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PREPFPACE

A systematic investigational study was undertaken,
to exploit the polarized keten=S,N= and N}Nmacetals as
useful three and two carbon fragments for the construc-
tion of a wvariety of heterocyclic systems} The study
includes development of newer synthetic methods using
these S,N= and N,N-=acetals for the synthesis of amino-
pyrimidines, 4-=aminopyridones, 4=thioxopyrimidines,

S5=hydroxyindoles and 4-=carbomethoxypyridones.

In the first chapter, a brief literature survey
is given on the methods available in the literature for
the synthesis of S5,N-= and N,N-acetals and their react-

ions,

In the second chapter, preparation of a few

selected keten=S,N= and N,N=acetals is described.

In the third chapter, the reaction »f S,N- and
N,N-=acetals with guanidine has been described, provid=

ing onhe step hew general method for the synthesis



of aminopyrimidines. The method is original and can
be extended further for the synthesis of a large number

of aminopyrimidines with wide structural variations.

In the fourth chapter, these S;N— and N,N-acetals
have been successfully condensed with cyanoacetamide
anion, providing a new general method f£or the synthesis
of 4=amino=2(1H)-pyridones. The generality of the

method has been described,

In the next chapter, the concept of these S,N= and
N,N=acetals as two carbon fragments has been explored.
They are shown to undergo facile condensation with
benzoyl isothiocyanate to yield usefully functionalised
4=thioxopyrimidines. The limitations of the method are

described,

In the sixth chapter, the S,N= and N,N-=acetals
have been shown to be a useful class of enamine
components through their reaction with 1,4-benzosqui-
none, yielding 5-hydroxyindoles. The advantage of
these S,N= and N,N=acetals as enamine components has

been discussed,

i



In the last chapter, S,N- and N,N=acetals have
been reacted with dimethyl acetylenedicarboxylate,
vielding 4=carbomethoxy-2(1H)-pyridoneswith appro-=
priate substra£es in good yields, The seope of this

method is discussed.

ni



CHAPTER 1

POLARIZED KETEN=S,N= AND
N,N=ACETALS : A REVIEW

1.1 Introduction

Polarized keten=5,N= A and N,N=acetals B can be
prepared either by displacement method; reacting
keten=s5,5= C/0,0=-acetals Ql/ketenmdichlorides 22 with
amines or by direct method starting from active methy-
lene compounds and reacting them with suitable
electrophiles. These compounds are either high boil-
ing liquids or well defined crystalline solids, which
can be purified by conventional methods., They exhibit
good stability and are found resistant to mild hydro-
lytic conditions, Therefore, they can be prepared
from a wide variety of active methylene compounds and
stored under ordinary conditions. It may be noted,
that S,N= and N,N-=acetals derived from these active
methylene compounds can be regarded either as vinylo-
gou%hmides, if they are derived from ketones, or as

vinylamines if derived from non-=keto active methylene

=
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Keten=0,0-=acetals Keten=dichlorides
Rl = H, alkyl, aryl, nitrile, carbonyl, nitro,
sulfonyl etc.
R2 = Nitrile, carbonyl, sulfonyl, nitro etc,
E = Alkyl

compounds. Although, the chemistry of enamines derived
from ketones and primary or secondary amines is well
documented, the analogous series of ketehes,N= and N,N=
acetalsy;which should in principle behave like enamines,
have scarcely been studied on the lines of enamine

chemistry. Apparently, the polarized keten-=5,N- and



N,N=acetals form a novel series of compounds, whose
studies has so far been confined to their preparat-
ion and physical properties. Their synthetic utility
as three carbon fragments and as structural analogues
of enamines, therefore, demands a systematic study,

which forms the major objective of the present investie

gation.

A brief review of the ehemistry of the keten-

S,N= and N,N=acetals is discussed in the following two

sections;

(1) Methods of synthesis of keten=S,N= and
(2) Synthetie applications of keten=s,N- and

N,N=acetals.

1.2 Methods of synthesis of Keten=s,N- and N,N=-

acetals

There are a number of methods desecribed in the
literature for the synthesis of keten-S,N- and N,N-
acetals and they ecan be broadly classified in the

following categories:



1.2.1 pirect synthesis of ketenh=5,N- and N,N-acetals

from active methylene compounds.

1.2.2 Synthesis of keten=s5,N-= and N:Naacetals via

displacement by amines from keten-=S,S8-/0,0-acetals

or keten-=dichlorides.

la2.1¢,1 Using alkyl and aryl isothiocyanates:

one of the efficient methods for the synthesis
of keten=38,N=acetals described in the literature,3°9
involves the reaction of active methylene compounds
1 with alkyl or aryl isothiocyanates in the presence
of a base (Scheme 1), The resultant sodium salt 2 of
the S,N=acetal can be subsequently alkylated with
appropridte alkyl halides to yield the desired ketene
S,N=acetals 3 in good to excellent yields} The
method has génerally been used for the synthesis of a
number of keten-S,N=acetals and provides one pot
synthesis of these important series of c#mpounds,when
alkylation is earried out without isnlating the salt,
The salts 4 with dibromoethane yield 3=-phenylthiazo- -
lidin—z-yliden-acetophenone (§>6’1O im moderate

yields, The method is particularly useful for the



Ar—N=_C=S

Scheme 1

k&) ®
X S Na R _hal X SR
Base S >::< R-hal | >=-_<
DMF Y NHPh Y NHPh
2 3 (Table 1)
( Ref. 3-9)
B
I ?
0 FPn
——Br N / \ _______ </ N—
—NaBr, — HBr — / }
5a, Rl-cl, R&H, R3H
b, R=R2:Cl, R3H

., RI=Cl;R%zH, R3-CN

{ Ret.6,10 ) |
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TABLE 1

SR

NHPh

X X

]

NO,7 ¥ Hy R = Me
Y

Il

PhCO; R = CHZPh,

D
CH2N02, CH2COMe, CH2COLh

2=ClC H,CO, g=BrC6H4CO,

2,5=Cl1 CO; Y = H; R Me

il

“ef3

CN, COOEt, CONH

Ph; Y CN:

e
R = CH2CN' CHZCOOR, CHZCONH2
COOMe; ¥ = CN, CO0OMe; R = Me,
aliyl, crotyl

COCEt; Y = COOEt, COMe; R = Me,
allyl, crotyl

COMe; ¥ = H, COMe; R = Mg, allyl
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preparation of S,N=acetals exclusively} The S,N-
acetals reported by this method are described in

Table 1.

1.2.1.2 Using thiocarbamoyl chlorides and C-aryl-

sulfonylthioformamides:

Active methylene .compsunds 1 (Scheme 2) have

been reacted in the presence of sodium hydride and

DMF=benzene mixture with thiocarbamoyl ehlsridesll‘l2

6a or C-arylsulfonylthioformamides §p12'13

to give
the corresponding thioamides 7, which on subsequent

alkylation gave S,N-acetals 8.

l.241:,3 Using S=-alkyl isothioureas and dithiocarbonic

acid diester~imides:

Active methylene compounds are alsos shown to

3
+14,15 (Scheme 3)

react with s=methyl isothioureas 9a
in neutral medium to give directly the corresponding
keten=-N,N-acetals 10-12., The method is also extended
to prepare S,N=-acetals 13 using dithiocarbonic acid-=

diester-imide 9b°’ 1%

in place of ispthiourea deriva=
tives. Generality of the method is apparent from the

structural variants deseribed in the Scheme.
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Scheme 2

e o B2t e ey

S
- (i:! }R Nat .
. "N\R DMF — Benzene
ba , Z=Cl
Q,ZzSozAr
A |
N\ CH3l
R ¢
5Me
8
)8~§$X:Y=CN)R=MQ
b, X=Y=CN; R=Me
¢, Xz=CN;Y=Ph)R:Me
d , X=Y= CN; R=CH,Ph

NaH

{Ref. 11-13)
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PSR~

MR EtOH/Et0 X, NHR
‘R A/RIL Y> =~ ol
/
 RI=N 10-13
' RL.:SME

1-thienyl-CO,5-Cl-1 ~thienyl-CO ;
Y=CN;R,R!= ~{CH5)3 - N{Me)-

Me /]
)(:-.-NOZ y Y;—.H;R:Me;R’: --Nf » —N
\Ph ]

X = Y=CN ; RzMe ; R=NMe,
X=Y=CN R=Me R':SMe

( Ref. 3,14,15)



l.2.1.4 Using carbodiimides:

one of the versatile methods for the synthesis
of keten=N,N-acetals 16 (Scheme 4) involves the use

3,16,17 Thus, when active methylene

of carbodiimides.
compounds are reacted with diaryl carbodiimides 14
in the presence of sa>dium ethoxide; the corresponding

N,N-acetals 16 are formed in good yields (Table 2).

1.2.1.5 Using tris-(dimethylamino)-alkoxymethane:

Active methylene compounds 1 have been shown18°20

to react with tris-(dimethylamino)-alkoxymethane (17)
in dry benzene to.give the corresponding keten-N,N-
acetals 18 (Scheme 5) in good yields: various N,N=

acetals thus preparcd are given in table 3.

l1.2.2 Displacement Method

The reaction of keten-sgsu/ojomacetals and
keten-dihalides with amines eonstitutes one of the
general methods f£or the synthesis of keten-s,N- and
N,N-acetals. Easy; ohe pot preparative method for
the synthesis of keten-S,S-aeetals and their facile
displacement reaections with amines; has made this

route, a method »f ehojee for the synthesis of keten-



Scheme 4

NaOEt X\ NHAF .
> + AT-N=C=N—-Ar — e \
benzene AT
1 14 LS_...

NHAr

>:<NHA‘

16a -q (Table 2)
(Ret.3,16,17)

Scheme 5
NMe
A dry benzene _ X NMe>
)+ RO—C—NMe, ) >:<
NMe- Y NMep
17, R=Et(a-d ) 18a-p ( Table 3)
R=Pri{e-p )
(Ret.18 -20)

TT



TABLE 2

¥ NHAr
Y NHAY
16

Product X Y AT
16a COOEt COOEt CHg
16b COOMe COOMe C He
16c COOEt CN C He
16d COOMe CN CHe
16e CN CN C He
16fF COPh COPh CHe
16qg COOEt COPh CeHs
16h COMe COPh CeHg
161 COOEt COOEt p-MeC H,
163 COOEt COOEt pP-EtOC H,
16k COOEt COOE*% p-Me NC_ H,
161 COOEt COOEL P-NO.C H,
16m COOEL COOEt P~FC H,
16n COOEt COOEt 3,4=C1,C Hy
160 COOEt COOEt e ~Cq Hy
16D COOE® COOEt ﬁ>—cloH7
169 COOEt CN A ~CqoH

|
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TABLE 3

X NMe2

~

Y NMe,,
18

Product X Y
18a PhCO H
18b Ph CN
lgc NS H
18¢c [:o/
18d CONH,, CONH,,
18e CN CN
18f CN COOEt
18g CN H
18h CN Me
181 oN n=pPr
187 CN NMe,
18k CN OMe
181 H COOEt
18m H CON(Pri)2
18n H CONMe,,
180 H con(pr'y,
18p H

— caoﬂ<:>
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S,N- and N,N=acetals. Thus, the keten-5,S-=acetals

19 (scheme 6)3+%s15,21=25

react with ammonia, primary
or secondary aliphatic amines 20 and primary aromatic
amines 21 in ethanol to give the corresponding keten-
S,N=acetals 22 and 24, N,N=acetals gg: or mixtures of
S,N= and N,N=acetals, depending upon the stoichiometry
of the amine used and the reaction conditions. However,
their reactivity with aromatic amines in boiling acetic
acid is more selective. Thus; S;Snacetals 19 when
reacted with aniline and substituted anilines®s2®
yielded the corresponding N,N=acetals 25 in good yields.,
The keten=5,N= and N,N=acetals reported by this method
are given in Table 4., The S,N=acetals cam be subse-
quently used to premre unsymmetrically substituted

N,N-acetals.21

Dithioesters 30 (Scheme 7) reacted with aziridine

[
in methanol at 20 +to give the eorresponding cyeclic

3:.27 iy 57% yield. similarly, keten-S,S-

5 ,N=acetal 33
acetal 19 reacted with sodium=(2=amino=thiophenolate)
(34) to give 2-~dicyanomethylene~2,3=dihydro={benzos=1,3=

thiazole (35)3’4 in 77% yield,

The thioamide 37 (scheme 8) derived from the

23,27,28

corresponding dithioester 36 and amine are



Scheme 6

1 eqv.
2 3
HN/R
\p3
20 R
EtOH
2 eqv.
EtOH
Tor 2 eqv7.
ArNH
2 2
A
ACCH \
Z2 eqv. K

R SMe
R‘: NRZR3
22a-1
R NRZR3
RY  “Nr2R3
232-9
R SMe
R1 NHAT
%a-g
R NHAr
R’ NHAr
25

{ Table 4)




Scheme 6 contd.

2
. ~
(CHy In—N
I
NH? ?2
R SMe ?__6 R N —{CHy)n
Y
F21>‘::/\SM‘3 Et0H/ A Fe?: iN,_‘
19 H
3 27
1,26,27, R=H;R=NO7 ; RZ=H,Me; nz1,2
R:CNJ R}’-CN;R‘?:H,' n=1
R=CN; Rl= CODEL ;RZ=H; n=1
R= COOEt ; Rl=COOEt ; R2=H; n=1
R=H; Rk CgH5CO, p- CICgH,CO,
p—-NOCgH,CO; RZ=Me; n=2
( Ref. 3,15,21,23,54 )
0 0
Ph—N Me Amine / A . Ph"? _<R
Ph —nN SMe DMF or EtOH Bh_N =
0 0
28 29a, R=SMe; RT NH?
9: RI-SME R HNPT
C, R:R‘ 1-aziridinyl
d, R, Rl= HNCHy CHp NH

( Ref.3,53)

16



> /
R L NRZR >
22
Qroduct R R1 R2 R3 Ref.
22a CN CN H H 21
22b CN CN —(CH2)2=-0-=(CH2 5= 3
22¢ CN COOMe Me Me 21
22d CN COOMe H H 21
22é CN COOEt -(CH2)2=O~(CH2)2= 22
22fF CN COOEt m(CH2)5= 22
22 N02 H ==(CH2)5=- 25
22h NO, H H CHZPh 25
221
i NO, H H CHZCH(OEt)Z 25




Table 4 (Contd,)

R NR R3
r1 2R3
23

Product R Rl R2 R3 Ref.
23a NO2 H Me Me 15
23b NO2 H H Me 15
23¢ NO2 H H CHzPh 15
23d NO, H ~(CH2)2-=O=-(CH2)2-=- 15,23
23e NO2 H —(CH2)4— 15
23f N02 H =-(CH2)5-= 25
23g CN COOEt H n=Bu 3,4

|




Table 4 (contd.)

R SMe
n NHATr
R 24
Product R Rl Ar Ref.,
24a CN CN C6H5 21
24b CN COOMe C6H5 21,24
24c CN CN p«CH3OC6H4 21
244 CN CN chloH,, 21
1
24e CN COOMe E)—CH3OC 6H4 21
24fF CN  COOMe {5~cloﬂ7 21
24g NO2 H C6H5 23
R NHATY
gl NHAT
2_5:?_1 R =H; _2.§.
1
?nCH3OC 6H4CO' }_;)=CH3C 6H4CO ’
_:>_==C1C6H4CO, 2=thienyl=CO;
Ar=C6HS P ?—CH3C 6H4" P=CH3OC 6H4 z
9=CH4C H,, m=CH,C H,

(Ref., 6,26)



MeQ0C SH |
=+ ]
NC" = ‘SMe

30 3
NC SMe NaS N
=Co o+
NC Me HZN -

19 | 34
L\-BUOH
e T
NC N
H
35 ( Ret.3,4 )

Scheme 7

e e e e ea o

MeOH MeOO€ SCHyCH) NH)
20°C NC: <SMe
L. -
2
Room temp.
~

MeOOC: TS]
NC N
H

33 (Ref.3,27)



reported7'29 to be alkylated to the corresponding
keten=5,N=acetals 39 in good yields. SimiiarlY} the

formation of 41 from 40 is described','3’3O

The keten-0,0-acetals 42 (Scheme 9) are more
reactive towards amines than their sulfur analogues.

1,3,31-37

Thus, 42 are reported to react with one

equivalent of amines to give the corresponding O,N=
acetals in excellent yields} However, all the O,N-
acetals reported in the literature are not discussed
here., The formation of keten-N,N=acetals from the
reaction of 42 with twdo equivalents of amines is very
facile, and the N,N=acetals thus prepared are shown

in the Scheme. The kcten=dichlorides 45 (Scheme 9)
also undergo facile displacement reaction with amines
to give invariably the corresponding keten-NgN~acetals

3638039 41 good yields. The method is not commonly

46
used, since, the keten-dichlorides themselves are
prepared from the corresponding keten=S,S-acetals and

phosphorous pentachloride,

1.3 Reactions of ketem=5,N- and N,N-acetals

Despite several methods reported in the literature,
for the synthesis of polarized keten=5,N- and N,N-

acetals, which are briefly deseribed in the first part



Scheme 8

—
HN ‘
0—H, - O-H, TL{I)OEt
Ar“Q\_.«S U N )
N/
SR N
3 37 ‘
_~_-OH
S | S
22 7\ 0
C
NN 0 Ar SR
H N
i \‘-.........I
) 33 ,R:=Me, Et
_~_OH ] e AP (Ret.7,23,2729 )
C\"'ﬁ/"\o CH3CN C ND (Ref.3,30)
- ] —




Scheme 9

| : _ R NRZR3
ROEt 2R3 . Ry JME HNRZRS | y==(
1>:<OE1 leqv. R1>::\/NR2R3 1 eqv. R NR2R3
42 43 “
42-44 , R=COCgHs ; RI=H; R2-R3: —(CHy )5
R=Rl=H; R2:R3= — (CH2 4,5
R:R‘:CN;RZzRB:H)Me |
R =Rl:CN,R%H; R3: Me (Ref.1,3,31-37)
ol Ry NRRS
R HNRZR3 y >_.:./\ '
R1> <C1 2 eqv- R’ NRZR3
45 €

45,46a, R, Rz COOMe ; R%: H ; R3: CgHs
Q:RzH;-R"=COC5H5 , RZ,R3:= *‘(CHZJZ"'
¢ R=H;R=p—ClCgH,CO; RE, R3: — (CHy Jp—
 {Ref.3,38,39)

£a



of this chapter, their synthetic utility as three
carbon fragments or as a class of vinylamines and
vinylogouqémides has not been extensively explored.
In this section, an attempt has been made to describe
various reactions of the keten=S;N- and N,N=acetals,
not only exemplifying their reactions as synthetic
intermediates but also rewvealing their further scope

in orgahic synthesis.

1.3.1 Synthesis of Pyrazoles and their derivatives

Although, keten-S,N-~ and N}N—acetals are less
reactive than the corresponding S:S— and 0,0aacetals}
their reactivity towards nitrogen nucleophiles appears
to follow the parallel routes of those of their sulfur

analogues,

The keten=S,N=-acetal 22d (Scheme 10) when
reacted with hydrazine hydrate is reported4o to undergo
only displacement reaction initially, to give an open-
chadn compound 47 which underwent cyclization at 180°
to give 3;5-6iamina—4~methoxycarb;nyl-pyrazole (48).
The S,N-acetal 49, derived from 1,3~diketane; reacted
with hydrazine in the presence of an aqueous acid to
give 3(5)~anilino~5(3)=-methylpyrazole (51) involving

deacetylation of 49%.



ne
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Scheme 10
NCICOzMe H> NNH, NC _-COyMe
% i
e J
MeS” “NH; ZN\{*_JI NH,
22d / 47
/’//
180°
A N2H4 ACZO
\Jr 3
HZN COZMe AC 20
NZ_&-NH - [Triacetyl - derivative }
~N 2 of 48
H . -
48
Me — /’Q B
c: NHPh He/H0 HNHPh ]
Me _.C SMe I Me - SMe |
A\Y W\ f
9; B O J
49 >0
T Me T
/ \ / { NzHH
N
~N NHPh
H
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Similar reaction of hydrazine hydrate with keten-
S,N=acetal 52 yielded only the open~chain eompound 53
which failed to cyclise to 55, Howevgrzwég.underwent
smooth condensation with carbon disulfide in the pre-=
sence of a base to give pyrazolopyrimidine 54, Similarly
52 was shown to react with triethylorthoformate to yield
functionalised pyrimidine 56 which on reaction with
hydrazine hydrate in the presence of pyridine gave the

pyrazolopyrimidine Ez;

In another reaction/the keteneSJN—acetal 58 is
repartedlo to react with hydrazine hydrate to give a
mixture of 3-aminopyrazole 59 and ;,S-Giaminopyrazole
60 (Scheme 11), An interesting variation of the
reaction of S,N-acetals, generated in situ, by react-
ing keten~s,S=acetals with amines, is reparted41 from
this laboratory. Thus, when 61 was first refluxed
with ohe equivalent of an amine, followed by gradual
addition of hydrazine hydrate, the product analysis

showed the formation of pyrazole 63 in excellent yield.

1,3.2 Synthesis of Thiophenes

The nitro-N,N-aeetals 64 (scheme 12) are

repartea42?43

to react with alkyl and aryl isothio=-
eyanates in boiling toluene to give thiosamide

intermediates 65 which are subsequently shown to react
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Scheme 10 continued
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with o ~haloketones to yield the corresponding thio-

phenes 66.

Thiophenes have also been reportecﬁls"8 through
base catalysed intramolecular cyclisation of function-
alised keten-S,N=-asetals. Thus, 67 in the presence of
sodium alkoxide, underwent eyclisation to give thio-
phenes 68. The reaction was shown to be general for

substituents deseribed in scheme 12.

1,3.3 Synthesis of Pyrroles and Pyrrolines

We have shown from our laboratory that the
keten=s,N=-acetals derived froam functionalised amines,
undergo interesting intrémslecular cyclisation to
give 2,3=disubstituted=pyrroles (Scheme 13).44 Thus,
when 69 was reacted with aminoacetaldehyde-diethy-
lacetal in refluxing ethanol, the S,N-acetals 70
formed in good yields, underwent cyclisation in

ethereal=-hydrochloric acid to give 2~thiomethyl=-

pyreoles Zl.

Another variations of this method is reported45
again from sur laboratsry, for the synthesis of
2=aminopyrroles. Keten-S,S~acetals a2 (Scheme 14)

derived from 4-aryle4-oxobutanenitriles, underwent
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facile condensation with various amines to give 2-

aminopyrrbles 74 involving the S,N=acetal = , in situ.

The method is of general application for the synthesis
of 2=amino=3=unsubstituted-pyrroles which are useful

intermediates for the synthesis of 7-=azaindoles.

The photochemical transformation of keten=N,N-

acetal 75 (Scheme 15) is reported46 to yield pyrrole 76.

Although polarized keten=3S,N-acetals were known to
react with primary and secondary amines, their reaction
with aziridine was not reported till recently. We have

reported in our earlier work,47

that the doubly polarized
keten-5,S~=acetals 77 (Scheme 16) reacted with aziridine
to yield the corresponding S,N-aziridino acetals 78 in
excellent yields., These intermediates were shown t®
undergo facile potassium iodide induced rearrangement to
give the corresponding pyrrolines 79. The method is
extended to accomplish identical transformation to give
novel spiro-pyrrolines 82, under identlcal reaction

conditions, This is the first report of the pyrroline

- synthesis via rearrangement of vinylaziridines,

l.3.4 Synthesis of Thiazoles and Isothiazolines

The nitroketen=N,N=-agetal 23213 (Scheme 17) is



.. e e s o

0 0 0
Ar CN Ar Ar 0
R - NH PhCOC
)jf L L
MeS” “oMe MeS~ N7 NHp MeS I;J }I\{l
i
f B R | R
72 73 7
72-74 , Ar=CgHs, , p-CICgHy , p - MeOCg Hy, 5
R=CH3,CpHg,CHyCgHg (Ret.45)
.‘0 Scheme 15
Ph N(CH>R)- |
S >, 1
H N(CHoR)9 photolysis Ph I}J R
o 76
75,76, R=H,Et,Pri ( Ref 46)

oF



Scheme 16
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reported42 to react with aroyl isothiocyanate to yield
the adduct 83 which reacted with phenacyl bromide to

yield thiazole 84 instead of the expected thiophene 85.

43,49

The adduct 86 (Scheme 18) derived from

nitro-N,N-acetal 23b and aryl isothiocyanates 7,
underwent oxidative ring closure with bromine in acetie
acid to give 4=nitro-isothiazolines §z/while 89
derived from unsymmetrical nitro-N,N-acetal 88 did not
yleld the isothiazoline 90 under similar conditions

but gave benzthiazole 91. The condensation products
from nitroketen-N,N-acetals 2215 (Scheme 19) and
benzoyy&sothiocyanate, on treatment with sulfuryl

chloride, are reported49'50

to yield isothiazolines

93, which were shown to undergo base catalysed frag-
mentation to give hitherto unreported 1,l-diamino-2-
nitroacrylonitriles (94) in good yields. Similarly,
when the adduct 96 from cyclic ketoketen=N,N-icetals
95 and benzoyl isothiocyanate was treated with sul-

furyl chloride, only the chloro product 98 was

\ o}
obtalned,5 although, the formation of 97¢c was

observed in traces when 96c was treated with bromine.

1.3.5 Synthesis of Isoxazoles

The keten-S,N-acetal 49 (Scheme 20) is reported4o

to react with hydroxylamine hydrochloride to give
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Scheme 19
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isoxazole 99. The nitroketen=N,N=acetals 23 and
nitrile oxides were reacted43 in the presence of

triethylamine to give 4-nitroisoxazoles 100,

1.3.6 sSynthesis of Quinolines and Pyrimidines

The keten=N,N-acetal 10la (Scheme 21) under-
went thermal cyclisation in the presence of diphe-
nylether to give quinolin=4-one 102, while 101b
under similar conditions yielded tetrahydro-dibenzo-
[b.g]-1,8-naphthyridin-dione~(11,12) (103).7° The
keten-N,N-acetal 10lb and S,N~acetal 10lc (Scheme 21)
underwent intramolecular cyclisation in the presence
of phosphorous oxychloride to give 4-=-chlorogquinolines

16,21,24

104b and 104c respectively. The S,N=acetal

105 however, in the presence of sodium hydride gave

quinolin=4-one 106.6’10

Keten=N,N=acetal lBg reacted with formami-

dinium acetate (Scheme 22)51

to yield yyrimidine=
carbonitrile 107, Its reaetion with acetyl chloride
gave 108, which on alkylation yielded the N,N=

aeetal 109a. 109a subsequently reacted with guani-

dine or formamidine to give pyrimidines 110,
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Scheme 21 conid.
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1.3.7 Miscellaneous Reactions

The ennl ethers 109 derived from ketoketen=N,N-

acetal 108 reacted with methyl isothiocyanate to give

pyridin-2-thione 111°% (Scheme 23), The N,N-acetal

52

112 condensed with diethylmalonate in the presence

of sodium ethoxide to give 113.

r——

The S,N-acetal 41 reacted with 1,2~bifunctional
aromatic compounds such as p-aminothiophenol (114a) and
O-phenylenediamine (114b) to give benzothiazole
l}§g§0 and benzimidazole ilé23o respectively, while 41
condensed with amidine hydrochloride (115) to give

s=triazine 11 .3O

——
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Scheme 23 contd.
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CHAPTER 2

PREPARATION OF POLARIZED
KETEN=S,N= AND N,N=ACETALS

2.1 Introsduction

The reported methods of preparation and synthe-
tic applications of keten=-sS,N~ and N,N-acetals are
described in the preceding chapter. Apparently, any
active methylene compound carrying two replaceable
hydrogen atoms on theo{-position of the electron
withdrawing group can, in principle, be converted to
its corresponding S,N= and N,N-acetals. However, inh
the present investigation, only a few active methylene
compounds carrying suitable electron withdrawing
functional groups, useful for subseguent synthetic
applications were chosen, and converted into the
eorresponding S,N- and N,N-acetals. The various
methods used for the preparation of these S,N- and

N,N-acetals and their spectral characteristics are



described in this chapter.:

2.2 Preparation of Polarized keten-=s,N- and N,N=

acetals

The preparation of keten-s,N-= and N,N-acetals
have been accomplished through one of the following

methods:

2.2.1 Displacement method,
2.2.,2 Direct method using isothiocyanates.,

24243 Thiocamide method,

2.2.1 Displacement method

The keten=3S,S=acetals are known1'2’3

to undergo
facile displacement reaction with primary or secondary
amines to give the corresponding S,N= and N,N=acetals

depending upon the reaction conditions and the stoichio-

metry of the amine used.

Thus, when la (R=CN; R1=COOEt) (Scheme 1)
(Table 1) reacted with one equivalent of amine 2, the
eorresponding S,N-acetal 3a was formed in 77% yield.
The displacement reaction with one equivalent of amine

. 1
gave exclusively the S,N-acetals, when R and R~ were



Scheme 1

R?
R SMe HN\R3 . R SMe
R’: :SMe (1 eqv) R1: :NR2R3
1 2 3
(Table 1)
Scheme 2
HN/RZ 253
R SMe 3 . R NR’R
R1: <SMe (2 eqv.) R‘: iNR2R3
| 2 .

- —— —

(Table 2)

P



<
C‘~

both electron withdrawing groups. Similarly, §g=£
(Table 1) were obtained in 71=76% overall yields,
The structural assignment of these keten=S,N= and
N,N=acetals were fully in conformity with their
analytical (Table 6) and spectral data (Table 3).
Similar reaction of 1b (R=C6H5C07 R1=H) with one
equivalent of aniline, initially yielded4 a mixture
of S,N= 3g (Table 1) and N,N=acetal 4a (Table 2).
However, it was possible to prepare the S,N=-acetal
3g in greater proportion by carefully manipulating
the reaction conditions and separating the undesired
N,N=acetals by column chromatography. The S,N=
acetals 3h=i, 3k and 31 (Table 1) were similarly
prepared from the respective keten=S,S-acetals
(Table 1) and were charac-erised by their analytiecal
(Table 6) and spectral dsta (Table 3). On the other
hard, the S,N=alkylacetals 3g-u (Table 1) were
obtained exclusively in 64=95% overall yields, when
the respective S,S—acetals werc reacted with one
equivalent of amine 2. Their analytical and
spectral data are described in table 6 and table 3

respectively.

The displacement method also proved to be

useful for the preparation of keten=N,N-acetals



TABLE 1

Preparation of keten=S,N-acetals

R SMe
2.3
pi NR“R
3

Starting Product R Rl R2 R3
Compd

a
la 3a) cN COOEt H  C/Hg
la 3p° CN COOEt H  p-CH,OC.H,
la égé CN COOEt H  p=CIC.H,
la 3¢ CN COOEt H  p-FCH,
1a 3¢” CN COOEt H  p-CH,CH,
la 38 CN COOEt  =(CH,),=0=(CH,) =

a,b
ib,5a 3g CgHgCO H H CgHg

a,b
1c,5b 3h P-CHJOC,H,CO H H CgH

.a,b
1d,5¢ 34 P-BrCH,CO H H C.H.

b .
54 3j PClcH,CO  H H  C.Hg
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Table 1 (Contd.)

1ib,5e gﬁ?'b CH:CO H H p-CICH,
1b,5f g;a'b CHgCO H H CyHg
59 3m° P~CH,C2H,CO H H C,H
5h 3n° D-CH,OC H,CO H H C,H
51 30° D-BICH,CO H H C/H
5j 3p° p~clc H,CO H H CH
le 3q” CH_,CO H H CH
1f 3 MO, H H CJH,
ib 3s™ C (H5CO H H CHCHCH,
1g 3t D~CH,C H,CO B H CHCHCH,
1b 3u® CHCO H H CHCH
5k% 3v° CoHs CN H C/Hg
51 3w’ C NO,, H H CHg
o
///H\ H C.H,
= o T
P
F
sn 3P N ~ o

5

aprepared by displacement methad.

bprepared by isothiocyanate method;

. . 3
CRepsrted in the literature,



(Scheme 2) (Table 2). Although, the initial experi-
ments with 1lb and aniline (2) in boiling ethanosl,’
gave a mixture of S,N- and N,N-acetals, the reaction
yielded exclusively the N,N-acetal 4a in 64% yield,
when acetic acld was used as the reaction medium,
Similarly, various keten-N,N=-acetals 4b=i (Table 2)
were prepared in 50=74% overall yields, Their
analytieal and spectral data are found in table 7
and table 4 respectively and are in conformity with
their assigned structures, Further, the N,N-acetals
4j=1 were prepared in high yields,when ethylamine
(2) and the cqrrespanding S,S=acetals 1 were heated
in sealed tube at 150-160°C, Their analytical
(Table 7) and speetral data (Table 4) are deseribed.
Acetophenone S,S=-acetal lb and morpholine (2)
yielded in boiling ethansl, the corresponding N,N-
acetal 4m in 82% yield. Similarly, 1lf and ethyl-
amine (50% agueous solution) gave the corresponding
N,N=acetal 4n in 75% yield, under controlled experi-
mental conditions, The S,S=acetal 1b underwent
uniformly facile displacement with ethylenediamine
to give the eorresponding cyclic keten=N,N=acetal

40 in 80% yield, The N,N-acetal 4p was similarly



TABLE 2

Preparation of keten=N,N-acetals

R NRR

rL \NR2R3
Starting Product R Rl R2 R3
Compd
ib 4a CLHCO H H CHg
ic 4b P-CH,0C H,CO H H CH
pis] 4c P-BrC H,CO H H C/Hg
ih 4a p~Clc H,CO H H C.Hg
1b de C HCO H H p-ClcH,
1lc 4f R-CH,0C (H,CO H H p-ClcH,
1lc 4g P-CH,0C H,CO H H p-CH,CH,
ig 4h P=CH,C H CO H H p-CH,0C.H
if 41 NO,, H H CgHg
ib 43 CgHgCO H H C,Hg



Table 2 (Contd,)

*
Reported in the literature,

ic 4k p-CH,OC H,CO H H CH;
1h 41 p-CIC.H,CO H H CyHg
1lp 4m  C.HCO H  =(CH,),=0e(CH,),~
1f 4n  NO, H H CHc
1ib 43 CgHCO H H =CH,-

* -
1f 4p* NO, H H -CH,

3,5

bu
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prevared, in yield comparable to that reported in
the literature.5 The N,N-acetals 4m~p were
characterised by their analytical (Table 7) and

spectral data (Table 4).

26242 Direct method

The direct method for the synthesis of S,N-
acetals by reacting active methylene compounds with
alkyl and aryl isothiocyanates in the presemnce of
sodium hydride and dimethylformamide followed by
subsequent alkylation with methyl iodide, consti-

tutes an alternative practical method.1‘5°8’9a

Some

of the keten-S,N-acetals which were not satisfactorily
obtained by the displacement method, were successfully
prepared by this method. Thus, when 5a and 6a

(Seheme 3) were reacted in the presence of sodium
hydride and dimethylformamide, the salt 7 separated,
in situ, was alkylated with methyl iodide to give the
corresponding S,N-acetal 3g (Table 3) in 82% yield.
Similarly, the S,N-acetals 3h-p, 3v and 3w were
prepared in 70~84% overall yields from the respe-
ctive 5, using either 6a or 6b as the case may be.,
under identieal reaction conditions. The cyclic

ketones 5m and 5n were similarly reacted with 6a to



- Scheme 3

R R S°Na’
2 e NaH / DMF_ -
R1> + R%N=C=S 5.10° R1 NHR2
5 ba ., R2:C6H5 7
b . R%=CyHg
Mel
vV
R SMe
R1: CNHRZ
3 (Tablet)



give the corresponding $,N-acetals 3x and 3y in 78%
and 90% yields respectively. Compounds, thus pre=
pared, have been confirmed by their analytical

(Table 6) and spectral data (Table 3).

2.2.3 Thioamide method” />

The displacement method failed to yield S,N=-
morpholino aecetal lla (Scheme 4), which could also
not be prepared by the direct method. It was there-
fore, attempted successfully via its thioamide
intermediate, We have recently reportedlo a facile
preparation of dithioesters 8 (Scheme 4) by reacting
ketones with trithiocarbonate in excellent yields;
The dithioester 8a thus prepared, underwent smooth
condensation with morpholine (9a) in boiling
ethanol to give the corresponding thioamide 10a
which was subsequently alkylated with methyl iodide
in the presence of sodium hydride to give lla in
92% yield. Similarly, 1llb and llc were prepared, by

reacting 8b and 8c with 9a and 9b respectively.

Their analytical (Table 8) and spectral data (Table 5)

are desecribed,



Scheme 4
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2.3 Spectral studies

Polarized keten=5,N-acetals are knawnll to exist in
tautomeric equilibrium between enamino A and imino
form B which can be casily distinguished with the help

of IR and NMR spectroscopy. The spectral studies on

1 0
R N -R R ‘ NaRl
-'l—-—-'-\
H SMe SMe

>
ju

polarized keten-S,N-acetals (Scheme 1) prepared faor the
present investigation, indicated that all of them exist
in the enamino form A. Thus, IR spectra of the keten=S,N=
arylacetals 3g-k (Table 3) derived from acetophenones,
exhibit absorption kand due to carbonyl group between
1608=1590 cmul, whereas in S,N-alkylacetals 31l-g and

3s=u (Table 3), the carbonyl frequency appears between
1575-1550 cm" . The lower value of carbonyl frequency

in s,N=aryl and s,N-alkylacetals is due to5 delocaliza-
tion of lone pair of electrons on nitrogen over the

carbonyl graup and also due to the presence of

§
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intramolecular hydrogen bonding. In the imino form B,
the carbonyl frequency would appear at a higher value
{—1700=1680 cm-1 comparable to acetophenones) since,
the carbonyl group in B is no longer conjugated with

the double bond and the lone pair on nitrogen atom. In
the NMR spectra of S,N-arylacetals 3g-k (Table 3), the
signal due to the oslefinic proton appesars betwecen
$5.70-6,18 whereas, in S,N-alkylacetals 31l=qg and 3s=-u
(Table 3), it is shifted to slightly higher field het-
ween S4,75-5,66 due to greater delocalization of the
lone pair on nitrogen atom, resulting in higher electron
density on the %’wcarbon; The signal due to =NH proton
appears as a broad singlet between § 13,20~13.66 in

3g~k and between §11.30-12,10 in 31-g and 3s-u. Thus
the chemical ShiﬁﬁwValues for the slefinic and -NH
proton in the NMR spectra of S,N-aryl and S,N-alkyl-
acetals support the enamine structure A. In the case of
nitroketen=s,N-acetals 3r and 3w, the olefinic proton
signals appear downficld at §6.44 and §6,73 respectively,
due to greater electron withdrawing effect of nitro
groupe. The signhal due to «-NH proton in keten=S,N-acetal
3v derived from phenylacetonitrile, appears at higher
field ((56,47), thus indicating the absence of intramole-

cular hydrogen bonding in 3v, The S,N-acetal 3x derived



6/

from tetralone, showed the prcsence of both enamino (C)
and imino form (D) in 7:3 ratio respectively. Thus, in
the NMR spectrum of 3x, a triplet present at § 4.21

was assigned to methine proton (Ha). The methylene
ring protons in D were shifted to higher field ( §1,5-=
1.85) as compared to C ( §1l.9=2=7). 1In the IR spectrum
of 3xX, the carbonyl frequency due to imino and enamino
form were found at 1722 em™! and 1680 em™? respectively.
The signal due to =NH proton appeared at 512.10, thus
showing the existance of intramolecularly hydrogen

bonded structure C. The carbonyl frequency in the S,N-

!O u tTT-='C6HB

a
SCH4
c D
acetal 3y derived from benzathiopyrone; N appeared at

1580 cm™' and the signal due to =NH proton in its NMR
speetrum was found at (511.70, thus showing the exist-

ance of hydrogen bonded enamine structure (E).



The N,N-acetals 4a-h and 4j-1 (Scheme 2), derived
from various acetophenones, were also found to exist in

the enamino form (F). The olefinic protons in the NMR

spectra (CDClB) of N,N=phenylacetals 4a-c and 4e
(Table 4) appeared between55.56==5.66, while in N,N=-
ethylacetals 4j-1 (Table 4), they are present between
%5.10-5.18. The signal due t> hydrogen honded ~NH
proton in S,N-arylacetals 4a-c and 4e, appeared at
lower field between' 613.50-=-13.66, while the »other =NH

proton was present between$6.43=6.50‘. Similarly, in



N,N=ethylacetals 4j-1, the twd <NH protons appeared
between §11,40~12.40 and {4.74-6.40 respcctively. The
band due to carbonyl group appeared at lower frequency,
between 1600-1550 cm”1 in the IR spectrum of N,N-acetals
4a-c, 4e and 4j-1, due to delocalisation of the lone
palr of electrons present on the two amino groups. It
was interesting to note, that when the NMR spcctrum of
4a was taken in trifluorsacetic acid, the signal due to
olefinic proton athS.éS in its NMR spectrum in CDC13
was absent, while a new sighal due to two protons was
present at§ 4.40., Thus,in trifluoroacetic acid the N,N-

acetal exists in the imino form G, due %o protonation at

0 0O

S % J

I
IQ

(}-carbon and the signal due to twd methylene protons
appears atES4.40. The NMR spectra of keten-N,N-aecetals
gg and 4f-4h in trifluoroacetic acid, similarly showed
signals due to methylene protons at §4.42, 4.21, 4.30

and 4,55 respectively.



| Spectral data of keten-S,N-acetals 3a-y

TABLE 3

= T
product IF(cm 1) H-NMR( § /ppm)
3a 3130 (Y05 1.30 (t, 3H, CH,CH,); 2.23 (s, 3H, SCH,);
I3 ] » .
2190 ( ))CN)' 4.43 (q, 2'H, cngH:%), 7.28 (br.s, SHarDm)’
1675 (Y )7 11.40 (br, 1H, NH).S
3b 3125 ())NH); 1.36 (t, 3H, CH,CH5); 2.30 (s, 3H, SCH,):
2190 ()jCN); 3.88 (s, 3H, OCH,): 4.33 (4, 2H, CH,CH,);
- a y . d
1650 ( Vo) 7.16 ¢3¢, 4u_ )i 11.71 (br, 1H, NH).
3¢ 3120 (Y )7 1.38 (t, 3H, CH,CH,): 2.33 (s, 3H, SCH,):
1648 (2/(30)a 11,35 (br, 1H, NH).O

e



Takle 3 Contd.,.

3110

2200

1660

3135

2208

——

1662

2175

1670

3330

1590

—

1435 (t, 3H, CH,CH,)s 2.28 (s, 3H, SCH4);

2
)3

4,26 (9, 2H, CH arom

2CH3); 609697.33 (m, 4H

1
11,33 (br, 1H, NH).©

1.33 (%, 3H, CH CH,): 2.23 (s, 3H, SCH,):

2
2.33 (s, 3H, CHy)7 4.28 (d, 2H, CH,CH,):

arom

1.33 (t, 3H, CH,CH,;): 2.60 (s, 3H, SCH3):

2
3.83 (s, 8H, -(CH,),=0"(CH,),=); 4.25
(a, 24, C_I'_I_2CH3 ) .d

2.50 (s, 3H, SCH,); 6,11 (s, 1H, H=2);

7.38=7.81 (m, 8H, __ ); 8.03=8.33 (m, 2H___ );

13.66 (br, 1H, NH).°

T



Takle 3 Zontd,

3340

1295

3300

1595

3380

1590

3300

1608

2.31 (s, 3, SCH,y)7 3.75 (s: 3H, OCH,)J

— ° = ~ T .
5.70 (s, 1H, H-2); 6.70-6.95 (m, 317 __ )7

7.28 (m, 4Har3m)7 7.80 (da, 2Har3m);

13,20 (br, 1H, NH).©

2.48 (s, 3H, SCH,); 6.01 (s, 1H, H=2);

rDm); 7:73-=8,16 (m, ZHarom);

13.52 (br, 1H, NH).C

7+30=7.70 (m, 7Ha

2.38 (s, 3H, SCHy)¢ 5.95 (s, 1H, H=2);

; a 1
7.30 (br s, SHarom)' 7.60 (AzB dad. ‘Harom)‘

13,45 (br, 14, NH).©

2.51 (s, 3H, SCHy); 6.18 (s, 1H, H~2);

7.55=7.90 {m, 7Har3m); 8.,16=8,40 (m,

d
ZHarom); 13,58 (brl lH) N}_‘I_).



Takle 3 ~ontd.

330 (br, DNH);

1550 (Peg)”

3320 (br, ))NH):

15€0 ( Vco)c

1.33 (t, 3H, CH,CH;); 2.48 (s, 3H, SCH,):

2

3.48 {(br,q, 2H, CH,CH;); 5,66 (s, 1H, H=2):;

2

7.30=-7.65 (m, 3Har3m);’ 7.70=-8,05 {m, 2Har3m)2

11.70=12.10 (br, 1, NE).d

1,22 (t, 3H, CH,CH,): 2.37 (s, 6H, CH

2
SCH,): 3.34 (br.q, 2H, CH

3/

2CH3),' 5.46 (s, 1H,

H=2); 7,38 (A2B2.dd, 4Harom); 11.75

' >
(br, 1H, NH).©



Table 3 Contd.
3n 3390
1r58
32 3430
1575
3p 3460
15672

2

CH,)s 2.42 (s, 3H, SCH,):

3.38 (br g, 2H, CH,CH3): 3.79 (s, 3H, OCH,);

2 ad., 4Harom)’

11.50 (br, 1H, NH).©

1.32 (%,

3432

7.48

1,25
3.30

Ted2

(A.B

272

3H, CH

2

a

2

r

CH,)s 2.34 (s, 3H, SCH,4):

CH,): 5,40 (s, 1H, H-2);

om)i 1160 (br, 1H, NH).°

(t, 3H, CH,CHy); 2.35 (s, 3H, SCH,):

tA

285

«Ad, 4Ha

2

rom

CH3); 5.40 (s, 1H, H=2);

): 11.71 (br, 1H, NH).©

T/



Table 3 Conid,

3q 3435 (br, ))NH),- 1.22 (t, 3H, CH,CH3):; 1.98 (s, 3H, CH4CO);
C
1575 ( Vop) 2.37 (s, 3H, SCHy): 3.32 (br,d, 2H, CH,CH,);
4.75 (s, 18, H=2); 11.30 (br, 1H, NH).©
3r 3170 (br, ¥ .); 1.40 (t, 3H, CH,CH,); 2.52 (s, 3H, SCH,);
1560, 1375 (yNO)b 3.52 (q, 2H, CH,CH,)7 6.44 (s, 1H, H=2):
2
10,73 (br, 1H, NH).C
3s 3260 (br,))NH); 1.00 (t, 3H, CH,CH,): 1.61 (m, 2H, CH,CH,CH,);
b

1565 ( )).,) 2.32 (s, 3H, SCH,)7 3.05-3.44 (br,q, 2H,

)2

NHCH,): 5.46 (s, 1H, H=2): 7.24 (br s, 3,

7.__70 (S, 2H )7 11,42 (brl 1HI-N_I:I_)Oe

arom



Table 3 Contd.

3t 3360 (br, ) .0

1565 ()"

3u 3300 (br, Y .)7
b
1575 ( Veg)
3v 3240 ( V.);

2180 ( ))CN)a

1.05 tt, 3H, CHCH,): 1.63 (m, 2H, CH,CH,CH,);

2¢32, 2.40 (two s, 6H, SCH

27=2

= C§3): 3,28 (g9, 2H,

NHCH,); 5.48 (s, 1H, H=2); 7.33 (A,B,edd, 4H s

2 arom
11.50 (br, 1H, NH).C

2.40 (s, 3H, SCHy): 4.50 (d, 2H, NHCH,): 5.58

arDm); 7.70

); 11.64 (br, 1H, Na).°

(m, 2Harom

2.18 (s, 3H, SC§3); 6.47 (br, 1H, NH); 6.,85=7.50

d



Table 3 contd.

3w 1525 () o )7 2435 (s, 3H, SCH,)7 6.73 (s, 1H, H-2); 7,38
2
s!
(or, SHarom)z 11.80 (br s, 1H, NH).
3% 3350 (br, )}NH); 1.50-1,85 (br.m)f,- 1.90=2,70 (two br g, 4H,
1'722f, 1680 —cgzcg-i); 2.90 (s, 34, SC_H_3): 4,21 {t, Ha)f;
b
(Voo 6.81-7.50 tm, 8H___ )i 7.90 (d, 1H___ };
12.10 (br, 1H, NH).©
3y 3380 (br, Y ) 2.08 (s, 3H, CH,)s 2.35 (s, 3H, SCH3); 4.05
b .
1580 ())CO) (s, 2H, -CH,5=); 7.04 (br s, 3Hamm), 7420=7 .35
; e
(m, 4Harom)’ 7.76 (s, lHarDm)' 11,70 (br, 1H, NH).
a . k. . c da . e . £ -
in KBr; in Nujol; neat; in CDCl3: in CC14: due to imino f£orm D,

~
™~



TABLE 4

Spectral data of N,N-acetals 4a-=g

Product IR (em~ 1) L-NMR ( § /ppm)
a . . ' e
1550 ())CO) (m, 13Harom)' 7.76 (m, ZHarom)' 13.60 (br, 1H, NH)-»
d
7.60 (m, 2Harom)’
4b 3385, 3190 ())NH); 3.83 (s, 3H, OCEB); 5.66 (s, 1H, H=2); 6.43 (br, 1H,
a
1550 ())co) NH):; 6.93 (4, 2Har:>m)' 7.10=7.55 (m, 10Har:>m)’ 7.80
c
(d, 2H_ )i 13.60 (br, 1H, NH).

e



Table 4 (Contd.)

4c 3270, 3210 (Y )7 5.56 (s, 1H, H=2); 6.50 (br, 1H, NH); 7.04-7.50
a
1570 (vco) (m, 10Hamm), 7.50=8.10 (m, 4Har3m); 13,50 (br,
(1#, NH).C
a
44 3410, 3260 (D)NH)’ 4.42 (s, 2H, CH,CO); 6.60=7.80 (m, L —
b
1560 ())CO)
de 3300, 3250 (Y ): 5.66 (s, 1H, H-2); 6.45 (br, 1H, NH); 7.16=7.65
a
1600 (ﬁco) (m, 11H_ )7 7.75-7.98 (m, 2Harom); 13,66
(br, 1H, NE).c
4f 3390, 3370 ('))NH),- 3.65 (s, 3H, OCHy): 4.21 (s, 2H, CH,CO); 6.50-
b e
1600 ())CO) 7.65 (br m, 12H . ).

oL



Table 4 (contd.)

4g 3400, 3340 ()7 2.15 (s, 3H, CH3)s 2.24 (s, 3H, CH,); 3.67 (s, 3H,
b
1600 ())CO) OC_I—_I_3), 4,30 (s, 2H, CI_-I_2C0): 6,42=7.30 (br 2, 10Har3m"
e
4h 3340, 3310 (V)¢ 2.50 (s, 3H, CH;):; 3.78 (s, 3H, OCH,); 4.00 (s, 3H,
b - e
3 . ° =
1595 ( Yaq) OCH4); 4.55 (s, 2H, CH,CO); 6.82-7.90 (br m, 12H___ ).
. o f
4i 3410, 3160 ( Y .); 4.98 (s, 1H, H-2); 7.00-7.95 (m, 10H,,.)-
43 3400, 3260 (Y .)7 1.23 (t, 6H, twd CH,CH,); 3.16 (4, 4H, two CH,CH,);
1590 ()}CO)b 5.10 (s, 1H, H=2):; 6.40 (br, 1H, NH); 7.16-7,.43
Cc
(m, 3H_ __ ): 7.56-7.83 (m, 2H_ __ ); 11.55 (br, 1H, NH).

g



Table 4 (Contd.)

3420, 3270 ())NH);

1588 (-ﬁco)b

3450, 3380 ( '))NH);

1585 ( 3. )P

~

1675 | ))co)b

1.20 (t, 6H, two CH CEB); 3.13 (br.qg, 4H, two

2
CH,CH,): 3.72 (s, 3H, OCH3): 5.00 (br, 1H, NH):

5.18 (s, 1H, H-2): 6.82 (4, 2H___ ) 7.78 (d,

C
2H_ )7 11.40 (br, 1H, NH).

2

twd CH,CH4); 4.74 (br, 1H, NH); 5.14 (s, 1H, H=2);

2
C

/ H 4 .

7.51 (a,B, ad, 4H___); 12.40 (br, 1H, NH)

3.30 (br.s, 8H, morpholino); 3.72 (br s, 8H,

. . . 29 Y e 4
morpholino); 5.08 (s, 1H, H-2); 7.34 (br s, 3Harom

C
7.76 (44, 2Har3m)'

)

3
’

T8



Table 4 (Contd.)

4n 3250, 3170 ()0 0.96 (t, 6H, twd CH,CH,): 3.10 (q, 4H, tw> CH,
1595, 1375 (U, )P CH4); 5.20 (s, 1H, H=2); 7.12 (br, 1H, NH):
2 )
7.80 (br, 1H, N_I_—I_).f
40 3310, 3170 ( Y,.)s 3.63 (s, 4H, ~CH,CH,-); 4.02 (s, 1H, H-2); 6.80-
1580, 1605 (.))CO)a 7.20 (m, 3H_._ )i 7.30-7.60 (ad, 2H_, _ ); 8.00
£
(br, 2H, NH).
£
4p 3260, 3200 ()%&Q; 3.81 (s, 44, mcgzcgi); 5.30 (s, 1lH, H=2).
1550, 1375 (Y. )
NO,
a

S

in KBr:; b in Nujol;

€ in cDCl 47

in TPA, exists in imino form G

in Tra, exists in imino form G, insocluble in CDC13: £ in TFA.

-9



Spectral data of products ll(a-c)

TABLE 5

Product IR (cmml)a lH-NMR (5 /'ppm)b
1l1la 1685 (W), 2.38 (s, 3H, SC§3); 3.50, 3,56 (two s, 8H,
1630 (l)co) morpholino); 5.63 (s, 1H, H=2):; 6.95=8.00 (m,

11b 1685 (W),

1620 (Dco)

1llc 1690 (w),

1620 ())CO)

5Harom)'

2.20 for s, 6H, SCH.+ C§3); 3.40 (s, 4H,

3
morpholino); 3.64 ¢s, 4H, morpholino); 5.68

dd, 4H ) e

2

1.67 (br.s, 6H, ~(CH,)y=5 2.33 (s, 3H, SCH,):

3.12"’3-68 (m’ 4H, QCE QNE’C}_{?); 5.70 (S' 1H' _I’_I_‘='2);

2

q) 7-55-7.94 (m, 28 ).

7.15=7.54 (ml 3Ha arom

r

2 in nujol; b in ccl,.

g
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EXPERIMENTAL

M.ps. were determined on a 'Boetius' (German)
apparatus and are uncorrected, The IR spectra were
recorded on Perkin-=Elmer 297 spuctrophotometer., The
NMR spectra were recorded on a varian=gEM=390 spectro-
meter using TMS as an internal standard and the chemi-

cal shifts are expressed in§ (ppm).

The starting materials

The commercial samples of acetophenone, p-methyl-
acetophenone, p-methoxyacetophenone, Enchloraacetophem
none, p=bromoacetophenone, tetralone) phenylacetonitrite,
ethyl acetoacetate, aniline, p=chloroaniline, p=fluoro-
aniline, p-toluidine, p=-anisidine, bcnzylamine,
ethylenediamine, morpholine and piperidine were purified

before use,

‘ The 6=methyl-=2,3=dihydro=l=benzothiopyran-4=one,
bp 154° (12 mm);12 dimethyl trithioscarbonate, bp 225°
(760 mm);13 ethyl isothioeyanate, bp 130-1° (760 mm)l4a
and phenyl isothiocyanate, bp 120=1° (35 mm)14b were

prepared by the reparte%ﬁethods.
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The keten=3,S—acetals: 1,l=bis(methylthio)=2<

cyano=2=carboethoxyethylene (la), mp 53°;15 3,3=bis

(methylthio)=l-phenyl=-2~propen-l-one (lb), mp 93°;16
3,3=bis(methylthio)=1=(p=-methoxyphenyl)=2=propen=1~one

(le), mp 1OO-=1°,-16 3,3=bis(methylthio)=1=(p=bromophenyl)
=2=-propen-1l-one (1d), mp 10657°;16 3,3=bis(methylthio)~-

lemethyl=2=propen~l=-one {(le), mp 66—7",17 1,1=bis

(methylthio)=2~nitrocthylcnc (L£), mp 125°,~5 3,3=bis

(methylthio=l=(p=methylphenyl)=2~propen=1=-one (lg), mp
104-5°;1% 3,3-bis(methylthio)=1-(p=chlorophenyl)=2-
propen=-l-one (lh), mp 109—1O°:16 were prepared by the
reported methods, The S,S=acetals derived from ketones
were pfepared by reacting one eqv. of the respective
ketone with one eqv, of CS, and two eqv. of £=-BuONa in
dry benzene f£ollowed by alkylation with methyl iodide.
The nitroketene=5,5-acctal 1f was prepared by methyla-

tion of the corresponding dipotassium salt with

dime’chylsulfate.5

The reported methyl benzoyldithioacetate (8a),

mp 55010

and methyl p-methyl-benzoyldithioacetate
(8b), mp 54-5°10 yere also prepared by reacting aceto-
phenones with dimethyl trithiocarbonate in the
presence of two eqgv, of sodium hydide in refluxing

benzene,
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Preparation of keten=35,N= and N,N-acetals

Method A. By displacement method :

A=1l, In refluxing cthanol: A solution of keten=S,S=

acetal 1 (0.02 mol) and the appropriate amine 2 (0.025=
0.05 mol) in ethanosl (50 ml) was refluxed for 3.,5-=9 hr.

After completion of the reaction (TLC)) the solvent was

removed and the crude S,N- or N,N«~ acetals thus obtained
were either purified by crystallization (3a-f and 4m=-p)

or by column chromatography over silica gel (31 and

3g=-u) using hexane/benzene (1:1) as eluent (Table 6 & 7).

A=2, By direct heating: A mixture of keten-5,s5=acetal

1 (0.02 mol) and the appropriate amine 2 (0,022 mol)
was heated at 160=165°C for 15 hr in an 2il bath
(monitored by TLC). The mixture of S,N-acctal and
N,N=acctal thus obtaned was separated by column chroma-
tography over silica gel using benzene/hexane (1:1)

as elucnt. The S,N-acetals 3g=i and 3k (Table 6) and
N,N=acetals 4a-c and 4e (Table 7) thus obtained were
further purified by crystallization from hexane and

chloroform/hexane mixture respectively.

The N,N-acetals 4j-=1 derived from ethylamine were

prepared by direct heating of the respective S,S-acetals



1 (0.05 mol) and ethylamine (100%, 0.15 mol) in A
sealed tube at 150-160°C for 3=6 hr (Table 7). After
complete disappearance of keten-S,S—acctal (TIC), the
reaction mixture was diluted with water to remove
excess of amine, extraeted with ethyl acetate, dried

(Na,S0,) and evaporated to give crude N,N-acetals 43-1

2
(Table 7) which were purified by crystallization from

hexane,

A=3.In refluxing acetic acid: A solution of keten-

Se¢S=acetal 1 (0,01 mol) and the appropriate amine 2
(0,025 mol) in gl. AcOH (20 ml) was rcefluxed for 1=10 hr
(Table 7). The solvent was removed under reduced
pressure, the reaction mixture was diluted with water
and extracted with ethyl acetate, The organic layer

was dried (Na 504) and concentrated to give crude N,N-

2
acetals 4a=i (Table 7), which were purified by crysta-

llization from chloroaoform/hexane mixture,

Method B. By the reaction of active methylene eompo=-

unds with aryl/alkyl isothiocyanates: To an ice

cooled and well stirred suspension of sodium hydride
(2449, 0,15 mol) (washed 2=3 times with dry benzene)
in dry DMF (50 ml), a solution of active methylene

compound 5 (0,05 mol) in dry DMF (25 ml) was added
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dropwise during 0.5 hr. A solution of alkyl/aryl iso-
thioseyvanate (0,05 mol) in dry DMF (25 ml) was then
added and the reaction mixture was further stirred for
1.5=2 hr, followed by subsequent addition 2f methyl
iodide (0,05 mol) in DMF (20 ml). After further stir-=
ring for 2 hr, the reaction mixture was poured over
crushed ice, neutralized with gl. AcOH and extracted
with chloroform, The chloroform layer was washed with

“water (3x100 ml), dried {Na,SO,) and concentrated to

2
give crude S,N-acetals 3g-p and 3v=y (Table 6), which
were either purified by crystallization (3v and 3w) or

by passing through silica gel c2lumn using benzene/

hexane (1:1) as eluent,

Method C. Thiocamide method:

Preparation of thiocamides: A mixture of methyl

benzoyldithisacetate (g) (0,01 mol) and the appropriate
amine 9 (0,01 mol) in ethanol (25 ml) was refluxed for
4=7 hr. After completion of the reaction (monitored
by TIC), ethanol was removed om water bath and the
residue triturated with hexane to remove excess of
amine. The crude thioamides 10a=-c thus obtained, were

purified by crystallization from ether/hexane mixture



as yellow crystalline solids, Benzoylthioaceticacid-

morpholide (10a), mp 126-7° (reported mp 127-9°),°

was obtained in 90% yi:2ld., (IR and NMR same as repor-

ted).5

p-methylbenzoylthinaceticacid-morpholide (10b), mp

128° was obtained in 92% vield: IR\ga (nujol): 1680

X
(C=0) em™; NMR(TFA) : $2.42 (s, 3H, CH,); 3.67-4.40

.dd, 4H_

~0-(CH,),=)7 5.02 (s, 2H, CH,CO);

); Found : C, 63.49%; H, 6.25%:

7455 (AZB rom

2
N, 5.14%: Calc, for C14H17N028 (263) : C, 63.87%;: H.

6.46%: N, 5.32%.

Benzoylthinaceticacid-piperidide (10c), mp 130-1°,

was obtained in 88% yield: Ithax (nujol) ¢« 1730
(c=0) cm *; NMR(TFA) : $1.40 (s, 6H, -(CH,)4=)s 3.18-

2 2
6.75=7,50 (br, SHarom); found : C, 67,88%; H, 7.02%:
N, 5.45%; calc. for C14H17NOS (247): C, 68.01%; H,
6.88%; N, 5.66%.

Preparation of keten=S,N-acetals: o5 an ice conled

and well stirred suspension of sodium hydride (92.24qg,
0.012 mol) washed 2-3 times with dry benzene) in dry

DMF (10 ml), a solution of thiocamide 10 (0.01 mol) in



dry DMF (15 ml) was added and after stirring for 5-10
min,, 0.01 mol of methyl iodide was added. The react-
ion mixture was further stirred overnight, diluted

with water and extracted with chloroform. The chloro=-
form layer was#ashed with watcr (3x100 ml), dried
(Na2504) and concentrated to give crude S,N=acetals
lla-c (Table 8), which were purified by passing through
silica gél column and using benzene/hexane (2:1) as

eluent.



TABLE 6

1=(N=Arylamino)/morpholino=2=carboethoxy=2=cyano=-l-methylthiosethylenes (3a-f):
learyl/methyl=3-N-aryl/alkylamino=3~methylthio=1=0x0-2~propenes (3g~g and
3s=u); ﬁmanilinouﬁ;methylthio—2~phenylacrylDnitrile (3v): 2=«anilino/N-ethyl-
amino=2=methylthio=l=-nitroethylenes (3r and 3w):; 2=(anilinos=methylthio)
methylene-l-tetralone (3x):; 3=(anilino-methylthio)methylene=6-methyl=2,3-=di-

hydro=1=benzothiopyran-4-one (3y).

Praducta'6 Reaction vield® m.p. Molecular Analysis (%)
time (hr) (%) {(°c) formula calc. C H N
Found
a .
.32 7 77 74 Cy3Hy,N,0,S 59.54 5.34 10.68
(262) 59.06 5027 10.41

o



Table 6 (Contd.)

Bbd

—

3c

g

3.5

75

76

75

72

71

79

104~-

105

SB=-

89

79~

80

90~

91

C14t16N,035

(292)

C13H13C1N2025

(296)

c,,H, ,FN,O,5

131 3FN,0,
(280)
C14H1N,08
(276)

C11H19N,048

(257)

57.53

57.30

52.61

52.44

55,71

55.31

60. 86

61,14

51.36

50.98

10,14

10.40

10,89

10,77



Table 6 (Contd.)

10

11

82(40)

74(32)

84(41)

77

76(31)

70(75)

56«

57

6E6m

67

85=

86

77

116-

117

oil

C16H15NOS

(269)

Cq7H7NO5S

(299)

H. ,BrNOS

Cietig
(348)

C16H14C1NOS

(303.5)

C16H14C1NOS

(303.5)

C12H15NOS

(221)

71.37

70.98

68.22

68470

55,17

54.89

63.26
63.64
63,26

63.60

65,15

65,32

06



Table 6 (Contd.)

e

25

76

76

78

75

88

oil

oil

oil

2il

oil

C13H17NOS

(235)
C13H 4805
(251)

C12H14BrNOS

(300)

C12H14C1NOS

(255)

C7H13NOS

(159)

66.38

66,07

62.15

61.79

48.00

47,73

56.36

56.71

52.83

53.12

7.23

e



Table 6 (Contd.)

17

15

12

64

9Z

90

95

77

6l

62

oil

oil

2il

112-

114

C5H10N202S

(162)
C13H17NOS
(235)

C14H19NOS

(249)

C17H17NOS

(283)

C16f14No5

(266)

37.03

36,71

66,38

66.61

72.08

71.72

72.18

71.90

(‘n



Table 6 (Contd.)

b

-

Crystallized from chloroform:hexane (3a=f, 3v and 3w).
purified by column chromatography (3g=u, 3x and 3y).

The yields were not critically optimised.

g L= =
3w 92 147= CgHyN,0,S S
148  (210)
g .
3x - 78 il CygH, ,NOS 73.22  5.76 4,74
(295) 73,71 5.49 4,66
g _ .
3y 90 0il  CqgH,.NOS, 66,05 5,19 4,28
(327) 65.68  5.47 4,04
a

%



g

Prepared
Prepared
Prepared

Prcepared

by maethod A-=1l.
by method A=2 and method B, yields in parentheses are by method A=2.
by method A=1 and method B, yield in parentheses is by method a-1.

by method B only.



TABLE 7

l=Aryl=3,3=bis (N=aryl/ethylamino)/morpholino =1l-=0X0=2=propenes (4a=h) and 4j-m);

2,2=bis(anilino/N=ethylamino)=1-nitroethylenes (4i and 4n); 2-(benzoyl/nitro)-

methylene-imidazolidine (4o and 4p)

Product Reaction Cryst, Yielda MaPoe Molecular analysis (%)
time(hr) solvent (%) (°c) formula calc, C H N
found
b c
ég 1 CHCl3. 64{10) 132= C21H18N?O 80.25 573 SB.91
hexane 133 (314) 79,92 5.90 Be81
b c
4b 1 CHC13: 74(12) 161 C22H20N202 76.74 5,81 Be13
hexane 162 (344) 76,47 5,99 786
b 8]
4c 1.5 CHClS: 68(12) 137= C21H17BrN20 64,12 4,32 7612
hexane 138 (393) 63.85 4,15 6489

06



Table 7 {Contd.)

ag®

K
)
o

1.5

10

CHClB:

hexanac

CHClsf

hexane

CHC13:

hexane

CHC13:

hexane

CHC13:

hexane

71

50(11)

51

69

72

188=

189

193=

195

198

113=

114

140

141

C21H17C1N20

(348.,5)

C21H16C12N20

(383)

CopH1 gt N0,

(413)
CAh HL,NLO

247247272
(372)

CratlyaN,04

(338)

72,30

71.88

65.79

66,17

63.92

64,27

77.14

76.86

T74.22

73.90

4,87

44,95

"6



Table 7 (Contd.,)

2.5

CHC13:

hexane

hexane

hexane

hexane

CHClB:

hexane

EtOAC

70

77

75

72

82

75

157

158

77

70=

71

Q3=

95

138=

140

127=

128

C14H13N39;
(255)

Cq3H1gN,0

(218)
C14Ho0N50,
(248)

C13H17C1N20

(252.5)

Cq7H5oN,04

(302)

CeHy3N30,

(159)

65.88

66,12

71.55

71.73

67.74

67.62

61.78

61.93

67.54

67.82

45.28

45 .45

16,47

16,67

12.84

12.58

00T



Table 7 (Contd,)

ggf 8 EtOAC: 80
EtOH
£
4p 8 EtOAC 82

186~

168

155«

157

C11H1,N,0

(188)

C4H7N30,

(129)

70.21

69.86

Knowh

633

6.02

14,89

15.17

Frempared
© Reaction time for method A=3.
d : ,
Prepared by method A=3,
< Prepared by method A=2 in sealed tube.
£

Prepared by method A-1,

The yields were not critically optimised.

by method A=2 and A-3, yields in parentheses correspond to method A=2.

01



TABLE 8

l-aryl=3=methylthio=3=morpholino/piperidino=1=o0x5=2=propenes (11aug)a

Product vield Ma.Pe Molecular Analysis (%)
(%) (°c) formula calec. Found C H N

11a 92 oil C14H17N02S 63.87 6.46 5,32
(263) 64.11 6,70 5,24

11b 30 oil C15H19NO2S 64,98 6 .85 5.05
(277) 65.33  6.72 4.82

l1ic 93 oil C15H19NOS 68.96 T7¢27 536
(261) 69,20 7.05 5,14

aaPrepared by method C.

J0T

~
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CHAPTER 3

REACTION OF POLARIZED KETEN=S,N-
AND N,N=ACETALS WITH GUANIDINE:
A NOVEL AND CONVENIENT SYNTHESIS
OF 2=AMINO=4={N=ALKYLe=N=ARYLAMINO )
PYRIMIDINES*

3.1 Aminopyrimidines : & brief Literature Ssurvey

A large number of biologically important aminopyri-
midines have been described in the literature.l’2 Their
synthesis have been achieved ceither directly using
appropriately functionalized carbon fragments or by multi-
stép process starting mainly from the corresponding
oxopyrimidines. A brief survey of the literature cover-
ing the various synthetic methods f£or aminopyrimidines,

is described in this chapter.

3.1.1 Synthesis of aminopyrimidines : Principal

Synthetic Method

When guanidine (2a) (Scheme 1)3 is reacted with
three earbon fragments la or lb, the corresponding 2-
aminopyrimidines 3a are obtained in good to excellent

yields. This method is further extended to prepare

* A. Kumar, V. Aggarwal, H. Ila and H, Junjappa, Synthesis
748 (1980).
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0
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R2=aikyt
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Rzzalkyl ,R3=H
d . R.Rzalkyl aryl;
R2=R3= alkyl
e R=0H, Riza!ky!,aryl ;
‘R2=R3= alkyl

00T



N-alkyl= and.N,Nadialkylaminapyrimidines. The reaetion
of N,N-dialkylguanidine (2c) with{ -ciketones la and
6—ketaesters 1lb gave unequivopcally the corresponding
2=(N,N=dialkyl)aminopyrimidines 3d and 3e respectively,
similarly, N-alkylguanidine (2b) reacted with{ -diketo-
nes la to yield only 2-N-alkylaminopyrimidines 3b, while
withﬁ)-ketoesters 1b, a mixture of 2=N~alkylaminopyri~-
midines_gg and the pyrimidine 4 carrying an alkyl group

on one of the ring nitrogen atoms is formed,

The synthesis of 4-or (and) 6-aminopyrimidines 6
( Scheme 2)3 is achieved by reacting guanidine/amidines
with three carbon fragments 5 having terminal nitrile
groups, However, the method cannot be used for the
synthesis of the corresponding pyrimidines having second-

ary and tertiary amino groups in the 4 and 6=positions,

There are other methods of Primary Synthesis
reported in the literature,3 which are of less practical

importance.

3.1,2 From Chloropyrimidines

The reaction of ammonia or its alkyl/aryl deri-

vatives with chloropyrimidines 8 (Scheme 3) to give

107
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NH> .
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the corresponding aminopyrimidines 9, constitutes one
of the important methods described in the literature.3
However, there is no direct method for the synthesis

of chloropyrimidines, which are derived from the corres-
ponding oxopyrimidines 7 by reacting with phosphorous
oxychloride. This conversion of oxopyrimidines to
chloropyrimidines, suffers from multi-step operations
resulting in overall poor yields. The practical diffi-
culties of separation have been reported when the pKés
of the chloropyrimidines are close to that of N,N=
c]iethylaniline,Ba which is generally used as a solvent
in these reactions. Nevertheless, the method has been
used since it provides the most practical procedure for

the synthesis of aminopyrimidines,

3:1,3 Direct Synthesis of aminopyrimidines f£rom

oxopyrimidines

The synthesis of 2,4-diaminopyrimidines 11
(scheme 4)4 is described through the reaction of the
corresponding 2=amino=4=oxopyrimidines 10 with aﬁprow
priate phenyl phosphorasdiamidates. Phosphoric tri-

amides are similarly usgsed to prepare 4=(N,N=dialkyl)



Scheme 4

NH-,
OP(OPh)(NHz)Z Z N
> |
R! \N*NHz
", R = atkyl,
aryl
R\N/R
OP(NRy)5 R fk){\,\
RSN NH,

12, R, R'=alkyl,
' aryl

01T
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aminopyrimidihes 12 from the corresponding oxopyrimidines,
However, phosphoric triamides, other than their hexamethyl
derivative (HMPT), which is gommercially available, have
to be prepared, which further increases the number of
steps involved in the aminopyrimidine synthesis, This
difficulty has been overcome by treating the oxopyrimi-
dines with a mixture of phosphorous pentaoxide and appro-
priate dialkylamines to yield the corresponding N,N-

dialkylaminopyrimidines.5

The overall yields of the pyrimidines derived from

these methods are not satisfactory.

3.1.4 pAminopyrimidincs by Direct Amination

Direct amination of pyrimidines using sodamide
in decalin have been reparted3 to yield either mono or
diaminopyrimidines as exemplified in Scheme 5. Thus
4-methylpyrimidine 13, on treatment with sodamide gave
a mixture of the corresponding 2-=amino=6-methylpyrimi-
dine (Ei) and 2,4-diamino-6-methylpyrimidine (15) along
with other unidentified products. The method seems to
be of little practical importance and there is not much

literature osn the studies of this reaction,



- Scheme 5

f\N NaNH; /decalin f\N
| 7 l
14

13

ao— Ao

Scheme 6
R
/-
SR e
(k -
e N - \
| 7
n
NJ\SR

16, R=H, alkyl

v
~

N

17, R, R=H, alkyl,
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3.1.,5 From Mercapto or Alkythiopyrimidines

Mercapto pyrimidines 16, by reacting with ammonia
or amines, are converted into the corresponding aminopy-
rimidines 17 (Scheme 6),3 in moderate to good yields.
The displacement of 2-mercapto group with an amine
requires activating substituents in the pyrimidine ring.
It may be noted here, that although the synthesis of 2~
mercaptopyrimidines can be easily achicecved by using
thiourea as one carbon fragment, the methods described
for the synthesis of 4 amd 6-mercaptopyrimidines are not

satisfactory.

301.6 Aminopyrimidines by other Methods

A variety of miscellaneous reactions have becn
reported for the synthesis of aminopyrimidines, which
are not of general synthetic applications and the details

of their synthesis are reported elsewherc (Scheme 7 & 8).3

3.1.7 From Alkoxypyrimidines

Although alkoxypyrimidines 28 (Scheme 9} were
known to undergo facile displacement reaetions with amines
to give the corresponding aminopyrimidines 30, the method

was not popular, since the alkoxypyrimidines themselves,
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in turn, were obtained by the displacement reaction of
the corresponding chloropyrimidines with appropriate

alkali metal alkoxides.3

Recently, a general method for the synthesis of
alkoxypyrimidines, by reaction guanidine and its deriva-
tives with polarized keten dithioacctals 31, in the
presence of appropriate sodium alkoxides, has been formula-

6.7 The incorporation of the

ted from our laboratory.
appropriate alkoxy group in the keten dithioacetal has

been proved experimentally by using different alcohols,
This has been further proved by designing an experiment,
manipulating the reaetion conditions, through incorpora-
ting appropriate nucleophiles such as alkoxides and amines,

for the synthesis of the corresponding alkoxy 32 and

aminopyrazoles 34 respectively (Scheme 10).

Therefore, it is possible to contemplate similar
synthetie strategy for the construction of various
heterocycles, derivable from the keten dithioacetals and
various binucleophiles, by incorporating in situ, appro-

priate nucleophiles,

3.2 Results and discussion

From the literature survey, it is evident that the

variosus methods described for the synthesis of aminopyri-

17
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midincs suffer from multi step operations and lack of
generality for structural variation, The objective in
the @resent investigation 1s therefore, aimed at explor-
ing the synthetic utility of keten=5,N= and N,N-acetals
as three carbon fragments £or the synthesis of aminopyri-
midines. The keten-S,N- And N,N=Aacetals can be prepared
with liberal structural variations from a variety of
active m;thylene compounds, The method constitutes the
first general approach to one step synthesis of aminopy-
rimidines, A few ketoketen=S,N-~ and N,N=acetals have
been chosen for the present studies which are described
in chapter 2. Thus, the keten-s,N-acetal 35a (Scheme 11)
underwent smooth reaction with guanidine nitrate in the
prasence of sodium ethoxide in refluxing ethanol to yield
the corresponding 2,4=-diaminopyrimidine 37a in 57% yield,
Similarly, aminopyrimidines 37b-f (Table 1) were pre=
pared in 47=57% overall yields by reacting the keten-S,N-
acetals 35b=f with guanidine nitrate under identical
conditions. Alternatively, the pyrimidines 37a=f were
also prepared in one pot reaction, by refluxing the
keten-5,S=-acetal 38 with appropriate amines 3%9a=-f,
generating the corresponding S,N=acetals in situ, £allowed

by subsequent reaction with guanidine, The structures
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37¢ p-F-CgHy H
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assigned to the pyrimidines 37a=f were confirmed on the
basis of theilr analytical and spectral data described in
table 7 and table 3 respectively, When the ketoketen=S,N-
aeetal 40a (Scheme 12) (Table 2) was similarly reacted
with guanidine nitrate under identical conditions, the
eorresponding aminopyrimidine 4la was formed in 35%
yield., similarly, 40b-i gave the corresponding 41b-i

in 34=50% overall yields, under identical conditions.
The structures assigned to these pyrimidines were in
'canfﬁrmity with their analytical (Table 8) and specgtral
data (Table 4). The alternative synthesis of 4la in one

pot reaction by generating the corresponding S,N-acetal

40a in situ, resulted in poor yield (18%). However, it

was found that the N,N-aeetal was also formed in compara-
ble yield which was recovered unreacted, and the yield

of the pyrimidine therefore, wvaried according to the
S,N-acetal formation in situ. When S,N=propylacetal 40j
(Scheme 13) was reacted with guanidine nitrate in the
presence of ethanolic sodium ethoxide} a mixture of 4en-
propylaminopyrimidine 41j (15%) and 4-ethoxypyrimidine
45 (30%) was formed. The exchange reaction, however,

was not observed on similarly reacting 40j in the pre-
sence of sodium t-butoxide when 41j was formed exclusi-

vely in 47% yield. 1Its analytical and spectral data are
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a1

NO Ar R

4a CeHs CghHs
alb p-BrCgH, CeHs
4lc p-CH30CgH, CgHs
4d p—ClCghy, CgHs
e CgHs p—CICgHy,
L f CgHsg CoHg
41g P~ CH30CgH, C2Hs
4lh p-CiCgH, CoHs
£l Cg Hs CHyCgHg
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desgribed in td le 8 and#able 4 respectively and awe in
conformity with the structures assigned. Similarly, the
ketoketen=s,N=morpholinoacetal 46a (Scheme 14) when rea-
cted with guanidine nitrate in boiling ethanolic sodium
ethoxide, a mixture of 4-morpholinopyrimidine 48a (26%)
and 4-ethoxypyrimidine 49a (20%) was.éorned. Also the
reaction in the presence of sodium isopropoxide in boil-
ing isopropanol yielded a mixture of 48a (33%) and 4S9b
(11%), However, 46a reacted with guanidine nitrate iﬁn
the presence of sodium t=butoxide, to yield only the
aminopyrimidine 48a in 46% yicld, Similarly, 46b with
guanidine in the presence of sodium. t=butoxide gave 48b
in 44% yield, Alternatively, the N,N=acetal 50a

(Scheme 15) generated in situ (TIC), by reacting 42a
with morpholine was also found to react with guanidine
in the presence of sodium ethoxide to yield the corres-
ponding pyrimidinelggg in 28% yield. 48a was found to
be identical (mp, mmp, superimposable IR) with that
obtained from 46a. Similarly, 42c-e were used to gene-
rate in sl tu, the corresponding 50c-e¢ and were found to
react with Suanidine nitrate in the prescnce af sodium
ethoxide to yield the corresponding aminopyrimidines -

48c=e in 20-31% overall yields, As a typical example
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for the synthesis of fused pyrimidines, the keten=S,S-
acetal 42f derived from eyclohexanone, when reacted with
morpholine, gave the corresponding N,N=acetal, generated
in situ (TIC), which on subsequent trcatment with guani-
dine nitrate in boiling ethanolic sodium ethoxide yielded
the corresponding pyrimidine 48£ in 20% yield, The pyri-
micdines 48a-f were characterised by their analytical
(Table 9) and spectral data (Table 5), which were found

to be in conformity with the structures assigned.

Apparently, since the kétenws,Nmacetals proved €O
be versatile three carbon fragments for the synthesis of
aminopyrimidines?rom the aforementioned examples, it was
considered attractive to attempt the rcaction of the
functionalized S§,N-=acetals g;g (Scheme 16) with guanidine
under similar conditions to yield the c¢orresponding
aminopyrimidines 52, which can be cyclized to pyrrolo-
[?,3-§1 =pyrimidines 53. Although, the formation of
aminopyrimidines 52 was confirmed under usual reaction
conditions, conversion of 52 to 53 under various condi=
tions was not successful, Experiments towards develop-
ing a method for the synthesis of 53 from 51 are still
in progress, The structures of 52 were confirmed by

their analytical (Table 10) and spectral data (Table 6),
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TABLE 3

Spectral data of products él(geé)

Product TR(em™ )2 L -nMR ( S /ppm)b
37a 3420,3270, 3155 (VNH.-;)NHZ); 6.75=7.26 (m, SHamm): 8.66
2200 (Py)s 1660 (Y )z (br s, 1H, NH).
1635, 1585 (§ . )
2
37b 3280, 3220, 3140 ( : Insoluble.
; 1 ())NH‘})NHZ) e
2215 (Yoy)? 1650 (DJCO),-
1600, 1540 (%NHz)
37¢ 3425, 3265, 3150 (Q}NH‘yNHZ); 3.51 (s, 3H, OCH,): 6.80 |
v - - -
2215 (Y, ): 1662 ('))CO), (AB,.dd, 4H___ ): 8.56 (br s,
1600, 1560 (gNH ) 1H, NH).

2

o
O



Table 3 (Contd.,)

3748

3430, 3310, 3280, 3200, 3130

())NH’))NHZ),- 2200 (pCN); 1668

())CO); 1640, 1600 ())Nﬂz)

3475, 3292, 3200, 3123 (2JNH ))NH ):
14

2
2204 (Y )5 1670 (Y ); 1624, 1600

(5w,

3280, 3175, 3100 ())NH'))NHZ);
; 1670 :
2180 (J)CN) 1670 ()

1655, 1580 (§ o )
2

Insoluble.

arom

(br s, 1H, NH) .

3.66 (s, 8H, morpholine CHZ)'

a;IR medium

b

= KBr.

NMR solvent = TFA.

Q3



Spectral data of products 41(a=j)

TABLE 4

Product IR(cmal) 1H—NMR(6 /bpm)

41a 3400, 3270, 3130 5.22 (s, 2H, NH,); 6.61 (s, 1H, H-5);
YNy NHz); 7.00=7.70 (m, BH___ )7 7.73=7.96 (m,
1620, 1590 (SNHz)a aH _).©

41b 3370, 3320, 32830 5.00 (br s, 2H, N}—I_z);A6.38 (s, 1H, H=5):
(})NH,pNH2); 1618, 7.15-7.78 (m, 9H___).°
1590 (SNH2)a

4lc 3450, 3380, 3170 3.71 (s, 3H, OCH,): 5.08 (br s, 2H, NH, )
(DNH,))NHZ); 1628 6.35 (s, 1H, H=5); 6.70-7.33 (m, 7H___ );
1600 (SNHz)a 7.76 (aa, 21, ).¢

s

L



Table 4

41d

o
!H
0]

(Contd.)

3410, 3270, 3160

(U g Yy )7 1610,

NH,
1592 (S . yo
2

3400, 3220, 3150

())NH,))NHz);

1638, 1590 (SNH )2
2

3320, 3280 ())NH, ):

NH,
a
1645, 1590 (SNH )

2

.. d
6.30 (s, 1H, H-5):; 7.05=7.70 (m, 9Har3m)'

5.2 (br s, 2H, Ngz); 6.26 (s, 1H, H=5);

7.08=7.35 (m, TH Y 7.75=7.85 (m,
arom

e
2Har3m)’

1,30 (t, 3H, CH,CH;); 3.55 (q, 2H, CH,CHy);

2 2
7.66-8.03 (m, 3H___); 8.16-8.48 (m,

c
2Har:)m)'

1T



Table 4 (Contd.)

4ig 3440, 3340, 3200 (Y o ’
a
); 1650, 1592 (5 )
l’Nﬁz NH,
41h 3500, 3320, 3260
(Q)NH.’pNHZ); 1628,
b
1605 (gNH )
2
411 3500, 3290, 3250

(JJNHIQ)NHz); 1630,

1595, 1575 (§ . )2
NH2

‘6020 (8, 1H, H=5); 7.20-7.52 (m, BH

1.20 (t, 3H, CH,CH,); 3.30 (q, 2H, CH

2 2
3.80 (s, 3H, OCH5): 4.72 (br, 2H, NH,);

CH3)r

6.07 (s, 1H, H-5); 6.88 (dd, 2w ): 7.84

c
(ada, 2Har3m)’

1.28 (t, 3H, CH,CH;); 3.50 (br 4, 2H,

2

d

4Harom)'

4,55 (4, 2H, NHC§2); 5.02 (br, 24, Ngz)y
arom);

- C
7.88 (4ad, 2Har3m)'

coe



Table 4 (Contd.)

=

3410, 3318, 3290

(z)NH;))NHZ); 1615,

1594 ( SNH )L
2

0.90 (brat, 3H, CH,CH,); 1.10-1.70 (m, 2H,

2
CH,CH,CH5); 2.34 (s, 3H, CH,RAr): 2.56-
3.35 (br.m, 2H, NHCH,); 5.59 (br.s, 2H,
NH,); 6.00 (s, 1H, H=5), 7.38 (AB

c
4Harom)'

,+dd,

3 . b s .
in KBr; in nujol;

€ in CDC1,; d in Tra.

0gr



Spectral data of products 48(a-=f)

TABLE 5

Product IR (cmu1 1H=NMR (5'/ppm)
43a 3470, 3275, 3135 3.45=3.93 (m, 8H, morpholine ng);A4.96
(1)NH2); 1620, 1575 ( (br.s, 24, N§2); 6.26 (s, 1H, H=5); 7.28=
a C
(gNHZ) 7.53 (m, 3H_ ) 7.76=7.96 (m, 2H_ __ ).
48h 3360, 3330, 3220 1.60 (br.s, 6H, =(CH,),=); 3.55 (br s, 4H,
())NHz): 1638, 1598 ~CH,-N-CH,-); 4.87 (br, 2H, NH,); 6.26
C b = o [ )
(ONH2> (s, 1H, H-5); 7.00-7.60 (m, 3H___ )7 7.80
(m, 2H ).°©
arom




Table 5 (Contd.)

Product IR(cmul) 1H-==NMR(<§ /ppm)
48c 3328, 3170 (2 . )7 3.48-3.78'(m, 8H, morpholine CH ); 3.81
2
1630, 1580 (E;NHz)a (s, 3H, OCH,): 4.96 (br s, 2H, NH,): 6.20
(s, 1H, H=5); 6.90 (a4, 2H, s 7.83 (ad,
2H ) ©
axr om
484 3405, 3270, 3135 3.63 (s, BH, morpholino CH,): 6.11 (s, 1H,
- - . A O‘
(D )7 1622, 1580 H=5); 7.10 (br s, 4H___ ).
S Oy
(
NH,
48e 3335, 3265, 3125

(])NHz); 1630, 1570
a
(QNH2>

3.65 (br s, 8H, morpholino C_P_i_z); 6.51 (br.s,

1H, H=5); 7.85=8.20 (br m, 2H, H=3', H=5');

9.23""‘9.53 (m' 2H‘ Eﬂ'z', H=6').6

L)

~
s



Table 5 (Contd.)

Product IR(cmal) leNMR(S /ppm)
43f 3425, 3325, 3130 1.58 {br s, 6H, -(CH,);=)7 2.28 (br.s, 6H,
<yNH2); 1640, 1600 ~CH,~ and ~CH,-N-CH,-); 3.78 (s, 4Hs -CH,-

a d
(SNHZ) 0~CH, ) 3 7.18# (br, 2H, NH,).

] b . » . d
in KBR:; in nujnl:; € in CDC13: in TFA.

¢2

£



Spectral data of products 52 (a-f)

TABLE 6

()jNH'l)NHZ)’ 1620,
1600, 1590 (§. )
NH,

Product IR(cmml)a 1H=NMR(5‘/ppm)b
52a 3330, 3260, 3130 1.15 (t, 6H, OCH,CH3); 3.33=3.80 (m, 6H,
(),NH,))NHZ): NCH,+OCH,CH,): 4.53 (t, 1H, =CH ); 5.34
1655, 1640, 1600 (br, 2H, NH,); 5.60 (br.t, 1H, NH); 6.03
(fSNHz) (s, 1H, H=5); 7.03-7.34 (m, 3H____): 7460
)
52b 3490, 3388, 3290

1.16 (t, 6H, OCHzch); 3.33-3.73 {(m, 6H,

NCH,+OCH,CH,): 3.76 (s, 3H, OCH,); 4.60

2 2
(t, 1H, <CH ); 4.91 (br.s, 2H, NEZ); 5,13

(br, 1H, NH): 6.05 (s, 1H, H=5); 6.85 (dd,

7.76 (A4, 2H )

2 [ ]
Harom' arom

nyl



Table 6 (Contd.)

product  TR(cm T)° YR (§ /ppm)®
52¢ 3358, 3200 ()'NH‘))NHz); 1.16 (t, 6H, OCH,CH,); 2.31 (s, 3H, CH,Ar);
1650, 1590 (¢ NH2> 3.33-3.83 (m, 6H, NCH,+OCH,CH;); 4.53 (t,
14, =CH ); 5.00 (br s, 2H, Nﬁz): 5,25 (br,
11, NH):; 6.05 (s, 1H, H-5): 7.10 (4d, ZHarom)7
7.70 (ad, 2H_ ).
524 3300, 3140 (2 V). ):  1.18 (t, 6H, OCH.CH,); 3.36=3.93 (m, 6H,
bt NH* NH2 273
1640, 1610, 1592 NCH,+OCH,CH,): 4.63 (t, 1H, =CH-); 5.01 (br,
(S;NHZ) 2H, NEZ); 5.21 (br t, 1H, NH); 6.11 (s, 1H,

H=5); 7.36 (dd, 28 ); 7.83 (dd, 26 ).




Table 6 (Contd.)

Product IR(cmcl)a 1H=-NMR(% /ppm)b

52e 3375, 3250, 3150 1.16 (t, 6H, OCH,CH,): 3.25-3.72 (m, 6H,
())NH,))NHZ): NC§2+O?¥2CH3); 4.45 (t, 1H, =CH-); 5.13
1630, 1605, 1585 (s, 2H, NH,)7 5.40 (br t, 1H, NH): 7.33
(SNHé) (dd, 2H___); 7.63 (dd, 2H___ ).

52f 3420, 3318, 3245 1.16 (t, 6H, OCH,CH,): 2.13 (s, 3H,
3150 (Yyy ))NH2); CH,CO); 3.23-3.73 (m, 6H, NCH,+OCH,CH,); .
1645, 1600, 1585 4.53 (t, 1H, =CH"); 4.83 (br s, 2H, NH,);
(SNH2> 5.10 (br s, 1H, NH): 5.58 (s, 1H, H-5).

a IR medium = KBr, b NMR solvent = CDC13.

-~y
”
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EXPERIMENTAL

M.ps. were determined on a 'Boetius' (German)
apparatus anﬁére uncorrected, The TR spectra were
recorded on Perkin=Elmer 297 spectrophotometer. The
NMR spectra were recorded on varian-EM=390 spectro=
meter using TMS as internal standard and the values

are expressed in§ (ppm).

The starting materials

The eommercial samples of aniline, pe=chloroani-
line, p=fluoroaniline, p-toluidine, p-anisidine,

morphosline and piperidine were purified before use.

The keten=S,S=acetals 38 and 42a-f were prepared

by reported methods.ll“l4

The unreported keten-s,N-acetals 35a-f, 40a-j

and 46a-b were prepared as described in chapter 2.

The keten-8,N-acetals: 3=(2=diethoxyethylamino)=
3=methylthio=lephenyl-2~propen=1=one (§1§),15 viscous
semisolid; 3=(2=diethoxyethylamino)=3=methylthio=1=-
(p=methoxyphenyl)=-2=propen=1-one (539),15 viscous oil;
3=(2=diethoxyethylamino)=3-methylthio=l=(p=methylphenyl)

15

~2=propen=1l=one (51lc), mp 62=3°; 3=(2=diethoxyethyl=-

amino)=3—meth§lthio=l=(gachlorophenyl)=2—pr3pen~1=one



(51d),1> viscous 0il; 3=(2-ciethoxyethylamino)=3-methyl-

5 gark

1
this=l=(p=bromophenyl)=2=propen=1-one (51e),
yellow 2il; 3=(2=dicthoxycthylamino)=3-methylthio=1=-
methyl=2=propen=—l=she (Slf),15 viscous 2il were pre=

pared acecording to the reported procedure.

General method for the preparation of 2~amino=4-=-aryl-

amino«(or-marphalino)~5=cy§q356=3x3=1;69dihydrapyrimi—

dines (37a~f):

A sdolution of keten-s,S=acetal 38 (0,01 mol) and
amine 39%a-f (0.0l mol) in absolute ethanol (35 ml) was
refluxed for 4 hr. When the reaction was complete
(T1C), the reaction mixture was added to a suspension
of guanidine nitrate (1.22 g, 0.01 mol) and sodium
ethoxide prepared by dissolving sodium (0,46 g, 0,02
mol) in refluxing ethanosl (35 ml) in absslute ethanosl,
The combined reaction mixture was refluxed for 12 hr
and concentrated under reduced pressure to give a
viscous residue, which was diluted with ice cooled
water and acidified with 4N-HC1 (1S ml), The crude
oxopyrimidines were filtered and purified by crystalli-

zation from acetie acid (Table 7).,
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Alternatively, a solution of pure keten-S,N-acetal
35a=f£ (0.01 mol), guanidine nitrate (1.22 g, 0,01 mol)
and sodium ethoxide (0,02 mol) in 70 ml of absolute
ethanol was refluxed for 8«14 hr (Table 7). The reaction
was worked up as described above to yield crude oxopyri-

midines 37a~-£.

Preparation of 2-amino=4-N=aryl/alkylamino=6-arylpyri-

midines (4la=i) and 2=amino=4~(2=diethoxyethylaminos)-
T — A ——————— S et

6~aryl/methylpyrimidines (52a-=f):

(a) General procedure:

A sdlution of keten=S,N-acetal 40a-i (0,01 mol) in
absolute ethanol was added to a suspension of guanidine
nitrate (1.22 g, 0.01 mol) and sodium ethoxide (from
0.01 mol of sodium) in absolute ethanosl (50 ml). The
reaction mixture was then heated under reflux for 18«30
hr (appropriate time given in table 8) and after removal
of solvent under reduced pressure, the residue was
diluted with ice~co2ld water and extracted with chloro-
form (2 x 100 ml)., The chloroform layer was dried
(NaZSO4) and evaporated to give crude ﬁ&rimidines 4la-i

which were purified by crystallization from dichloro~

methane and hexane mixture (Table 8).
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The pyrimidines 52a-f were similarly obtained by
column chromatography (silica gel) of the residué
obtained after work=up of the reaction mixture, using
benzene/ethyl acetate (7:3) as eluent. Further crysta-
llization from dichloromethane/hexane mixture yielded

pure 52a=-f (Table 10).

(b) By in situ generation of S,N=acetals (40a=-c):

A mixture of keten-S,S-acetal 42a-c (0,01 mol) and
aniline (0,011 mol) was heated at 160°C for 15 hr
(monitored by TILC). The reaction mixture was dissoslved
in absolute ethanol (15 ml) and added to a suspension
of guanidine nitrate (1.22 g, O.dl mol) and sodium
ethoxide (obtained from 0.01 mol of sodium) in absolute
ethanol (25 ml) and the combined reaction mixture was
refluxed for 21=25 hr. The rcaction was worked-up as
described above and the crude residue was column
chromatographed over silica gel, Elution with 5%
ethyl acetate in benzene gave the unreacted N,N=acetals
43a=-c, while further elution with 15% ethyl acetate in

benzene gave the pyrimidines 4la-c (Table 8).



Preparation of 2=-amino=-4=N-propylamino=6-(p-methyl-

phenyl)-pyrimidine (417)

(a) In sodium ethoxide and ethanonl :

A solution of s,N-propylacetal 40j (2.49 g, 0,01
mol) in absolute ethanol (10 ml) was added to a sus-
pension of guanidine nitrate (1.22 g, 0.0l mol) and
sodium ethoxide (from 0,01 mol of sodium) in absolute
ethanosl (50 ml) and the reaction mixXture Qas refluxed
for 26 hr (TIC). Work-up of the reaction as described
above, yielded a viscous residue (two spots on TIC),
which was column chromatographed on silica gel. Elution
with 10% ethyl acetate in benzene gave 4~ethoxypyrimi-
dine 45 (0,69 g, 30% yield), mp 160-61°C (reported mp
163-=64°,6 superimpssable IR and NMR spectra), Further
elution with 15% ethyl acetate in benzene gave the

pyrimidine 41j (0.36 g, 15% yield) (Table 8),

(b) In sodium t-butoxide and t-butanol :

A solution of S,N-propylacetal 40j (2,49 g, 0,01
mol) in dry t-butansl (10 ml) was added to a suspen=
sion of guanidine nitrate (1422 g, 0,01 mol) and

sodium t-butoxide (from 0,01 mol of sodium) in 50 ml
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of t=-butanol and the reaction mixture was refluxed for
28 hr., The pyrimidine 41j obtained after usual work-up
was purified by passing through silica gel column and

using benzene/hexane (3:1) as eluent (Table 8).

Preparation of 2=amino=4-morpholino/piperidino=5,6-

substituted-pyrimidines (48a-f)

(a) In refluxing sodium ethoxide and ethanol:

A solution of S,N-acetal 46a (2.6 g: 0.01 mol)
in absolute ethanosl (10 ml) was added to a suspension
of guanidine nitrate (1,22 g, 0.01 mol) and sodium
ethoxide (from 0,01 mol of sodium) in absolute ethanol
(50 ml) anad the reaction mixture refluxed for 20 hr,
After usual work=up of the reaction, the residue obta-
ined (two spots on TIC) was column chromatographed
over silica gel. Elution with 10% ethyl acetate in
benzene gave 4=ethoxypyrimidine 49a (0.4 g, 20% yield),
mp 151°C (reported mp 152°,6 superimposable IR and NMR
spect;a). Further elution with ethyl acetate/benzene
(145:10) yielded the morpholinopyrimidine 48a (0.66 g,
26% yield). The reaction of $,N-acetal 46b with guani-
dine nitrate yielded ethoxypyrimidine 4%9a and 4-piperi-

dinopyrimidine 48b in 22% and 25% yields respectively.



(b) In sodium isopropoxide and isopropanol

Reaction of 46a (2.6 g, 0.01 mol), guanidine
nitrate and sodium isopropoxide in isopropanol under
similar conditions as described in sodium ethoxide and
ethanol, yielded 0.25 g (11%) of 4-isopropoxypyrimi-
dine 48b, m.p. 137° (reported mp 139°, superimpasable
IR and NMR spectra) and 0,84 g (33%) of 4d~morpholino-

pyrimidine 48a.

(¢) In sodium t=-butoxide and t-butanol:

A solution of S,N~acetals 46a and 46b (0,01 mol)
in dry t-butanol (10 ml) was added to a suspension of
guanidine nitrate (1422 g, 0.01 mol) and sodium t=-
butoxide (from 0.0l mol of sodium) in t=butanol (50 ml)
and refluxed for 16 ard 10 hr respectively. The erude
pyrimidines 48a and 48b obtained after usual worke~up
as described above, were purified by crystallization

from ethanol (Table 9).

(d) By in situ generation of N,N-acetals:

Keten-N,N~morpholinoacetals 50a and 50c~f were
generated in situ, by refluxing a solution of the

correspendihg keten~s,S-acetals 42a and 42c-f (0,01 mol)
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and morpholine (0.022 mol) in absolute ethanol (20 mil)
for 4 hrs The reaction mixture was then added to a
suspension of guanidine nitrate (1,22 g: 0.01 mol) and
sodium ethoxide (from 0.0l mol of sodium) in absolute
ethanol (20 ml), After further refluxing for 18-21 hr,
the reaction mixture was worked-up as usual when crude

pyrimidines 48a and 48c-f were obtained, which were

crystallized from ethanol (Table 9).



TABLE 7

2=Amino=4-(N=-arylamino)Anorpholino=5-cyano=6=5xo=1,6-dihydropyrimidines (37a=£f)

Producta Refluxb Yieldc MeDe Molecular analysis (%)
time(hr) (°C) formula Calc, C H N
Found
37a 12 57 340 C11H9N50 53,14 3.96 30,83
(227.2) 58,38 4,12 30,65
d

37b 3 51 360 C12H11N50 59,75 4.56 29,04
(241.3) 59.52 465 29.38
37¢ 14 54 326= C12H11N502 56,03 44,28 27.23
(257.3) 56.41 4,58 27:57
379 6 57 364~ C1ECINLO 50,47 3,05 26.76
366 (261.7) 50,39 337 26425

QT



Table 7 (Contd.)

37¢ 9 53 368= CllHBFNSO 53,87 3.26 28457
370 . (245.2) 54,07 3.49 28487
d
37f 8 477 327 C9H11N502 48.64 5,40 31.53
(221.2) 48.81 5.70 31482
a

Crystallization solvent = AcOH.

Corresponds to the reaction starting from S,N-acetals 35a=f.

c

Decomposed,

The yields are those from S,N-acetals 35a-f.



TABLE 8

2=Amino=4=N=-aryl/alkylamino=6=-arylpyrimidines (4la=j)

Product™ Refluxb Yieldc MePDs Molecular Analysis (%)
time(hr) (%) (°c) formula Calc. C H N
Found
d &
41a 21 35(18) 159 C16H14N4 73.28 5.34 21.37
(262.3) 73.57 5.75 21.67
d ~
41b 25 45(19) 147= c16H13BrN4 56.30 3,31 16,42
148 (341.2) 55,95 3.62 16,09
d
41c 24 34(21) 167 C17H16N4O 69 .86 5.47 19.17
(292,3) 69.61 5.04 19.42
414 28 a7 141= C16H13C1N4 64,75 4,38 13.088
142 (296.7) 64.31 4,71 18.62

car



Table 8 {(contd.)

dle 25 50 13gf
41f 18 40 148~
149
4lg 26 44 153
41h 25 46 146=
147

C16H13C1N4

(296.8)

CioH14Ny

(214.3)

C13M16N40

(244.3)

C12H13C1N4

(248.7)

64.75

64,92

67429

67.59

80.32

80.67

57.94

57.75

18.80

18.57

26.16

26.47

22,95

22.75

22.53

22.85

r

O
~d

¥



Table 8 (Contd.)

413 30 43 128 C1,7H16N4 73.91 5.79 20,28
(276.3) 73.67 5,55 20447
. g .
411 28 47g Viscous C14H18N4 69.39 7.48 23,12
liquid (242.3) 68.04  7.15 22,85
a Crystallization solvent = CHzclzzhexane{
b Reaction time for method a, general procedure,
€ The vyields described are those from methosd a; general procedure.
d The yields in parentheses correspond to those obtained by in situ generation of
5,N=acetals 40a-c.
e + .. 16 °
M.S.:m/e = 262 (M ); Lit. m.p. 305°C.
£ M.s, e = 298 (M7,%° c1); pits® mop. 3029,
g time armd yield correspond to method b, using ButONa and ButOH.

Reaction

eor



TABLE .9

2=Amino=4-morpholino/piperidino=6-aryl/(4 -pyridyl)-pyrimidines (48a-e) and

2=amino~=4=morphnslino=5,6=tetramethylenepyrimidine (48f)

product” Refluxb viel © MePe Molecular Analysis{(%)
time(hr) %) (°c) formula calc. C H N
Found
d =]
433 19(1e6) 28(46) 170 C14H16N4O 65.62 6.25 21.87
(256,.,3) 65.47 6.48 21.55
d e
43b =(10) =(44) 138= C15H18N4 70.86 7.08 22.04
139 (254.3) 70.65 7.37 22,50
43c 20 31 214= C15H18N4O2 62.93 6.29 19.58
215 (2B86.3) 62.71 6,47 19,37

3
ag



Table 9 (Contd.)

48d 21 30 184 c14H15ClN4O 57.87 5.16 19.27
185 (286.8) 57.56 5.41 19.42

438e 20 20 199 C13H15N50 60,70 5.83 27,23

(257.3) 60,57 5.45 27.51

43 -

13£ i8 20 326 C12H18N4O 61,53 7.69 23,93
328 (234.3) 61,81 7.92 23.51

2 Crystallization solvent = EtOH. Corresponds to method d.

€ The yields are those from method &, by in situ generation of

N,N=morpholinoacetals 50.
d Reflux time in parentheses corresponds to method ¢ using ButeNa in ButOH.
e

The yields in parentheses correspond to those obtained by method ¢ from

from S,N-acetals 46a and 4éb.



TABLE 10

2=Amino=~=(2=diethoxyethylamino)=6=aryl/methylpyrimidines 52(a-£f)

Product” Refluxb vyield ﬁ.b. Molecular Analysis (%)
time(hr) (%) {°C) formula Calc. C H N
Found

52a 12 27 125- C16H22N4O2 63,57 7.28 18.54
126 (302) 63.41 6.84 18.24
52b 12 30 B2 C17H24N4O3 61.44 Te22 16,86
83 (332) 61.07 7.43 16,52
52c¢ 13 25 112 C17H24N4O2 64,55 7.59 17.72
(316) 64,11 7.28 17.55
524 12.5 30 118~ C16H21C1N4O2 57.05 6.24 16,64

119 (336.%) 56,81 5.96 16.41



Table 10 (Contd.,)

52e 14 30 115 CHyqBYN,0, 50.39 5.51 14,69
(381) 50,07 5.32 14,38
52f 11 26 139- Cq1HyoN,0, 55,00 8,33 23433
140 (240) 55,35 8,58 23,49

a

Crystallization solvent = CHZClZ:hexane

b Reaction so>lvent = EtOH.

.'3‘[

ol

l‘:.
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CHAPTER 4

REACTION OF GL=KETOKETEN=S,N=ACETALS
WITH CYANOACETAMIDE : A NEW GENERAL
METHOD FOR SUBSTITUTED AND FUSED 4=
(N=ALKYLAMINO=, N=ARYLAMINO-, OR N-
MORPHOLINO ) =3=CYANO=2 ( 1H )~PYRIDONES *

4,1 Introduction

In the preceding chapter, the synthetic utility of
polarized keten=s,N= and N,N=acetals for the synthesis
of 2,4=diaminopyrimidines was described. In our earlier
workl’2 it was shown that the keten=s,S-acetals 1
(Scheme 1) undergo facile condensation with cyanoaceta-
mide (2a) in the presence of sodium isopropoxide to
gilve 3=cyano=4-alkylthio=5,6=substituted=2(1H)=pyridones
(3) in excellent yields. It was further shown that the
ketoketen=S,5=-acetals reacted with N=methylcyanoaceta=
mide (2b) (Scheme 2) to give the corresponding 2,7-
naphthyridin-1,6(2H,7H)=diones 5 instead of the expected
pyridones 4., The yield of 5 was quantitative when two

equivalents of N=methylcyanoacetamide was used. The

* V. Aggarwal, G. Singh, H. Ila and Ha Jun jappa,
Synthesis, 214 (1982).
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method was found to be general as exemplified by several
structural variants.3 when the reaction of keten=5,5-=
acetal 1 with cyanoacetamide was carried out in the
presence of sadium ethoxide (Scheme 3);2 a small amount
of 4=ethoxy=-2(1H)=pyridone 7 along with 3 was formed.
Efforts to further improve the yield of 7 were not
successful, probably due to competition of carbanion

derived from cyanoacetamide with alkoxide ions.

In view of the facile methods available for the
synthesis of keten=S,N-acetals as described in chapter 2,
it was intended to investigate the reaction of 5,N=
acetals with cyanoacetamide and its derivatives, with a
view to developing a new general method for the synthe-
sis of hitherfo inaccessible 4-=aminopyridones., Our
literature survey of 4-=aminopyridones revealed that
there is no satisfactory general method available for
their synthesis. The methods suffer from multiplicity
of steps resulting in overall poor yields, coupled with
lack of generality in their structural variations. They
can be grouped into four categories which are described

as follows:

Thus, when cyanoacetamide was treated with phos-

phorous okychloride, it underwent self=condensation to
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give 3=cyano=4,6=diamino=2(1H)=pyridone (_E_%_)4 (Scheme 4)
in 80% yield, However, the method is limited to varia-
tions only in cyanoacetamide. The second method

(Scheme 5)5 involves ring transformation of 1,3=dialkyl/
aryl=5=substituted-6=(2=-dimethylaminovinyl)uracils (9)

in the presence of sodium hydroxide to yield pyridones
10. The intermediate 9 requires several steps for its
preparation, resulting in overall poor yields. 1In the
third method, the synthesis of 3-cyano=4=N,N=dimethyl-
amino-=2(1H)=pyridone (14) was achieved in a sequence of
reactions as shown (Scheme 6).6 Thus, when diethylacetal
of N,N-dimethylacetamide (ll) and cyanoacetamide were
eondensed, the corresponding enaminoamide 12 was formed.
Subsequent treatment of 12 with dicthylacetal of N,N=
dimethylformamide, gave the corresponding condensation
product 13, which on heating gave 14. 1In the fourth
method, the key intcermediate for the synthesis of amino-
pyridones 17 is reported7 to be 4=chloropyridone 16
(Scheme 7), which was in turn obtiincd from the reaction
of the corresponding 4=hydroxypyridone 15 and phosphorous
oxXychloride, Although, the method can be used to pre-
pare a variety of 4=amino=and 4=substituted=aminopyridones,
it requires a method for the synthesis of 4=-hydroxypy-=

ridones with good yields.
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Evidently, the secope with which structural varia-
tions can be introduced in the synthesis of keten=sS,N=
acetals from a wide variety of open=chain as well as
cyclic ketones, makes these class of compounds excellent
starting materials as three carbon fragments for the
synthesis of 4-aminopyridones. A systematic study of the
reaction 2f cyvanoacetamide and its derivatives with a
few selected keten-S,N-acetals is therefore, undertaken
in the present investigation with a view to developing

a new general one step synthesis of 4=aminopyridones.

4,2 Results and discussion

Attempts were made to react 3=cyano=4=methylthio=
6=phenyl=2(1H)-pyridone (3) with primary and secondary
amines under various condtions to prepare the corres—
ponding 4-aminopyridones 18 (scheme 8), however, the
pyridone 3 was recovered unreacted., In our carlier
work we had sh:)wn8 that 3 undergoes facile condensation
with hydrazine to give the corresponding pyrazolo=
[A,Snglmpyridane, probably due to the driving force
involving the ring closure, It became necessary there-
fore, that the construction of aminopyridones has to be
through the reaction of keten-5,N=acetals and cyano-

acetamide or its N—alkyl derivativcs,
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Thus, S,N-acetal 1%a (Scheme 9) (Table 1) when
reacted with cyanoacetamide (22) (equimolar quantities)
in the presence of sodium isopropoxide in refluxing
isopropanosl, yielded the corresponding 3=cyinde=4-
anilino=6-phenyl-2(1H)-pyridone (1§§) in 64% yield, The
structure of 18a was established by its analytical
(Table 3) and speetral data (Table 2)., Thus, its mass
spectrum displayed a molcecular ion peak at Mt 287
(C18H13N3O), while its IR spectrum showed dan absorption
band at 3230 em * (1)NH) and a sharp absorption band at
2290 em * (27CN). The strong bands at 1640, 1620 —
(DCO) are charaeteristie of 2(1H)-pyridones. Further
confirmation of the structure was derived from its NMR
spectrum, A singlet at 56.60 was assigned to H~5 proton
and a broad multiplet around § 7.,20~7.66 was assigned o
ten aromatic protons of the two phenyl groups. Similarly,
19b-k reacted with 2a under identical conditions to
give the corresponding 18b=XK in 55 to 77% overall yields.
The analytical (Table 23) and spcctral data (Table 2)
of 18b-k are described which, are in conformity with the
structures assigned. The reactioqézg was then extended
to cyclic S,N-acetal 20a (Scheme 10), derived from

tetralone, when the eorresponding fused pyridone 2la
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TABLE 1
2
1 . R
R~ -~
SN
}
AN CN
R N //L?O
H
18
1
Product R R R
18a C¢Hsg CeHs H
18b .E“ClC6H4 CeHg H
18c _p-CH3OC6H4 C6H5 H
184 C He C,Hg H
18e Q~C1C6H4 C_Hg H
10f Q—CH3OC6H4 C,He H
189 C He n=C,H, H
18h C Hg CH,C Hs H
181 CHe CHZCH(OCZHS)Z H
133 CH, C,Hg H"
18k R-CH,C H, =(CH2)2—om(CH2)2~

170



was formed in 60% yield. Similarly, 20b and 2a gave
21b in 53% yield, The analytical (Table 3) and spec=
tral data (Table 2) of 21a and 2lb were found to be in

accordance with the structures assigned,

It was earlier observed in this laborato.ry,3 that
the keten-s,S-acetals 1 (Scheme 2) when reacted with
2b in the presence of sodium isopropoxide in refluxing
isoporpansl, 2,7~naphthyridin-1,6(2H,7H)-diones 5 were
formed instead of the corresponding pyridones. However,
the feactian of 2b with 1Sa {scheme 11) under identical
conditions, yielded only 3-cyano=4-anilino=-6-=phenyl=N-
methyl-2(1H)~-pyridone (222) in 58% yicld and no trace
of the corresponding naphthyridindione was observed.
Similarly, 19b and 19¢c gave thec corrcsponding aminopy-
ridones 22b and 22c¢ in 66 and 50% yiclds respcctively,
instead of the naphthyridines, The analytical and
spectral data of these pyrimidines are described in
table 3 and table 2 respectively. stever; when the
keten-s,N=-ethylacetal 19d (Scheme 12) was reacted with

2b under identical conditions, only the corresponding

nhaphthyridindione 23a was isolated. 23a thus »btained,

was identical (mp, mmp, superimposable IR) with that
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obtained from the corresponding S,S-acetal and 2b. Also
23b and 23c were similarly obtained by reacting the
corresponding 19e and 19f with 2b and werc found to be

identical with the reported naphthyridindiones;

The keten-N,N=-acetals 24a-c (Scheme 13)Iwhen
reacted with 2a and 2b under identical conditions, the
expected aminopyridones 25a~c were not formed, indica-
ting that theFB»carban in N,N-acetals is not sufficiently
eleetrophilic to reaet with sodio derivative of cyano-
aeetamide. Also the aminopyridone 27 was not formed
when the corresponding S,N-acetal 26 and 2a were reflu-

xed in alcoholic sa>dium isoprapoxide.2

HNPh
NHPh
Ph CN
i / ~
NaOPr
2 NP -
i 7 ~
ProoH N~~N0
CN H N g
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TABLE 2

Spectral data of products 18 (a=k), 21 (a=b) and 22 (E“E)

Product IR(cmal)a 1H~NMR(§;/ppm)b MeSe
m/e(M” )

18a 3230 ( Yy, ) 2220 (VCN); 6.60 (s, 1H, H=5); 7.20=7.66 287
1640, 1620 (;))CO and (m, 1oH___ ).
pyridone ring)

18b 3280 (Y )5 2215 (V)5 6.56 (s, 1H, H-5): 7.16=7.70 -
1648, 1625 ())CO and (m, 9m, ).
pyridone ring)

18c 3280 (3)NH),- 2202 ())CN),- 4.00 (s, 3H, OCH,); 6.63 (s, 1H, =
1630, 1612 (Y, and H=5)7 7.00-7.80 (m, 9H___ ).

pyridone ring)

3T

A~y
i



Table 2 {Contd.)

Product :[R(c:m'al)a 1H-=-NMR(S /ppm)b M.Se +
m/e(M")
184 3324 ( ))NH); 2220 1.28 (t, 3H, CH,CH,); 3.45 (q, 239
(yCN); 1630, 1612 2H, CH,CH,); 6.40 (s, 1H, H=5);
( VCO and pyridone ring) 7.42 (br s, SHarom)'
13e 3290 (W._): 2220 1.43 (t, 3H, CH,.CH,.):; 3.63 (d, -
— NH 27=3
(')JCN); 1640, 1625 2H, CI:I__ZCHB); 6.60 (s, 1H, §=5);
('yco and pyridone ring) 7.e46=T7,80 {(m, 4Har3m)'
10f 3322 ())NH); 2220

('))CN) ; 1620, 1610

(’))CO and pyridone ring)

2H. CH,CH,)? 3.80 (s, 3H, ocr_—1_3);
6.48 €s, 1H, H~5); 7.32 (AB, ad,
4Harom)°

e8T



Table 2 (Contd.)

—1 ..
Product IR(com *)3 1HaNMR(S/ppm)b M.S.
BN
m/e(M )
10g 3310 ())NH); 2205 1,05 (t, 3H, CHZC§3); 1.84 (q, =
(Voy)? 1620, 1610 2H, CH,CH5): 3.50 (¢, 3H, NHCH,):
())CO and pyridone ring) 6.57 (s, 1H, H=5); 7.60 (s, SHaram)'
138h 3335 ())NH); 2200 (’))CN); 4.68 (4, 24, NHCEZ); 6.60 (s, 1H, 301
6 d =5); 7. . r 7.
1 307 1615 (), an H-5); 7.38 (br.s, 5H___ ); 7.50
pyridone ring) (br.s, 5Harom)'
181 3370 (V)7 2200 1.40-1.70 (br t, 6H, two OCH,CH,); 327
(Vey)? 1640, 1625 () 4.43-4.81 (br m, 6H, twd OCH,CH,+
and pyridone ring NHC§2)7 6.54 (s, 1H, H=5); 7.02
(br.t, 1H, =CH=); 7.72 (s, SHarDm);

3T

r;



Table 2__((331’11:@«4,)

) 1 b
product  IR{em )7 H=-NMR( § /ppm) M.S.
m/e{M")
183 3412 (Y ) 2200 1.36 (£, 3H, CH,CH)); 2.48 (s, -
, . 1 . . 3
(Vo) 1640, 1625 ())CO 3H, CH4Ar); 3.50 (4, 2H, CHCH,)
and pyridone ring) 6.30 (s, 1H, H=5).
18k 2200 ())CN); 1620, 1608 2.40 (s, 3H, CH,Ar); 4.00 295
. ] ) /I — — - - o
('))CO and pyridone ring) (br s, 4H, CH,=N-CH,, Y 4.04
(br s, 4H, ~CH,-0-CH,=); 6.54
(s, 1H, H=5); 7.42 (A252.dd,
4H o) e
; o ; 2=3.30 iH, - =3
21a 3250 (VY)r 2220 (Y );  2.02=3.38 (br m, 4H, =CH,CH,~); 313
1602, 1590 (Y, and 7.3C=8.00 (m, 9H___ ).

pyridone ring)

C3T



Table 2 (Contd.)

. -
="J_\a
IR(cm 7

lHaNMR(S /ppm)b

Product M.Sq +
m/e(M )
21b 3250 (V)r 2214 2.50 (s, 3H, CH,Ar); 3.74 345
( Vo) 1605. 1590 (s, 2H, SCH,); 7.24=7.76
(IDCO and pyridone ring) (m, BHarom)'
22a 3230 <;)NH>; 2205 3.52 (s, 3H, NCH,); 6.45 (s, 1H, 301
(Yoy)? 1638, 1610 (Y H=5); 6.92-7.60 (m, 10H___ ).
and pyridone ring.
b ) 7 0
22 327 ())NH) 221

())CN); 1640, 1632

(])CO and pyridone ring)

3.56 (s, 3H, Ncg3); 6,40 (s,

1H, H=5); 7.16=7.70 (m, 9Har3m).

a9T



Table 2 (Contd.)

~ =] Q 1 b M.Sc
Product IR(cm 7)) H=NMR ( S/Ppm) m/e(M+)
22c 3285 ())NH); 2205 3.52 (s, 34, NC_I—}B): 3.98 (s, 3H, 331

(Vo) 1640, 1608 OCH,)s 6.38 (s, 1H, H=5); 7.00=

(’VCO and pyridone ring) 7.55 (br m, 9Harom)'
* 1R medium = nujol mull, P NMR solvent = TFA,

73T
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EXPERIMENTAL

M.ps. were determined on a ‘'Boetius' (German)
apparatus and are uncorrected. The IR spectra were
recorded on Perkin-Elmer 297 spectrophotometer. The
NMR spectra were recorded on a varian-EM-390 spectro-
photometer using TMS as an internai standard and the

chemical shifts are recorded as § (ppm).

The starting materials

The commercial samples of aniline and morpholine

were purified before use.
fa.s
N=Methylcyanoacetamide (2b), mp. 98=99°( prepared

by the condensation of ethyl cyanoacetate with methyl-

amine.

Reaction of 3=cyano=4=methylthio=6=phenyl=2(1H)=and

N-methyl-2-(1H)~pyridone 3 with amines : aAttempted

preparation of 4-aminopyridones 18 by exchange method:

A suspension of pyridone 3 (0.0l mol) and amine
(0.01 mol) (aniline, morpholine or propylamine) in 50 ml

2f ethanosl was refluxed for 8=20 hr. After evaporation
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of the solvent and washing with ethansl the pyridone 3

was recovercd unchanged (mp, mmp, superimposable IR).

In an alternate reaction, a mixture of pyridone 3
(0.01 mol) and amine (0.0l mol) (aniline, morpholine or
pfapylamine) was heated in a sealed tube at 140-=150° for
2=5 hr., wWork-up of the reaction mixture yielded a tarry
residue from which neither the starting pyridone 3 nor

the aminopyridone 18 could be recovered,

Similarly, when equimdolar quantities of 3 and amine
(aniline or morpholine) were heated at 150-«160° in the
absence of any solvent, work-up of the reaction mixture
by washihg with ethanol, yielded only the starting pyri-

done 3 (mp, mmp, superimposiable IR).

The keten=5,N=acetals 19a-k, 20a=b and 26 and N,N=

acctals 24a-c required, were prepared as described in

chapter 2.

General method f£or the preparation of 4=N=aryl(or alkyl)

amino/morpholino=3=cyano~5,6=substituted=N-unsubstituted/

N-methyl=2(1lH)=pyridones (18a-~k, 2la=-b and 22a-c):

To a solution of sodium isopropoxide (prepared by

dissolving 0.23 g, 0,01 mol of sodium in 40 ml of dry
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isopropanoal) in isopropanol, cyanoacetamide/N-methylcyano-
acetamide (0.01 mol) was added and the mixture was shaken
for 5=10 min. The appropriate keténns,Nnacetal 19 (o.01
mol) was then added and the reaction mixture was refluxed
for 8«35 hr (Table 3)., Evaporation of the solvent yilelded
bright organge sodium salt,;which was diluted with water
(20=~30 ml) and filtered. The residue obtained was acidi-
fied with dil., HCl (30%) to give the crude pyridones

1Ba-h, 18j-k, 2la and 2lb as pale yellow amorphous sdlids

which were crystallized from acetic acid (Table 3),
Treatment of the filtrate with dil, HCl did not yield more
pyridones. 1In a few dases (20a and 20b) the sodium salt
partly dissolved in water and treatment of both the
residue and the filtrate yielded the corresponding pyrie-

dones. 21a and 21b.

In case of pyridone 181 and N-methylpyridones 22a-c,
the residue obtained after work=up of the reaction
mixture was neutralized with dil. AcOH to give the crude
pyridones, which were crystallized from acetic acid

(Table3).

General methad for the preparation of 8-amino=5S-cyano-

2,7=dimethyl=2,7=naphthyridin-1,6(2H, 7H)=diones (23a~c):
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The S,N-acetals 19d-f (0.0l mol) and N-methylcyano=
acetamide 2b (0.02 m>1l) were reacted as described above.
Neutralization of the residues obtaincd after work-=up
with acetic acid gave crude naphthyridincs 23a-c as pale
yellow solids which were crystallized from acetic acid,
IR and NMR of 23a=~c were superimposable with those of

authentic sample.3 (mp, mmp).

Reaction of keten=N,N-acetals 24a=c with cyanoacetamide

and N-methylcyanoacetamide .

A suspension of keten-N,N-acetal 24a (0.01 mol),
cyanoacetamide/N-mcthylcyanoacetamide (2) (0,01 mol) and
sodium isopropoxide (0,01 mol) in 50 ml of dr%ﬂsopropanol
was refluxed for 3-4 hr. Work-up of the reaction mixture
as described above, yielded a residue which on crystal-=
lization yielded the unreacted N,N=acetal 24a (mp, mmp,
superimposable IR). The N,N-acetals 24b and 24c were

similarly recovered unrecacted under identical condtions.

Reaction of S,N-acetal 26 (0,01 mol) with cyanoaceta-
micde (2a, 0.0l mol) under similar condtions yielded
after work-up, a tarry residue from which the pyridone

27 could not be isolated.



TABLE 3

methyl-2(1H( =pyridones 18 (a-k), 21 (a=b) and 22 (a-=c)

4=N=Aryl(or alkyl)amino/morpholino=3-cyanos=5,6=substituted=N=unsubstituted/N=-

Producta

Reflux MeP.

vield Molecular

Analysis

time(hr) (°C) (%) formula C N
a 315= 64 C18H13N30 75«26 14.63
317 (287.3) 75.54 14.39
12 > 355 71 C18H12C1N3O 67.18 13,06
¢321.8) 66.02 12,83
183 308 62 C19H15N3O2 71.92 13.24
310 (317.3) 71.69 12,8C

ST



Table 3 (Contd.,)
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-
[o9]
oy

20

24

30

30

303=

305

263=

265

282=

233

273=

275

295=

297

59

C14H13N30
(239.3)
C14H12C1N3O
(273.7)

C15H15N30,
(269.3)

C15H15N50

(253.3)

C19Hy5N30
(301.3)

70.29

70447

61.42

61.65

66,91

66.71

71.14

70.78

7574

75.83

17457

17.70

15,35

15,18

15,61

15,15

16,60

16,35

13,95

14,23

“OT
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35

16

12

20

220

257=

260

288=

290

302=

303

264=

266

60

63

57

60

53

C1gM21N303

(327.4)

CqoH11 N30

(177.2)

C17H17N30,
(295.3)

CooH15N50
(313.3)

C20H15N3OS

(345.4)

66.05

66,44

61.01

60,33

69,15

69.33

76.67

76.38

69.56

69.71

12,834

13,01

23,72

23.44

14,23

14,10

13.41

13,66

12.17

11,97

rST



Table 3 {(Contd.)

22a 20 312- 58 C19H15N3O 75.74 4,96 13.95
314 (301.3) 75.33 5.01 14.02
22b 22 265= 66 C19H14C1N3O 67,95 4,17 12.51
266 (335.8) 68.11 4.35 12,67
22¢ 15 240= 50 C2OH17N3Q2 72.50 5,13 12,686
241 (331.4) 72.33 4,99 12,58
a

Crystallization solvent = AcOH.

CoT
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CHAPTER 5

REACTION OF POLARIZED KETEN=S,N= AND
N,N=ACETALS WITH BENZOYL ISOTHIOCYA=
NATE : SYNTHESIS OF NOVEL 1~N=ARYL
( ALKYL)=2=PHENYL=5~AROYL~6=~METHYLTHIO
( N=ALKYLAMINO ) =4=THIOXOPYRIMIDINES *

5.1 Introduction

o(-Ketoketen—S,N- and N,N-acetals have been shown to
be versatile intermediates and found to behave predicta-
bly towards binucleophiles, providing new general
methods for the synthesis of 2,4~diaminopyrimidines and
4-amino=2( 1H)-pyridones in moderate to excellent yields,
These reactions constitute characteristic behaviour of
S,N= and N{N-acetals as three earbon fragmemts. HdOwever,
their reactivity as enamine components, towards electron-
deficient reactants has been totally neglected.;n4
Classical enamine components derived from(b-ketoesters
and l,3~diket3nes,\have been reparted3"15 to react with
benzoyl isothiocyanate ta give 4-~thioxopyrimidines 4

and 9 (scheme 1) in good yields, One of the serious

limitations of this method involves, that the product

*V. Aggarwal, H, Ila and H, Junjappa, Synthesis,,K 65
(1982).



Scheme !

=W\

=M

1-4 ,R=COHEt, COMe ,COPh,CN,NO>,
R'=H ,Me Ph;
R2=H ,aryl, Me;
RLR=~(CH)g
R3=aryl ,Me,CH,CL;

A 4

R " NH
R-~“NH FO
f2 R3
3
N
R1 NJ\RB
}
B2
4

N
Mo



pyrimidine carries an alkyl or aryl group at 6=position
of the ring making it unsuitable for subsequent stru-
ctural elaboration for fused ring constructioh. There

is only one repartl4 2f the reactian of ethyl 6=amin3—

1=0Et; R2=H) and{%-am’ina==

B—ethoxyacrylophenone (1, R=PhCO: Rl=OEt, R2=H) with

p ~ethoxyacrylate (1, RwCO,EL; R

ethoxycarbonyl isothiocyanate to yield the corresponding

1

b=cthoxy-4~-thioxopyrimidine (i}(R:CO Et, PhCO; R "=0Et;

2
R2=H; R3=OH) in good yields, It was anticipated fhat
similar reactions of keten-3,N- and N,N~acetals with
benzoyl isothiocyanate should provide a more versatile
entry to the synthesis of usefully functionalised thio=
xopyrimidines. Further, the pyrimidines thus obtained
will be particularly useful for the synthesis of purines
and their derivatives. A few 2f the acetals (Chapter 2)

have been selected to react with benzoyl isothiocyanate

and the results of these reactions are presented here.

5.2 Results and discussion

When S,N-anilinoacetal lla and 2 (Scheme 2) (Table 1)
were refluxed in ether f£or 18 hr, the eorresponding 4-
thioxopyrimidine 13a was formed in BO¥% yield. The stru-

cture of 13a was confirmed by its analytical (Table 6)
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and spectral data (Table 3). Thus, its mass spectrum
showed a molecular ion peak at MT 414 and was analysed
for C

4HygN-05,. Its IR spectrum showed characteristie

2471872772
absorption band at 1665 em™t (‘VCO) and a weak band at
1595 cm™ =+ (2)c=N)' Tts strueture was further confirmed

by its NMR spectrum. A singlet at $1,60 (3H) was assigned
to three protons of the methylthio group. The broad
multiplet around §7.06 to 7.50 and a double doublet at
57.86 were assigned to thirteen and two aromatie protons
respectively., Similarly, 1lb and lle reacted with 2

t> give the eorresponding 13b and 13¢ in 78 and 76%
yields respectively. However, S,N-ethylacetal 11d and
N,N-diethyl acetal llh in refluxing ether, gave only the
corresponding open-chain adducts 124 (80%) and 12h

(75%). When the above reaction mixture was refluxed in
tetrahydrofuran, the desired pyrimidines 13d and 13h
were obtained in 68 and 42% yields respectively.
Similarly, lle-=g and 1li-j were reacted with 2 in
refluxXing tetrahydrofuran, to give the corresponding
pyrimidines l3e=-g and iéi”i in 35 to 70% overall vields,
The analytical and spectral data of 13b-4 are described
in table 6 and table 3 respectively, which are in support

of the structures assigned,

202
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TABLE 1
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13

Product AY X R
13a C6H5 SCH3 C6H5
13b P=CIC.H, 5CH, CHe
13c E=CH39C 6Ha SCH, CeHe
124,134 C6H5 SCH3 C2H5
13e p-Cclc H SCH4 C,oH
13f p-==CH3OC6H4 SCH3 C2HS
13g P-CH4CcH, SCH4 C,Hg
12h,13 C6H5 NHC2H5 C2H5

i p-ClCc.H, NHC He C,Hg
13j P~CH50C H, NHC ,He C,oHe
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The reaction of ketoketen N,N=dianilinoacetal 11k
with 2 (Scheme 3) in refluxing ether yieclded the open-
chain adduct 12k in 82% yield. Whzn 1llk and 2 were
refluxed in tetrahydrofuran, the expected thioxopyri-
midine 13k was not formed and a yellow solid obtained
after prolonged refluxing was identified as isothizzoline
14 on the basis of its spectral (Table 5) and analytical
data (Table 8)., Thus itﬁmassspectrum displayed a mole=

cular ion peak at Mt 475 (C29H 028), while its IR

21N3
spectrum showed an absorption band at 3175 cmm1 (Q/NH)
and a broad band between 1600=1500 cm'=1 characteristic

6,8-10

of isothiazolines, The structure o2f isonthiazosline

14 was further confirmed by oxidative cyclizati3n6'8mlo

of open=chain adduct 12k with bromine when 14 was obtained
in 52% yield (mp, mmp and superimposable IR). Similarly,
nitroketen=3s,N-acetal 15a (Scheme 4) (Table 2) reacted
with 2 in refluxing benzene to give the corresponding
isothiazoline 17a (39% yield), rather than the thioxo-
pyrimidine 18a., The isothiazolines 17b-d were similarly
\prepared in refluxing tetrahydrofuran from the correspond-
ing 15b=d and 2 in 46=55% overall yields; Alternatively,

these were also prepared by oxidative cyclisation

(bromine in chloroform) of the corresponding adducts
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Table 2
X NO2
-—N [
i g~ NCOPh
17
Product X R
17a SCHy CeHs
16b,17b SCH3 CoHg
16¢,17¢ NHC 72 Hg CoHsg
16d,17d NHCg Hs CeHg

R0



204

16b-d, obtained by reacting 15b=d and 2 in refluxing
ether. The analytical and spectral data of the adducts

12d, 12h, 12k and 16b5§ are described in table 7 and

table 4 respectively and the data of iothiazolines
17a=d are described in table 8 and table 5 respectively,
which are in conformity with the structures assigned.
Interestingly, the cyclic keten-N,N-acetals 19a and 190
.(scheme 5) reacted with 2 to give the corresponding
open-chain adducts 20a (87%) and 20b (77%), which under-
went oxidative cyclisation in the presence of bromine in
chloroform to give fused isothiazolines 2l1a (70%) and
21b (74%) respectively. Their analytical (Table 8) and
spectral data (Table 5) are in conformity with the stru-

ctures assigneda.

Thus ,from the above results it is apparent, that
while ketoketen-=s,N-phenyl, S,N=ethyl and N,N=diethyl-
acetals react with benzoyl isothiocyanate to give the
respective l=N=cthyl/phenyl=4=thioxo=5=aroyl=6=methylthios/
anilino/ethylaminopyrimidines in good yields, the corres—
ponding N.N=diphenylacetal 1lk gives an open=chain
adduct 12k which on refluxing in tetrahydrofuran is

converted to isothiazoline 14, Although, it is not
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pPossible to give a definite explanation for these obser-
vations, however, it appears that because of steric
crowding in 13k, due to the presence of three adjacent
phenyl groups, the oxidative cyclization pathway to 14
is preferred over dehydrative cyclization: The failure
of intermediate open=chain adrlucts gégng; derived from
nitroketen=S,N- and N,N=acetals, to undergo cyclization
to thioxopyrimidines 18a=-d is probably due to greater
delocalization of lone pair on nitrogen of aryl/alkyl-
amino group over nitro group (Q) which prevents

nucleophilic attack of amino group at benzamido group.

0(=) s }?
Lo |
N(+\) NH OZN\

27N
‘7 7

211



TABLE 3

Spectral data of products 13 (a=j)

product  IR(cm ©) LiewMr( S /opm) ﬁi}i?m‘*)
13a 1665 ()7 1.60 (s, 3H, SCHy): 7.06=7.50 414
a c
1595 ( Day) (m, 138 ,...)7 7.86 (ada, 21 _ ).
13b 1673 () )7 1.58 (s, 3H, SCH,): 6.84=7.12 -
a C
1585 (V) (m, 128, _ ); 7.54 (dd, 2H___ ).
13c 1660 ())CO),- 1.62 (s, 3H, SCH,): 3.52 (s, 3H, -
. a’ ° ’ - .
1600 (Y. ) OCH,7 6.64 (d, 2H___ )i 6,98
C
(br s, IOHarDm): 7.50 (dd, 2Harom)'

“1¢



Table 3 (Contd.)

134 1665 (Y03 1.01 (t, 3H, CH,CH;); 2.06 (s, 3H, 366
a’ [ Z‘ - =
1595 (U ooy) SCH4): 4.20 (4, 2H, CH,CH3); 7.25
7.58 (m, 84, ); 7.66=7.90 (44,
C
2I—Iaram)’
13e 1670 (Y )7 1.01 (t, 3H, CH,CH,); 2.10 (s, 3H, -
a
1505 (D aoy) SCH4): 4.13 (4, 2H, CH,CH,;); 7.10
(4, 2Har3m); 7.35 (br s, SHarom);
B c
13f 1660 (V) 1.00 (t, 3H, CH,CH,)s 2.11 (s, 3H, 396
1595 () coyy@ SCH,):; 3.56 (s, 3H, OCH,): 4.10 (g,
2H, CE2CH3); 6.66 (4, 2Har3m)’ 7«30
(br s, 5H ); 7.58 (ad, 2H ).C

arom Qxrom

0T
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13h

131

1660 (z)co);

1600 (Q)C:N)

3230 <br,z)NH):

a

1625 (Yp):

1590 ())c=N)

3220 (br, ) .)s

b

1625 (Y. )i

1580 (Y

C=N

)a

1,00 (t, 3H, CH ch); 2.05 (br.s, 6H =

2
SCH4+CH,): 4.05 (q, 2H, CHy): 6.90 (ds

. - A

2Har3m)' 7.28 (br s, SHarDm)' 7.44 ¢4d,
C

2Haram)'

0.60 (t, 3H, CH C§3)7 0.80 (t, 3H, 363

2

CHZCEB); 3.05 (br g, 4H, tw> CEZ

- P e [} [
CHB), 7.0:) 7.2L) (m, 8Har:)m)[ 7.55

c
(da, 2Har3m)°

0-95=‘1060 (tw:) brt, 6H( CI’I CE3)7 3|10 il

2

2

8.35 (m, 9H ).
AX om
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137 3230 (br, Y0 1.14=1.55 (twd> br t, 6H, CH,CH,)?
1625 ())CO),- 3.32=3.78 (two br q, 4H, CH,CH,);

\a ! .
1605 () ooy 3.96 (s, 3H, OCH,); 6.98=7.50 (m,

I - C

8.02 (dd, 20 __ ).

2 in nujol; 5 in XBr; © in TFA.

#—a



TABLE 4

Spectral data of produets 124, 12h, 12k, 16b=4d, 20a and 20b

Product IR(cmml) leNMR(S /pom)

124 3140 ())NH); 1.30 (t, 3H, CH,CH5); 2.43 (s, 3H, SCH4);
1680 ())Coamide); 3.42 {(br g, 2H, C§2CH3); 5.60 {br.s, 1H,

0 a . - C

1668 (2)Coket3) NH); 7.22=0.18 (br m, 10Har3m)’

12h 3250, 3150 (P )7 1.05 (t, 6H, twd CH,CH,)7 3.25 (br q,

ami s 4 . 7.28=7. : .
1690 ())Coamlde), H, twd C§2CH3), 7.28=7.61 {m, 8Har3m)’
a - . c

1625 ())Coketo) 5,00 (aa, 2Harom)‘

12k 3350=3200 (br )) ) s 6.24=9.32 (m, 20H )-d

—— Y N’ * * ‘ arom

1688 () . amide);

1600 ( ))COketo)a

8] ‘1"8



Table 4

20a

3200

1693

3220,

(Contd.)

(br,))NH):
b
(Veo)

3210

(br, })NH);

1695

3470, 3400 (br,z)

16808

3200

1692

b
(Veo)

<))CO>Ci

( DNH):
(Vo)

NH

)

-
’

1.58 (£, 3H, CH CE3); 2,71 and 2.80 (two s,

2
total 3H, SC§3); 3.85 and 4.61 (two g, total
é

2H, CH,CH5): 7.50-8.20 (m, 5H___ ).
CE3); 3.55 {two br 4,

d

2

CH3); 7.50=8,20 (m, 5Har3m).

1.42 (two br .t, 6H, CH

4H, CH,

7.00=10,60 (m, 15H ).d
arom

3.83 (s, 4H, =CH,CH,~): 7.38-8,02 (m,

27=2

S
SHypom)? 9+50-9.78 (br, 2H, NH).

b



Table 4 (Contd.)

20b 3375 CQ)NH); 1690 3.57 (s, 2H, NHCH,=); 3.74 (s, 2H, NHCH,=);

2
(l)coamide); 1610 6.94=7,70 {m, 10H ).d

arom
a
( )Jcoket:))

d in TFA; © in DMSO=d,, .

in xBr; 2 in nujol; © in CDCl,:

“re



TABLE 5

Spectral data of products 17 (a=d), 2la, 21b and 14

"1 1 M.So
Product IR{(cm ) H=NMR(é/ppm) m e(M+)
17a 1590, 1530 1.76 (s, 3H, SCH4): 7.16=7.51 371
a
(Vo Kooy (m, BH,,.. ): 7.61=8.00 (m,
2Har3m).
17b 1590, 1535 ' 1.40 (t, 3H, CH,CH,); 2.52 323
a
())co’Vc=N') (s, 3H, sc_}g3), 4.12 (g, 2H,_c_1~g2
. . 4 .
CH4); 7.28=7.64 (m, 3H___):
8.20=38.44 (m, 2H ).C

AXr om

~Te



Table 5 (Contd.)

17c

174

3265 c))NH);

1600, 1532

QA
(lxco‘))c=m)

3200 (br;ﬂ%H):

1590, 1560
b
<J)CO,;)C=N>

1.30 (t, 3H, CH,CH;): 1.33 (t, 3H,

2

CH,)7 3.48 (br a, 2H, CH

CH CHB):

2
CH3); 7.20=7.60 (m,

2

3.80 (g9, 2H, CH,

-8 . Ne

(br t, 1H, NH).C

- d
6.60-10,23 (m, 15Harom)'

320

416

~t
1,

ft



Table 5 (Contd.)

21a 3370 (Yy)s 4.08 (s, 4H, =CH,CH,=); 8.20 (br.s, -
b a
1620 ())CO) SHarom).
21b 3340 (U ) £.21 (s, 4H, =CH,CH,~); 7.72 (br s, -
b s
1610, 1602 () .,) 10H, oo ¢
4 3175 () _.; 1600- 6.12=83,06 (m, 20H .S 475
G NH ‘ * ‘ arom’®
b
1500 ( l)CO'l}C=N)
2 in KBr; in nujol; € in CDC13; d in TFA.

Vgo



EXPERIMENTAL

M.ps. were determined on a ‘'Boetius' (German)
apparatus and are uncorrected, The IR spectra were
recorded on Perkin-Elmer 297 spectrophotometer. The
NMR spectra were recorded on a varian=EM=-390 spectro-
photometer using TMS as internal standard and the

values are expressed in § (ppm).

The starting materials

Benzoyl isothiocyanate (2), bp 119° (10 mm) was

prepared by the reported method.l6

The keten-s,N-(lla=-g, 15a-b) and N,N-acetals

(1lh-j, 15¢c~d, l19a-b) required were prepared as des-

cribed in chapter 3.

General method for the preparation of l-phenyl(or

ethyl)=2=phenyl=5=aroyl=6~methylthios(or N=ethylamino)=-

4=thioxopyrimidines (13a-=j)

A solution of lla=-j (0,01 mol) and benzoyl iso=-

thiocyanate (2; 2.03 g, 0.,0125 mol) in dry ether or



peroxide free and dry tetrahydrofuran (15 ml) was
either stirred at room temperature (1lld=-g) or refluxed
(l1la=c and 1lh=j) for the stated time (Table 6). The
crude products separated out as bright yellow or srange
solid, which were filtered, washed with ether and
further purified by crystallization from either ethyl
acetate (1l3a-c) or ether: chloroform mixture (13d-g)
(Table 6). 1In the reaction of 1llh-j with 2, no solid
was separated and the residue obtained after evapora-
tion of the solvent was passed through a silica gel
column. Elution with ethyl acetate: benzene (1:1)
yielded pure pyrimidines 13h=-j, which were further
purified by crystallization from chloroform/hexane

mixture (Table 6).

&-Methylthia(or N—ethylamino/anilino)a[3=Nmethylamins/

anilino-ol =benzoylthiscarbamoyl= «{-benzoyl/nitro-ethyle

ethylenes (12d, 12h, 12k and 1léb=-d); 2=(benzoyl/nitro-

benzoylthioscarbamoylmethylene)=imidazolidines (205 and

20b) : General Procedure:

A solution of keten=S,N=/N,N-acetal 11d, 11lh, 11k,

15b~d and 19a=b (0,01 mol) and benzoyl isothiocyanate

Ry



(2) (2.03 g, 0.0125 mol) in ether/THF was refluxed for
0.5=10 hr. The open chain adducts separated out as
orange copious precipitates were crystallized from

chloroform (Table 7).

2,3—Substituted-4-benzoyl/nitro-s-benzoylaminow,C?—

isothiazolines (%g, 17a~d, 2la and 21b) : General

procedure :
Method A : The isothiazolines 14 and 1l7a-d were

obtained by refluxing the respective S,N- and N,N=
acetals llk and 15a~d; (0,01 mdol) and benzoyl isothio-
cyanate (2; 2.03 g, 0,0125 mol) in either benzene (1l5a)
or dry, peroxide free-tetrahydrofuran (215 and 15b=d)
for 45 t5 54 hr (Table 8), The iéathiazalines 17a-d
were separated as light brown solids which were further
purified by crystallisation from mathanol: benzene
mixture (l7a-c)and chloroform (17d) (Table 8), The
isothiazoline 14 was obtained by column chromatography
of the reaction mixture over silica gel. Elution with
hexane : benzene (3:1) gave pure 14 as light brown
s21id which were further purified by crystallization

from chlorofarm (Table 8).



Method B ¢+ T2 an ice=codled solution of the open-chain
adducts 12k, 1léb-d and 20a~b (0,001 mol) in dry chloro-
form (5 ml), bromine (160 mg, 0.001 mol) in dry chloro-
form (5 ml) was added dropwise during 10-15 min. After
stirring at room temperature for 0.5 to 4 hr {(monitored
by t.l.c.), the reaction mixture was neutralised with
2N=NaOH solution, diluted with water (20 ml); and extra-
cted with chloroform (2%20 ml), The chloroform layer
was dried (Na2804) and evaporated to give crude isothia-
zolines, which were crystallized from methanol/benzene
(;zp—g and 2la-b or chloroform (14 and 17d) as light

brown solids (Table B).



TABLE 6

1=N=Ethyl/phenyl=2-phenyl=5=-aroyl=6-methylthio/N-ethylamino=4-thioxopyrimidines

(13a-=7)
product Reaction® vield Cryste. Mo Pe Molecular Analysis(%)
calc.
time(hr) (%) salvent (°c) formula Found C H N

13a 13 80 EtoAc 158- C24 18N2082 69,56 4.34 6.76
160 (414) 69.21 4,64 6.82

13b 24 78 EtOQOAC 185= 24 17ClN 082 64.28 3,79 6,24
186 (448 ,.5) 64,71 4.02 6,30
150 (444) 67,31 4.71 6441

a3



Table 6 (Contd.)

134 20
13e 22
13f 26
13g 20

68

70

68

67

Bt O:

CHCl3

Et.O:

CHC1

Et.O:

CHC13

Et,.O:

CHC13

202 C20H18N2082

(366%

200~ C20H17C1N2082

201  (400,5)

172- C21H20N20282

174 (396}

193~ C
215,98,

195  (3300)

65457

65.32

59.92

59,30

63.63

63.22

66,31

66. 60

~
(e



Table 6 (Contd.)

13h 24
131 10
133 32

42

35

38

CHCl,:

hexane

CHCl3:

hexane

CHC1,:

hexane

179=

181

156=

161

151=

152

C,1H,1N303

{363)

C21H20C1N3OS

(397.5)

CogtlnaN40,S

(393}

69.42

69.04

63.39

63,77

67417

66,33

11,57

11,32

10,56

10,29

10.68

104,58

@ Reaction solvents = ether {13a=c) and

THF (_];-B_d_mi) .

076



TABLE 7

@uAnilina/N=ethylamino(ar methylthio)vﬁuanilino/Naethylaminocanbenzoylthioa

carbanoylax;benzoyl/nitroethylenes (12d, 12h, 12k and 16b=-d); 2=(benzoyl/

nitrobenzoylthiocarbancyl) methylene - imidazolidines 20 (a, b)

Product” Reaction Reaction vield m;p. Molecular Analysis(%)
calc.
solvent time(hr) (%) (°c) formula Found C H N
124 ether 0.5 80 125= C20H20N20282 62.94 5,24 7.28
126 (334.5) 62.48 44,95 T.73
130 (381.5) 66.42 6,43 11,42
12k ether 10 32 "126= C29H23N3025 72.93 4,85 880
127 (477.6) 72.35 4.53 8.48
AGE
Ny



Table 7 (Contd.,)

16b

16c

16d

N
Ie
o

ether 8
ether 2
ether 15
ether/ 4
THF

ether/ 3

THF

77

78

75

87

77

125=

127

130=

131

148~

150

145=

146

155

Cc N.0,S

131583055,
(325.4)

Cq4H1gNy035
(322.4)

CogHgNs05S

(418.5)

Cq1pH1,N035

(292 .3)

C1oH17N30,5

(351, 4)

45,00

4774

52.17

51.80

63.15

62,81

49,32

49,87

64,96

64.35

12492

13,20

17,39

17.58

13,39

13,50

19,18

19,43

11,97

11,43

2 Crystallization solvent = CHC13.

nee



TABLE 8

2=N=Ethyl/phenyl=3=anilino/N=ecthylamino(or methylthios=4=hbenzoyl/nitro-5-

benzoyliminoc‘Cémisothiazolines (14 and 17a=q): 2,3=fused=4=benzoyl/nitro

uSmbenzoyliminaazﬁfrisothiazolines_gl (§=Q)

vie 1a°

product™ Reaction Reaction M.Pe Molecular Anhalysis(%)
calc.
solvent time(hr) (%) (°c) formula Found C H N
17a benzene 54 39 210 C17H13N30382 54.98 3,50 11.32
212 (371.4 55.36 3,38 11.19
c
17b THF 54 55(60) 151= C13H13N30382 434,29 4,02 13,00
153 (323.4) 48.55 3«01 13,18
c
17¢ THE 45 52(59) 173= Cl4H16N4O3S 52.50 5,00 17,50
174 (320.4) 52.84 4,87 17,63

ree



Table 8 (Contd.)

174 THF 52 46(55)°  257= C,_H,.N,0.S 63.46 3.84 13,46

22716473
258 (416.5) 63,79 391 13,62
[ - .
21a - - t70) 210~ Cy,H, N, 048 49.64 3.47 19.29
211 (290.3) 49.22 3.15 18.58
[
21b - - J(74) 192~ C,gH cN40,S 65,31 4.32 12,02
193 (349,4) ' 64.77 4,02 11,61
4 C - ; ’
14 THF 5 35¢52) 196= €, gH, N;0,S 73.26 4,42 8,09
193 (475.6) 73.51 4,27 8.99
a'Crys‘c:allizatian solvent = methanol:benzene (1l7a=c, 2la and 21b) and CHCl3
(14 and 174d).
b The yields described are those from method A.
C

The yields in parentheses are those from method B.
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CHAPTER 6

POLARIZED KETEN=S,N- AND N,N=ACETALS
AS NOVEL ENAMINE COMPONENTS FOR THE
NENITZESCU 5~HYDROXYINDOLE SYNTHESIS*

6.1 Introduction

The reaction of p-benzogquinone with ethyl 3-amino-
crotonate (2) in refluxing acetone to yield ethyl
S~hydroxy-2-methylindsle=-3-carboxylate (3) (Scheme 1) was
discovered by Nenitzescu1 in 1929. The method however,
did not f£ind its use for over three decades, until the
importance »f indole derivatives containing 5-hydroxy
group was discovered, having physiologically important
properties, The interest in melanin and related substances
and the discovery of 5S5=hydroxytryptamine (serotonin) as a
vasoconstrictor, initiated the reviewed interest in the -
chemistry of S5-hydroxyindole derivatives, Although, the
final yields of 5=hydroxyindoles in Nenitzescu indole
synthesis are comparatively low, the simplicity of react-

ants involved and the ease with which the reaction occurs,

* v, Aggarwal, A, Kumar, H, Ila and H} Junjappa, Synthesis,
157 (1981),
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makes the method attractive. Since 1950,much interest

is shown in this method and consedquently the synthesis

of a large number of S-hydroxyindole derivatives has
been repsrted.2"6 All the reactions reported for the
synthesis of 5=hydroxyindoles redquire the cholce of two
kinds of reactants (a) an enamine component (b) the 1,4-
benzoquinone component, The enamine components used in
this reaction have been mainly derived from the reaction
of ammonia or primary amines with{%—ketoesters, 1,3=diketo
diketones and 1,3-cyclicfdiones. One of the serious
limitations of the use of these enamines is their(%—substin
tuents (alkyl, phenyl, or carbalkoxy), which are carried
to the 2-position 2f the product indole and cannot be
subsequently removed except when it is carbalkoxy group.
There is only oSne rep:)rt’7 of the preparation 2f Z2=ethoxy=-
5-hydroxyindole by the reaction of ethyl{}-amina=ﬂ5-
ethoxyacrylate with 1,4-benzoguinone., The mechanism of
the reaction of an enamine with 1,4-benzoquinone is

shown in Scheme 2 . *% 7The enamine through its
o/ =carbon adds Michaelwise to 1,4-benzoquinone with the
formation of hydroquinone adduct g; The two geometrical
isomers of the adduct, Eiﬁ"é and trans-4, can cyclize

either to indole 3 or furan 27‘9 respectively. The
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cis=4 isomer was shown to undergo subsequent oxidation
either by the starting dquinone or by quinonimmonium
intermediate 6 to give the quinone adduct 5, which under-

goes intramolecular cyclisation via 6 to the indole 3.

It is evident from the mechanism of Nenitzescu
indole synthesis that the keten~s,N- and N,N-acetals
should also function as useful enamine components, pro-=
viding an important synthetic variation in S5~hydroxy-
indoles. The synthesis of these acetals from diverse
active methylene compounds (Chapter 3) constitutes a wide

scope for liberal structural variation.

6.2 Results and discussion

Investigation of the reaction »f a few selected
polarized keten-8,N- and N,N-acetals with 1,4~benzo=
quinone was undertaken, with a view to studying the scope
of synthetic applications of these acetals as enamine

components in the Nenitzescu indole synthesis,

Thus, when 1,4-benzogquinone and the S,N-acetal 8a
(Scheme 3) were refluxed in glacial acetic acid, the
compound 9a (24% yield) was obtained, which was identi-

fied as‘2~anilina—3-benzayl-5~hydr3xybenzofuran rather
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than the corresponding indole. The structure of

9a was confirmed by its analytical (Table 4) and
spectral (Table 1) data. Thus, its mass spectrum showed
a molecular ion peak at M" (329) and was analysed for
C,qHy5NO5z. Its IR showed weak bands at 3280 cm_l(;bH)
and 3200 cm-l(z)NH) and a broad bard at 1635 cm"'1 which
was attributed tos carbonyl stretching vibrations.
Further confirmation of the structure was obtained from
its NMR spectrum, Thus, the doublet at §5.95 with
coupling constant J=2,5 HZ, was assigned to 4-H proton,
accounting for meta coupling, The double doublet at
S6~43 was assigned to 6~H proton with coupling const-
ants,J-B,S Hz and 2.5 HZ, aecounting f£or ortho and meta
couplings respectively. Similarly, the doublet at
£6,80 (J=8,5 Hz), accounting for ortho coupling was
assigned to 7-H proton. The broad signal between
§7.00-7,30 (10H) was assigned to the aromatic protons
of the twdo phenyl rings. sSimilarly, 1 when reacted with
§E and 8c under identical canditions; yielded the corres-
ponding Sb and 9¢ in 26% and 24% yields respectively.
Their analytical and spectral data are described in
table 4 and table 1 respectively, However, nos trace of

indole was ohserved in these reactions; when R in § was
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changed from phenyl to ethyl, there was nd> change in the
course of reaction except that an open chain compound 10
was formed in addition to the corresponding benzofurans.
Thus, when 1 was reacted with 8d in refluxing acetic acid,
a mixture of benzofuran (9d) (22%) and the corresponding
hydrogquinone adduct (10d) (2i%, was obtained, which were
subsequently separated by cslumn chromatography. Simi-
larly, 1 when reacted with 8e and 8f in refluxing glacial
acetic acid, gave the corresponding benzofurans 9e (27%)
and 9f (23%), along with the corresponding hydroquinone
adducts 10e (19%) and 10f (16%), which are formed by
hydrolysis of the imine intermediate A. The analytical
{Table 4) and spectral (Table 1) data of 98=f are in
conformity with their structures assigned} Also, the
analytical (Table 4) and spectral (Table 2) data of 10d=f

are inh accordance with the assigned structures,

However, when 1 was reacted with nitroketen-5,N-
acetal 8g (scheme 4) in refluxing glacial acetic acid,
a mixture of three products was obtained which were
separated by column chromatography. The inseparable
1lla and 12 were eluted together and were subsequently

separated by fractional crystallization in 19% and 20%
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yields respectively. The third compound 9g was isolated
in pure form from the column in 11% yield; The syhthesis
of l-phenyl=2=-thiomethyl=-3~-nitrom=5-hydroxyindsle (1lla)
constitutes a novel variant of Nenitzescu indole synthe-
sis, wherein, the enamine component is derived from
nitromethane, The structure of lla was confirmed by its
analytical (Tabkle 6) and spectral (Table 3) data. 1Its
mass spectrum showed a m:lecuiar ion peak at MT 300

-1
(C15H12N2038), Its IR speetrum showed a band at 3300 cm

1 ana 1352 cm_l,

( Yo and two sharp bamds at 1590 am’
characteristic stretching wvibrations for nitrs group.
Its structure was further confirmed by its NMR spectrum.
The singlet at §2,31 (3H) was assigned to methylthio
protons, The daublet at 5 6444 (1H) with coupling
constant J=2,0 Hz was attributed to 4~H, accounting £or
its meta coupling, The double doublet at § 64,96 was
assigned to 6~H with characteristic ortho (IJ=8.5 HZ)

and meta (J=2,0 Hz) couplings. The multiplet at

%7,66 (5H) was assigned to the aromatic protons of the
N-phenyl ring, The doublet at 58,04 (J=8,5 HzZ) was

due to 7-H proton. The broad singlet at & 9.70 (1H)
aceounted for the hydroxy proton, The structures of

9g and 12 were similarly assigned on the basis of their

analytical and spectral data as described in table 4
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and table 1 respectively. The benzofurans 12 and 9g
are formed by elimination of either anilino or methyl-
thio group respectively from the Michael adduct B,
However, when 1 was reacted with 8h under similar
conditions, the corresponding indole 1llb was formed in
19% yield, along with only Z-methylthiobenzofuran 12
(16%) with no trace of the corresponding 2-N-—-ethyl-
aminobenzofuran. It appears that in the presence of
acetic acid the protonated ethylamino group in the
adduect C preferentially acts as a leaving group over
its mercapto counterpart, thus yielding 2-methythio-
benzofuran rather than its 2-N-ethylamino analogue.
The analytical (Table 6) and spectral (Table 3) data

of 11lb is described.

When the reaction of 1 was extended to the keten-
N,N-acetals 13 (Scheme 5), derived from acetophenone
and nitromethane under similar concditions, a mixture
of indole 14 and benzofuran 8 was obtained, which
were separated by column chromatography. Thus, 1
and ;gglwhen refluxed in glacial acetic acid, the
corresponding indole 1l4a was obtained in 21% yield,
while the benzofuran 8a was obtained in 15% yield.

Similarly, 1 and 13b gave the corresponding indole
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14b in 33% yield along with benzofuran 9d in only 6%
yield. Interestingly, when 1 was reacted with nitro-
keten=-N,N~diphenylacetal 13c, the corresponding indole
1l4c was obtained in 70% yield while the complementary
benzofuran ..9g was obtained in only 6% yield., The
yield of the indole 144 lowered to 21%; when nitro-
keten-N,N=-diethylacetal 134 was reacted with 1, while
that of the corresponding benzofuran 9h increased to
29%, The structures of the indoles l4a-d and the
benzsfurans Sa, S48, 8g and Sh were fully in conformity
with their analytical (Table 6 and 4 respectively)

and spectral data (Table 3 and 1),

When this reaction was extended to cyclic keten=-
NyN-acetal 13e, the tricyclic indole 1l4e was obtained
in 9% yield. 1Its analytical and spectral properties

are given in table 6 and table 3 respectively.

Apparently, the keten~s,N- and N,N-acetals
derived from various active methylene compounds, have
behaved like the family of enamines in their chemical
reactivity towards 1 ,4~-benzoquinone, The application

of N N=acetals to yield 2-amino=3-nitro~5-hydroxy-
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indoles, is the first report of 2-amino~3-nitro-indole
synthesis through Nenitzescu reaction. These indoles
are of particular interest, since the nitro group can
be reducedAto yield 2;3~diamino—ind31es; which are
excellent precursors f£or the construction of various
heterocylces on the basis of O-phenylenediamine. Thus,
in one of the examples éég, attempted reduction with
hydragen over Raney-Ni EScheme 6) yielded a compound, .
which was assigned the structure 16 tentatively, on the

basis of its IR and mass spectrum, The elucidation of

the final structure of compound 16 is in progress.
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TABLE 1

Spectral data of benzofurans 9 (a-=h) and 12

"’1 1 M.S.
Product IR{cm ) H=-NMR (S /ppm) m/e(MT )
9a 3280 (2 ); 3200 5.95 €d, 1H, H-4, J=2.5 Hz): 329
@) )7 1635 ())CO)a 6.43 (ad, 1H, H-6, J=8.5 Hz,
215 HZ); 6.80 (d‘ lHJ 5“7'
C
J=B8.5 Hz); 7.00=7.30 (m, 10H__ _ ).
9b 3375 (Y, T: 3250 6.08 (d, 1H, H-4, J = 2.0 Hz); 408
(Y )7 1620 <vco)b 6.23 (dd, 1H, H=6, J = 8.5 Hz,

2.0 Hz):; 7.00 (4, 1H, H=7, J=

C

eg



Table 1 (C¢ontd.)

9 3225 (UOH),- 3175

b
( Vy)7 1628 (D )

94 3260 ())OH); 3190

(V) 1635( })co)a

4n01 (S, 3H, OCEB); 6-68 (d' 1H‘ -
H-4, J = 2.5 Hz); 6.94 (44, 1H,
E“’6.’ J= 9.0 Hzl 245 HZ),‘ 7020
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c
(m, 9Har3m)'

1.05 (t, 3H, CH,CH,); 3.53 (br a, 281

2

2H, CH CH3); 5.98 (d, 1H, H-4,

2
JRZ.S HZ); 6155 (dd] 1H,15f6< J=
8.5 Hz, 2.5 HzZ); 6.91 (4, 1H,
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5Har3m)'
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Table 1 (Contd.)

3210 (QJOH); 3160

(D)
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?

1525 vyco)b

3220 (Q)OH); 3160

Q) et

-
4
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1645 (LJCO)

1.16 (t, 3H, CH,CH,); 3.58 (br q, 360

2

2H, CH,CH3): 5.98 (4, 1H, H-4,

2
J = 2.5 Hz):; 6,48 (dd, 1H, H-6,

J = 8,5 Hz, 2.5 Hz); 6.30 (d,

H, H~7., 3 = 8.5 Hz); 7.23 (a,B, daa,
" C

4Har:)m)’

1.55 (%, 3H, CH,CH,); 3.88 (br q, =

2
24, cgchB); 4.06 (s, 3H, OCHy);

6.60 €4, 1H, H=4, J = 2.5 Hz); 6.92
(ad, 1H, H=6, J = 8.5 Hz, 2,5 HzZ);

7.32 (3, 1H, B~7. J = 8.5 Hz), 7.48

C
A232 ad, 4Haram)'

A
&
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Table 1 (Contd.)

3340 () ,); 3175

(Vyy)? 1510, 1355

(l)Noz)b

3275 () oy 3260

(V)7 1595, 1385
b
(g)Noz)

6.66 (dd' 1H’ 556, J = 8.5 HZ'. 270

):

2.5 HZ); 7.11=7.80 (m, 7Har3m

9.50 (s; 14, OH):; 10.90 (br s,
1H, Ng).C

1.26 (t, 3H, CH CH,); 3.60 (q, 222

2

2H, CH,CH,;); 6.60 (4ad, 1H, H=6,

2
J = 9.O_HZ, 3-0 HZ); 7.26 (dl
1H, H=4, J = 3.0 Hz); 7.30 {4,
1H, H=7, J = 9.0 Hz); 9.28-9.50

(br, 2H, NH and O_Ii).c-1

©4e



Table 1 (Contd.)

12 3365 ()J,,): 1518

1365 (Vo )
2

a

2.76 (s, 3H, SCHy): 6.82 (dd, 1H,

H~6, J = 8.5 Hz, 2.5 Hz); 7,32 (d,

1HI 5“4‘ J = 2.5 HZ); 7045 (dq 1H;

H=7, J

8.5 HzZ); 9.75 (s, 1H, OE).d

225

a . . .
in nujol; in KBr;

C

in TFA; d in DMSO=66.

o



Spectral data of products 10 (d=f)

TABLE 2

Product IR(cmal) 1HnNMR( S /ppm) §}22M+)
108 3400, 3390 (V) 2.18 (s, 3H, SCH3): 3.67 (s, -
1710, 1670 ())CO)le 1H, CHCO); 6455=7.20 (m,
C
3Har3m); 7.85 (m, 5Har:)m)‘
10e 3400, 3380 ())OH); 2.30 (s, 3H, SCH,); 3.84 (s, 331
1720, 1670 (U _,)° 1H, CHCO); 6.85-7.05 (m,

3H Y 7.97 (Az? ad, 4H

arom

2 Ar om

)
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Table 2 (Contd,)

10£f

3400 ()

1675 (])CO)

.
’

b

1715,

2.28 (s, 3H, SCH4): 3.97 (s, 3H,

OCH,): 375 (s, 1H, CHCO); 6.74-
5 7.80 (m

7.10 (m, 3Har3m) 7 (m,

)e

H C
arom

2 in KBr:

in nujol;

in Tra.

aGe



TABLE 3

Spectral data of indoles 14 (a=-e) and 11 (_a_;]_a_)

‘°l 1 M.SI
Product IR(cm ) H=NMR( § /ppm) m/e (™)
14a 3240 ())OH); 3160 6.56 (4, 1H, H-4, J = 2.0 Hz)j 404
- a L3
(D) 1590 (l)co) 6.74 (br s, 5H __); 6.82 (4d,
1H, H=6, J = 8.5 Hz, 2.0 Hz);
7.20"‘7.60 (m, 11H( 10Har0m+
H-7); 8.86 (br s, 1H, NH); 9.52
(s, 1H, oH).°
14b 3350 ( Y ) 1.36 (t, 3H, CH,CHy); 1.50 (t, 308
3130 (V) 3H, CH,CH,); 3.58 (q, 2H, CH,
b .
1595 (D) CH,)s; 4.12 (9, 2H, CH,CH,); 6.16

i



Table 3 (Contd.)

1l4c 3400 ())OH); 3130
( Ygg): 1570, 1365

b
(Vo)

(8, 1H, H=4, J = 2.5 H2); 6.53
(dd, 1H, H=6, J = 8.0 Hz, 2.5 Hz):
6.92 (d, 1H, H=7, J = 8.0 Hz);

Y; 8.00 ¢br, 1H,

7e28=7472 (m, SHarDm

OH); 9.13 (br t, 1H, NH).C

6.38 (d, 1H, H=4, J = 2.5 Hz); 345
2.5 Hz); 7.00 (m, 5Haram); 7.94

¢d, 1H, H=7, J = 8.5 Hz); 8,50

(br.s, 1H, NH); 9.65 (s, 1H, OH).C



Table 3 (Contd,)

143 3400 (2)0H : 3240
())NH): 1540, 1340
a
())Noz)
4@ 3380 ( vOH>; 3075

(D ypg) 1520 O)CO>b

1.31 (t, 6H, twd CH,CHy); 3.72 249

(br.d, 2H, CH,CH,); 4.20 (q, 2H,

2

CH,CH,); 6.67 (dd, 1H, H=6, J =

8.0 Hz, 2.5 Hz); 7.21 (d, 1H, H-=7,
J=8'O HZ): 7045 (d' 1H, 5“4,
J = 2.5 HZ); 8.50-8.83 (br, 1H,

NH); 9.11 (s, 1H, OH).C

3.97 (s, 4H, ~CH,CH,-):; 6.36 (A4, 2978

2
1H, H=6, J = 9,0 HZ, 3.0 HZ);

2

6.62 (3, 1H, H-4, J = 3.0 Hz):
6.82 (4, 1H, H=7, J = 9.0 Hz)s
7.48 (m, SH___ ): 8.57 {s, 1H,
oH).°

B



Table 3 (Contd.)

113 3300 () )5 1590 2.31 (s, 3H, SCH,); 6.44 (&, 1H, 300
1352 ( Yyo P H-4, J = 2.0 Hz); 6.96 (ad, 1H,
2
H=6, J = 8.5 Hz, 2.0 Hz); 7.66 (m,
Sgaram)’ 8.04 td, 1H, H=7, J =

8.5 Hz); 9.70 (br,s, 1H, OH).C

11b 3330 ()) )7 1510 1.32 (t, 3H, CH

1350 ( vNO )
2

,CH3)? 2.60 (s, 3H, 252

a ch3):'4.44 {a, 24, chCHB): 7.00
(ad, 1H, H-6, J = 8.0 Hz, 2.5 HzZ);
7.05 (@, 1H, H=4, J = 2.5 Hz); 8.04
(d, 1H, H=7, J = 8.0 Hz); 9.80 (s,

1H, om).°

a . . b . .
in nujol; in KBr: ¢ in DMSO"'de‘,

nog
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EXPERIMENTAL

M.ps. were determined on a 'Boetius' (German)
apparatus and are uncorrected. The IR spectra were
recorded on Perkin-Elmer 297 spectrophotometer, The
NMR spectra were recorded on a varian-gEM-~390 spectro-
photometer using TMS as internal standard and the

chemical shifts are recorded as‘g(ppm).

The starting materials

The commercial sample of p-=benzoguinone was

purified by crystallization from acetie acid,

The keten-S5,N-acetals 8a-h and N,N-acetals
13a=-e required, were prepared as described @in

chapter 2.

Preparation of 2-anilino/N-ethylamino~3-aroyl-

5-hydroxybenzofurans (9a-f); 2=(-aroyl-thiocarbo-

methoxy)methyl~1,4=hydrogquinones(10d-£f) from

ketoketen-g,N-acetals Ba~f: General Procedure:

A mixture of keten=S,N-acetal 8 (0401 mdl) and

1,4-benzoguinone (1) (1.3 g, 0.012 mol) in gly AcOH



RE

(50 ml) was heated under reflux for 0.5 to 1 hr.
Removal of the solvent under reduced pressure gave
tarry residues, which were column chromatographed

over silica gel. Elution with 1% ethyl acetate in
benzene gave the benzofurans 9a-f, which were fur-

ther purified by crystallization from ethyl acetate/
hexane (Table 4)., Further elution with 5% ethyl
acetatelin benzene gave the adducts lgg—g, which were
further purified by crystallization f£from ethyl acetate/

benzene (Table 5).

Preparation of 2-anilino/methylthiom3=nitro=~5-hydroxy-

benzofurans (3g and 12); 1l-N-ethyl/phenyl-2-methyl-

thio=3=nitro-5~hydroxyindoles (lla and 11lb} from nitro-

e

keten=-5,N-acetals Bg~h: General Procedure,

A mixture of S,N-acetal 8 (0,01 mol) and 1,4-
benéaquinone (1) (1.3 g, 0,012 mol) in gl. AcOH (50 ml)
was refluxed for 0.5 hr and the sslvent removed under
reduced pressure to give tarry residues which were

column chromatographed over silica gel, The residue



obtained from the reaction of 8g with 1 was eluted with
1% ethyl acetate in benzene to yield a mixture of lla
and 12 as a yellow solid, which were separated by fra-
ctional crystallization (ethyl acetate/hexane)., Further
elution with 5% ethyl acetate in benzene gave the furan

9g (Table 4).

The residue obtained from 8h and 1, on elution with
1% ethyl acetate in benzene gave the furan 12 (Table 4)
and further elution with 5% ethyl acetate in benzene
gave the indole g;g (Table 6), which were further puri-
fied by crystallization from ethyl acetate/hexane and

ethyl acetate/benzene respectively.

Preparation of 2=-anilino/N-ethylamino-3~benzoyl/nitro-

S~hydroxybenzofurans (9a, 94, 2g and Sh); 1,2-disubsti-

tuted=3-benzoyl/nitro=-5=-hydroxyindoles (l4a-e) from

keten-N,N-acetals l3a-e : General Procedure:

A mixture of keten-N,N-acetal 13 (0.0l mol) and 1
(1,3 g, 0,012 mol) in gl, AcOH (50 ml) was refluxed
for 0.5 hr and the solvent removed under reduced pressure

to give tarry residues which were column chromatographed.
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Elution with 1% ethyl acetate in benzene gave benzo-
furans 9a, 94, 9g and 9h and further elution with 5%
ethyl acetate in benzene gave the corresponding indoles
l4a~-d, The residue obtained from 13e and ;; gave the
cyclic indole l4e on elution with ethyl acetate/
chloroform (1:4), The furans 9a, 94, 9g and Sh (Table 4)
and indoles l4a-e (Table 6) were further purified by

crystallization.

Hyggagenatian of 3—nitgaindol§ 1§c: To a solution of

indole l4c (0,69g, 0,002 mol) in DMF/MeOH (1l:1),
Reney-Ni (1,5g) was added and the mixture was hydroge-
nated over hydrogen at 48 p,s,i, for 4 hr., After
completion of the reaction (when ns more hydrogen was
absorbed), Raney=Ni was filtered off and the filtrate
diluted with water (to remove DMF), extracted with ethyl

acetate, dried (Na SO4) and concentrated to give an

2
orange coloured solid which on crystallization from ethyl

acetate/methansl yielded pure 16, 0.41 g (66%), m.p.
o . . -+ . . .
271~274°Cy M,S.:(m/e):M" , 311; IR.ZL@x(nuJ°1)-3220 (OH)

cm-l, 1662 (w,CaN) em™ 1

. 1612 (s,C=C) cnfl; Found: C,
76,70%; H, 3486%: N, 13.,18%; Calc: C, 77.17%:; H, 4.18%:;

N, 13,50%,



The fused quinoxaline 16 was insoluble in CDC13,

DMSO=d (cD C=0 and TFA therefore, its NMR spectrum

6’ 3)2

could not be recorded,



TABLE 4

2=Anilino/N-ethylamino/methylthio=3=aroyl/nitro=5-hydroxybenzofurans

9 (a-h) and 12

Praducta Yieldb

m.pPe Molecular Analysis (%)
(%) (°c) formula Calc., C H N
Found

9a 24(15) 234 = C21H15NO3 76,59 4,56 44,25
235 (329.3) 76,43 4,62 44,22
9b 26 228- C,qHy ,BENO, 61.76 3.43 3.43
230 (4083,.3) 61.68 3.39 3.41
2¢ 24 210 CHoHy7NO, 73,53 4.76 3.89
(3593) 73,16 4,48 3.45

“3¢



Table 4

(Contd., )

22(6)

23

11(6)

184

225e

228

211

Cq7H15NO5

(281.3)

C17H14BIN03

(360.2)

CygtH17N0,

(311.3)

C14%10N29,
(270.2)

72.59

72.63

56.66

56,79

69.44
69.13

62.22

62,33



Table 4 (Contd.)

Sh —(29) 231=
233

12 20°(16) 237=
237

CioH10M20,
(222.2)
CgHNO,S

(225.2)

54,05

54.27

48.00

48,12

12.61

12,70

6622

6425

a Crystallization solwvent
b

EtOAc rhexane.

parentheses are from N,N=acetals l13a-=d.

C

S,N=acetal Gh.

The yields are those obtained from S,N-acetals Ba=-g, while those in

vield from s, N=acetal 8g, while that in parentheses is obtahed from

Jeo

o



TABLE 5

2=(Aroylmthiacarbomethoxy)methylal;4=hydraquinsnes 10 (d=£f)

Product” vield NeDe Molecular Analysis(%)
(%) (°c) formula calc.Found C ' #
104 21 130= C16H14O4S 63.56 4,67
131 (302. 3) 63.21 4,33
10e 19 183 016H1304SBK 50,39 34,38
(381.3) 49,92 33,97
10f 16 136= C17H16OSS 61,44 4.85
138 (332.3) 61.17 4,39

a Ccrystallizatiosn solvent

EtOAc:benzene;

38



TABLE 6

1,2=Disubstituted=3=benzoyl/nitro=5=hydroxyindoles 14 (a-=e) and 11 (g;g)

Product vield Cryst. MePo Molecular Analysis (%)
Calc.
(%) 3o2lvent (°c) formula Found C H N
14a 21 EtoAC 263w €, N0, 80.19 4.95 6493
265 (4084.5) £00.22 4,80 6.83
14b 33 CHCl,: 165= C M, oN50, 74,02 6.49 9,09
hexane 167 (308.4) 74.15 6,39 3.98
14c 70 EtOAC: 220 CocH15N505 69.56 4437 12,17
hexane (345,.3) 69.54 4.31 12.01

0Z48



Table 6 (Contd.)

144

l4c

21

19

19

EtOAC

EtOAC:

CHCl3

EtOCAC:

hexane

EtOAC:

benzaene

220

291=

293

220

211-

212

C1oH1503
(249.3)

C17H14N505
(278.3)

C15H1oN,035

(300.3)
C11H1N5035
(252.2)

57.033

57.37

73.38

73.13

60.00

59.89

52.38

52.42

e
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CHAPTER 7
REACTION OF POLARIZED KETEN=S,N~

AND N,N=ACETALS WITH
DIMETHYL ACETYLENEDICARBOXYLATE

7.1 Introduction

The chemical reactivity of keten-5,N- and N,N-
acetals with 1,4-benzoquinone has been shown in the
preceding chapter to give 5-~hydroxXyindoles, demon-
strating that these S,N- and N,N-acetals exhibit
properties like those of enamines used in the Nenit—
zescu indole synthesis. In principle, the keten=S,N-
and N,ﬁaacetals should undergo all the reactions, that
ehamines are known to have undergone, As exemplified
in scheme 1, simple keten acetals reacti™® with
acetylenedicarboxylate to give a t;ggﬁbutadiene 4,
arising from rearrangement of the cyclobutene 3,
which is known to be formed through (2+2) cycloaddit-

ion of 1 and 2. A similar reaction of enamines,



XR!
=
XR
1
1-4,X=N50;
R,:Me , Et

Scheme 1

C‘02R
C
1l
C
|
COoR
2

-

R02C R}
]
HZC:Q::(X‘R

COR
J

YR COR
3

COzR

|
el



derived from cyclic ketones, with acetylenedicarboxy-
lates resulted in ring enlargement by two carbon atoms
via the intermediate cyclobutene adducts 6 (Scheme 2).78
Enamines derived from[y-diketones and[Y-keto esters

were found to differ considerably from the simple
enamines in their reactivities towards 2. 1In one of the
reactions, the enamine 8 (Scheme 3) was reacted with 2,
when the initially formed diene 10 underwent cyclizat-
ion to give the dimethyl phthalate 11 in 6O% yield.
However, when the same system with one or two labile
hydrogens, like 12a and 12b were reacted with 2

(Scheme 4),8 12a gave the expected 13a formed via
cyclobutene route, while in the case of 12b, the open
chain adduct 13b was converted to the cyclic amide 14

on treatment with water. Although, spectral data
supported the structures 13a and égg/the authors have

not completely ruled out the possibility of structures
15a and 15b respectively, formed via Michael route,

It was not possible to differentiate between 13 and 15

by spectral and analytical dacta.

Although, there are number of examples of (2+2)

cycloaddition of simple ketene acetals;'the reactivity
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of polarized keten-S,N= and N,N-acetals towards
acetylenedicarboxylates has been totally neglected and
no study so far has been reported in the literature,
It was therefore, contemplated that the reaction of
keten-s,N= and N,N-acetals witn dimethyl acetylenedi-
carboxylate would lead to the formation of hitherto
inaccessible heterocycles and a few keten-5,N- and
N,N-acetals have been chosen for the present investi-

gation (Chapter 2).

7.2 Results and discussion

It was anticipated that ketoketen-S,N- and N,N-
acetals will react with dimethyl acetylenedicarboxylate
to give products formed either via Michael route or
via cyclobutene route. Thus, when S,N-acetal 1l6a
(Scheme 5) was reacted with equimolar quantities of
dimethyl acetylenedicarboxylate (2) in benzene at room
temperature, work-up of the reaction mixture yielded
a viscous semisolid 17a (or 18a) in 57% yield, which
was characterized as 1:1 adduct on the basis of

spectral (Table 2) and analytical data (Table 4).
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22H21N05S and its IR

spectrum showed absorption bands at 1735, 1720 and

Thus, the product analysed for C

1670 cmml due to two carbomethoxy groups and oche aro=
matic carbonyl group respectively, while a weak broad
band between 3450-3300 em  was assignhed to -~ - -
the =NH group. Its NMR spectrum exhibited two singlets
at § 1.65 and § 1.90, (integrating for three protons)
due to protons of the vSC§3 group. The signal due to
twd -CO_CH

2723
between § 3.38=3.91, while the broad band between

groups appeared as a broad singlet (6H)

86.70—8.80 (12H) was assigned to ten aromatic protons,
one vinylic proton and ohe =NH proton} From the above
datg/it is not possible to distinguish between stru-
ctures 17a and 18a formed via cyclobutene and Michael
route respectively. It appears ,that in the present
case both pathways are operative and the product isola=
ted is a mixture of 17a and 18a. Similarly, the S,N-
ethylacetal 16b when reacted with 2 yielded a mixture
of the isomers 17b and 18b. 1Its analytical and
spectral data is given in table 4 and table 2 respect-
ively., Attempts to idemtify 17 and 18 by eyclizing

them to 19 and 20 respectively, in the presence of
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triethylamine in methanol were not successful and
in both the cases, a mixture of several products was
obtained, from which no identifiable product could

be isolated,

Theqt-cgpbon in the N,N-acetal 21 (Scheme 6)
is apparently more nucleophilic than in the sS,N-
acetals 16, due to the presence >f twd amino groups
at E,—carbon. Therefore, it is expected that 21
should react with 2 via Michael pathway rather than
via cyclobutene. Thus, when 2la was reacted with 2
at room temperature in benzene, the open-chain

Michael adduct 22a was obtained in 83% yield. When
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223 was refluxed in methanosl in the presence 2f tri-
ethylamine, it underwent smaoth cyclization to give
l=N~phenyl=4=carbomethoxy=5=benzoylwb-anilino=2(1H)~
pyridone (23a) in 66% yield, sSimilarly, the keten-
N,N-acetals 21b-f (Table 1) reacted with 2 to give the
corresponding 22b-~f in 78~88% overall yields, all of
which yielded the corresponding pyridones 23b-f in
59=67% overall yields, The structure of 223 was
elucidated on the basis of its spectral data (Table 2).
Thus, its IR spectrum exhibited weak bands at 3420 om™t
and 3340 cm™? which were assigned to the two ~NH
stretching vibrations, The bands at 1740 and 1720

em” ~ were assigned to the carbsnyl freguencies of the
twd ester groups while the band at 1660 em™! was attri-
buted to the carbonyl frequency 2f the keto group,

The structure of 22a was further confirmed by its NMR
spectrum (CDCl,) which showed a singlet($3.60, 6H)

for the two carbomethoxXy groups. The multiplet arosund
S6;16~6;93 accounting for seven protons, was assigned

to five aromatic protons merged with one vinylic and

one =NH proton. The other aromatic protons (10H)
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Table 1

o COMe

R ‘\ H

S

Ar Ar

23

Startin
materigl Product R Af
22 23a CgHs CgHs
22b 236 p—CH30CgH, C gHs
22¢. 23c p-CiCgHy CgHs
22d  23d p — CH30CgHy, p-CICgHy,
22 23 p-CH30CgH,  p-CHaCgH,

221 23f p—CH3CgHy p~CH30CgH,



appeared as a broad multiplet around é 7« 00=7,65
while the other -NH proton appeared at § 12.00, The
spectral data of pyridone 23a (Table 3) was appre-
ciably distinguishable from that of 22a thus, confir=-
mifng its cyclic nature. Its mass spectrum showed
molecular ion peak at M 424 (C,H,N,0,). The IR
spectrum showed a strong band at 3340 cm_l(szH) and
a band at 1740 cm—l, which was assigned to the ester
carbonyl group. The keto carbonyl was assigned to
the band at 1648 cm™*, while the band at 1680 cm
was attributed to the amide carbonyl group. 1Its
structure was further confirmed by its NMR spectrum
(TFA). The sinhglet at %)3.61 (3H) accounting for
three protons »f the carbomethoxy group, confirmed
the participation of other ester group in intramole-
cular cyclizatione. The H=3 proton appeared as a
singlet at §)6.62, while the broad multiplets around
6.8-7.3 (5H) and $7.2-7.8 (10H) accounted for
fifteen aromatic protons. All the Michael adducts
22b-f and the corresponding pyridones 23b-f showed

analytical (Table 4 and 5 respectively) and spectral

28 ¢
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data (Table 2 and 3), which were in eonformity with
the structures assigned, However) it should be noted
at this stage that the possibility of the formation
of five-membered amide 24 on treatment of 22 with
triethylamine in methanosl cannot be completely ruled
out, although the five-membered amide (24) with an
exocyelic double bond, appears to be less stable as
compared to sixemembered pyridone (23). Also the
vinylic proton in 24 will appear at lower field
(a§;7.o) due to deshielding by the amide carbonyl
group, Interestingly, the Michael adduct 26, obtained
from the reaction of N,N-diethylacetal 25 and 2
(Scheme 7), was not very stable and on longer heating
in benzene at 60°C, it was converted to a greenish
yellow viscous solidlwhigh was tentatively assigned
the five~membered amide structure 27 on the basis of
spectral and analytical data, The Michael adduet 26
exhibited absorption bands at 1718; 1692 and 1620
c:m-1 in its IR spectrum (Table 2) due to two ester
carbonyl and one aromatic carbonyl groups respecti-

vely, while in the IR spectrum (Table 3) of 27, the
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absorption frequencies at 1740, 1715 and 1644 cm'l,

were assigned to ester, amide and aromatic garbonyl
groups respectively. Both the products 26 and 27
showed strong bands at 3300 and 3320 o™t respectively
due tD =NH group., The NMR spectrum of 26 (Table 2)
showed broad triplets between E,O,90—l.40 due to two
methyl groups (wNHCHZC§3), while two singlets § 3.40
(3H) and 53.70 (3H) and a broad quartet (4H) around
53,30~3,6O were assigned to twd carbomethoxy groups
and four methylene protons 2f the two ethylamino
groups respectively, The broad multiplet between
87.20—7.90 (6H) accounted for five aromatic protons
and one vinylic proton, In the NMR spectrum (Table 3)
of 27, the signal due %2 twd methyl groups (-NCH2C§3)
appeared as a broad triplet bhetween 5!3.90—1.63,

while a singlet at S 3,15 {(3H) and a broad quartet
around 53.50-4.00 accounted for three carbomethoxy
protons and four methylene protons (-NC§2CH3)
respectivelys The aromatic protons and exocyclie

vinyl proton were present as a broad multiplet (6H)

between S 7.12-8,13, The presence of only one



TABLE 2

Spectral deta for- products 17a, 17b (or 18a, 18b) 22 (a=f) and 26

Product

1

IR(em )

1H=NMR(5 /ppm)

17a(or 18a)

17b(or 18b)

34503300 (w,)) )5

1735, 1720 ()) . ester);

co
1670 (Y keto)”

3380 (w,BJNH);

1740, 1705 (Licoester);

1660 ())Coketo)a

1.65, 1,90 (two s, total 3H, SC§3):
3,38-3.91 (br o, 6H, COOCH,); 6.70=

8.80 (m, 124, 10Har3m+ 1H vinylic +

wi) . >

2
2.35 (two s, total 3H, SCH;); 3.38-

'3.97 (m, 8H, CH,CH, + twd coocg3):

273

5.20 fbr, 1H, NH); 6.90=7.66 (br m,
b

GH, 5Harom+ H vinylic)'

b(n;



Table 2 (Contd.)

Product IR(cmul) , 1H==NMR(5 /ppm)
22a 3420, 3340 (w,))NH); 3.60 (s, 6H, COOCH,;); 6.16=6.93 (m,
1740, 1720 (pcoester); H, 1H vinylic+ 5Har3m); 7« O0=7,65
1660 (’l)COketo)a (m, 10Hara-m).b
22b 3430, 3360 (w, V..)¢ 3.50 (s, 3H, COOCH,): 3.58 (s, 3H,
1734, 1724 ("Dcoester); | COOCH4):.3.80 (s, 3H, OCHy)7 6.21-
1665 ())COke’co)a 7.66 (brm, 15H, 1H i g0+ 14Hargm).b
22¢ 3440, 3360 (w,))NH); 3.58 (s, 6H, COOCH,)7 6422=7.60 (br am,
1738, 1730 () ester); 158, 1 i) o1i0t tan_ ).

A
1665 (Y coketo)



Table 2 (Contd.)

1

pProduct IR(cm ) 1H=-NMR( % /ppm)

224 3440, 3340 (w.)) ) 3.48 (s, 3H, COOCH5): 3.60 (s, 3H, COOCH,):
1745, 1730 ())Coester); 3.85 (s, 3H, OCH5); 6.14=7.65 {br m, 13H,
1635 (), keto)? 12H_ _+ 1Hvinylic>°b

22e 3390, 3320 (w, Y .)7 2.10 (s, 3H, CH,); 2.35 (s, 3H, CH,); 3.50
1735, 1730 ”)to ester); (s, 3H, COOCH,); 3.56 (s, 3H, COOCH,);
1660 ( D, ketd)® 3.81 (s, 3H, OCH,); 7.20-7.40 (br.m, 13H,

YoM rom * l-E—Ivinylic)'b
22f 3440 (w, D )¢

1745, 1730 (J)COester):

1665 ()}, keto)?

2.32 (s, 3H, CH3); 3.43 (s, &4, COOCH3):
3.58 (s, 3H, OCH;); 3.70 (s, 3H, OCH3): 6.22

(s, 3H, 24 ): 6.63=7,43 (brem,

b

+1H .
arom ~—vinylic

1OHaram)°

“G¢



Table 2 {(Contd.)

Product

iR (cmml)

Ygemr ( § /opm)

3300 ( )) NI*L);

- ’) 3
1718, 1692 ())CO ester ):

1620 (), keto)®

0.90-1.40 (twd br.t, 6H, twd CHCH,):

3.40, 3.70 (br m, 6H, twd COOCH,):

3.30=3.60 (br.q, 48, two CH,CH,); 7.20-

2

7.90 (br m, 6H, SH + )

arom 1-lt-j-I-vinyli.c
9,58 (br s, 1H, NH).©

2 in najol;

b ,
in CDC13:

cC

in TFA.

G

")
3

T



TABLE 3

Spectral data of products 23 (a=f) and 27

Product IR( em™ Y ) 1H=-NMR( S /opm) M+
(m/e)
23a 3340 (s,))NH),- 3.61 (s, 3H, COOCH,); 6.62 424
1740 (QCO ester); (br, 1H, H=3); 6.80-7.30
1680 ()., amide); (m, 6H, 5H_, __); 7.20-7.80
a : C
1648 ('))CO keto) (br m, 1O0H___ ).
23b 3330 (s, D )1 3.70 (s, 3H, COOCH,); 3.95 1
1733 (Ucoester); (t, 3H, OCHy); 6.55-8.20
4 . - C
1630 (J)COamlde), (br.m, 15H, 14H___ .+ H-3).
1632 () keto)?

C6g



3310 (5,2)NH); 1730 3,74 (s, 3H, COOCH,): 6.52-7,98 458,5
; - c
(Y ester); 1685 (brpm, -15H, 14H___ + H=3).
1 A -
(Dcoamlce), 1630 (j)coketo)a
3380, 3300 ¢ Z%T{): 1735 3.68 (s, 3H, COOCH,); 3.94 -
R a ; - . -
(Dcoester), 1685 (l)coamlde) (s, 3H, 0(21:_{3), 6.383=7.088
a C
1660 (D keto) (br m, 13H, 12H___ +H-3).
3320 (D )7 1.50 (s, 3H, CH,); 1.72 (s, 3H, 482
1732 (22:Oester); 1685 CH,)s 3.05 (s, 3H, COOCH,):
(D amide); 1618 3.30 (s, 3H, OCH,); 5.76-7.06

(l)coketa)a (br m, 13H, 128+ H-3).°



Table 3 (Contd.)

- 5
23f 3320 (z)NH), 1725
(Dcoester);
amide):
1675 ())Coamlce),
a
1610 (), keto)
27 3320 (1)NH); 1740

())Coester);
1715 (])Coamlde);

a
1644 (Qcoketa)

2.40 (s, 3H, C§3); 3.31 (s, 3H,
COOCEB); 3.68 (s, 3H, OC§3); 3,71
ts, 3H, OCH,); 6.32-7.68 (br m,

C
131, 12H___ + H=3).

am

0.90-1.63 (br.t, 6H, twdo CH,CH,;);

2
3.15 (s, 3H, COOCH4)7 3.50-4.00

(two br gq, 4H, CH CH3)7 7el2=8,13

).b

2

(m,

+ 1H ., .
arom vinylic

498

2 in nujol; b in CDC13;

¢ in TFA,



carbomethoxy group in the NMR spectrum of 27 confirms
the intramolecular cyclization of 26, however, further

work is in progress to confirm the structure of 27.

EXPERIMENTAL

M.ps. were determined on a 'Boetius' (German)
apparatus and are uncorrected, The IR spectra were
recorded on Perkin-Elmer 297 spectrophotometer.. The
NMR spectra were recorded on a varian-gEM=~3%0 spectro-
meter using TMS as an internal standard and the

chemical shifts are expressed in § (ppm).

The starting materials

The keten-S,N-= (1l6a, 16b) and N,N-acetals
(2la-f, 25) required, were prepared as described in

chapter 2.

Reaction of S,N-acetals l6a-b and N,N-acetals 2la-f

with dimethyl acetylenedicarboxylate (2) : General

Procedure :

A solution of keten-N,N-acetal 2la-f (0.0l mol)



or S,N-acetal l1l6a-b (0,01 mol) and 2 (2.6 g, 0.013 mol)
in dry benzene (40 ml) was stirred at room temperature
for 0.25=20 hr (Table 4) (monitored by TIC). The
solvent was removed and the crude adducts 22a~f were
crystallized from ether/hexane mixture as bright yellow

solids (Table 4).

The adducts 17a and 17b (or 18a and 18b) were
purified by c¢olumn chromatography over silica gel.
Elution with benzene/hexane (1:1) yielded pure 1l7a

and 17b as viscous semis>lids (TLC, single spot)e.

Preparation of l=N=~aryle~2(1H)-pyridones 233=~f : General

Procedure

A solution of the adduct 2g§-£ (0.005 mdl) and
triethylamine (8 ml) in absolute methanosl (25 ml)
was heated at 80-90°C for 6 hr (checked by TIC). The
solvent was removed under pressure; the residue
diluted with water and extracted with ethyl acetate,

The organic layer was dried (Na 504) and evaporated

2
to give crude pyridones 23a-f, which were crystallized

from chloroform/hexane mixture (Table 5).



Ca

)

Y
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Reaction of N,N-diethylacetal 25 with i

A solution of 25 (1.09 g, 0,005 mol) and 2 (l.2g,
0.006 mol) in dry benzene (25 ml) was stirred at room
temperature for 15 min, The adduct 26 separated as
greenish yellow s21id (1.62 g, 90%), which was filtered
immediately and washed with hexane, Attempts to
further purify 26 were not successful. When 26 (0.36g,
0,001 mol) was heated in benzene at 60° for 1 hr, it
was converted to 27 as greenish yellow viscous semi-
s01id (0.24 g, 75%) which was purified by trituration
with hexane. Attempts to further purify 27 were not
successful, IR, NMR and analytical data of 26 and 27

were recorded immediately after isolation.



TABLE 4

1=-Methylthios=l=anilinos/N=-ethylamino=2,3(3,4)=dicarbomethoxy=4(2)=benzoyl=1,3=

butadienes (17a-=b or 18a=b):; 1,l1l=-bis({N-aryl/ethylamino)-2-aroyl=3,4=dicarbo-

ethoxy=1,3=butadienes (22a-f and 26)

Product Reaction Yield m.p. Molecular Analysis(%)
time(hr) (%) (°c) formula cale. Fsund C H N
17a{or 20 57 Viscous C22H21N055 64,23 5,10 3.40
138a) Semi solid (411) 644,52 5.27 3,61
17b(ox 15 59 Viscous C18H21NOSS 59,50 5.78 3.85
18b) Semi solid (363) 59,71 5,92 3,77
22a 5 83 102~ C27H24N205 70,05 5.26 6eld
103 (456) 69.68 5.01 5433

THE



Table 4

|

|

N
[\
(o)

™D
I
[0}

(Contd.)

15

10

82

80

88

130

104

155=

157

104=

105

Cogfla6l50%

(486)

C27H23C1N205

(490.5)

CogHaaC LN, 0

(555)

C3H30N50%

(514)

69,13

69,68

66,05

66,39

60.54

60,19

704,03

69.034

Cad

P
R~



Table 4 (Contd.)

22F 10 85

viscous

semi solid

95

97

C3atiz0M297

(530)

C49HoyN505
(360)

67,92

68,35

63,33

64,12

' The analytical data of 26 was not completely agreeing with the calculated

value,since an analytical sample of 26 could not be obtained because of

its unstable nature.



TABLE 5

1=N=Aryl=4=carbomethoxy=5=aroyl=6=N-arylamino=2(1H)=-pyridones 23 (éng)r

l=N=ethyl=2-0x0=3=(carbomethoxy)methylene-4-benzoyl=5-N-ethylaminopyrroline{27)

Procduct Yield m. D, Molecular Analysis ' (%)
(%) (92) formula Calc. Found C H N

23a 66 231 c26H20N204 73.58 4,73 6 .60
(424) 73.80 4463 6.04
3b 64 227 CygH, N, O 7136 4,84 6416
(454) 71,01 4,59 5.98
23c 61 211- c26H19C1N204 63.04 44124 6,10
212 {458.5) 67.717 4 .00 5.92



Table 5 (Contd,)

23d 59 225 C27H20C12N205 61.95 3.82 5435
23e 65 189 C29H26N205 72.19 5.39 5480
91 (482) 71.73 5.50 5.62
23f 67 143= C29H26N206 69,87 5.22 5.62
144 (498) 70.29 5.48 5,79
a
solid (328) 66,04 5.63 9,01
could not be further purified.

oy
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