substituted thiazoles lead preferentially t:J 

* 11 5=halogen:Jderivatives. 

* When 5-positi::m is substituted by an activating gr:Jup as 
ir. 2=methyl=5-ethoxythiaz:Jler the bromination takes place 
at 4~position. 
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The present meth:Jd theref:Jre pr:Jvides a n:Jvel and 

simple r:Jute f:Jr hitherto unreported S=aroyl/acyl/unsub= 

stituted=4-a!_kylthiothiaz:Jles by direct heter:Jcycliz,J.tion 

in g:J:Jd yields .. 
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v. 5 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. The n .m.r .. spectra were 

rec:)rded :)n varian EM~390 spectrometer using TMS as internal 

standard and the values are expressed in 8(ppm)e 

The sta~ing materials 

The collill11ercial samples of thi::myl chloride (!'·1crck) and 

pyridine (BDH) were distilled before use. Tho corresponding 

SzN~acetals were prepared as described in Chapter II. 

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

bonyl-4-alkylthio=S~aroyl/acylthiazoles 2a~n, 2q 

To an ice cooled solution of S,N-acetal l (O.Ol mol) 

in dry pyridine (8 ml), excess of freshly distilled thionyl 

chloride (40 ml) was added slowly during o.s hr and the 

reaction mixture was further stirred for 2 hro The whole 

reaction mixture was poured over crushed ice, slowly 

neutralized with solid sodium bicarb:mate and the reaction 

mixture was allowed to warm up at room temperature. It 

~.-.;as then extracted with chlar:)form ( 3xlOO ml) 1 washed i·Jith 
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water (3x150 ml), dried (Na2so4 ) and cvap8ratcd t8 Qivc 

8range yell8w visc8us residue, which wets purified by c8lumr 

chr8matoqraphy over neutral alumina. Eluti>Jn "lfli th benzene/ 

hexane ( 1:4) gave the pure thiaz8les as bright yell8i;J s8:_i·" ,, 

.?:~~.!2 (Scheme 2) 8r vise 8US liquid _?q (Scheme 2). The 

spectral and analytical da-ta 8f 2a~n and 2q are given in 

Table 1 and 3 respectively. 

Attempted reacti8n 8f keten-s,N-acetals 1o, lp and lr 

with thi8nyl chl8ride: 

The S,N~acetals lo, lp and lr • were 

reacted with thi8nyl chl8ride under similar c8nditions as 

dee--:::ribcd under genera.l prxedure. \N'ork~up 8f the rcu.ct ion 

mixture as described, yielded dark residues, which shoified 

several sp8ts 8n T.L.C. and n8 identifiable pr8duct could 

be isolated fr8m the reaction mixture. 

General meth8d f8r the preparati8n of 2=aryl=4=alkylthio= 

5-unsubstituted-thiazoles (Sa-d): 

To a suspensi8n of s8dium hydride (0.3g, o.oo6 m81, 

50/o suspcnsi8n) in 20 ml 8f dry dimethylf8rmamide, o.oo4 

m2l of respective thiaZ8les 2a, 2e, 2h an~ 2k in 5 ml of 
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dimethylformamide was added slowly and the react ion mixture 

was further stirred at 65~70° for 4~5 hr. It '''a.s then 

poured over ice cold waterJ' neutrilized c-Jith 20'/o 21.cetic acid 

and extracted with chl::>r::>f::>rm ( 2xlOO ml). The chl::>r::>f:::>rm 

layer after drying and evap::>rati::>n yielded the thiaZ::>les 

Sa""'d as visc::>us liquids (Sa) and (Sd) (Scheme 4) ::>r lovv 

melting s::>lids (Sb) and (Sc) (Scheme 4), which were pure 

enough for spectral data. They were further purified for 

microanalysis by passing thr::>ugh small alumina column using 

benzene/hexane (1:4) as eluent. The spectral and c:tnalytical 

data of Sa~a are given in Table 2 and 3 respectively. 
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CHAPTER VI 

-· 
RE.~TION OF POLARIZED KETOKETEN-S,N~ACETALS 
WITH HYDROXYLN1INE: A FACILE GENERAL RCUTE 
FOR SYNTHESIS OF 5-ARYL-3-N-ARYL/hLKYL/N­
AZACYCLO;ALKYLAMINOISOXAZOLES* 

VI.l Intr:>ducti:>n 

In the previ:>us chapters we have expl:>ited enamin:>ne 
.. 

character ::>£ p::>larized ket::>keten~s,N-acetals, which underg:> 

initial electr::>philic attack at \=,;•carb::>n by nitr:>syl chl::>ri­

de, nitr::>s:>benzene :>r thionyl chl::>ride t:> give either stable 
_, 

(nitr:>s:>keten-s,N-acetals) ::>r unstable intermediates. subse-

quent transf:>rrnati:>~s ::>f these intermediates yield a v~riety 

::>f n::>vel heter::>~yeles like irnidaz::>le, quin::>xaline and · 

thiaz:>le derivatives. Earlier w~k fr::>m this lab::>rat::>ry has 

dem:>nstrated that ketoketen-s,N-acetals :>f general structure 

1 are efficient three carb:>n fragments f::>r the c:>nstructi:>n 

* A. Rahman, R.D. Yadav, H. Ila & H. Junjappa, synthesis, ooo, 
( 1984). 
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:>f amin:>heter:>cycles like 5-amin:>pyraz:>les1 2, 6-amin::>pyri­

midines 22 and 4-amin::>pyrid::>nes 43 :>n reacti:>ns with 

bifuncti:>nal nucle:>philes like hydrazine, guanidine and 

cyan:>acetamide ani:>n, respectively (Scheme 1). In c:>ntinu-

ati:>n with these studies, it was intended t:> study the 

reacti:>n :>f a variety :>f ket:>keten-s,N-acetals with hydr:>-

xylamine in :>rder t:> devel:>p a general synthetic r:>ute t:> 

3-amin?is::>xaz::>les. our literature survey·at this stage 

revealed that d:>ubly activated keten-s,N-acetals Sa and 5b 

have been reacted with hydr~ylamine t:l give the c:>rresp:>nd­

ing anilin:>is:>xaz:>les ~and~, respectively (Scheme 2).
4

'
5 

In the present w:>rk a systematic investigati:>n of reacti:>n 

:>f hydr:>xylamine with a variety :>f ketoketen-s,N-acetals 

derived fr:>m ar:>matic, aliphatic and cyclic sec:>ndary amines 

have been carried :>ut, which led t:> a facile general r:>ute 
... 

f:>r the synthesis :>f 3-amin:>-5~aryl~is:>xaz:>les. 

VI.2 Results 

The ket:>keten~s,N-acetals required f:>r the investi~ 

gati:>n were prepared acc:>rding t:> the general pr:>cedures 

described in Chapter II. Few representative examples :>f 

ket:>keten-s,N-acetals derived fr~ primary ar:>matic amines 
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la-3, aliphatic amines ~-~, benzylamines lb-j and cyclic 

sec:mdary amines lk-D, were selected t:> study the generai.1..t ··· 

::>f the react i::>n (Schemes 3 and !9 ) • when a su spens i::m ::>f 

S,N~anilin8acetal la.~ hydr8xylamine hydr8chl8ricle a.nd s::>dj.um 

acetate was refluxed f8r pr818nged time (20 hr), sta~ting 
... 

material la was rec8vered unchanged. H8wever when s.~N-

anilin8acetal ~ was refluxed with 1.2 eqv. 8f free hydr::>­

xylamin~ (generated separately by treatment with KOH) in 

ethan8l, W';)rk-up 8f the reacti8n mixture yielded pale white 

needles m.p. 143-44°: in 88% yield}which was characterized 

as 3-anilin~5-phenylisJxaz8le ~ 8n the basis ::>f spectral 

and analytical data. Thus ~ sh8wed m::>lecular i:Jn peale at 

m/z 236 (M+) and it was analysed f8r c 15H 12N2o. -Its i.r. 

-1 . spectrum (KBr) exhibited a sharp band at 3340 em ( ]_)NH) 

-1 and str8ng bands at 1600 and 1620 em (·l)c=N ancl S'NH) • 

Further pr88f f8r its ~tructure was obtained fr8m its n.m.r • 
.. 

spectrum (CDCl~/DMSo-d6 ), whieh sh8Wed a signal at S 6.25 

(s, lH) due to H-4 pr8t8n, while the ar8matie pr8t8ns were 

present as broad multiplet atb6.70-7.85 (lOH). _The anilin:J 
. . -~ 

NH-pr::>t8n appeared as br8ad singlet at 6 8.0 ( lH, exchangea-

The is8xazole 7a has been rep';)rted earlier -
(rep8rted mp 142-143° and 145-146°) which is synthesized by 

I 
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the routes shown in the s~hemes 4 and 5. 6 ' 7 However, the 

authors have not reported spectral data for this co~pound 
•'-

except u.v~ spectrum (reported ?max 258 and 211 nm), which 

is in agreemeri·i: with the u,vc spectrum [(\max (f-tleOH) 211 
.. 

(log(!: = 4 .. 11) and 2S8 (log f.=: 4. 09 )] of 3-anili.noiso:x:azole 

prepared by use Interestinglyl the corresponding 5-anilino-
,..._ 

3-phenyl isoxazole 16 prepared by the reaction of 3-morpho~ 
......... -

linoacrylicacidthioamide 14 with hydr80Cylamine (Scheme 6) is 

also reported to have mp 145-146°.8 However, 16 shows 

absorption maxima at"?\ max (EtOH): 256 ( 1-:>g (:; 4. 29) and 293 nm 
.. 

(4.09). Besides, the 4-H proton in 16 is reported to appear 
... 

at higher field at S 4.3 (s, 1H)* ( ~:·H-4 in ]2. = 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 ,J" 
5.84 (s, 1H) in the n.m.ro spectrum of 16, however they have 
not assigned these 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 S5.84 is duet~ H-4 proton 
of 3-anilinoisoxazole 7a. The band at 256 r.m in u.v. spectrum 
of 16 is als:> probably-c:>rresponds to u.v. spectrum of 7a. 
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24f) 

16 -
is:::>xuZ:)line-s~~ne 17 (Scheme 6). 8 H:::>wevcr :::>ur Qttcm~ts t~ 

is:Jlatc 5-phenyliS:D<iJ.Z:::>line~3-:mc 18 by mild hycJr::>lysis :Jf 73. 

were O:)t successful and the ::>nly pr::>ducts is::>latcd fr:)m the 

re=tcti::m mixture were ch·'lr::lcterizGr! as acet::>phen::me <J.nd 

aniline hydr:::>chl:::>ride. The acet::>phen::>ne is CJ.PPQrGntly f:::>rmed 

by c:Jmplote degradati:Jn :Jf is:Jxaz:Jle ~ (SchGme 7). on thG 

basis ::>£ these arguments, ~ is characterized as 3-anilin:J-5= 

phcnylis:JX:l.Z:::>l e. The structure :Jf 7a is further sup;_:):)rtGcl 

by earlier stu0ies ::>n tho reacti::>n :::>f hydrJ.Xyla~ine with 

~ -substitutc:Cl vinylkct::mcs 1:2. ( X~l .. OAr CJ.nd NR2 ) 

"'1hich gCJ.vc cxclusi vely 5-cJ.ryl/alkylis:Jxaz::>le l9 (Scheme 8) 

when X is either aryl-., alkyl ... ::>r cli·21lkylnmin:J substituent. 9 

The ::>thor aniliO:J3.cetals lb-d similarly yielded the rcs:;x:ctivc 

3~anilin:Jis:Jxaz:::>lcs ib-d in 15-85% :Jvcrall yiclcs (Scheme 3). --
The C::)rresp:)nding 3-ethylamin::>is::>XQZ:Jl es 2s.-g v1cre similDrly 

::>btc:l.inocl in 7~-92% :::>verall yielcJs fr:,m the c::>rrcsp:::mc.:ing 

S,N ... cthylacctals 1:.£-g (Scheme 3). When the c:::>rrcs;;nn(~ing 
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identical c::mditi::ms the c:>rresp:mding 3~benzylamin:>is:>xo.z~Jles 

7h-j were :>btained in 56-92% :>verall yields (Scheme 3); ~:-:us 
,.,.t:: 

the reacti:>n is f:>und t:> be general f:)r the synthesi.~:,(J.:~ryl 

' keten-s,N-acetals derived fr:>m cyclic sec:>ndary amines lk-'n 

(Schema 9),the respective 3-pyrrolidino-(~) 3-piperidin:>- (21) 

3~morpholino-{7rn) and 3-(N-phenyl)piperazino-(7n) isoxaz:>les 

were obtained in excellent yields (Scheme 9). All the is:>xa-

Z:>les were aharacterized with the help of spectral and analy-

tical data (Tables 1 and 2). 

VI.3 

A facile general r:>ute f:>r the preparati:>n :>f 3-aryl/ 

alkyl/cycl:>alkylamin:>is:>xaz:>les has been devel:>ped fr:>m the 

easily available ~ •ket:>keten-s,N-acetals l under simple 

reacti8n conditi:>~s. It is pertinent t:> n:>te that very few 

3-substituted amin:>isoxazoles are rep:>rted in the literature. 

The rep:>rted synthesis 8f few 3~anilin:>isoxaz:>les involves 

the reaction :>f hydr~ylamine with phenylpr:>pi:>lthi:>anilides 

(1£} (Scheme 4),which aff:>rds the corresponding 3-anilin:> 

isoxazoles in p:>or yields (Scheme 4). 6 The isoxaz:>le 7a has 

als:> been obtained by reacti:>n :>f benzoylketen-N,O-acetal 12 
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\vith hydr:JXylamine (Scheme 5). 7 B::>th meth::>cls are ::>f limited 
.. 

synthetic value f::>r liberal structural variati::>ns, since the 

f::>rmer meth::>d ·requires preparati::>n ::>f thi::>anilides 10 fr::>m 

substituted arylacetylenes. Similarly the benz::>ylketen~O,l-J-

acetal 12 is n~t easily accessible, besides it is n::>t very 

stable under atm::>spheric c::>ndi ti::>ns. Except these fm,;; 

3-anilin:)is::>xaz::>les, n::> examples ::>f 3-alkylamin::> and 3-N-

azacycl::>alkyl.3min~is::>xaz::>les are rep::>rted in the literature. 

The present meth::>d theref::>re pr::>vines an efficient general 

r::>ute f::>r 3-substituted aminois::>xaz~les~which has wide sc::>pe 

f::>r liberal structural variati::>ns. 
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VI. 4 Experimental 

Meps. v.rere cletGrmincd ::m a 'B:Jetius 1 (Gcrmun) appara~ 

tus ancJ u.ro unc:~rrcctc:o. The i.r. spcctrCJ. T.vcrc rcc::>rcled ::m 

Perkin-Elmer 297 spectr::>mc:ter, \vhile the u.v. s:)octru. were 

:~btuinccl :~n Beckmann 26 spoctr:Jph:Jt:Jmc:ter. The n.m .. r. spectra 

1:.;crc rcc:Jrr:oa :Jn varian EM-390 spectr:Jmcter using 'TNS QS inter~ 

nul standu.rcl anr3 the values arc expressed in S (ppm). 

The keten=S, N-acet J.l s 1,:3.-n were prepu.red as c1 oscribe,-l 

in Ch<::tptor II .. 

GGOC.:.£0]-__mc:th:)Cl f :)r the prG0J:J.r:1t i ::m ::>f 5•arx_l-3-N•~ry1_LL1lky/ 
N-azacycl::>alkylamin::>is::>xaz::>los (7a~n) --

A s::>lutiJn ::>f s,N~acctal ~~~ (O.Ol m::>l) and hy~r::>xy= 

laminc (gcnoratcrl fr::>m 0.04 m::>l ::>f hyclr::>xylaminc hyc~~:Jchl:Jric1 e 
... 

<me: o. 04 m::>l :Jf p:Jtassium hyc~r:Jxide in 5 ml ::>f water 1 neutral 

t:~ litmus) in ethan:Jl (25 ml) was refluxed f:Jr 3-4 hr. The 

mixture was p::>urc:c'] int::> icc"'"c:Jlcl vBtc::r. The aqu::>us luyGr \vas 

extractcG v.rith chl::>r:Jf::>rm ( 3x25 ml), ::tnc"1 the chl::>r::>f::>.t1TI layer 

vras cJriccl vJi th N).2So 4 , <:1nr'! evap:~ratcfl t::> gi vc is::>xaz::>lcs 7 Q~n 

(Schemes 3 and 9),which were crystallizccJ fr::>m othan::>l .. 

Tablu 1 anr 2 1 rGspGctivGly. 
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Acicl hy(~r:>lysis :>f 3""anilin:>-5~phenylis::>xaz:Jle (7a) 
-...-.-

A s::>luti::>n ::>f is::lxaz:>le 7a (2.36gm, o.ol mJl) in 50 ml 

:>f mcthan:>l and 5 ml :)£ hyC1r:Jchl:>ric as: icl ( 12%) \vas refluxed 

f=>r 1 hr.. Reacti:>n mixture was C:J':.)lcC1 1 methan:Jl v.J'iJ.S rem:Jved 

unc'\c.r racuced pressureJ'clilutec vlith water (50 ml) .::tnc1 extra-

tee with chl:Jr:Jf:>rm. Chl:Jr:Jf:Jrm layer was 0rieu (Na
2
so4 ) ano 

c :Jncentratecl t::> give dark visc:>us liquide which wus further 

purifiod by O:Jlumn chr:Jmat:Jgraphy :>ver silica gel. The 

visc::>us liquid thus :>btainen (0.9g, 75%) was i~cntifieC1 as 

a.cet:Jphcn::>nc (superimp::>scible i.r. <1nd n.m.r.). 

Aqu:>us luyer was basifioc~ with 4 ml :Jf s:Jc~ium hyclr:JxicJe 

( 10'/o), extract en with chl:>r::>f:Jrm .. drie<J (Na 2so4 ) u_nc: cv.J.p:Jr.J.~ 

tee! t::> give c~tlrk c:Jl:>rec1 liquic\, which wc::ts (\iss:>lvcc! in c.:thcr 

:=:me! hc.:::ttccl with cJry HC1 1 a vf:ite s:JlidJ '.ii.:!.~ :Jbtaincc' which was 

charactcrizcc'1 CJ.S aniline hyf1r ::>chl::>r icle (super imp:Jsd.~;lc i. r.) • 
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