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PREFACE 

A systematic investigati::mal study was undertaken., 

t8 expl8it the p8larized keten=S,N= and N,N=acetals as 

useful three and tw8 carb8n fragments f8r the c8nstruc= 

ti8n 8f a variety 8f heter8cyclic systsmso The study 

includes devel8pment 8f newer synthetic meth8ds using 

these S,N= and N.,N=acetals f8r the synthesis 8f amin8= 

pyrimidines, 4=amin8pyrid8nes, 4=thi8X8pyrimidines, 

5=hydr8xyind8les and 4~carb8meth8xypyrid8nes. 

In the first chapter, a brief literature survey 

is given 8n the meth8ds available in the literature f8r 

the synthesis 8f S;N= and N1 N=acetals and their react~ 

i8ns. 

In the sec8nd chapter, preparati8n 8f a few 

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

In the third chapter, the reacti8n 8f S,N= and 

N,N=acetals with guanidine has been described, pr8vid= 

ing 8ne step new general meth8d f8r 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 

ani::m, providing a new general method for 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~benzoqui= 

none, yielding 5-hydroxyindoles, The advantage of 

these S,N- and N,N=acetals as enamine components has 

been discussed. 



In the last chapter, S 1 N- ana N,N-acetals have 

been reacted with dimethyl acetylenedicarb~xylate, 

yielding 4-carb:>meth8:xy-2 ( lH) -pyrid oneS"wi th appr~~ 

priate substrates in g~~d yields. The soope :>f this 

method is discussed. 

r11 



CHAPTER 1 

POLARIZED KETEN~S,..N= AND 
N~N~ACETALS : A REVIE~ 

1.1 IntroductiDn 

P8larized keten=S 1 N~ ~ and N,N=acetals ~can be 
-· 

prepared either by displacement meth8d 1 reacting 

keten~S 1 S= ~/o,o-acetals ~1/keten=dichlDrides ~2 with 

amines or by direct meth8d starting from active methy= 

lene c8mpounds and reacting them with suitable 

electrophiles. These compounds are either high b8il= 

ing liquids Dr well defined crystalline solids, which 

can be purified by conventiDnal methods. They exhibit 

good stability and are found resistant to mild hydro-

lytic conditi8ns. Theref8re, they can be prepared 

from a wide variety of active methylene comp8unds ~nd 
.. 

stored under Drdinary conditions. It may be noted,.. 

that S,N= and N,N-acetals derived frDm these active 

methylene compounds can be regarded either as vinylo= 

gous~mides, if they are derived frDm ketones, or as 

vinylamines if derivea from non-ket8 active methylene 

.., 
.1 



A B c 

rf Cl 

M 
R2 Cl 

E 

Keten=O,O=acetals Keten-dichlorides 

R
1 = H, alkyl, aryl, nitrile, carb8nyl, nitro, 

sulf8nyl etc. 

R
2 = Nitrile, carb8nyl, sulf0nyl, nitro etc. 

E = Alkyl 

compounds. Although, the chemistry of enamines derived 

fr:Jm ketones and primary or sec:Jndary amines is well 

documented, the anal8gous series of kete~=S,N- and N,N= 

acetal~which should in principle behave like enamines, 

have scarcely been studied on the lines of enamine 

chemistry. Apparently, the polarized keten=S,N= and 

2 



N 1 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, dema~ds a systematic study) 

which forms the major objective of the present investi­

gation. 

A brief review of the chemistry 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 

N1 N~acetals. 

(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 described i~ the 

literature for the synthesis of keten~s,N~ and N,N­

aeetals and they ean be broadly classified in the 

following categoriesr 

·3 



1.2.1 Direct synthesis of keten=S 1 N= and N,N-acetals 

from active methylene compounds. 

. .. 
1.2.2 Synthesis of keten=S,N~ and N,N~acetals via 

displacement by amines from keten=s,s~/O,O=acetals 

or keten-dichlorides. 

1~2.1.1 Using alkyl and aryl isothiocyanates: 

one of the efficient methods for the synthesis 

3~9 of.keten-S,N-acetals described in the literature, 

involves the reaction of active methylene compounds 

l 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 

appropriate alkyl halides to yield the desired keten-

S,N~acetals ~ in good to excellent yields. The 

method has gener~lly been used for the synthesis of a 

number of keten-s,N-acetals and pr~vides one pot 

synthesis of these important series of cimpounds 1 when 

alkylation is earried out without is~lating the salt. 

The salts 4 with dibromoethane yield 3-phenyl thiazo~ -

lidi~-2-yliden-acetophenone (5) 6 '
10 i~ moderate 

yields. The method is particularly useful for the 

4 



X 
) + Ar-N==C=S 

y 

1 

Scheme 1 

~ 

·-e (!) x)=<s Na 

Y NHPh 

2 

··-f<- hat ¥\_/SR 
~ ;--\ 

Y NHPh 

3 ( Tab!e 1 ) 

(Ref. 3-9) 

~ [--8~ ---! 0 

I; \H NHPh -'-Br ~ 
\/\/ =/ >--=< e e -NaBr;- HBr 

R1 
0 ~h 

\\ _____ ./; IN -] 
_, ~ R2 . R 3 S Na 

4 

R3 · S 

~I. R1=Cl i R2::Hj RlH 

1 2 3 b , R =R =Ct :, R =-H 

c # R1::.Cl j R2=H, R3=C:N 
{Ref.6,10) 

en 



G 

T;'ffiLE 1 

X SR 

>==< y NHPh 

3 

~I X = N02 ; y = H~ R = Me 

X ""' N02 ; y = PhCO; R = CH2Ph, 

CH2No 2 , CH 2COMe, CH 2COPh 

X = 2,=ClC 6H4co, o~BrC 6H CO, 
- 4 

2,5~cl2c 6H3C01 y == H1 R =Me 

X = CN, COOEt, CONH 2, Ph; y = CN1 

R = CH2CN I CH2COOR, CH 2coNH2 

X = COOMe; y = CN, COOMe: R = Me, 

allyl, cratyl 

X = COOEt; y = COOEt, COMe; R = Me, 

allyl, cr:Jtyl 

X = COMe~ y = H, COMe( R = Me, allyl 



prep3ration 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 .,~omp:JCinds l (.scheme 2) hai\Te 

been reacted in the presence of s~dium hydride and 

. 11 12 
DMF-benzene mixture with thi~carbamoyl chlDr~des 1 

6a or c~arylsulfonylthioformamides §912 '
13 

to give 

the corresponding thioamides 2 1 which on subsequent 

alkylation gave s,N-acetals s. 

1.2.1.3 using s-alkyl isothioureas and dithiocarbonic 

acid diester-imides: 

Active methylene compounds are als~ shown to 

react with &~methyl isothioureas 9a
3

'
14 , 15 (Scheme 3) 

in neutral medium to give directly the corresp.::mding 

keten-N,N-acetals 10-~. The method is also extended 

to prepare S,N-acetals 13 using dithiocarbonic acid­

diester-imide 9b 3114 in place of isothiourea deriva= 

tives. Generality of the method is apparent from the 

structural variants deseribed in the Scheme. 



X) 
·¥ 

1 

Scheme 2 

s 
I! ,R 

+ Z-C-N
1 

\R 
Na+i ' ------------,} 

6a , Z = Cl 
~,Z::S02 Ar 

R 
~ 

X\-/ 'R 
yi\SM~ 

8 

OM F- Benzene 

f. 
CH3l 

,. 7 , Ba , X = Y:: C N i R = Me - --· -
.Q,X=Y:CNiR=Me 
~ , X= C N ; Y = Ph i R: Me 

Q. ) X : Y = C N ; R = C H 2 Ph 

R 
I 

X N 
.\CH--i \R 
yl s 

7 

-H2 I NaH 

Rl 
x ~r 

\____/ \R 
Y~· 5 

Na® 

{Ref. 11-13) 

co 



/ 

X)· NR 
+ MeS -t/ 

y 'R1, 

1 -
. 1 I 
9a,R:~ 

b. R1:SMe -

Scbe_m~] 

E:tOH/Et20 

6jR.T. 

X>=<NHR 

y Rl 

10-13 

1, ~,10, X=C6H5CO ,.,e- CH3c6H4 CO ,_Q_-CtC6H4 CO, 

1-thienyl- CO 15 -Cl-l -thienyl-CO j 

Y:::: CN ; R , R1 :: - ( C H 2 ) 3 -- N (Me ) -
1 tMe rlj· 

11 9 1 11, X:::N02, Y=H;R=MeiR= --N, , -N 
--- Ph \._-

1~~~121 X=Y=CNjR=Me;R1:NMe2 

l) ~} 13 , X= Y =·CN R::Me R1 = SMe 

(Ref. 3,14,15) 

co 



1.2~1.4 using carb~diimides: 

one 8f the versatile meth8ds f8r the synthesis 

of keten=N,.N~acetals 16 (Scheme 4) inv8lves the use 
... 

8£ _carb~diimides. 3 ' 16 ' 17 Thus~· when active methylene 

c8mp8unds are reacted with diaryl ~arb8diimides 14 
.. 

in the presenee 8£ s~dium etho:xide# the corresponding 

N,N~acetals 16 are formed in go':ld yields (Table 2) ... 

1.2.1.5 Using tris-(dimethllamino)-alkoxymethane: 

18~20 
Active methylene compounds l have been sh~n 

t8 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 prep~rcd are given in table 3. 

1.2.2 Displacement Method 

. .. ~~ 

The reaction of keten-s,s-/o.,o~acetals and 

keten-dihalides with amines e8nstitutes 8ne of the 
... 

g~neral methods for the synthesis of keten-s,.N- and 

N,N-acetals. Easy, one pot preparative method for 

the synthesis of keten-s,s~aeetals.and their facile 

displacement reaeti'Jt"ls with amines, ha:s made this 

route, a method ~f choie:e for the synthesis of keten~ 

10 



Scheme 4 

X 
) + Ar-N=C=N-Ar 

y 

1 14 

NaOEt 

Ether· 
benzene 

Scheme 5 

X NHAr 

~cH--{ 
Y NAr 

15a -9.. 

1l 
NHAr 

>==<NHAr 
~-q (Table 2 ) 

( R e f. 3,16 , 17 ) 

X NMe2 

> + RO- C
1
-NMe2 

y \ 

dry benzene X>==<NMe2 

Y NMe2 NMe2 
1 17,R=E1(a-d) 

- R =Pri { g - _p ) 
~-1? ( Table 3 ) 

(Ref.18-20) 1-b 
~ 



Tl\BLE 2 

X NHAr 

>=< y NHAr 

16 

Pr:::>duct X y Ar 

l6a COOEt COOEt C6HS 

16b COOMe COO Me C6HS 

16c COOEt CN C6HS 

16d COOMe CN C6H5 

16e CN CN C6HS 

16f CO Ph CO Ph C6H5 

16g COOEt CO Ph C6HS 

16h COMe CO Ph C6H5 

16i COOEt COOEt p-MeC 6H4 

16j COOEt COOEt ,p-EtOC 6H4 

16k COOEt COOEt p~Me 2Nc 6H4 
161 COOEt COOEt _p~No 2c 6H4 
16m COOEt COOEt I'.;. Fe 6H 4 

16n COOEt COOEt 3,4~cl2c 6H3 
16:::> COOEt COOEt \X-=Cl0H7 

16p COOEt COOEt 0> -c10H7 

16q COOEt CN o(, -clOH7 



TABLE 3 

X NMe 2 

>=< y NMe2 

18 

Pr:>duct X y 

18a PhCO H 

1Gb Ph CN 

lOc eN H ~~ 
0/ 

18d CONH2 CONH2 

18e CN CN 

18£ CN COOEt 

18g CN H 

18h CN Me 

18i CN n-Pr 

18j CN NMe2 

lOk ~N OMe 

101 H COOEt 

18m H 
i CON(Pr ) 2 

18n H CONMe2 

18-o 
H 

n CON(Pr ) 2 
18p H 

coo.Jo 



S,N- and N,N~acetals. Thus, the keten~s,s~acetals 

19 (Scheme 6) 3 ' 4 , 15 , 21- 25 react with amm:>nia 1 primary 

:>r secondary alipha;tic amines 20 and primary ar:>matic 

amines 21 in ethan81 t:> give the c:>rr~sp:>nding keten-
•H 

S,N-acetals 22 and 24, N,N~acetals 221 :>r mixtures :>f 

S,N- and N,N~acetals, depeuding up:>n the st:>ichi:>metry 

of the amine used and the reacti:>n c:>nditi:>ns. H:>wever, 

their reactivity with ar:>matic a~ines in b:>iling acetic 
. ~ .. 

acid is more selective. Thus, s,s~acetals 12 when 

reacted with aniline and substituted anilines6 ' 26 

yielded the_c:>rresponding N,N~acetals 25 in good yields. 

The keten-s,N~ and N,N~acetals reported by this method 

are given in Table 4. The s,N~acetals can be subse-

quently used t:> prepare unsymmetrically substituted 

N,N-acetals. 21 

Dithioesters l9 (Scheme 7) reacted with aziridine 
c 

in methanol at 20 t8 give the ~orresponding cyclic 

S,N~acetal 22 3 ' 27 in 57% yield. similarly, keten-s,s­

acetal 19 reacted with sodium-(2-amin:>~thiophenolate) 

( 34) to give 2-dicyanomethylene-2, 3-dihydro ... (benzo-1, 3-

thiazole (35) 3 ' 4 in 77% yield. 

The thioamide 37 (Scheme 8) derived fr.om the 

d . d' h' 3623,27,28 d . correepon ~ng 1t 1oester __ an am1ne are 

11 



2 eqv. 

ACOH 

2 eqv. 

NR2R3 

;)=(NR2R3 

23a-~ 

?4a-g - -

NHAr 

~>=<NHAr R 
25 

( Ta bte 4 ) 



Scheme 6 contd. 

R\-/SMe 

R 1~SMe 
19 

EtOH/ A 

19,26.,27, R:H ;R1:N02; ~=H,Me 1 n:1,2 
- - - R: CN; R1= CN i R2:H; n = 1 

R: CNj R1:COOEt; R2: H; n :1 

R = COOEt; R1:C00Et; R2: Hi n = 1 
R = H; R1: CsHsCO, P- C!CsH4CO, 

.P -N02C6H4CO; R2=Me; n = 2 

{ Ref. 3,15,21 ,23} 54 } 

0 
Ph-N 

l 
Ph-N 

2S 

SMe 
Amine I D.. 

SMe 
DMF or EtOH ) 

29a, R=SMe; R1::NH2 
b, R =-SMe i R1:HNPrn 
~, R=R1=1-aziridinyl 
d , R , Rl = HNC H 2 C H 2 N H 

0 
Ph-N 

I 
Ph-N 

( Ref. 3 , 53 ) 

16 



TABLE 4 

22 

Pr:Jduct R Ref. 

22a CN CN H H 21 
,... 

22b CN CN -(CH2 ) 2~o-(CH2 ) 2 = 3 

22c CN COOMe Me Me 21 

22d CN COOMe H H 21 

228 CN COOEt -(CH » ~O-(CH ) -2 2 2 2 22 

22f CN COOEt =(CH2 )5~ 22 

~ No 2 H ~(CH ) = 2 5 25 

22h N0 2 H H CH2Ph 25 

22i N0 2 H H CH
2

CH( OEt )
2 25 



ld 

Table 4 (C:mtd.) 

l?r:>duct R Ref. 

23a N0
2 H Me Me 15 

23b N0 2 H H Me 15 

23c N02 H H CH 2Ph 15 

23d N0 2 
H -(CH ) -o-(CH ) -

2 2 2 2 
15,23 

23e N0 2 H -(CH2)4- 15 -
23£ N0

2 
H ~(CH ) -

2 5 25 

23g CN COOEt H n~Bu 3,4 



Table 4 (c:mtd.) 

R S~1e 

>-< - NHAr RJ.. 
24 

Pr::)duct 
1 

R R Ar 

24a 

24b 

24c 

24d 

24e 

24£ 

~ 

CN CN C6H5 

CN COOMe C6H5 

CN CN p-CH30C6H4 

CN CN (j-c10H7 

CN COOfvle ~-cH30C6H4 

CN COOMe P->-clOH7 

N0 2 H C6H5 

>=<NHAr 
Rl NHAr 

25 

~~CH3oc 6H4C0 1 ?=CH3C6H4co, 

~~clc 6H4co, 2-thienyl~co; 

Ar=C 6H5 , ~-CH3C 6H4 ~ p-CH3oc 6H41 

2-cH3C6H4' ~-cH3C6H4 

Ref. 

21 

21,24 

21 

21 

21 

21 

23 

(Ref. 6,26) 



SH MeOOC\--1 

NC/\SMe 

30 

+ H<J 
31 

NC't=::{SMe 

NC
1 ~Me 

+ NaS~ 
H2N~ 

19 1 n- BuOH 

34 

NcKs~ 
NC N~ 

H 

35 { Ret. 3 ! 4 ) 

Scheme 7 

MeOH 

20°C 

MeOOC >==<SCH2CH2NH2 

NC SMe 

32 

Room temp. 

Meooc>=<sJ 
NC N 

H 

_33 ( Ref. 3, 2 7 ) 

(0 
c 



7 29 
rep~rted ' t~ be alkylated t~ the c~rresponding 

keten-S;N-acetals 39 in g~~d yields. simiiarly) the 
.. 

. ·3 30 
f~rmation ~f 41 fr~m 40 is described, ' 

The keten-o,o-acetals 42 (Scheme 9) are mo~e 

reactive t~wards amines than their sulfur anal~gues •. 

Thus, 42 are reported
1

' 3 ' 31- 37 t~ 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 formati~n of keten-n,N~acetals from the 

reaction of 42 with tw~ equivalents of amines is very 

facile, and the N,N-acetals thus prepared are shown 

in the Scheme. The kctcn-dichlorides 45 (Scheme 9) 

also undergo facile displacement reaction with amines 
.. 

t·o give invariably the corresponding keten-N,N-acetals 

46 3 , 38, 39 in good yields. The method is not commonly 

used, since, the keten-dichlorides themselves are 

prepared from the c~rresponding keten~s,s~acetals and 

phosphorous pentachloride. 

1.3 Reactions of kete~-S~N- and N,N-acetals 

2J 

Despite several methods reported in the literature, 

for the synthesis of polarized keten-s,N- and N,N= 

acetals, which are briefly described in the first part 



Scheme 8 

O-H.. ·o HN 
ll(I)OEt . Tl 0 

Q ..... . Q-H .. 
------------------4 --------) Ar~ 
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8f this chapter, their synthetic utility as three 

carb8n fragments 8r as a class ~f vinylamines and 

vinyl~g8u~mides has n8t been extensively expl8red. 

In this secti8n 1 an attempt has been made t~ describe 

variou~ reacti8ns 8f the keten-s,N- and N,N-acetals, 

not only exemplifying their reactions as synthetic 

intermediates but also revealing their further sc8pe 

in 8rganic synthesis. 

1.3.1 synthesis of Pyrazoles and their derivatives 

Although, keten-s,N- and N,~-acetals are less 
.. . . 

reactive than the corresp::mding s,s- <lnd o,o~acetal s, 

their reactivity towards nitr::>gen nucle:ophiles appears 

to follow the parallel routes of th~se of their sulfur 

anal":Jgues. 

The keten=S,N-acetal 22d (Scheme 10) when 

reacted with hydrazine hydrate is reported40 t.':J undergo 

only displacement reacti8n initially, t':J give an open-

chadn comp":Jund 47 which underwent cyclization at 180° 

to ~ive 3;5-diamino-4-methoxycarb?nyl-pyraz:;:,le (~). 

The s.,N-acetal 49, derived from 1,3-diketone, reacted 

with hydrazine in the presence of an aqueous acid to 

give 3(5)-anilin:;:~-5(3)~methylpyrazole (51) involving 

deacetylation of 49~ 
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2b 

Similar reacti~n ~f hydrazine hydrate with keten-

s,N-acetal 52 yielded ·~nly the ~pen-cha~n comp~und 21. 
,_ 

which failed t~ eye lise to 55. HowevEtr, _53 .underwent 

sm~oth condensation with carbon disulfide in the pre= 

sence of a base to give pyrazolopyrimidine §!• Similarly 

52 was shown to react with triethylorthoformate to yield 

functionalised pyrimidine ~ which on reaction with 

hydrazine hydrate in the presence of pyridine gave the 

pyrazolopyrimidine 57 • ......-

-· 
In another reaction

1 
the keten-.s,N-a-oetal 58 is 

10 
reported to react with hydrazine ~ydrate to give a 

mixture of 3-aminopyraz:::>le 5' and 31 5-diaminopyrazole - .· 

~ (Scheme 11). An interesting variation of the 

reaction of S,N-aoetals, generate<? in situ, by react~ 
41 ing keten-S,S=acetals with amines, is reported from 

this laboratory. Thus, when ~ was first refluxed 

with one equivalent of an ami~e, followed by gradual 

addition of hydrazine hydrate 1 the pr-oduct analysis 

showed the formati:::>n of pyrazole 63 in excellent yield. 
- -

1.3.2 Synthesis of Thiophenes 

The nitro-N,N-aeet~ls 64 (Scheme 12) are 

reported42' 43 t:::> react with a-lkyl and aryl is::>thio-

~yanates in boiling toluene to give thioamide 

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

phenes §..§_. 

Thiophenes have also been reported~' 8 through 

base catalysed intramolecular cyclisation of function-

alised keten-s,N-aoetals. Thus., !i:]_ in the presence of 

sodium alkoxide, underwent ~yclisation 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 from functionalised amines, 

undergo interesting intramolecular 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 12 

formed in good yields, underwent cyclisation in 

ethereal-hydrochloric acid to give 2-thiomethyl-

pyr:twole s .7..!. 

Another variationr of this method is reportea 45 

again from ~ur laboratery, for the synthesis 6f 

2-aminopyrroles. Keten-s,s-acetals 72 (Scheme 14) -
derived from 4-aryl-4-oxobutanenitriles~ underwent 

28 
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facile c8ndensation with v~ri8us amines to give 2= 

aminopyrr8les 74 inv8lving the S,N=acetal · , in situ. 

The meth8d is of gener~l application for the synthesis 

of 2=amino=3=unsubstituted=pyrr8les which are useful 

intermediates f8r the synthesis 8f 7-azaind8les~ 

The phot8chemical tr3.nsf8rmati8n of keten-N,N= 

46 acet·3.l 75 (Scheme 15) is rep:)rted t8 yield pyrrole 76. 

,~lth8ugh p8l3.rized keten-s,N-acetals were kn8wn t8 

react with primary and secondary amines, their reacti8n 

with aziridine was not reported till recently. TtJe have 

rep8rted in our earlier work, 47 that the d8ubly p8larized 

keten~s,s-acetals 77 (Scheme 16) r.e~cted with rlziridine 

to yield the c8rresponding s,N-aziridin8 acetals 78 in 

excellent yields. These intermediates were shown t~ 

underg8 facile potassium iodide induced rearrangement t8 

give the corresponding pyrrolines 79. The method is 

extended to accomplish identic:3.l tr.J.nsformation to give 

novel spiro-pyrrolines 82, under identical reaction 

conditions. This is the first report of the pyrroline 

synthesis via rearrangement of vinylaziridines. 

1.3.4 synthesis of Thiazoles and Isothiazolines 

The n~trokete~~N,N-a~etal 23a 15 (Scheme 17) is 
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rep:>rted 42 t:> react v.1i th ar:>yl is:>thi:>cyanate to yield 

the adduct 83 which reacted with phen;Jcyl bromide t-~ 

30 

yield thiaz:>le 84 instead of the expected thiophene 85. 

48 49 . The adduct 86 (Scheme 18) 1 der1ved fr:>m 

nitro-N,N~acetal 23b and aryl isothi:>cyanates ' -

underwent oxidative ring cl:>sure with br:>mine in aceti• 

acid t:> give 4-nitro-isothiaz:>lines 87 Mhile 89 _, 

derived fr:>m unsymmetrical nitr:>~N,N~acetal 88 did not 

yield the isothiazoline 22 under similar conditions 

but gave benzthiazole 91. The c:>ndens~tion pr:>ducts 

fr:>m nitroketen-N,N-acetals 92 15 (Scheme 19) and 

benzoyyisothi:>cyanate, on treatment with sulfuryl 

49 so chloride, are reported 1 to yield is:>thiazolines 

93, which were shown t:> underg:> base catalysed frag~ 

mentation t:> give hitherto unreported l,l=diamino-2-

nitroacrylonitriles (94) in good yields. Similarly, 

when the adduct 96 from cyclic ket:>keten~N,N=·3.cetals 

95 and benzoyl iso thiocyan.ate was treated with sul­

furyl chloride, only the chl:>r:> pr:>duct 98 was 

obtained, 
50 

alth:>ugh, the f:>rm"3.tion :>f ~ w3s 

observed in traces when 96c was treated with br:>mine. 

1.3.5 Synthesis of rsoxazoles 

40 The keten-s,N~acetal 49 (Scheme 20) is reported 

t:> react with hydr:>xylamine hydrochloride t:> give 
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Scheme 19 

2 R2 
R f 

l I 1 N NO 
R-N 1. PhCONCS R / '!===1 2 

R- N '>=-\o2 2 . SO:zC12/CHCI3) R _...N' S kNCOPh 
H 

~ 93 

1 2 92-94 ) R , R , R : alkyl 

R2 
1 I 

NaOMe R -N>==<CN 

MeOH R-N N02 
H 

94 

( Ref./~9 ) 

(~N----5 

r1 ~ /~l .. NC ·--Ph I 'N 1 II 
I COAr 0 I Me 

CNH 

~ ---COA.r 
N' j 
I 

PhCONCS --
CH3CN 

30°C 

CJy
NH ~ H . S02CI2 

C-N-C-Ph -·-·--·-
N II 
I 0 

97 

C
-...._N~S 

Me H 

95 

Me COAr 

96 
~5-~~a) A.r:: p- N02 C 6 H4 

bj.~r=C5H5 
c,Ar=p-CIC6H4 ( f~ef. 50> 54 ) 

.rl~ --~NC-Ph 
N I II 
I ~'! 0 Me l -

98 
CN 
,.... ' 

"""· 



isoxazole 99. The nitroketen~N 1 N=acetals ~and 

nitrile oxides were reacted 43 in the presence of 

triethyl-3.mine to give 4~nitroisoxazoles 100. 

1.3.6 synthesis of Quinolines and Pyrimidines 

The keten~N,N-a~etal 101~ (Scheme 21) under-

went therma 1 cyclisation in the presence 'Jf diphe~ 

n ylet her t :> give quin olin~4~one 102 1 v-1hile 101b 

under similar conditions yielded tetr-3.hydro=dibenzo~ 

[b.g}-1,8-naphthyridin-dione~(11,12) (103).
16 

The 

keten~N,N-acetal lOlb and S,N-aceta.l 101c (Scheme 21) 

underwent intramolecular cyclisation in the presence 

of phosphorous oxychloride to give 4=chloroquinolines 

16 21 24 . 
l04b and l2!£ 1 1 respect~vely. The S,N-acetal 

105 however, in the presence of sodium hydride gave 

quinolin-4-one 106.
6

'
10 

Keten~N,N~acet~l 2:..§9: reacted with formami­

dinium acetate (Scheme 22) 51 to yield ryrimidine~ 

carbonitrile 107. Its reaction with acetyl chloride 

g:3.ve 108, which on alkylation yielded the N ... N­

-3.cetal 109a. 109a subsequently re~cted with guani-

dine or formamidine to give pyrimidines 110. 

~:J v' 
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1.3.7 Miscellaneous Reactions 

The enol ethers 109 derived from ketoketen~N,N­

acetal 108 reacted with methyl isothiocyanate to give 

pyridin-2-thione 111
51 

(Scheme 23). The N,N~acetal 

112 condensea52 with diethylmalonate in the presence 

of sodium ethoxide to give 113. --
The s,N-acetal 41 reacted with 1,2-bifunctional -

aromatic compounds such as £-aminothiophenol (~) and 

~-phenylenediamine (~) to give benzothiazole 

116a~0 and benzinidazole 116b30 respectively, while 41 - -
condensed with amidine hydrochloride (115) to give 

s~triazine 117. 30 
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CHAPTER 2 

PREPARATION OF POLARIZED 
KETEN~S,N= ~ND N,N=ACET~LS 

2.1 Introduction 

The repDrted methods Df preparatiDn and synthe= 

tic applicatiDns of keten-s,N- and N,N-acetals are 

described in the preceding ch~pter. Apparently, any 

active methylene compound c~rrying twD replaceable 

hydr:Jgen atoms on the c( =pDsi ti:m of the electron 

withdrawing group c~n, in principle, be converted to 

its corresponding S,N= ,"lnfl N1 N=:=:tcet.J.ls. H-Jwever, in 

the present investig::ttion, ::mly a few active methylene 

compounds carrying sui ta.ble electron withdrawing 

functional groups, useful for subsequent synthetic 

applic::tti:Jns were chosen, and converted intD the 

~orresponding s,N- and N,N-acetals. The various 

methods used for the preparatiDn of these S,N- and 

N,N-acetals and their spectral characteristics are 

r. .-· u1.., 



describecl in this chapter • · 

2.2 Preparati8n of Polarized keten=S,N= and N,N~ 

acetals 

The preparation of keten=S 1 N= and N,N~acetals 

have been acc:>mplished through :>ne :>£ the f8llowing 

meth8ds: 

2.2.1 Displacement method. 

2. 2. 2 Direct meth8d using is8thi8cyanates. 

2.2.3 Thi8amide meth8d. 

2.2.1 Displacement method 

1 2 3 The keten-s,s~acetals are kn8vm ' ' t8 underg8 

facile displC~cement reacti8n with primary 8r sec8ndary 

amines t8 give the c:>rresponding s,N~ and N,N=acetals 

depending up8n the reacti8n C8nditi8ns and the stoichi8-

metry of the amine used. 

1 
Thus, v1hen la (R=CN; R =COOEt) (Scheme 1) 

(Table 1) reacted with one equivalent of amine~~ the 

corresponding s,N-acetal ~was formed in 77%.yield. 

The displacement reaction with one equivalent 8£ amine 

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

5u 



R SMe 

R1)=<sMe 

1 

R SMe 

R1)=\SMe 

1 

Scheme 1 

2 /R. 
HN,R3 

( 1 eqv.) 

2 

Scherne 2 

/R2 
HN 3 

'R 
{ 2 eqv.) 

2 

. I 

) 

R SMe 

R1>=<NR2R3 

3 

(Table 1) 

R NR2R3 

R1>==<NR2 R3 

L. 

(Table 2) 

en 
~ 



b~th electr~n withdrawing gr~ups. Similarly, 3b~~ 

(T3.ble 1) \vere ~bt-3.ined in 71=76% ~verall yields. 

The structural assignment ~f these keten=S,N= and 

N,N=acet~ls were fully in c~nf~rmity with their 

analytical (Table 6) and spectr3.l data (Table 3). 

Similar reacti~n ~f 1b (R=C 6~5co; R
1

=H) with ~ne 
4 

equiv~lent ~f aniline, initially yielded a mixture 

~f S,N~ 3g (Table 1) and N,N=acetal 4a (Table 2). 

H~wever, it was p~ssible t~ prepJ.re the s,N-acetal 

3g in greater pr~porti~n by carefully manipulating 

the reacti~n c~nditi~ns and separating the undesired 

acetals 3h=.:!: 1 ~~ ancl 31 (Table 1) were similarly 

prepared fr~m the respective keten~S,S=acetals 

(Tc:ble 1) and \\~<ere ch:J.r3.c--erised by their analytical 

( Ta':::>le 6) -:l.nd spectrul dJ ta (Table 3). on the ~ther 

hartd, the S,N~alkyl::J.cetalE 3q=~ (T3.ble 1) were 

~bt-:dned exclusively in 64~95% ~verall yields, when 

the respective s,s-acetals wero reacted with ~ne 

equivalent ~f amine 2. Their analytical and 

spectr::1l data are described in table 6 :J.nd table 3 

respectively. 

The displacement meth~d als~ pr~ved t~ be 

useful f~r the preparati~n ~f keten~N,N=acetC~.ls 
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TABLE 1 

Preparati8n 8f keten-s,N-acetals 

R SMe 

):=:-< 
1 NR2R3 R 

3 

starting Pr8duct R R 
1 

R 
2 

R 
3 

C8mpcl 

1a a 3a; CN COOEt H C6H5 

la 31 a .J CN COOEt H _p=CH30C6H4 

1a 3ca CN COOEt H -~=ClC 6H4 
1a 3d a CN COOEt H _p~FC 6H4 
la 3e 

a 
CN COOEt H p~cH3C 6H4 

la 3fa CN COOEt ~(CH ) ~o~(CH ) = 
2 2 2 2 

lb,Sa 39
a,b 

c 6H5co H H C6H5 

1c,5b 3ha,b J?=CH3oc 6H4co H H C6H5 

ld,Sc 3ialb _I)=BrC 6H4CO H H C6H5 

Sd 3 .b 
....1 _p=-clc 6H

4
co H H C6H5 



r··. 
ul 

Table 1 (C:mtd.) 

lbJSe 3ka,b c
6
H

5
co H H J2=ClC 6H4 

lb,Sf 3laJb c 6H5co H H C2H5 

Sg 3mb _p=CH3C6H4co H H C2H5 -
Sh 3nb _p=CH

3
oc

6
H

4
co H H C2H5 

Si 30b l?~Brc 6H4co H H C2H5 

~ 3pb p-clC H
4
Co H H C2H5 - 6 

le 3qa CH CO H H C2H5 3 
a 

lf 3r N0
2 

H H C2H5 

lb 3sa1 c
6
H

5
co H H CH

2
CH

2
CH

3 

lg 3ta J?=CH
3
C 

6
H

4
cn H H CH

2
cH

2
CH

3 

lb 3ua c
6
H

5
co H H CH2C6H5 

Sk 3v 
b 

C6H5 CN H C6H5 

51 3wb,c No
2 

H H C6H5 

0 

0/ H C6H5 

Sm 3xb . 1 
~ 

0 
II 

Sn 3yb H3CU' H C6H5 

~ s) 
a prepared by displacement meth:::>d. 

b 
prepared by is :::>thi:::>cyana te me th:::>d. 

c 
Rep:::>rted in the literature. 

3 



(Scheme 2) (Table 2). Alth8ugh, the initial experi~ 

ments with lb ;::tnd aniline (1_) in b8iling ethan81, .4 

gave a mixture Jf s,N= and N,N=acet3ls, the reacti8n 

yielded exclusively the N,N~acetal 4a in 64% yield1 

when acetic acid w3.s used as the reacti8n medium., 

Similarly, variJus keten-N,N-acetals 4b~i (Table 2) 

were prepared in 50-74% 8verall yields. Their 

analytieal and spectral data are f8und in table 1 

and table 4 respectively and are in c8nf8rmity with 

their assigned structures. Further, the N~N-acetals 

il-l were prepared in high yields,when ethylamine 

(~) and the ~8rresp~ndi~g s,s-acetals l were heated 

in sealed tube at l50-l60°C. Their analytical 

(Table 7) and spectral data (Table 4) are des~ribed. 

Acet8phen8ne s,s-acetal l£ and m8rph8line (~) 

yielded in b8iling ethan8le the c8rresp8nding N1 N­

acetal ~ in 82% yield. similarly, lf and ethyl­

amine (5a/o aque8us s8luti8n) gave the c8rresp8nding 

N1 N=acetal 4n in 75% yield, under c8ntr8lled experi­

mental c8nditi8ns. The s,s-acetal lb underwent 

unif8rmly facile displacement with ethylenediamine 

t8 give the cJrresp8nding cyclic keten-N,N-acetal 

40 in 8~/o yield. The N1 N-acetal 4p was similarly 

5d 
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TABLE 2 

PreparatiJn Jf keten-N,N~acetals 

Starting Pr:duct R Rl R2 R3 

CJmpd 

lb 4a c
6

H
5
co H H C6H5 

lc 4b p-CH
3
oc

6
H

4
co H H C6H5 

ld 4c £-BrC 6H4co H H C6H5 

lh 4d .E~lc 6H4co H H C6H5 ---
lb 4e c 6H

5
CO H H ]2-ClC 6H

4 

lc 4£ ]2-CH
3

oc 
6
H

4
co H H J2=ClC 6H4 

lc 4g _p-CH
3
oc 6B 4

co H H J?=CH3C6H4 

lsl 4h _p.,c;H
3
c 

6
H 

4
co H H £=-CH30C6H4 

lf 4i N02 H H C6H5 

lb !1 c 6H5co H H C2H5 



Gu 

Table 2 ( c :)ntd. ) 

lc:: 4k £>-cH3oc 6H 4co H H C2H5 

lh 41 _p~ClC 6H4Co H H C2H5 

l.Q 4m c 6H5co H =(CH2 ) 2=0•(CH2 ) 2-

!f 4n No
2 

H H C2H5 

lb 4:) c 6H5Co H H ...CH-2 

lf .i.E* N02 H H -cH-2 

* Rep:)rtea in the literature. 3 ' 5 



prepared.. in yield c':)mparab le t':) that rep':)rted in 

the literature. 5 The N,.N-acetals 4m=;e were 

characterised by their analytical (Table 7) and 

spectral data (Table 4). 

2.2.2 Direct meth':)d 

The direct meth~d f':)r the synthesis ':)f S,N= 

acetals by reacting active methylene C':)ffip':)unds with 

alkyl and aryl is~thi~cyanates in the pres~nce ':)f 

S':)dium hydride and dimethylf8rmamide f8ll8wed by 

subsequent alkylati8n with methyl i8dide, c8nsti~ 

1 5-8 9a tutes an alternative practical meth':)d. 1 
' S':)me 

of the keten~s,N-acetals which were not satisfactorily 

obtained by the displacement method, were successfully 

prepared by this meth:O. Thus, when Sa and 6a 

(Scheme 3) were reacted in the presence 8f sodium 

hydride and dimethylformamide, the salt 7 separated, 

in situ, was alkylated with methyl iodide to give the 

c~rresponding S,N-acetal ~ (Table 3) in 82% yield. 

prepared in 70-84% overall yields from the respe-

ctive 2~ using either~ or 6b as the case may be, 

under identical re~cti':)n C':)nditi8ns. The cyclic 

ketones Sm and Sn were similarly reacted with 6a to 



Scheme 3 

R 
1> + R2-N=C=S 

R 

~ 2..9. I R2=c6H5 

Q I R
2
=C2H5 

NaH I OMF 
5-10° 

..,. 
R 59 Na® 

R1>==<NHR2 

7 

Mel 

R\__/SMe 

R1;----\NHR2 

3 (Tablel) 

0) 

t\. 



give the c8rresp8nding S,N~acet3ls 3x and 3y in 78% 

and 9~/o yields respectively. C8mp8unds, thus pre~ 

pared, have been C8nfirmed by their analytical 

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

2.2.3 Thi8amide meth8d5 ' 9 

The displacement meth8d failed t8 yield S,N-

m~rpholin~ aeetal lla (Scheme 4), which c8uld als8 
.. 

n8t be prepared by the direct meth8d. It was there-

fore, attempted successfully via its thioamide 

10 in termed .late. ~I'Je have recently reported a facile 

preparation of dithioesters 8 (Scheme 4) by reacting 

ketones with trithiocarbonate in excellent yields. 

The dithioester Sa thus prepared, underwent smooth 

condensation with morpholine (9a) in boiling 

ethanol to give the corresponding thioamide loa 

which was subsequently alkylated with methyl i8dide 

in the presence of sodium hydride to give lla in 

92% yield. Similarly, llb and llc v-rere prepared_, by 

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

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

are described. 



0 
R~ S + 

CHj{SMe 

~ 

Scheme 4 

;--\. 
HN X 

\_/ 

~, X=-0-

EtOH ) 

~ 

!2.\ X:::-CH2-

~ ,l.Q, l_g , R = C6H5; X = -0- . 

Q , R =.J?-CH3C6H4. X= -0-

~ , R= c6H5 ; X=-CH2-

__/9 5 
R~ _jj 1\ 

CH2~-\N X 
\..__/ 

LQ 

1. NaH/Ilv1F 

2.Mei 

R~ ,SMe 
,,)==(/\X 
H N\_/ 

11 -
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2.3 Spectral studies 

taut~meric equilibrium between-enamin8 ~and iminJ 

f8rm ~which can be easily distinguished with the help 

8f IR and NMR spectrJSC8py. The spectral studies 8n 

B 

p8larized keten~s,N-acetals (Scheme 1)" prepared f~r the 

present investigati8n, indicated that all 8f them._exist 

in the enamin8 f8rm A. Thust IR spectra ?f the keten~S,N= 

arylacet3ls 2£~~ (Table 3) derived fr8m acct~phen~nes, 

exhibit ab~rpti~n band due t8 carb~nyl grJup between 

1608-1590 cm- 1 , whereas in S,N=alkylacetals 31-g and 

~-~ (Table 3), the carb~nyl frequency appears between 

1575-1"550 em -l. The lJwer value 8f carb8nyl frequency 

in S,N-aryl and S,N-alkylacetals is due t~ del8caliza-

tiJn ~f l8ne pair ?f electr8ns ~n nitr~gen ?ver the 

carb~nyl grJup and als8 due t8 the presence 8f 



intram~lecular hydr~gen b~nding. In the imin~ f~rm ~J 

the carb~nyl frequency w~uld appear at a higher value 

-1 ( ...,..1700-1680 em c~mp-3.rable t~ acet::')phen ::')nes) since, 

the c~rbonyl gr::')up in ~ is no l::')nger conjugated with 

the double bond and the lone pair on nitrogen atom. In 

the NMR spectra of S1 N-arylacetals ~-~ (Table 3), the 

signal due to the ::')lefinic pr::')ton appears betwoen 

~5.70~6.18 whereas, in s,N-alkylacetals 3l=S and 3s-u 

(Table 3), it is shifted to slightly higher field bet­

ween c$4.75-5.66 due to greater ael::')calizati:n ::')f the 

lone pair on nitrogen atom, resulting in higher electron 
~ -

density on the~-carbon. The signal due to -NH proton 

appears as a broad singlet between S 13.20-13.66 in 

19:-ls and behveen 511.30~12.10 in 31-~ and 3s-~. Thus 

the chemical shift values for the ::')lefinic ana -NH . ---- --

prot::')n in the NMR spectra ::')f S,N-aryl and s,N~alkyl-

acetals supp::')rt the enamine structure A. In the case :)£ 

nitroketen-s,N-acetals ~ ana ~, the 8lefinic pr8ton 

signals appear d?wnfiela at[; 6.14 and 56.73 respectively, 

due to greater electr::')n withdrawing effect 8f nitr? 

group. The signal due to -NH prot::')n in keten-s,N-acetal 

3v derived fr::')m phenylacet::')nitrile, appears at higher 

field ( 66.47), thus indicating the absence -::>f intramole-

cular hydr::')gen b~nding in ~· The S,N~acetal 3x derived 



fr~m tetr~l~ne, stowed the presence ~£ b~th enamin~ (C) 

and imin~ f~rm (~) in 7:3 rati~ respectively. Thus, in 

the NMR spectrum ~f 3x, a triplet prescmt at &4.21 

was assigned t~ methine pr~t~n (Ha). The methylene 

ring pr~tons in D were shifted to higher field ( S 1.5~ 

1.85) as compared to c ( ~1.9-2=7). In theIR spectrum 

-of 3x, the carbonyl frequency due t~ imin~ and enamino 

-1 =1 
f~rm were found at 1722 em and 1680 em respectively. 

The signal due to -NH proton appeared at S12.10, thus 

showing the existance of intramolecularly hydrogen 

b:>nded structure c. The carbonyl frequency in the S 1 N~ 

SMe 
--~· 
~ 

c D 

acetal 3y derived from benzothiopyr~ne, appeared at 

1580 cm~ 1 and the signal due to ~NH pr~ton in its NMR 

speC!trum was f~und at S 11. 70, thus showing the exist= 

anC!e :>f hydrogen b:>nded enamine structure (~). 

6( 



The N,N-acetals 4a~h and 4j~l (Scheme 2) 1 derived 

fr~m vari~us acet~phen8nes, were als8 f8und t8 exist in 

the enamin8 f~rm (F)-. The 8lofinic pr8t8ns in the NMR 

spectra (CDC13 ) ~f N,N~phenylacetals 4a~c and 4e 

(Table 4) appeared between S 5. 5 6~5. 66, while in N.1 N-

ethylacetals ij-l (Table 4), they are present between 

~S.lo-5.18. The signal due t8 hydr~gen b~nded -NH 

prJtJn in S,N-arylacetals ~-£ and 4e, appeared at 

l8wer field between S 13.50~13.66, while the 8ther -NH 

prJtJn was present between 5 6.43~6,.56. Simil-=trly, in 



N ,N~ethylacetals iJ.~1:,,· the tw:> -NH pr:>t :>ns appeared 

between bll.40-12.40 and 7)4.74-6.40 respectively. The 

band due t:> carb:>nyl gr:>up appeared at l:>wer frequency, 

bet"ween 1600-1550 cm~l in the IR spectrum :>f N,N~acetals 

4a~_£ 1 4e and 4j-1:,, due t:> del:>calisati:>n :>f the l:>ne 

pair :>f electr:>ns present :>n the tw:J amin:> gr:Jups. It 

was interesting t:> n:Jte, that when the NMR spectrum :>f 

4a was taken in trifluJr~acetic acid, the signal due t:> 

:>lefinic pr:)tJn at $5.65 in its NMR spectrum in coc13 

was absent, while a new signal due t:> tw:> pr:>t:>ns was 

present at S 4.40. Thus1 in triflu:Jr:>acctic acid the NJ'N­

aoetal exists in the imin:> f:>rm G~ due t:> pr:>t:>nati:)n at 

0 0 

Ar~ 
j (+) H 

.......... / 
HN '- N 

l " Ar 
Ar 

Ar 

F G 

0-earb::>n and the signal due t:> tw:> methylene pr:>t:>ns 

appears at 54. 40. The NMR spectra :>f koten~N ,N-aeetals 

4d and 4f-4h in triflu:>r:>acetic acid, similarly sh:>wed - --
signals due t:> methylene pr:)t:>ns at 54~42, 4.21, 4.30 

and 4.55 respectively. 

6J 



Spectral da~a Jf keten~s,N~acetals 3a-y 

PrJduct 

3a 

3b 

3c 

- ------;;;:-1 
IF. (em ) 

~: .. 

3130 ()}NH); 

2190 ( »eN): 

1675 ( Vco> a' 

3125 ( })NH); 

2190 ( 2} CN) i 

a 
1650 < ::Uc0 ) 

3120 ( J}NH); 

2180 ( )}CN); 

1648 ( .2/co )a 

TABLE 3 

1 . 
H-NMR ( '5 /ppm) 

1.30 (t, 3H, CH
2
CH3 ); 2.23 (s, 3H, scg

3
); 

4.43 (q, 2'H 1 CH 2CH
3

); 7.28 (br.s, SH ); 
- arJm 

11 • 4 o ( br , lH, NH ) • 
d 

1.36 (t, 3H, CH
2
CH

3
); 2.30 (s, 3H, SCH

3
); 

3.88 {s, 3H, OCH
3

); 4.33 (q, 2H, CH
2
CH

3
); 

d 7.16 ted, 4H ); 11.71 (br, lH, NH). ar8m -

1.38 (t, 3H, CH
2

C!;!
3

); 2.33 (s, 3H, SCH 3 ); 

4.31 tq, 2H 1 CH2cH3 ); 7.33 (dd, 4HarJm); 

d 
11 • 3 5 ( br,. lH, N!:! ) • 

"'.} ,...... -· 



Table 3 c ;:,ntcl. 

3d 

3e 

3£ 

~ 

311 0 ( }) NH ) : 

2200 < .2JcN); 
a 

1660 < 2J co) 

3135 

2208 

1662 

( ).) ) ; 
NH 

( ).) CN) ; 

( 2) co) 
a: 

2175 (.)} CN); 

a 
1670 ( '))co) 

3 3 3 0 ( br, )} NH ) ; 

a 
159o ( .l}c0 ) 

2.28 (s, 3H, SC!i3 ); 1.,.35 ( t I 3H, CH2C!i3); 

4.26 (q, 2H, Ct!
2
CH

3
); 

c1 
11. 3 3 { br, 1H, N!:!) • · 

6G96=7.33 ~ffi 1 4H ); 
ar;:,m 

1.33 (t, 3H, CH2c~3 ); 2.23 (s, 3H, SCH
3

); 

2.33 (s, 3H, .ct!3 ); 4.28 (q, 2H, CH2CH 3 ); 

7.05~7.30 (m, 4H ); 11.38 (br, 1H, NH). 
ar;:,m -

1.33 (t, 3H, CH
2

C!:!
3

); 2.60 (s, 3H, SCH3 ); 

3.83 {s, 8H, ~(C!:!2 ) 2 ~o·(C!:!2 ) 2 ~); 4.25 

(q, 2H, CH
2

CH
3

). d 

2.50 (s, 3H 1 SC!:!3 ); 6.11 (s, 1H, !:!=2); 

d 

7.38~7.81 (m 6 BH ); 8.03=8.33 (m, 2H ); ar;:,m ar;:,m 

13.66 (br, 1H, NH). 
d 

--J 
1-



Table 3 -:!::>ntd, ""-
3h 3340 (br, l)NH); 

1:95 ( )Jco) 
a 

3i 3300 ( br,.)) ~'IH); 

1~.95 ( V )a 
co 

~ 3380 (br, ))NH); 

1~)90 ())co )b 

3k 3300 (br, )}NH); 

1608 (.'2Jc
0

)a 

2.31 (s, 31-:, SCt_!
3

); 3.75 (s, 3H, 0Ct_!
3

); 

5 • 70 ( 81 1H, !::!=2); 6.70=6.95 (m, 3I:ar:>m); 

7.28 (m, 4H ); 7.80 (dd, 
ar:>m 

2H ) • 
ar:>m ' 

13.20 (br, 1H, NH). 
G 

2.48 ( s, 3H, SCH
3

); 6.01 (s, lH, ~-2); 

7.30~7.70 (m, 7H ); 7.73~8.16 {m, 2H ); 
ar:>m arom 

13.52 (br, 1H, NH). 
d 

2.38 { s, 3H, SCH3 )~ 5.95 ( s, 1H, !;!~2); 

7.30 (br s, 5Har:>m); 7.60 (A2B 2 dd, 4Har:>m); 

13.45 (br, lH, ~). 
e 

2.51 (s, 3H," SC!;!3 ); 6.18 (s 1 lH, !;!-2); 

7.55-7.90 (m, 7H ); 8.16-8.40 (m, 
ar:>m 

d 
2H ); 13.58 (br, 1H1 NH). 

ar:>m -

.... ,] 

h 



Table 3 ~:::mtc~. 

31 

3m 

3 35 0 ( br 1 }) NH) ; 

c 
15~0 (Yeo) 

3330 ( br' ).) NH): 

c 
15E o ( )leo' 

1.33 (t., 3H., CH
2
q,:!3 ); 2~48 (s, 3H, SCH

3
); 

3.48 r(br,pq, 2H 1 C!:!2CH3 ); 5~66 (s, lH, H-2); 

7.30-7.65 (m, 3H ); 7.70-8.05 (m, 2H )1 · ar:)m ar :)ffi 

11.70~12.10 (br, lH, NH). d 

1.22 (t,. 3H, CH
2

C!:,!3 ); 2.37 (s, 6H 1 cg
31

. 

SC!:!
3

); 3.34 (br.q, ?H, C!:!2CH
3

); 5.46 (s, lH, 

H-2); 7.38 (A
2
B

2
.dd, 4H ); 11.75 

- ar:)m 
d 

(br, lH, N!:!)• 

---1 
c,., 



Table 3 c ontd • 

3n 3390 (br, 2JNH): 

1~::ss < Vco)b 

3o 34CO (br, )JNH): 

1575 ( ))co )c 

~ 3460 (br, )}NH); 

156") ( 2)c0 )c 

1.32 ~t, 3H~ CH2cH3 ); 2.42 (s, 3H, SCli
3

); 

3.38 (br q, 2H~ CH 2CH3 ); 3.79 (s., 3H, oc~3 ); 

5.44 (s, lH, H-2); 7.25 (A2B2 dd, 4H ); - arom 

11.50 (br, lH, N!i,). e 

1.32 (t, 3H 1 CH2C;t!3 );, 2.34 (s, 3H, SCH3 ); 

3.32 (?r q, 2H, c~2cH3 ); 5.40 (s, lH, H-2); 

7. 4 8 Ci\
2
B 2 . dd, 4H ) ; 11. 60 ( br., e 

lH, N!:!) • arom . 

1.25 (t# 3H, CH2CH3 ): 2.35 (s, 3H, SCtl3 ); 

3.30 (br,q, 2~ 1 c~2cH3 ); 5.40 (s., lH., H-2); 

7.42 f,\
2

B
2

,.dd, 4H ); d 11.71 (br, lH, Ntl)• ar:::>m 

'"0 
~. 



Table 3 C:mtd. 

3q 

3r 

3s 

3L135 ( br, »NH); 

15 7 5 ( ')) c 0 ) c 

31 7 o ( br , '2) NH ) ; 

1560, 1375 ()) )b 
N0

2 

3260 (br,.2)NH); 

b 
15 65 < 2Jco) 

1.22 (t~ 3H, CH2c~3 ); 1.98 {s, 3H, C!i3CO); 

2.37 (s, 3H 1 SC!i3 ); 3.32 {br,q, 2H, CH2CH3 ); 

4.75 ( s, lH, ~~2); 11.30 (br 1 1H 1 NH). 
e 

1.40 {t, 3H, CH 2C!i3 ); 2.52 (s~ 3H, SC!i3 ); 

3.52 (q, 2H 1 C!i2CH
3

); 6.44 (s, lH, H-2); 

1 o " 7 3 ( br, 1H, NH ) • 
e 

1.00 (t 1 3H 1 CH2CH3 ); 1.61 (m, 2B, CH2cH
2
cH

3
); 

2.32 (s, 3H 1 SCH
3

); 3.05~3.44 (br,q, 2H, 

NHCH
2

); 5.46 (s, 1H, H=2); 7.24 (br s, 3H ); 
- · - ar:Jm 

7.70 (s, 2H ); 11.42 (br, 1H,· NH).e 
· ar:Jm -

.-.._} 

C.:: 



Table 3 c :>nt<~. 

3t 

3u 

3v 

3360 (br, ))NH); 

b 
1565 < J)co) 

3300 (br •. ))NH); 

b 
1575 ( )J co) 

3240 ( VNH); 

a 
2180 ( )) CN) 

1~05 ~t, 3H~ CH2CH3 ); 1.63 (m, 2H; CH
2
Cli

2
CH 3 ); 

2;32, 2.40 (tw8 s, 6H, SCli3+ CH3 ); 3.28 (q~ 2H~ 

NHCH2 ); 5.48 (s, 1H, H~2); 7.33 (A
2

B
2
.dd, 4H ); 

- - ar8m 

11.50 (br, 1H, Nli)• 
e 

2.40 (s 1 3H, sc~3 ); 4.50 (d, 2H, NHC~2 ); 5.58 

(s, lH, H-2); 7.00~7.42 (m, BH ); 7.70 - ar8m 

(m, 2H ); 11~64 (br, 1H, NH). 
8 

ar8m -

2.18 (s, 3H, scg3 ); 6.47 (br, 1H, Ng); 6.85~7.50 

d 
(m, l0Har8m) • 

"'-.} ,..­.... 



Table 3 c::>nt£1. 

3w -

3x 

1X 

)a 
1525 Cl}N02 

3350 (br,J}NH)7 

1722£1 1680 

( .J) co )b 

3380 (br,..)) NH); 

b 
1580 {))co> 

2e35 (s, 3HI SCH3 ); 6.73 (s, lH, ~~2); 7.38 

d (br, 5H r~ )J 11.80 (br s 1 1H, NH). a ~m -

f 1.50-1.85 (br.m) ; 1.90~2.70 (tw:) br q, 4H, 

f 
-CH2cg2); 2.90 (s, 3HI SC~3 ); 4.21 (t, Ha) ; 

6.81-7.50 (m, BH ); 7.90 (d, 1H )1 ar8m ar::>m 
12.10 (br, lH, NH). e 

2.08 (s, 3H, c~3 ); 2.35 (s, 3H, SCH3 ): 4.05 

(s, 2H, -cH2S-); 7.04 (br s, 3H ); 7.20~7.35 - · ar:)m -

(m, 4H ); 7.76 (s, lH ); 11.70 (br, lH, NH). 
ar::>m ar::>m -

a in KBr~ b in Nuj::>l; c neat; d in cncl3; e in ccl4 ; f due t::> imin::> f:)rm D. 

e 

""'-1 
"""-) 

' 



Spectral data Jf N,N=acetals 4a-s 

PrJduct 

4a 

4b 

=1 IR (em ) 

3258, 3200 (,)NH): 

a 
1550 (Yeo) 

3 3 85 I 319 0 ( J NH ) ; 

a 
155o ( 1lco) 

TABLE 4 

1H~NMR ( b /ppm) 

5.65 (s, 1H, ~=2); 6.50 (br, 1H, NH); 7.03=7.56 
. c 

(m, 13H )t 7 •. 76 (m, 2H b 13e60 (br, lH.,. NHh - arJm arJm -

4.40 (s, 2H, CH 2CO); 6.80=7.45 (br.m, l3H ); - arJm 
d 

7.60 (m, 2H ). arJm 

3.83 (s, 3H, ~!:!3 ); 5.66 (s, lH, !:!~2); 6.43 (}?r, lH, 

NH); 6.93 (d, 2H ); 7.10~7.55 (m, 10H ); 7.80 - ar Jffi ::~.r Jm 

c ( d, 2H ) ; 13 • 6 0 { br , lH, NH ) • arJm -

-..] 
r 
'-'-



Table 4 (C:mtd.) 

4c 

4d 

4e 

4£ 

3270,3210 (2)NH); 

a 
157o ( ))co) 

3410, 3260 ( '))NH); 

b 
1560 ( 2) co) 

3 3 00, 3 2 5 0 ( J} NH ) i 

a 
16oo ( jc

0
) 

3390, 3370 ( VNH); 

b 
1600 ( 1.) co) 

5.56 (s, 1H, H=2); 6.50 (br, 1H, NH); 7.04=7.5~ 

(m, 10H ); 7.50=8.10 (m, 4H ); 13.50 (br, ar8m ar8m 

(lH, N~). 
c 

d 4 • 4 2 ( s , 2H, CH 
2
c o ) ; 6 • 6 0= 7 • 8 o ( m, 14 H ) • 

- ar8m 

5.66 (s, lH, H~2); 6.45 (br, lH, ~); 7.16=7.65 

(m, 11H ); 7.75~7.98 (m, 2H ); 13.66 arJm ar8m 

(br, 1H, ~). 
c 

3.65 (s, 3H, OCH
3

); 4.21 (s, 2H, c~2co); 6.50~ 
e 7.65 (br m, 12H ). arJm 

"'-.] 
c:.._ 



Table 4 (c::mtd.) 

isl 

'1h 

4i 

4j 

3400, 3340 ( })NH); 

b 
1600 ( ).) co) 

3340.-3310 (VNH); 

) )b 
1595 < 21co 

3410, 3160 ( ))NH) i 

3400, 3260 ( J} NH) i 

b 
1590 ( )} co> 

2.15 (s, 3H, C!i3 ); 2.24 (s,3H,·c!:!3 )7 3.67 (s, 3H, 

OCH 3 ); 4.30 (s, 2H, CH2CO); 6.42=7.30 (br 1 1 10H )! 
- - ar::xn 

e 
7.32=7.70 (m, 2H ). ar:>m 

2.50 (s, 3H, c~3 )7 3~78 (s, 3H, oc~3 ); 4.oo. (s, 3H, 
. e 

OCH 3 ); 4.55 (s, 2H, CH2CO); 6c82=7.90 (br m, 12H ). 
- - ar:>m 

f 4.98 (s, 1H, H=2); 7.00-7.95 (m, 10H ). - ar:>m 

1.23 (t, 6H, tw:> CH2C!:!3 ); 3.16 (q, 4H, tw:> .c!:!2CH3 ); 

5.10 (s, 1H, H~2}; 6.40 (br, 1H, ~); 7.16~7.43 

(m, 3H ); 7.56~7.83 (m, 2H ); 11.55 (br, lH, NH). 
ar:>m ar:>m -

c 

co 
c. 



Table 4 (c:mtd.) 

4k 

41 

4m 

3420, 3270 ( )}NH); 

b 
1588 ( Yeo) 

3450, 3380 ( l)NH) ~ 
b 

1585 ( lto) 

b 
1675 ( »co) 

1.20 (t, 6H, tw~ CH2c~3 ); 3.13 (br.q, 4H, _tw~ 

CH 2CH3 ); 3.72 (s, 3H, ocg3 ); ~.00 (br, lH~ ~); 

5.18 (s, 1H, H=2); 6.82 (d, 2H ); 7.78 (d, - ar~m 

c 2H ); 11.40 (br, lH, NH). 
ar~m -

1.30 (t, 6H, twJ CH2c~3 ): 2.90=3.51 (br.q, 4H 1 

twJ CH2CH3 ); 4.74 (br, 1H, N~)~ 5.14 (s, 1H1 g~2); 

c 7.51 (A
2
B

2 
dd, 4H ); 12.40 (br, lH, NH). 

ar~m -

3.30 (br.s, 8H, m~rphJlin8); 3.72 (br s, 8H, 1 

m8rphJlinJ); 5.08 (s, lH, H~2); 7.34 (br s, 3H ); - ar~m 

) c 7.76 (dd, 2HarJm • 

C;:J 
f==. 



Table 4 (C8ntd.) 

4n 3250,. 3170 

15 95 1 1375 

(2)NH); 

)b 
( )}N0

2 

48 3310,3170 (2)NH); 

15 so, 1605 ( .))co) a 

4p 3260, 3200 ( j}NH); 

1550, 1375 ( )) NO )a 
2 

0.96 (t, 6H, tw8 CH2cg3 ); 3.10 (q, 

CH3 ); 5.20 (~, 1H, ~=2)~ 7.12 (br, 
.. f 

7.80 (br, 1H, Ng). 

4H, tw8 c~2 
lH, NtZ_); 

3.63 ( s, 4H, =CH2cH2~); 4.02 (s, lH, H=2); 6.80~ 

7. 20 (m, 3Har8m); 7.30=7.60 (dd, 2H ) ; 8.00 ar8m 

(br, 2H, N!:!). f 

3.81 (s, 4H~ -c~2c~2 ); 5.30 (s, lH, H~2). f 

a. KB b. N'l c. 1 d. 't' .. f ~n r; ~n UJ 8 ; ~n CDC 3 ; 1n TFA, ex1s s J.n 1m~n8 8rm G; 

e in TFA, exists in imin8 f8rm G, ins8luble in CDC1 3 : f in TFA. 

co 
(I. 



spectral data Jf pr8ducts !!<~-£) 

-1 a Pr8duct IR (em ) 

11a 16 85 ( W ) , 

1630 ('))co) 

11b 1685 (W), 

1620 ( 'J) co) 

11c 1690 (W), 

1620 < Vco) 

a . . 1 b . 1 lO OUJ8 i lO CC 4 • 

TABLE 5 

- -- --- -5 
1

H-NMR <5 /ppn) 

2.38 (s, 3H# sc~3 ); 3.50~ 3.56 (tw8 s, 8H, 

mJrph8lin8); 5.63 (s, 1H, ~~2); 6.95~8.00 (m~ 

5Har8m). 

2.20 ~br s, 6H, SCH3+ C~3 ); 3.40 {s, 4H, 

m8rph8~in8); 3.64 ~s, 4H, m8rph8lin8); 5.68 

(s, 1H, g=2); 7.32 (A2B2 dd, 4Har8m). 

1.67 (br.s, 6H, =(CH2 ) 3~; 2.33 (s, 3H# sc~3 ); 

3.12-3.68 (m, 4H, =CH2~N=C~2 ); 5.70 (s, 1H, H=2); 

7.15-7.54 (m, 3H ) 7.55-7.94 (m, 2H ). ar8m ar8m 

cc 
~ ..... 



EXPERH1ENT l\L 

M.ps. were determined ::>n a 'B::>ctius• (German) 

apparatus 3nd are unc::>rrected. The IR spectr~ were 

rec::>rded ::>n Perkin-Elmer 29/ s.l:-' .... c·cr::>ph::>t::>meter. The 

NMR spectra were rec::>rded ::>n a varian~EM~390 spec:tr::>= 

meter using TMS as an internal stand~rd and the chemi~ 

c=:~.l shifts are expressed inS (ppm). 

The starting materials 

The c::>mmercial samples ::>£ acet::>phen::>ne, 12-methyl-

n::>ne, E~br::>m::>~cet::>phen::>ne, tetral::>ne, phenylacet::>nitrite~ 

ethyl acet::>acetate, aniline, E-chl::>r::>aniline, p-flu::>r::>-

aniline, ~t::>luidine, E=anisidine, bcnzylamine, 

ethylenediamine, m::>rph::>line and piperidine were purified 

bef::>rc use. 

The 6-methyl~2,3=dihydr::>-l-benz::>thi::>pyran-4-::>ne, 

bp 154° (12 mm); 12 dimethyl trithi::>carb::>nate, bp 225° 

( 760 mm): 13 ethyl is::>thi::>cyan-3.te, bp 130-1° ( 760 mm) lt1a 

o ) lL!.b and phenyl is::>thi::>cyanate, bp 120~1 (35 mm · were 

prepared by the rep::>rtecfeth::>ds. 



The keten-s,s-acetals: 1,1-bis(methylthi~)-2-

cyan~-2-c3rb~eth~xyethylene (1~), mp 53°;
15 

3,3-bis 

16 
(methylthi~)-1-phenyl-2-pr~pen-1~~ne (1b), mp 93°; 

80 

3,3~bis(methylthi~)-1~(E-meth~xyphenyl)=2-pr~pen-1-~ne 

(lc), mp 100-1"; 16 3,3-bis(methylthi~)-1-(_E-br~m~phenyl) 

-~-pr~pen-1-~ne (1d), mp 106~7°; 16 3,3-bis(methylthi~)~ 

1-methyl-2-pr~pen-1-~ne {1e), mp 66-7"; 17 1,1-bis 

(methylthi~)-2~nitr~cthylcnc (1£), mp 125°;
5 

3,3-bis 

(methylthi~-1-(E-methylphenyl)-2-pr~pen-1-~ne (1£), mp 

104-5°; 16 3,3~bis(methylthi~)-1-(£-chl~r~phenyl)-2-
16 

pr~pen-1-~ne (lh), mp 109-10°; were prepared by the 

rep~rted meth~ds, The s~S-3cetals derived fr:m ket~nes 

were prepared by reacting ~ne eqv. ~f the respective 

ket~ne with ~ne eqv. ~f cs2 and tw~ eqv. ~f !-BuONa in 

dry benzene f~ll~wed by alkylati~n with methyl i~dide. 

The nitr~ketene-s,s-a~etal 1£ was prepared by methyla­

ti~n ~f the c~rresp~nding dip~tassium salt with 

dimethylsulfate. 5 

The rep~rted methyl benz~yldithi~u.cetate (8a), 

mp 55olO and methyl .E"""methyl-benz~yldithi~acet.::tte 
10 (Bb), mp 54-5° were also prep::tred by reacting acet~-

phen~nes with dimethyl trithi~carb~nate in the 

presence ~f tw~ eqv. ~f s~dium hydide in refluxing 

benzene. 



Prepar~ti~n ~f keten-s,N- an~ N,N-acetals 

Meth~cl A. B.y displr:tcement mcth~d : 

~· In refluxing cth~n~l: ~ s~luti~n ~f keten-s,s~ 

acetal 1 (0.02 m~l) and the appr~priate amine ~ (0.025-

o.os m~l) in ethan~l (50 ml) was rcfluxed f~r 3.5-9 hr. 

After c~mpleti~n ~f the reacti~n (TLC), the s~lvent was 

remJved and the crude S,N- ~r N,N~ acetals thus ~btained 

were either purified by crystallizatiJn (3a~f and 4m-£) 

~r by c~lumn chr~mat~graphy ~ver silica gel (31 and 

lS-~) using hexane/benzene (1:1) as eluent (Table 6 & 7). 

~· By direct heating: .\ mixture ~f keten-s 1 s-acetal 

l (0.02 m~l) and the appr~priate amine l (0!022 m~l) 

was heated at 160-165°C f~r 15 hr in an ~il bath 

(m~nit~red by TLC). The mixture ~f S,N-acetal and 

N~N-acetal thus Jbtaned was se1~rated by CJlumn chr~ma­

t~graphy ~ver silica gel using benzene/hexane (1:1) 

as eluent. The s .. N-acetals 3g-! and 3k (Table 6) ancl 

N ,N~acetal s 4a-.s and 4e (Table 7) thus ~bt::J.ined were 

further purified by crystallizati~n frJm hexane and 

chlJr~f~rm/hexane mixture respectively. 

The N,N-acetJls ij-1 derived fr~m ethylamine were 

prep=:t.red by direct heating ~f the respective s,s~acet=:Jls 



1:. ( 0. 05 m~l) and ethylamine ( 100'/o, 0. 15 m~l) in ·'l 

se.'lled tube at 150~160°C f ~r 3=6 hr (Table 7). 1\fter 

c~mplete disappear'lnce ~f keten-s,s~acetal (TlC), the 

reaoti:n mixture was diluted with water t~ rem~ve 

excess ~f amine# extraeted with ethyl acetate 1 dried 

(Na 2so4 ) and evap~rated t~ give crude N,N-acetals !j-! 

(Table 7) which were purified by crystallizati~n fr~ 

hexane. 

A-3.In refluxing acetic acid: A s~luti21n ~f keten---- --------~~~----~~~~ 
s,s-acetal l (0.01 m~l) and the appr~priate amine l 

(0.025 m~l) in gl. AcOH (20 ml) was rafluxed f~r 1-10 hr 

(Table 7). The s~lvent was rem~ved under reduced 

pressure, the reacti~n mixture was diluted with water 

and extracted with ethyl acetate~ The ~rganic layer 

was c9ried (Na
2
so4 ) and c~ncentrated t~ give crude N1 N­

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

llizati~n fr~m chl~r~f~rm/hexa.ne mixture. 

Meth~d B. By the reacti~n ~f active methylene o~m£~­

unds with aryl/alkyl isothi~cyanates: T~ an ice 

c~oled and well stirred suspensi~n ~f s~dium hydride 

(2,4g, 0,15 m~l) (washed 2-3 times with dry benzene) 

in dry DMF (50 ml), a s~luti~n ~f active methylene 

comp~und 5 (0.05 m~l) in dry DMF (25 ml) was added 



dr~pwise nuring 0~5 hr. ~ s~luti~n ~f alkyl/aryl is~­

thi~cyanate (0.05 m~l) in dry DMF (25 ml) was then 

added and the reacti~n mixture was furthGr stirred f~r 

1.5-2 hr 1 f~ll~wed by subsequent additi~n ~f methyl 

i~dide (0.05 m~l) in DMF (20 ml). A.fter further stir~ 

ring f~r 2 hr 1 the reacti~n mixture was p~uren ~ver 

crushed ice, neutr.:J.lized with gl. A.cOH and extracted 

with chl~r~f~rm. The chl~r~f~rm layer was washed with 

-water (3xlOO ml), dried {Na
2
so

4
) and c~ncentrated t~ 

give crude s,N-acetals ~-E and 3v~y (Table 6), which 

were either purified by crystallizati~n (3v ~nd ~) ~r 

by passing thr~ugh silica gel c~lumn using benzene/ 

hexane (1:1) as eluent. 

Meth~d c. Thi~amide meth~d: 

Preparati~n ~f thi~umides: A mixture ~f methyl 

benz~yldithi~acetate (~) (O.Ol m~l) and the appr~priate 

amine 9 (0.01 m~l) in ethan~l (25 ml) was refluxed f~r 

4-7 hr. After c~mpleti~n ~f the reacti~n (mJnitJred 

by TLC), ethanJl was remJved JM water bath and the 

residue triturated with hexane tJ remJve excess ~f 

amine. The crude thi~amides ~~s thus Jbtained, were 

purified by crystalliz.J.tiJn fr~m ether/he:x:,J.ne mixture 



as yellow crystalline solids. Benzoylthioaceticacid­

morpholide (lOa), mp 126-7° (reported mp 127~9°), 5 

was obtained in 90% yi~ld. (IR and NMR same as repor­

ted)~ 5 

E-methylbenzoylthioaceticacid-morpholide (lOb), mp 

128° was obtained in 92% yield; IR~max (n~jol): 1680 

-1 (; (C=O) em ; NMR(TFA) : o2.42 (s, 3H, c~3 ); 3.67-4.40 

(br.s, 8H, -(CB2 ) 2 -o-(c~2 ) 2 -); 5.02 (s, 2H, CH2co); 
. -

7.55 (A2B 2 .dd, 4H ); Found : C, 63.49%; H, 6.25%; 
.· -arom 

N, 5.14%; Calc. for c14H17N02S (263) : c, 63.87%; HI 

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

was obtained in 88% yield; IR·,) (nujol) : 1730 vmax 
-1 (' (C=O) em ; NMR(TFA) : D 1.40 (s, 6H, -(CH2 ) 3~); 3.18-

3.65 (m1 4H, -cH2-N~cH2-); 4.50 (s, 2H, CH2CS); 

6.75-7.50 (br, SH ); Found arom 
C, 67,88%; H, 7.02%; 

N·, 5-. 45o/o; calc. for c 14H17Nos ( 24 7) : c, 68. Ol%; H, 

6.88%; N, 5.66%. 

Preparation of keten-S,N-acetals: To an ice cooled 

and well stirred suspension of sodium hydride (o.24g, 

0.012 mol) washed 2~3 times with dry benzene) in dry 

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



dry DMF (15 ml) "'IJas ac'lded and after stirring f:::lr 5-10 

min~, 0.01 m:::ll 8f methyl i8dide was added. The react= 

i8n mixture was further stirred 8vernight, c'liluted 
-·· 

with water and extracted with chl8r:>f8rm. The chl8r8= 

f8rm layer \·Jaskashed vJith \v.J.tcr ( 3xloo ml), dried 
I 

(Na 2so4 ) and concentrated t8 give crude s,N~acetals 

~-£ (Table 8).,. which were purified by passing thr:>ugb. 

silica gel column and using benzene/hexane (2:1) as 

eluent. 

9u 



TlillLE 6 

l=(N-Arylamin~)/m~rph~lin~~2~carb~eth~xy-2~cyan~~l~methylthi~ethylenes (3a=f): 

1="3.ryl/methyl=3-N-aryl/alkylamin~-3-methylthi~=l=~x~~2-pr~penes (3q~q and 

3s=~); P=anilin~~P~methylthi~-2~phenylacryl~nitrile (3v); 2-anilin~/N=ethyl= 

amin~=2=methylthi~~l=nitr~ethylenes (3r and 3w); 2=(anilin~=methylthi~) 

methylene=l~tetral~ne (~); 3""(anilin~=methylthi~)methylene=6~methyl=2,3=di~ 

hydr~=l=benz~thi~pyran=4~::me (l.X). 

a E Yieldc M~lecular Analysis (%) Pr~duct ' Reacti~n m.p. 

time ( hr) (%) ( oc) f~rmula calc. c H 
F~und 

3ad 7 77 74 Cl3Hl4N202S 59.54 5.34 

(262) 59.06 5.27 

" 

N 

10.68 

10.41 

c.::; 
~-



Table 6 (c:mtd.) 

3bd 4 75 79 Cl4Hl6N203S 57.53 5.47 9.58 

(292) 57.30 5.32 9.,40 

3cd 3.5 76 104- c 13H13clN
2
o

2
s 52.61 4.38 9.44 

105 (296) 52.44 4.42 9.25 

3dd 5 75 98- C13H13FN202S 55.71 4.64 1o.oo 

99 (280) 55.31 4.73 9.88 

3ed 6 72 79- C14H16N20S 60.86 5.79 10.14 

80 (276) 61.14 5.90 10.40 

3fd 8 71 90- CllH17N203S 51.36 6.61 10.89 

91 (257) so. 98 6.59 10.77 

c.:; 



Table 6 (C:>ntd.) 

3ge 8 82(40) 56- c 16H15NOS 

57 (269) 

3h
8 10 74(32) 66- Cl7Hl7N02S 

67 (299) 

3i
8 

8 84(41) 85- c 16H14BrNOS 

86 (348) 

3jg = 77 77 c 16H
14

clNOS 

(303.5) 

3ke 11 76(31) 116- c 16H14clNOS 

117 ( 303.5 ) 

31£ 9 70(75) :>il c12H15NOS 

(221) 

71.37 5.57 

70.98 5.60 

68.22 5~68 

68.70 5.61 

55.17 4.02 

54.89 3.91 

63.26 4.61 

63.64 4.55 

63.26 4.61 

63.60 4.88 

65.15 6.78 

65.32 6.66 

5.20 

5.33 

4.68 

4.45 

4.02 

3.89 

4.61 

4.86 

4.61 

4.92 

6.33 

6.08 

c.:;; ,.. 
...... 



Table 6 (c:mtd.) 

3mg ~ 76 :::>il 

3n9 
~ 76 :::>il 

3:::>g ~ 78 :::>il 

..... g 75 :::>il .::>P ~ 

3qd 25 88 :::>il 

c 13H17NOS 66.38 

(235) 66.07 

C13H17l'if0 25 62.15 

{251) 61.79 

C 12H14BrNOS 48 .. 00 

(300) 47.73 

c 12H14clNOS 56.36 

( 255) 56.71 

c 7H13NOS 52.83 

( 159) 53.12 

7.23 

7.11 

6.77 

6.95 

4.66 

4.51 

5.47 

5.60 

8.17 

8.00 

5.95 

6.23 

5.57 

5.92 

4.66 

4.82 

5.47 

5.75 

8.80 

8.53 

~ 
:...:,._ 



Table 6 (c:::mtd .. ) 

3rd 2 64 61= 

62 

3s 
d 

17 92. ::>il 

3td 15 90 :Jil 

3ud 12 95 :Jil 

3v9 = 77 112~ 

114 

C5H10N202S 37 .. 03 

(162) 36.71 

c 13H17NOS 66~38 

( 235) 66~61 

c 14H19NOS 67.!_6 

(249) 67.31 

c 17H17NOS 72.08 

(203) 71.72 

Cl6Hl4N2S 72.18 

(266) 71.90 

6 .. 17 

6 .. 32 

7.23 

6.99 

7.63 

7.71 

6.00 

6.18 

5.26 

5.18 

17.28 

17.09 

5 .. 95 

6.17 

5.62 

s_ao 

4.94 

5.32 

10.52 

10.71 

(:) 
I"' 
'-



Table 6 (c~ntd.) 

3wg 92 147= C9HlON202S 

148 (210) 

3xg 78 ~il c 18H17NOS 

(295) 

3yg 90 ~il C18H17NOS2 

(327) 

a crystallized fr~m chl~r~f~rm:hexane (3a~f, 3v and 3w). 

b Purified by c~lumn chr~mat~raphy (~=~, 3x and 3y). 

c The yields were n~t critically ~ptimised. 

Known 

73.22 5~76 

73.71 5.49 

66.05 5,19 

65.68 5.47 

4.74 

4.66 

4.28 

4.04 

(.:) 
c. 



d 
Prep~red by mothJd A=l. 

e 
Prcp~red by mothJG A=2 and methJd B, 

f Prep3.red by mothJd A=l ::~.nd meth8d B ~ 

0 Prcpired by methJd B :;nly. 

yields in parentheses are by meth8d A=2. 

yield in parentheses is by meth8d A-1. 

'",-. 

""'"' "':_ 



TABLE 7 

1=.?\ryl=3,3=bis (N=aryl/ethylamin':l)/m0rph':llin0 -l~>Jx':l~2=pr':lpenes (4a~_b) and 4j~m); 

2,2=bis(anilin':l/N=ethylamin0)~1=nitr0ethylenes (4i and 4n); 2=(benz0yl/nitr'J)~ 

methylene=imidaz>Jlidine (~£ and 4p) 

Pr0duct m.p. M0lec~lctr Analysis (%) Reacti':ln cryst. 
time ( hr) s0lv E,nt 

Yialda 
(%) ( oc) f0rmula Ca.Lco 

-::----~----"'"-c H N 

4ab 1c 

4bb lc 

4cb LSC 

CHC13 : 

hexane 

CHC1
3

: 

hexane 

CHC1
3

: 

hexane 

64(10) 

74(12) 

68(12) 

132= c 21H18N7o 

133 (314) 

161= C22H20N2°2 

162 (344) 

137= c 21H17BrN
2
o 

138 (393) 

f0und 

80.25 5.73 8.91 

79.92 5.90 8.81 

76.74 5.,81 8.13 

76.47 5.99 7.86 

64.12 4.32 7.12 

63.85 4.15 6.89 

' 

CD ,..._ 
~ 



Table 7 (c::mtd.) 

4dd 1.5 CHC1 3 : 71 188= 

hexane 189 

b 4e Be CHC1 3 ·: 50(11) 193= 

hexane 195 

4fd 10 CHC1 3 : 51 198 

hexane 

4 d _0 2 CHC1 3 : 69 113= 

hexane 114 

4hd 2 CHC1 3 : 72 140 

hexane 141 

c 21H17clN2o 72.30 

(348.5) 71.88 

C21H16Cl2N20 65.79 

(383) 66.17 

C22Hl8Cl2N202 63.92 

(t±13) 64.27 

C24H24N202 77.14 

(372) 76.86 

C24H24N2°3 74.22 

(388) 73.90 

4.87 

4 .. 95 

4.17 

3.98 

4.35 

4.17 

6.45 

6.68 

6.18 

6.00 

8 .. 03 

7.89 

7.31 

7.58 

6.77 

6.85 

7.52 

7.77 

7.21 

7.53 

(D ,. 
'-· 



Table 7 (c:mtd.) 

4id 2.5 CHC1 3 : 70 157~ 

hexane 158 

±ie 6 hexane 77 76~ 

77 

4ke 5 hexane 75 70= 

71 

41
6 3 hexane 72 93~ 

95 

4mf 9 CHC1 3 : 82 138= 

hexane 140 

4nf 6 EtOi\C 75 127= 

128 

C14H13N302 65.88 

(255) 66.12 

C13H18N20 71.55 

(218) 71.73 

C14H20N2°2 67.74 

(248) 67.62 

c 13H17clN2o 61.78 

(252.5) 61.93 

C17H22N203 67.54 

(302) 67.82 

C6H13N302 45.28 

( 159) 45.45 

5.09 

4.89 

8.25 

7.99 

8.06 

7 .• 86 

6.73 

6.80 

7.28 

7.57 

8.17 

8.01 

16.47 

16.67 

12.84 

12.58 

11 .. 29 

11.57 

11.08 

10.75 

9.27 

9.46 

26.41 

26.21 

~ 

0 
c 



Table 7 (C:>ntd.) 

4:>f 8 EtOAC: 

EtOH 

4pf 8 EtOl\C 

80 

82 

186= 

188 

155~ 

C11H12N20 

(188) 

C4H7N302 

157 (129) 

a The yields were n:>t critically :>ptimised. 

70.21 6.38 14.89 

69.86 6.02 15.17 

Kn::>wn 

b Prepured by mcth:>d A~2 and A-3, yields in parentheses c:>rresp:>nd t:> meth:>d A-2. 

c Reacti:>n time f:>r meth:>d A-3. 

d Prepared by meth:>d A=3. 

e 
Prep~red by meth:>d A=2 in sea led tube. 

f Prepared by meth:>d A=1. 

~ 
Q 

~ 



TABLE 8 

l=Aryl=3=methylthi::>=3=m::>rph::>lin::>/piperidin:J~l=:JX:J=2=pr::>penes (1la=_£)a 

Pr::>duct 

113. 

11b 

11c 

Yield 
(%) 

92 

90 

93 

m.p. 
( oc) 

::>il 

:Jil 

:Jil 

a1 Prepared by meth::>d c. 

M:Jlecular 
f::>rmula 

C14H17N02S 

(263) 

C15H19N02S 

(277) 

c15H19NOS 

(261) 

.Analysis ~o/o) 
calc. F':Jund C H 

63.87 6.46 

64.11 6 .. 70 

64.98 6.85 

65.33 6.72 

68.96 7.27 

69.20 7.05 

N 

5.32 

5.24 

5.05 

4.82 

5.36 

5.14 

)--..4 

a -{ t,-. 
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CH!\PTER 3 

~ION OF POLhRIZED KETEN-S,N­RE\Cb 
AND N 1 N~ACETALS 1rUTH GUANIDINE: 
A NOVEL AND CONVENIENT SYNTHESIS 
OF 2-,\MIN0-4-(N-ALKYL-N-ARYLAMINO) 
PYRIMID):NES* 

3.1 Amin::)pyrimidines : A brief Literature Survey 

A large number ::)f bi::)l::)gically imp::)rtant amin::)pyri~ 

midines have been described in the literQture.
1

' 2 Their 

synthesis have been achieved either directly using 

appr:>pri:J.tely functi::)n3.lized c'3.rb:>n fragments ::)r by multi~ 

step pr::)cess starting mainly fr::)m the c::)rresp::)nding 

::):X:::)pyrimir'lines. A brief survey ::)£ th(~ literature C::)ver-

ing the vari::)US synthetic meth::)t4S f::)r amin:>pyrimidines, 

is described in this chapter .. 

3.1.1 synthesis ::)£ Amin::)pyrimidines Principal 

Synthetic Meth:>d 

When guanic'line (2a) (Scheme 1) 3 is reacted with 

three t::'3.rb::)n fragments ~ ::)r _!£, the c ::)rresp::)ncUng 2~ 

amin::)pyrimidines 3a are ::)btained in g::)::)d t::) excellent 

yields. This meth::)d is further extended t:> prepare 

* A. Kumar, v. l\ggarwal, .f:t• Ila and H, Junjappa, ~~nthesis 

7 48 ( 1980). 

100 



R 

R1t + 

. 1 
1a, R,R= alkyL 

aryl 

b , R= all-<oxy; 
1_ R- alkyl, 

aryl 

Scheme 1 

~H 
H N_....C,N/R2 

2 'R3 
----~ 

2a R2=R3=H - ~ 

Q , R2=alkyl; 

R3=H 

£ , R2=R3=alkyl 

0 

~N 
Rl)L N )1.__ NH2 

'2 R 

. 4 R1=alkyt,aryl; 
-' 

R2=a!kyt 

R 

L 2 
I ;R 

Rl NJtN 
\R3 

3a , R= alkyl, aryl, OH 1 

R1= alkyl I aryl ; 

R2=R3= H 

Q I R , R1:::: alkyl , aryl ~ 
R2= alkyl , R3= H 

~ , R = OH , R1= alkyl ,aryl ; 

R2= afkyl , R3= H 

g ,R,R1=alkyl,aryl; 

R2 = R3= alkyl 

e R= OH , R1 = alkyl,aryl ; 
-I 

. R2= R3= alkyl 

~ 

0 
c 



N-alkyl= and N,N~di~lkylaminopyrimidines. The reaetion 

of N ,N.,.cialkylguaniC:ine ( 2c) with (3 ~c'iketones la and 

~ -ket:>esters lb gave unequivocally the corresp:>nding 

2-(N 1 N-dialkyl)amin:>pyrimidines 3d and ~ respectively. 

Similarly, N~alkylgu::1nidine (~) rcactGd withP-diketo­

nes 1e to yield :>nly 2-N-alkyl:3.minopyrim;i.dines 3b( while 

with~ -kGtoesters lb, a mixture of 2~N-alkylaminopyri­

midines 3c and the pyr~midine i carrying an alkyl group 

on one :>f the ring nitr:>gen at:>ms is f:>rmed, 

The synthesis :>f 4-:>r (and) 6-amin:>pyrimidines ~ 

(Scheme 2) 3 is achieved by reacting guanidine/amidines 

with three carb:>n fr~gments ~ having terminal nitrile 

group~! HowevP.r, the metho0 c~nnot be usen f:>r the 

synthesis of the corresponding pyrimidines having sec:>nd~ 

ary and tertiary amin:> groups in the 4 and 6-p:>sitions~ 

There are other methxls :>f Primary Synthesis 

rep:>rted in the literature, 3 which are of less practical 

imp:>rtance. 

3.1~2 From Chloropyrimidines 

The re,::~.ction :>f ammonia :>r its alkyl/aryl deri-

vatives with chlor:>pyrimidines 8 (Scheme 3) t:> give 

10/ 



N 
Ill 

(c 
R 

+ 
NH 
II c 

H2N/ 'R1 

Scheme 2 

5, R =acyl, 
- aroyl, CN 

OH 

J--N 
~NR_R1 R 

7 

Scheme 3 

Ct 

POCt 3 fN 
....._ 11 

R N~R1 

8 

/ 
R2 

HN 
3 ""R 

7 8 , 9 , R , R1 :: alkyl J aryl , NH2 _,_ -
9, R~ R3= H, alkyl, aryl 

,]~. 

R~N'RR, 
·s , R =-alkyl, aryl, 
- NH2; 

R1 = alkyl, aryl, NH2 , 

/R2 
NHR2 ~ N, 

3 ..__R 

2 R3 
R\ / 

~N 
~N~R1 R 

9 

~ 

0 
c,_ 



the c:Jrresp::mding ::tmin :lpyrimidine s 2.' c:>nst i tutes ::me 

. b ~ . 1' 3 
:Jf the imp:Jrtant meth:Jds cJescr1 eo 1n the 1terature. 

H:Jwever, there is n:J direct meth:Jo f:Jr the synthesis 

:Jf chl:Jr:Jpyrimidines, which are 0erived fr:Jm the c:Jrres-

ponding :JX:Jpyrimidines 2 by re~cting with ph:Jsph:Jr:Jus 

:Jxychl:Jride. This c:Jnversi:Jn :Jf :JX:Jpyrimidines t:J 

chl:Jr:Jpyrimidines, suffers fr:lm multi=step :>perati:Jns 

resulting in overall p:Jor yields. The practical diffi~ 
} 

culties :Jf separati:Jn have been rep:Jrted when the pKbs 

:Jf the chl:Jr:Jpyrimidines are cl:Jse t:J that :Jf N,N­

diethylaniline,3a which is generally usGd as a S:Jlvent 

in these reacti:Jns. Nevertheless, the meth:Jd h3.s been 

used since it pr:Jvides the m:Jst practical pr:Jcedure f:lr 

the synthesis :Jf amin:Jpyrimidines. 

3•1.3 Direct Synthesis :Jf ~in:lpyrimidines fr:>m 

ox:>pyrimidines 

The synthesis :>f 2,4-diamin:>pyrimidines 11 

(Scheme 4) 4 is described thr:>ugh the reacti:Jn :Jf the 

c:Jrresp:Jnding 2-amin:J-4~oxopyrimidines 10 with ~ppr:J-

priate phenyl ph:Jsph:Jr:Jdiamidates. Ph:Jsph:Jric tri-

amides are similarly used t:> prepare ~-(N,N-dialkyl) 

10 .. 1 



0 

}(N 
R1JLN-~'N H2 

iO 

OP(OPhHNH2)2 
> 

------7 

JH~ 
R1ANJlNH

2 

11 ,R1=atkyL 
- aryt 

R, ,..R 

JN 
R1~N)lNH2 

12 R, R1= alkyl, _, 
aryl 

~--"­
)-... 

c 



1Jj_ 

amin8pyrimidines 12 fr':Jm the c8rrcsp8nding ':JX':Jpyrimidines. 

H8wever, ph8sph8ric tri~mides, ':Jther than their hexamethyl 

derivative (HMPT), which is c':Jmmerci.3lly av~ilable, have 

t':J be prepared, which further incre3ses the number ':Jf 

steps inv':Jlved in the amin8pyrimidine synthesis~ This 

difficulty has been :JVerc:Jme by treating the ':JX:Jpyrimi= 

dines with a mixture :Jf ph8sph:Jr':Jus penta:Jxide and appr8~ 

priate dialkylamines t:J yield the c:Jrresp':Jnding N,N­

dialkylamin:Jpyrimidines.5 

The :Jverall yields :Jf the pyrimidines derived fr:Jm 

these meth':Jds are n:Jt satisfact':Jry. 

3.1.4 Affiin':Jpyrimidines by Direct Aminati':Jn 

Direct aminati:Jn ':Jf pyrimidines using s':Jdamide 

in decalin have been rep8rted 3 t:J yield either m:Jn:J ':Jr 

diamin:Jpyrimidines as exemplified in Scheme 5. Thus 

4~methylpyrimidine 13, 8n treatment with s:Jdamide gave 

a mixture ':Jf the c:Jrresp:Jnding 2=amin:J-6=methylpyrimi~ 

dine (14) and 2,4~diamin:J-6-methylpyrimidine (15) al':Jng -
with :Jther unidentified pr8ducts. The meth8d seems t8 

be :Jf little practical imp:Jrtan ce and there is t'l':Jt much 

literature ':JO the studies ':Jf this reacti':Jn. 



·.Scheme 5 

~N 
MeANJJ 

13 

. ~N NaNH2/decahn ~ 

Me :---..N NH 2 

SR 

~N 
lNR_sR 

16' R = H ' alkyl 

14 

Scheme 6 

/R 
HN,R1 

-----i) . 

+ 

R R1 
'\NI 

NH2 

~N 
Me_£N !.(_NH2 

15 

~N 
f~ I' 
~N~SR 

17 R R1=-H) alkyl, , ) 

- aryl 

/--1. 
I~ 

l\__ 



3.1.5 Fr~m Mercapt~ ~r Alkythi~pyrimiOines 

Mercapt~ pyrimiclines l§_, by reacting with amm~nia 

~r amines, are c~nverteo int~ the c~rresp~nding amin~py= 

rimidines 17 (Scheme 6), 3 in m::>derate t~ g~~d yi-elds. 

The displacement ::>f 2-mercapt::> gr::>up with an amine 

requires activating substituents in the pyrimidine ring. 

It may be n~ted here, that alth::>ugh the synthesis ~f 2= 

mercaptopyrimidines can be easily achiGved by using 

thi~urea as ::>ne carb::>n fragment, the meth::>ds described 

f::>r the synthesis ::>f 4 a~d 6-mercapt~pyrimidines are n~t 

satisfact::>ry. 

3 .1. 6 Amin ::>pyrimidines by ::>ther Methods 

A variety ~f miscellaneous reacti::>ns have been 

rep~rted f~r the synthesis ::>f aminopyrimidines, which 

are n~t of general synthetic applicati:n s and the details 

of their synthesis are rep::>rted elsevvherG (Scheme 7 & !S). 
3 

3.1.7 Fr::>m Alkoxypyrimidines 

Alth::>ugh alk::>xypyrimidines 28 (Scheme 9) were 

kn::>wn to underg::> facile displacement reaeti~ns with amines 

t~ give the c::>rresponding amin~pyrimidines 30, the meth~d 

was not popular, since the alk::>xypyrimidines themselves, 
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NO 

~N 
~J(R 

20 

Scheme 7 

HOC I 
\ 
7 

Hoffmann reaction 

Na2S204 ... 
--7 

19, R = atkyl, aryl 

;:~ 
C-.. ~ N R 

21) R = alkyl, aryl 
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Scheme 8 

'NH 
I ~10 

22 

/.c"-
HN / NH2 

Dimroth rearrangernent 

NC'0N 

~N J::-NH 
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Me 

25 

alkali 
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23 

NC~N 
I"' II 
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HN/ "NH2 

I 
Me 

26 

NH2 Rxl 1 ./\N + 
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H20 
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NaOH OHC~N 
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OR 

~N 
A rJ-N ;(_NH2 

28 , R = alkyl 

0 
Ar~ SMe _ 

H>=<SMe~ 
31 

Scheme~ 

R1 
I 

HN\ 
R2 

29 

Scheme 10 

- ) 

(1) RONa I ROH 

(2) N2 H4 

{1) 

(2) 

R1 

HN 
\R2 

33 

N2H4 

R1 R2 
'\. I . 

' N 
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~, Rl, R2:: H, alkyl , 
aryl· 

Ar: nOR N~N))-
H 

32, R = atkyt 

Ar 1 
~~R 

~ \R2 

~4, R1, R2= alkyl f-.,1. 
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in turn, were :Jbtained by the displacc:ment reacti:Jn :Jf 

the c:Jrresp:Jnding chl:Jr:Jpyrimidines with appr:lpriate 

alkali metal alk:Jxides. 3 

Recently, a general meth:Jd f:Jr the synthesis :Jf 

alk:Jxypyrimidines 1 by reacti~n guanidine an~ its deriva-

11 ';' 

tives with p:Jlarized keten dithi:Jacetals 31, in the 

presence :lf appr:lpriate s:ldium alk:lxides, has been f:Jrmula-

6 7 ted fr:lm ~ur lab~rat~ry, ' The inc:Jrp~rati:Jn :Jf the 

appr:Jpriate alk:Jxy gr~up in the keten dithi~acetal has 

been pr~ved experimentally by using different alc:lh:Jls. 

This has been further pr:lved by designing an experiment, 

manipulating the rea~ti:ln c:Jnditi:Jns, thr:Jugh inc:Jrp~ra-

ting appr:lpriate nucle~philes such as alk."Jxides and amines, 

f~r the synthesis :Jf the c:Jrresp:lnding alk:lxy ~2 and 

amin~pyraz~les l1 respectively (Scheme 10). 8 

Theref:lre, it is p~ssible t:J c:lntemplate similar 

syntheti~ strategy f:lr the c:lnstructi:ln :Jf vari"Jus 

heter~cycles, derivable fr:lm the keten dithi~acetals and 

vari~us binucle~philes, by inc:lrp:lrating in ~, appr:l­

priate nucle~philes. 

3.2 Results and discussi:ln 

Fr:lm the literature survey, it is evident that the 

vari:us meth:lds described f:Jr the synthesis :lf amin:lpyri-



midincs suffer fr:>m multi step :>perations and lack of 

generality f:>r structural variation. The :>bjective in 

the rresent investigati:>n is therefore, aimed at expl:>r~ 

ing the synthetic utility :>f keten~S,N= and N~N~acetals 

as three carb:>n fragments f~r the synthesis :>f amin:>pyri­

midines. The keten-s,N- 0nn N,N-~cet~ls can be prepared 

with liberal structural v~riQtions from a variety of 

active rre thylene comp:>unds. The meth:>d c:>nstitutes the 

first general appr:>ach t:> :>ne step synthesis :>f amin:>py­

rimidines. A few ket:>keten-S,N- and N,N~acetals have 

been ch:>sen f:>r the present studies which are described 

11d 

in chapter 2. Thus, the keten-S,N-acetal 35a (Scheme 11) 

underwent sm:>:>th reaction with guanidine nitrate in the 

presence :>£ s:>dium ethoxide in refluxing ethan:>l t:> yield 

the c:>rresponding 2,4-diamin:>pyrimidine 37a in 57% yield. 

Similarly, amin:>pyrimidines 37b~f {Table 1) were pre~ 

pared in 47-57% :>verall yields by reacting the keten-S,N= 

acetals ~-f with guanidine nitrate under identical 

c:>nditi:>ns. Alternatively, the pyrimiclines 37a~f were 

als:> prepared in :>ne p:>t reacti:>n, by refluxing the 

keten-s,s-acstal 38 with appr:>priate amines 39a~f, 

generating the c:>rresp:>nding S,N~acetals in ~~ f:>ll:>wed 

by subsequent reaction with guanidine, The structures 
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Table 1 

NO ---R2-~ 

37a C6H5 H· -
37b _e-CH3C5H4 H 

37c p -CH3oc 6H4 H 

-~7d _,I _p -ctCs H4 H 

37e p-F -CsH4 H 

37f - (CH2)2 -O-(CH2)2-



assigned t:> the pyrimidines 37a~.f '-'Jere c:>nfirmed :>n the 

basis :>f their analytical and spectral data described in 

1 1) 
~ j_ 

table 7 and table 3 respectively. When the ket:>keten~s,N-

aeetal ~ (Scheme 12) (Table 2) was similarly reacted 

with guanidine nitrate under identical c::mdi ti:>ns, the 

·eorresp:>nding amin:>pyrimidine 4-la w::J.s f:>rmed in 35% 

yield-. Simil·3.rly.r !Q£-l:, gave the c:>rresp:>nding 41b-.!_ 

in 34-50% :>verall yields, under identic~l c:>nditi:>ns. 

The structures assigned t:> these pyrimidines were in 

~::mf:>rmity with their analytical (Table 8) and spectral 

data (Table 4).. The alternative synthesis :>f 41a in :>ne 

p:>t reacti:>n by generating the c:>rresp:>nding S,N-acetal 

40a in situ, resulted in p:>:>r yield (18%). H:>wever, it ---
was f:>und that the N,N~acetal was als:> f:>rmed in c:>mpara-

ble yield which was rec:>vered unreacted, and the yield 

:>£ the pyrimidine theref:>re., Wlried acc:>rding t:> the 

S,N-acetal f:>rmati:>n ..:!:!! situ. T.vhen s,N~pr:>pylacetal 40j 

(Scheme 13) was reacted with guanidine nitrate in the 

presence :>f ethan:>lic s:dium eth:>xioe, a mixture :>f 4-n-

pr:>pylamin:>pyrimidine 41j (15%) and 4~eth:>xypyrimidine 

45 (30%) was f:>rmed. The exchange reacti:>n, h:>wever, 

was n:>t :>bserved :>n similarly reacting 40j in the pre~ 

sence :>f s:dium !-but:>xide when 41j was f:>rmed exclusi~ 

vely in 47% yield. Its analytical and spectr~l data are 
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desc:ribed in t::b le 8 and~able 4 respectively and a.e in 

c~nfJrmity with the structures assigned. Similarly, the 

ketJketen-S#N-morpholinJacetal 46a (Scheme 14) when _rea­

cted with guanidine nitrate in boiling ethanolic SJdium 

ethoxide,. a mixture Jf 4-morph~linopyfimicUne 48a ( 26%) 
-

and 4-ethoxypyrimidine ~ (2~/o) was forrred. Also the 

react·ion in the presence of SJdium isopropoxide in boil-

ing isopropanJl yielded a mixture of ~ (33%) and 49b 

( 11%) • However, ~ reacted with guanidine nitrate in .. 
the presence of sodium !-butoxide, to yield only the 

aminopyrimidine 48a in 46% yield• Similarly, ~ with 

guanidine in the presence of SJdium.!~butoxide gave 48b 

in 44% yield. Alternatively, the N,N~acetal ~ 

(Scheme 15) generated in situ (TlC), by reacting~ 

with mJrphJline was alsJ fJund to react with guanidine 

in the pLesence Jf sodium ethoxide tJ yield the corres­

ponding pyrimidine 4Ba in 28% yield. 48a was fou~d tJ 

be identical (mp, mmp, superimposable IR) with that 

Jbtained from 46a. Similarly, ~-~were used to gene­

rate in ~tu, the CJrresponding 22£-~ and were found tJ 

react with su.::midine nitrate in the presence Jf sodium 

ethJxide tJ yield the CJrresponding aminJpyrimidines · 

48c~£ in 20-31% overall yields. As a typical example 

1 0 . 
(._, t) 
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f~r the synthesis ~f fused pyrimidines, the keten-s,s~ 

acetal 42f derived fr~m eycl~hexan~ne, when reacted with 

m~rph~line, gave the c~rresp~nding N,N-acetal, generated 

in ~ ( TLC) .~ which ::m subsequent trc3.tment with guani­

dine nitrate in b~iling ethan~lic s~dium eth~xide yielded 

the c~rresp~nding pyrimidine 48f in 2~/o yield. The pyri--
midines 48a-f were characterised by their analytical 

(Table 9) and spectral data (Table 5), which were f~und 

t~ be in c~nf~rmity with the structures assigned. 

~pparentl~, since the keten-s~N-acetals pr~ved t~ 

be versatile three carb~n fragments f~r the synthesis ~f 

amin~pyrimidine~r~m the af~rementi~ned examples, it was 

c~nsidered attractive t~ ·:'lt!:eml=>t the rcacti~n ~f the 

functi8nalized S,N~acetals 519 (Scheme 16) with guanidine 

under similar c8nditi8ns t:J yield the c~rresp~naing 

amin~pyrimidines 52, which can be cyclized t~ pyrr~l~-

[2,3-aJ -pyrimidines 53. Alth~ugh, the f~rmati~n 8£ 

amin8pyrimidines 52 was c~nfirmed under usual reacti~n 

c8nditi~ns.~ c~nversi8n 8£ 52 t8 53 under vari8us c8ndi~ 

ti~ns was n:Jt successful. Experiments t8wards devel8p-

ing a meth8d f8r the synthesis 8f 53 fr8m 51 are still 

in pr8gress. The structures 8f 21 were c~nfirmed by 

their analytical (Table 10) and spectra 1 data (Table 6). 

11). l 
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TABLE 3 

Spectral data Jf prJducts 37(~~£) 

---·------- - =-1 a 
Pr:Jduct IR(cm) 

37a 

37b 

37c 

3420,3270, 3155 ( 1J NH• ))NH ) i 
2 

22oo ("))eN); 1660 < ))c0 ); 

1635, 1585 (,h NH) 
2 

3 2 0 0, 3 2 2 0, 3 14 0 ('}) NH I )) NH2 ) i 

2215 ('l}CN); 1650 (lJC
0

); 

1600, 1540 ( -~ NH ) 
2 

3425, 3265, 3Iso <)} NH,)) NHz); 

2215 ( V eN); 1662 ( Y co); 

1600, 1560 ( ~ NH ) 
2 

l~~NMR( S /ppm)b 

6.75~7.26 (m.~ SH ); 8.66 arJm 

(br s, 1H, N!;!). 

I nsJluble. 

3. 51 ( s I 3H, OCH3); 6. 80 

(A2B2 .dd, 4H ); 8.56 (br s, arJm 

1H, NH). 

~ 
("_..., 

i"=-



Table 3 (c:mtd.) 

37d 

37e 

37f 

3400, 3310, 3280, 3200, 3130 

( ~H, })NH
2

); 2200 

<Vc
0

>: 164o .. 16oo 

('))CN); 

s. ) 
()j? NH

2 

1668 

3475, 3292, 3200, 3123 (2) ))NH ); 
NH, 2 

2204 O.JcN); 1670 <»c0 ); 1624, 16oo 

( £ NH ) 
2 

3280, 3175, 3100 <J)NH,)JNH
2

); 

2180 (.VCN); 1670 ( 2Jc
0

); 

1655 I 1580 ( s NH ) 
2 

a~ IR medium = I<Br., 

b NMR s-::>lvent = TFA. 

I ns-::>luble .• 

6.56=7.05 (m, 4H ); 8.43 
ar-::>m 

(br s, 1H, NH). 

3.66 (s, BH, m-::>rph-::>line CH
2
). 

,.._.. 
G.J 
(\ .. 



Spectral data Jf pr~ducts 41(~~j) 

PrJduct 

41a 

41b 

41c 

=l 
IR(cm ) 

3400, 3270, 3130 

().) 2) ); 
NH, NH

2 
1620, 1590 ( S NH )a 

2 

3370, 3320, 3280 

()) NH' ).}NH ) ; 1618, 
2 

1590 ( S )a 
NH2 

3450, 3380, 3170 

('2) NH' l)NH ) ; 1628 
2 

1600 ( (' )a 
{) NH2 

TABLE 4 

IH-NMR ( 6 /ppm) 

5.22 (s, 2H, NH
2

); 6.61 (s, lH, H-5); 

7.00=7.70 (m, 8H ); 7.73~7.96 (m, 
arJm 

2H ) c 
arJm c 

5.00 {br s, 2H, NH2 ); .6.38 (s, 1H 1 !:!~5); 

/ ) c 
7.15-7.78 (m, 9HarJm • 

3.71 (st 3H, OCH3 ); 5.08 (br s, 2H, ~2 ); 

6.35 (s, lH, H~5); 6.70=7.33 {m, 7H ); - arJm 
... ) c 

7.76 {dd, 2HarJrn • 

~ 
v~ 
(" 
-..! 



Table 4 (c::mtd.) 

41d 

41e 

41£ 

3410, 3270, 3160 

( 1J NH, 2)NH ) ; 1610, 
. 2 

1592 ( s )b 
NH2 

3400, 3220, 3150 

(l)NH'})NH ): 
2 r a 1638, 1590 ( ~ NH ) 

2 

3320, 3280 

1645, 1590 

) . (}JNH, NH2 , 

C' )a 
( ONH

2 

... d 
6.30 (s, 1H, ~=5); 7.05=7.70 (m, 9HarJm). 

5.~1 (br s, 2H, N!i2 ); 6.26 (8 1 1H, H-5); 

7.08=7.35 (m .. 7H ); 7.75=7.05 (m, 
arJm 

2H )·c 
arJm • 

1.30 (t, 3H, CH2c~3 ); 3.55 (q, 2H, c~2cH3 ); 

5.16 (br, 2H, ~2 ); 6.50 (s, 1H, !:!=5); 

7.66-8.03 (m, 3H ); 8.16=8.48 (m, arJm 
2H ) c 

arJm • 

)--o. 

c.~ 
...:... 



Table 4 (c::mtd .. ) 

41g 3440, 3340, 3200 (»NH 
I 

41h 

4li 

]) NH ) ; 1650, 1592 ( £ )a 
2 NH2 

3500, 3320, 3260 

(,))NH.})NH ); 1628, 
, 2 

1605 ( s )b 
NH2 

3500, 3290, 3250 

(J} NH )}NH ) ; 1630, 
I 2 

1595, 1575 (~ )3. 
NH 2 

1. 20 ( t 1 3H, CH
2
C!i,3 ) i 3. 30 ( q, 2:£:I 1 CH2CH 3 ) f 

3.80 (s, 3H, OCH 3 ); 4.72 (br, 2H~ Ng2 ): 

6 .. 07 (s, 1H, H-5); 6. 80 ( dd, 2H ) i 7.84 
- ar"Jm 
c 

(dd, 2H ). 
ar"Jm 

1~28 (t, 3H, CH2c~3 ); 3.50 (br q, 2H 1 

CH
2

CH3 ); 6.21 (s, lH, H-5); 7.28~7.92 (m, 

4 ) d 
Har"Jm • 

4,.55 (d, 2H, NHCH
2

); 5.02 (br, 2R, N!:f
2

)·; 

·6 .• 20 (s, lH, H=5); 7.20=7.52 (m, BH ); - - ar:Jm 
-- ) c 

7.88 (dd, 2Har"Jm • 

~ 
v_) 
!'"• 
'-' . 



Table 4 (c::mtd.) 

41j 3410, 3318, 3290 

( 2) NH")) NH ) ; 1615 1 

I 2 l, 
1594 ( bNH ) 

2 

a . b . . 
1 1n KBr; 1n nuJJ ; 

c . 1 d . ln CDC 3 ; 1n TFA. 

·• 

0.90 (br,t, 3H, CH2c~3 ); 1.10-1.70 (m, 2H 1 

CH2cH2CH 3 ); 2.34 (s, 3H, c~3Ar)~ 2.5~=-

3.35 (br~m, 2H, NHC~2 ); 5.59 (br.s, 2H 1 

~2 ); 6.00 (s, lH, ~-5), 7.38 (A2B2 .dd 1 

~ )c 
~~· 

~ 
c,,., 
r 
'-



Spectral data ~f pr~ducts 48(~=£) 

Pr~duct 

40a 

4Gb 

=1 IR (em ) 

3470, 3275, 3135 

( ).)NH ) ; 1620, 1575 ( 
2 ( S )a 

NH2 

3360, 3330, 3220 

) 0 ( 2JNH
2 

' 

)b ( s NH2 

1638, 1598 

TABLE 5 

1
H=NMR <S /ppm) 

3.45~3.93_ (m, 8H, m~rph~line C!::!2 ); 4.96 

(br.s, 2H, NH2 ); 6.26 (s, 1H, ~~5); 7.28= 

c 7.53 (m, 3H ); 7.76~7.96 (m, 2H ). 
ar~m ar~m 

1.60 (br.s, 6H, =(c~2 ) 3 =); 3.55 (br s~ 4H~ 

=C!::!2=N=CH2=); 4.87 (br, 2H, N!::!2 ); 6.26 

(s, 1H, H=5); 7.00=7.60 (m, 3H ); 7.80 - arJm 
) c (m, 2Har~m ~ 

)-1. 

v,) 
...,, .: 



Table 5 (C::mtd.) 

PrJduct 

48c 

48d 

40G 

=I IR(cm ) 

3328, 3170 

1630, 1580 

)} ) ; 
( NH2 

~ )a 
( NH2 

3405, 3270, 3135 

(})NH ); 1622. 1580 
2 ( S )a 

NH2 

3335, 3265, 3125 

( '})NH ) i 1630, 1570 
2 a ( r NH ) 
2 

I~~NMR( s: /ppm) 

3.48=3.7G·I(m, 8H, mJrphJline CH ); 3.81 . . -2 

( s, 3H1 OCH 3 ); 4. 96 (br s, 2H, N,!i
2

); 6. 20 

(s, lH, H=5); 6.90 (dd, 2H ); 7.83 (dd# - · arJm 

2H ) • c 
arJm 

~.63 (s, BH, ffi:)rphJlinJ C!i
2

): 6.11 (s, 1H, 

H~5); 7.10 (br s, 4H ).J 
- arJm 

3.65 (br s, 8H, mJrphJlinJ cH2 ); 6.51 (br.s, 

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

9.23=9.53 (m, 2H, !:!=2', H=6' ).d 

f--.<. 
C·J 
F'· ............ 



Table 5 (C::mtd.) 

Product 

48£ 

=1 I 
IR(cm ) H=NMR( b /ppm) 

3425, 3325# 3130 

( 2) ) : 1640, 1600 
NH

2 
( (' )a 

{.} NH2 

1,.58 (br S~o 6H 1 =(CH2 ) 3~); 2.28 (br .. s, oH.., 

-CH ~and ~CH ~N~CH ~); 3.78 (s~ 4H~ ~CH = 
-2 -2 -2· -2 

d 
O~CH 2 ): 7.18 (br, 2H~ NH

2
). 

a . b . . 
1 ~n KBR ~ ~n nu]:> ; c . 1 d . 

~n CDC 3 ; ~n TFA. 

1--'o 
("_;.J 
,.. . 
'--



Spectr~l data Jf prJducts 52 (~-~) 

PrJcluct 

52a 

52b 

IR(cm=1)a 

3330, 3260, 3130 

()JNH')} NH ) ; 
2 

16551 16401 1600 

( S NH
2

) 

3490, 3388, 3290 

(}) NH').} NH ) ; 1620, 
2 

1600, 1590 ( s ) 
NH2 

TABLE 6 

1 - -- b 
H~NMR(5 /ppm) 

1.15 (t, 6H, OCH
2

CH 3 ); 3.33-3.80 (m~ 6H~ 

NC.!j2+0C!i2CH 3 ); 4 .• 53 (t, 1H, ..oC!:! ); 5.34 

(br, 2H, N!:!
2

); 5.60 (br.t, 1H, NB); 6.03 

( s , lH, H = 5 ) ; 7 • 0 3 = 7 • 3 4 ( m, 3H ) ; 7 .• 6 0 
- arJm 

)T ( dd, 2HarJm 

1.16 (t, 6H, OCH
2

C!:!3 ); 3.33-3.73 {m~ 6H1 

NC~2+0C~2cH3 ); 3.76 (s, 3H, ocg3 ); 4.60 

(t, 1H, =CH ); 4.91 (br.s, 2H, NH ); 5.13 
. - -2 

(br, lH, N!:!); 6.05 (s, 1H, H=5); 6.85 (dd~ 

2H ; 7.76 {dd, 2H ). 
arJm arJm 

~ 
.._"":):, -'-



Table 6 (C::>ntd.) 

Pr::>duct 

52c 

52d 

IR(cm=l)a 

3358, 3200 (}'NH
1

).)NH2); 

1650, 1590 <t NH ) 
2 

3300, 3140 ( 2)NH .'))NH ) ; 
/ 2 

1640, 1610, 1592 

<S NH ) 
2 

1 - (' b 
H=NMR ( 0 /ppm) 

1.16 (t, 6H, OCH 2CH 3 ); 2.31 (s, 3H, C~3Ar); 

3.33~3.83 (m, 6H, NCH
2
+0CH

2
CH3 ); 4.53 (t~ 

lH, =C~ ); 5.00 (br s 1 2H, ~2 ); 5.25 (br 1 

lH, NH)1 6.05 (s, 1H, H=5); 7.10 (ddJ 2H ); - - ar::>m 

7.70 (dd 1 2H ). ar::>m 

1.18 (t, 6H, OCH2c~3 ); 3.36=3.93 (m, 6H 1 

NCH2+0CH2CH3 )~ 4.63 (t, 1H, ....CH- ); 5.01 (br.,. 

2H, NH
2

); 5.21 (br t, 1H, NM); 6.11 (s 1 1H1 

H~S); 7.36 (dd 1 2H ); 7.83 (dd, 2Har~m)• - ar::>m ~ 

1--­
~ 
~= 



Table 6 (c::mtd •. ) 

Pr:>duct 

52e 

52f 

IR(cm=l)a 

33751 3250,. 3150 

( ))NH' .})NH ) i 
2 

1630, 1605, 1585 

S ) 
( NH2 

3420, 3318, 3245 

315 0 ( )} NH )} NH ) ; 
2 

1645, 1600, 1585 

( s NH2) 

1 b 
H~NMR ( ~ /ppm) 

1.16 (t, 6H,. OCH
2
cH3 ); 3.25=3.72 (m, 6H 1 

NCH2+~H2CH3 ); 4 • .45 ( t, 1H, ...C!i· ) ; 5. 13 

(s, 2H, NH
2

b 5·.4-0 (br t, 1H, N£!); 7.33. 

(dd, 2H ); 7.63 (dd, 2H ). ar:>m ar:>m 

1.16 (t, 6H, OCH
2
cH

3
); 2.13 (s, 3H, 

CH
3
CO); 3.23=3.73 (m, 6H, Ncg

2
+0CH

2
CH3 );. 

4.53 (t, lH, =C~ ·); 4.83 (br s, 2H, NH
2

); 

5.10 (br s, 1H, N~); 5.50 (s, lH, H-5). 

a ~· IR meclum = KBr. 
b 

NMR s:>lvent = CDC1 3 • 

~ 

~ 
r ..... 



EXPERIMENTAL 

M.ps. were d~termined Jn ~ 1BJetius• (German) 

appara.tus an~re uncJrrectec'l. The IR spectr=:t ,,;ere 

recJrded Jn Perkin-Elmer 297 spectrJphJtJmerer. The 

NMR spectra w~re recJrded Jn varian-EM~390 spectrJ-

meter using TMS as internal standard and the values 

are expressed in$ (ppm). 

The starting materials 

-· 
The ~Jmmercia 1 sarrple s Jf aniline, E~chlJrJani-

rnJrphJline and piperidine were purified befJre use. 

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

11~14 by repJrted methJds. 

The unrepJrted ketcn~S,N=acetals 35a~f, 40a-i 

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

The keten-s,N-acetals: 3~(2~diethJxyethylaminJ)-

3-methylthiJ-l-phenyl-2-prJpen-1-Jne (~), 15 
viscJus 

semisJlid; 3-(2~diethJxyethylaminJ)~3~rnethylthiJ~1-

(£-methJxyphenyl)-2-prJpen-1-Jne (21£), 15 
viscJus Jil; 

3-(2=diethJxyethylaminJ)-3-rnethylthi~-l~(p~methylphenyl) 

-2-prJpen-1-Jne (5lc), mp 62=3°; 15 3-(2~diethJxyethyl~ 

aminJ)-3-methylthiJ~1-(P-chlJrJphenyl)-2-prJpen-1-Jne 



(~), 15 viscJus Jil; 3-(2=diethJxyethylaminJ)-3-methyl~ 

thi~~l~(£-br~m~phenyl)~2-prJpen=l-~ne (51e),
15 

dark 

yellJw Jil; 3-(2-cicthJxycthylamin~)-3-methylthiJ-1-

methyl-2~pripen-1-Jne (~), 15 viscJus Jil were pre= 

pared accJrding tJ the repJrted prJcedure. 

General methJd fJr the preparatiJn Jf 2~aminJ-4-aryl-

dines ( 37a-f): 

A SJlutiJn Jf keten-S,S-acetal ~ (0.01 mJl) and 

amine 39a-f (0.01 mJl) in absJlute ethanJl (35 ml) was -- . 

refluxecl fJr 4 hr. 'VI!hen the reactiJn was CJmplete 

(TLC), the reactiJn mixture was added tJ a suspensiJn 

~f guanidine nitrate (1.22 g, 0.01 mJl) and s~dium 

eth~xide prepared by dissJlving SJcium (0.46 g, 0.02 

mJl) in refluxing ethanJl (35 ml) in absJlute ethanJl. 

The CJmbined reactiJn mixture was refluxed fJr 12 hr 

and CJncentrated under reduced pressure tJ give a 

viscJus residue, which was diluted with ice CJJled 

water and acidified with 4N·HC1 (15 rnl). The crude 

JXJpyrimidines were filtered and purified by crystalli-

zatiJn frJm acetic acid (Table 7). 



Altern3tively, a s~luti~n ~f pure keten-s,N-acetal 

~~~ (0.01 m~l), guanidine nitrate (1.22 g, o.o1 m~l) 

and s~dium eth~xide (0.02 m~l) in 70 ml ~f abs~lute 

ethan~l was refluxed f~r 8~14 hr (Table 7). The reacti~n 

was w~rked up as described ab~ve to yield crude oxJpyri~ 

midines 37a-f. -
Preparation ~f 2-amino-4-N~aryl/alkylamino-6-arylpyri~ 

midines (41a-i) and 2-aminJ-4-(2~diethoxyethylamino)-

6-aryl/methylpyrimidines (~-~): 

(a) General procedure: 

A s~luti~n of keten-s,N-~cetal ~-i (0.01 mJl) in 

absolute ethan~l was added to a suspc:nsi~n ~f guanidine 

nitrate (1.22 g, o.ol m~l) and s:xlium eth~xide (fr8m 

0.01 m~l ~f s~dium) in abs~lute ethan~l (50 ml). The 

reaeti~n mixture was then heated uncler reflux f~r 18-30 

hr (appr~priate time given in table 8) ancl after rem~v3.l 

~f s~lvent under reduced pressure, the residue was 

diluted with ice-cold water and extracted with chl~ro-

form (2 x 100 ml). The chl~r~f~rm layer was dried 

{Na2so4 ) and evaporated t8 give crude pyrimidines ~-± 

which were purified by crystallizatiJn frJm dichlJro-

methane and hexane mixture (Table 8). 

14 ~-j 



The pyrimidines 52a-f were similarly ~btained by 

c~lumn chr~mat~graphy (silica gel) :>f the residue 

~btained after w~rk~up :>f the reacti:>n mixture~ using 

benzene/ethyl acetate (7:3) as eluent. Further crysta~ 

llizati:>n fr:>m dichl:>r:>methane/hexane mixture yielded 

pure 52a~f (Table 10). 

A mixture :>f keten-s~s~acetal 42a~_s (0 .• 01 m:>l) and 

aniline (0~011 m:>l) was heated at 160°C f~r 15 hr 

(m~nit:>red by TLc). The reacti:>n mixture was diss:>lved 

in abs:>lute ethan:>l (15 ml) and anded t:> a suspensi:>n 

:>f gu::midine nitrate (1.22 g, o.ol m:>l) and s:>dium 

eth~xide ( :>btained fr:m o.o"l m:>l :>f sJdium) in abs~lute 

ethan:>l (25 ml) and the c:>mbined reacti:>n mixture was 
-

refluxed f:>r 21-25 hr. The reacti:>n was w:>rked-up as 

described abnve and the crude residue was c:>lumn 

chr:>matngraphed over silica gel. Eluti:>n with 5% 

ethyl acetate in benzene gave the unreacted N,N~acetals 

43a-c, while further eluti~n with 15% ethyl acetate in --
benzene gqve the pyrimidines 41a~_s (Table B). 

14u 



phenyl) -pyrimidine (_41j) 

(a) In s ::ilium ethox ide and ethanol 

A solution of s,N-propylacetal 40j (2.49 g, o.ol 

mol) in absolute ethanol (10 ml) was added to a sus-

pension of guanidine nitrate (1.22 g, o.o1 mol) and 

sooium ethoxioe (from o.o1 m:::>l -of sodium) in absolute 

ethanol (SO ml) and the reacti:::>n mixture was refluxed 

for 26 hr (TlC). Work-up of the reaction as described 

above, yielded a viscous residue (two spots on TIC), 

which was column chromat:::>graphed on silica gel.. Eluti:::>n 

with 1~/o ethyl acetate in benzene gave 4-ethoxypyrimi­

dine ~ (0.69 g, 3ry/o yield), mp 160-61°C (reported mp 

163-64°, 6 superimp~sable 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 1 49 g, o,ol 

mol) in dry !-butanol (10 ml) was added to a suspen­

sion of guanidine nit~ate (1.22 g, o.o1 mol) and 

sodium t-butoxide (from 0.01 mol of sodium) in so ml 



~f t-butan~l and the reacti~n mixture was refluxed f~r 

28 hr.. The pyrimidine 41j ~btained after usual w~rk-up 

was purified by passing thr~ugh silica gel c~lumn and 

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

Preparation ::Jf 2-amino-4-m~rpholino/piperidino-5,6~ 

substituted-pyrimidines (~-£) 

(a) In refluxing sodium ethoxide and ethan~l: . 
A solution ~f s,N-acetal ~ (2.6 g, o.ol mol) 

in absolute ethanol (10 ml) was added to a suspension 

of guanidine nitrate (1.22 g, o.ol mol) and sodium 

ethoxiae (from o.ol mol of sodium) in absolute ethanol 

(50 ml) and the reacti~n mixture refluxed f~r 20 hr, 

After usual work~up ~f the reaction, the residue obta~ 

inea (tw~ spots on TLC) was column chromatographed 

over silica gel. Eluti'Dn vdth 10'/o ethyl acetate in 

benzene gave 4-eth'Dxypyrimidine ~ (0,4 g, 20% yield), 

mp 151°C {reported mp 152°~ 6 superimp'Osable IR and NMR 

speetra). Further elution with ethyl acetate/benzene 

(1.5;10) yielded the morpholinopyrimidine 48a (0.66 g, 

26% yield). The reaction of S,N-acetal ~with guani­

dine nitrate yielded ethoxypyrimidine ~ and 4-piperi~ 

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



(b) In s~dium is~pr~p~xide and isopr~pan~l 

Reacti~n ~£ 46a (2.6 g 1 0.01 m~l), guanidine 

nitrate and s~dium is~pr~p~xide in is~pr~pan~l under 

similar conditions as described in sodium ethoxide and 

ethan~!, yielded 0.25 g (11%) of 4-isopr~p~xypyrimi­

dine i2£1 m.p. 137° (rep~rted mp 139°, superimposable 

IR and NMR spectra) and o.B4 g (33%) ~f 4-morpholino-

pyrimidine 48a. -
(c) In s~dium t-but~xide and t-butanol: 

A solution of s,N-acetals ~ and ~ (o.ol mol) 

in dry !-butan~l (10 ml) was added to a suspension of 

guanidine nitrate (1,22 g, 0.01 m~l) and sodium t-

but~xide (fr~m 0.01 m~l of sodium) in !-butan~l (50 ml) 

and refluxed f~r 16 and 10 hr respectively. The erude 

pyrimidines ~ and 48b obtained after usual work-up 

as described above, were purified by crystallization 

from ethanol (Table 9). 

(d) By~~ generati~n of N1N-acetals: 

Keten-N,N-morpholin~acetals SOa and SOc-£ were - --
generated in situ, by refluxing a soluti~n ~f the --
corresponding keten-s,s-acetals 42a and !££-! (0 1 01 m~l) 



and m~rpholine (0.022 mol) in absolute ethanol (20 ml) 

for 4 hr. The reaction mixture was then added to a 
·-· 

suspension ~f guanidine nitrate (1.22 g, o.ol mol) and 

sodium ethoxide (from 0.01 mol of sodium) in abs~lute 

ethan~l (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=Amin::>=4~(N=arylamin::l');'n:::>rph:::>lin:F5-cyan:::>=6=:::>x::.>~1,6-dihydr:::>pyr imidines ( 37a-f} 

a b Yield~ M::>lecular lm:::1.lysis (%) Pr:::>duct Reflux m.p. 
time(hr) ( oc) f::>rmula Calc. c H N 

F:::>und 

37a 12 57 340 C11H9N50 5 3.14 3,.96 30.83 

(227.2) 58.38 4.12 30.65 

37b 8 51 360d C12HllN50 59.75 4.56 29.04 

(241.3) 59.52 4;-65 29~38 

37c 14 54 326- C12HllNS02 56.03 4.28 27.23 

(257.3) 56.41 4.58 27:.57 

37d 6 57 364- c 11H0C1N5o 50-47 3.05 26.76 

366 (261.7) 50.39 3.37 26.25 

~ ,.._ 
'-' l 
)-.. 



Table 1 (c :mtd.) 

37e 9 53 368- c 11H
8

FN5o 

370. (245.2) 

37£ 8 47 321d C9H11N5°2 

(221.2) 

a crystallizati::m S"Jlvent == AcOH. 

b C"Jrresp8nds t'J the reacti"Jn starting fr"Jm S,N~acetals 35a~f. 

c The yields are th"Jse fr~ S,N=acetals 35a~f. 

d 
Dec"Jmp"Jsed" 

53.87 3.26 

54.07 3.49 

48.64 5.40 

48.81 5.70 

28.57 

28.87 

31.53 

31.82 

~ 

C...1 
{\ .. 



TABLE 8 

2=1\min :::J=4~N~aryl/::~.l kylamin :::J~6-arylpyr imidines ( 41a= j) 

a b Yiel.dc M:>lecular Pr:::Jduct Reflux m.p. 
time(hr) (%) ( oc) f:::Jrmula calc. 

F:>Und 

41a 21 35 ( 18)d 159"" Cl6Hl4N4 

(262.3) 

41b 25 45(19)d 147~ C16H13BrN4 

148 (341.2) 

41c 24 34(21)d 167 C17Hl6N40 

(292.3) 

4ld 28 47 141= C16Hl3ClN4 

142 (296.7) 

f\nalysis (%) 
c H 

73.28 5.34 

73.57 5.75 

56.30 3.31 

55.95 3.62 

69.86 5 .. 47 

69.61 5.04 

64.75 4.38 

64.31 4.71 

N 

21.37 

21.67 

16.42 

16.09 

19.17 

19.42 

18.80 

18.62 

1--..... 
'-1 
I" 
'-' 



Table 8 {c:mtd.) 

41e 25 50 138f C16H13ClN4 

(296.8) 

41£ 18 40 148~ C12H14N4 

149 ~214.3) 

41g 26 44 153 C13H16N40 

(244.3) 

41h 25 46 146- C12Hl3ClN4 

147 ( 248. 7) 

64.75 4.38 

64.92 4.61 

67.29 6.54 

67.59 6.81 

80.32 6.55 

80.67 6.85 

57.94 5.23 

57.75 5.54 

18.80 

18.57 

26.16 

26.47 

22.95 

22.75 

22.53 

22.85 

'"--,... -
'-I 
;.,... 



Table 8 (c::mtd.) 

41i 30 . 43 128 C17Hl6N4 73.91 5.79 20.28 
.. 

(276.3) 73.67 s.ss 20.47 

41j 289 479 Visc::>US c 14H18N4 69.39 7.48 23.12 

liquid (242.3) 68.04 7.15 22.85 

a crystallizati::>n s::>lvent ~ CH2cl2 :hexane. 

b Reacti::>n time f::>r meth::>d a, general pr::>cedure. 

c ... 
The yields described are th::>se fr::>m meth::>d a, general pr::>cedure. 

d The yields in parentheses c::>rresp::>nd to th::>se ::>btained by in situ generati::>n ::>f 

S,N~acetals 40a-£• 

e M.S. :m/e == 262 (M+); Lit. 16 rn.p. 305°C. 

f 
M.s. :m/e == 296 

+ 35 . 16 (M # Cl); Llt• m.p. 304°C. 

g Reacti:m time a qj yield c::>rresp::md t::> meth::>d b, . t d t US1ng BU ONa an BU OH. 

~ 

C.1 
c... 



TABLE. 9 

2=AminJ~4-mJrphJlinJ/piperidinJ~6~aryl/(4 =pyridyl)~pyrimidines (48a~~) and 

2=aminJ=4~mJrphJlinJ~5,6=tetramethylenepyrimidine (48f) 

a b Yiel~~c MJlc::cular Analysis(Yo) PrJduct Reflux m.p. 
time(hr) (%) ( oc) fJrmula calc. c H N 

FJund 

4Ga 19(16)d 28(46) 6 170 Cl4Hl6N40 65.62 6.25 21.87 

(256.3) 65.47 6.48 21.55 

4Gb =(lO)d =(44)
6 

138- Cl5H18N4 70.86 7.08 22.04 

139 (254.3) 70.65 7. 37 22.50 

48c 20 31 214~ C15H10Nt102 62.93 6.29 19.58 

215 (286.3) 62.71 6.47 19.37 

1--i. 
C.1 
F -· 



Table 9 (C:Jntd.) 

<10d 21 30 184~ c 14H15clN4o 57.87 

185 (286.-8) 57.56 

48e 20 20 199 C13Hl5N50 60.70 

(257.3) 60.57 

48£ 18 20 326- C 12H18N 4° 61.53 

328 (2311.3) 61.81 

a Crystallizati~n s:Jlvent = EtOH. b 
c~rresp~nds t~ meth~d d. 

c The yields are th~se fr~m meth~d d, by in situ generati~n 8£ 

N1 N=m:Jrph:Jlin8acetals 2Q· 

5.16 19.27 

5.41 19.42 

5.83 27~~:23 

5.45 27.51 

7.69 23.93 

7.92 23.51 

d Reflux time in parentheses C8rresp:Jnds t~ meth:Jd c using ButaNa in ButOH. 

e The yields in parentheses corresp8nd to th8se obtained by meth~d c from 

fr8m S 1 N=acetals 46a and 46b. 

~ 
C..1 

""-



TlillLE 10 

2=Affiino=~=(2=diethoxyethylaminJ)-6=aryl/methylpyrimidines ~2(~~f) 

a Reflux Yield Molecular A.nal ysi s C%) Product m.p. 
time(hr) (%) ( oc) formula Calc. C H N 

Found 

52a 12 27 125- Cl6H22N402 63.57 7.28 18.54 

126 (302) 63.41 6.84 18.24 

52b 12 30 82= C17H24N4°3 61.44 7.22 16.86 

83 (332) 61.07 7o43 16.52 

52c 13 25 112 C17H24N4°2 64.55 7.59 17.'72 

(316) 64.11 7.28 17.55 

52d 12.5 30 118- C16H21ClN402 57.05 6.24 16.64 

119 (336.§) 56.81 5.96 16.41 

'-"' 
C.'i 
,~ 

"""-



Table 10 (C::::mtd.) 

52e 14 30 115 Cl6H21BrN402 

(381) 

52£ 11 26 139- C11H20N4°2 

140 (240) 

a crystallizati~n s~lvent = CH2cl2 :hexane 

b Reacti~n s~lvent = EtOH. 

50.39 5.51 

so. 07 5.32 

55.00 8.33 

55.35 8.58 

14.69 

14.38 

23.33 

23.49 

"'"""" C .. 1 
,-1' 



REFERENCES 

1. P.B. Russel and G.H. Hitchings, J. ~er. Chern. S~c. 

73, 3763 (1951). 

2. L.N. Fergus~n, Chern. s:c. Reviews, 4, 289 (1975). 

3..- (a) D.J. Br~wn, 'The Pyrimidines' (edited by A. 

Neissberger) 1 Chapter IX, pp. 306, Inter science, New 

Y~rk (1962) and references therein. 

(b) D.J. Br~wn, 'The Pyrimidines• (edited by~. 

Weissberger), Supplement I, Chapter IX, pp. 230, 

Interscience, New Y~rk (1970) and references therein. 

4._ E.A. Arutyunyan, V.I. Gunar, E.P. Gracheva, s.I •. 

Zav•tal~v, 'Izv. Akad. Nauk SSSR Ser. Khim.' 1969, 

655J Chern. Abstr. 71, 30453 (1969). 
--

5.- E.B. Peders~n, D. Carlsen, synthesis, 844 (1978). 

6. S.M.s. Chauhan and H. Junjappa, synthesis, 880 

(1974). 

7. -S.M.S. Chauhan '3.nd H. Junjappa, Tetrahedr::m, 3.2, 

1779, 1811 (1976). 

8. S.M.S. Chauhan and H. Junjappa, Synthesis, 798 (1975). 

9. A. Kumar, H. Ila and H. Junjappa, J. Chern. s~c. Chern. 

C~mm. 593 ( 1976). 

10. v. Amarn~th, R. Madhav, synthesis, 837 (1974). 

1GU 



1GJ. 

11. J. sanclstr·:,m -=tnc I. TrJenncrbeck, ?\eta chcm. scand. 

24, 1191 (1970). 

12. A. Thuillier and J. vialle, Bull. s~c. Chim. 

France, 1398 (1959). 

13~ R.R. Rast~gi, A. Kumar, H. Ila and H. Junjappa, J. 

Chern. S~c. Perkin Trans. I, 549 (1978). 

14. A. Thuillier and J. vialle, Bull. S~c. Chim. 

France, 2194 (1962). 
'" 

15. A. Kumar, Ph.D. Thesis, CDRI, Luckn~v.r, 1977 

(submitted t~ Agra univ., Agra) 1 Chapter IIIb. 

16. G.H. Hitchings, P.B. Russel, u.s. Patent 2691655 

(1954); Chern. Abstr. 49, 11726 (1955). 



CHAPTER 4 

REACTION OFol~KETOKETEN=S 1 N=ACETALS 
WITH CYANOACETAMIDE : A NEW GENERAL 
METHOD FOR SUBSTITUTED AND FUSED 4= 
(N~ALKYLAMINO-, N~APYL\MINO-, OR N= 
MORPHOLIN0)~3-cYAN0-2(1H)-PYRIDONES* 

4.1 Intr8duction 

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 

work
1

' 2 it was shown that the keten~s,s-acetals 1 

(Scheme 1) undergo facile condensation with cyanoaceta~ 

mide (~) in the presence of sodium isopropoxide to 

give 3-cyano-4=alkylthio~5,6~substituted~2(1H)-pyridones 

(l) in excellent yields. It was further shown that the 

ketoketen-s,s-acetals reacted with N-methylcyanoaceta-

mide (2b) _(Scheme 2) to give the c8rresponding 2,7= 

naphthyridin-1,6(2H,7H)-diones ~ instead of the expected 

pyridones !• The yield of ~ was quantitative when two 

equivalents of N-methylcyanoacetamide was used. The 

* v. Aggarwal, G. Singh, H. Ila and H. Junjappa, 
Synthesis, 214 (.1982). 
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meth::>d was found to be general as exemplified by several 

structural variants. 3 'l!vhen the reaction of keten=S,S= 

acetal 1 with cyanoacetamide \vas carried out in the 

presence of s:>dium ethoxide (Scheme 3), 2 a small amount 

of 4-ethoxy-2(1H)-pyridone 2 al::mg with 3 was formed. 

Efforts to further impr::>ve the yield of 7 were not 

successful, probably due to competiti::>n of carbanion 

derived fr:>m cyanoacetamide with alkoxide i::>ns. 

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 reacti::>n ::>f S,N­

acetals with cyanoacetamide and its derivatives, with a 

view to developing a new general method for the synthe= 

sis of hitherto 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 :>f generality in their structural variati:>ns. They 

can be grouped into four categories which are described 

as follows: 

Thus, when cyanoacetamid.e was treated with phos= 

phorous oxychloride, it underwent self~condensation to 
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give 3=cya.n:J=4, 6=diamin:J=2 ( lH) =pyrid :me (_§) 
4 ( SchE:me 4) 

in 80% yield. H:Jwevcr ... the meth:Jd is limited t:J varia= 

ti:Jns :Jnly in cya.n:Jaceta.mide. The sec:Jnd meth:Jd 

(Scheme 5) 5 inv:Jlves ring tra.nsf:Jrmati:Jn :Jf 1 ... 3=dialkyl/ 

aryl-5-substituted~6-(2=dimethylamin:Jvinyl)uracils (~) 

in the presence :Jf s:Jdium hydr~xide t:J yield pyrid:Jnes 

10. The intermediate ~ requires several steps f:Jr its 

prepara.ti:Jn, resulting in :Jverall po:Jr yields~ In the 

third meth:Jd, the synthesis :Jf 3-cyan:J~4=N,N-dimethyl-

amino-2(1H)~pyrid:Jne (14) ~Bs achieved in a sequence of 

reacti :Jn s 3.S shown (Scheme 6). 6 Thus, when diethylacetal 

of N,N-dimethylaceta.mide (ll) and cyanoacetamide were 

eondensed, the corresponding enamin:Jamide 12 was formed. 

subsequent treatment of 12 with diethylacetal of N~N­

dimethylforma.mide, gave the c:Jrresp:Jnding c:Jndensation 

pr:Jduct 13, which :Jn he'3.ting gave 1±!_ In the f::mrth 

method, the key intermediate f:Jr the synthesis :Jf amino­

pyridones 17 is rep:Jrted7 t:J be 4~chl:Jr:Jpyridone 16 

(Scheme 7), which was in turn :Jbt~ined fr:Jm the reaction 

:Jf the c:Jrresp:Jnding 4-hydroxypyrid:Jne 15 and ph:Jsph:Jr:Jus 

oxychloride. Alth:Jugh, the meth:Jd can be used t:J pre-

lG'r 

pare a variety :Jf 4~amin:J-and 4~substitutsd=aminopyridones, 

it requires a meth:Jd for the synthesis :Jf 4-hydroxypy= 

rid:Jnes with good yields. 
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Evidently, the sc~pe with which structural varia~ 

ti~ns c~n be intr~duced in the synthesis ~f keten-S,N= 

acetals fr~m a wide variety ~f ~pen=chain as well as 

cyclic ket~nes, makes these class ~f c~mp~unds excellent 

starting materials as three carb~n fragments f8r the 

synthesis 8f 4-amin8pyrid8nes. A systematic study 8f the 

reacti8n 8f cyan8acetamide and its derivatives with a 

few selected keten~s,N-acetals is theref~re, undertaken 

in the present investigation with a view t8 devel8ping 

a new general ~ne step synthesis 8f 4-amin8pyrid8nes. 

4.2 Results and discussi8n 

Attempts were made t8 react 3-cyan8=4=methylthi~~ 

6-phenyl~2(1H)~pyrid~ne (~) with primary and sec~ndary 

amines under vari~us C8ndtiJns t8 prepare the c'Jrres~ 

pyrid~ne ~ was rec8vered unre~cted. In 8Ur earlier 

8 w8rk we had sh~wn that l_ undc;rg8es f.=J.cile c~ndensati8n 

with hydrazine t8 give the C8rresp8nding pyraz8l8-

[4, 3-.£j ~pyrid8ne, pr8bably due t'J the driving f'Jrce 

inv8lving the ring cl8sure. It became necessary there= 

f::>re, that the c::>nstructi::>n ::>£ amin8pyrid8nes has t::> be 

thr8ugh the reacti8n ::>f keten-S,N-acetals and cyan8-

acetamide 8r its N=alkyl derivativc;s. 
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Thus, S,N~~cetal 19a (Scheme 9) (Table 1) when 

reacted with cy.=J.n:::>:J.cet:::tmide ( 2::t) ( equim:::>lar quantities) 

in the presence :::>f s:::>dium is:::>pr:Jp:::>xide in refluxing 

anilin:J-6~phenyl~2(1H)-pyrid:Jne (~) in 64% yield. The 

structure :::>£ 18a was established by its analytical 

(Table 3) and spectral data (Table 2). Thus, its mass 

spectrum displayed a m:::>locular i:::>n peak at M+ 287 

<c18H13N3o), while its IR spectrum sh:::>wed an abs:::>rpti:::>n 
-1 ...,, 

band at 3230 ~m (uNH) and a sharp abs:Jrpti:::>n hand at 

22!0 <!m - 1 ()) CN). The str:::>ng bands at 1640, 1620 om-1 

(VC0 ) are characteristic :::>f 2(1H)-pyrid:::>nes. Further 

c:::>nfirmati:::>n :::>£ the structure was derived fr:Jm its NMR 

spectrum. A singlet at S 6. 60 was assigned t:::> ,!:!-5 pr:::>t:::>n 

and a br:::>ad multiplet ar:::>uMd & 7 1 20-7.66 was assigned .t:::> 

ten ar:::>matic pr:::>t:Jns :::>£ the tw:::> phenyl gr:Jups. Similarly, 

l22-~ reacted with 2a under identical c:)nditi:)ns t:) 

give the C:)rresp:::>nding 18b~k in 55 t:) 77% :)Verall yields. 

The analytical (Table 3) and spectral data (Tabla 2) 

:::>f 18b-k are described which, are in c:)nf:::>rmity with the 
--- - of 

structures assigned. The reacti:J~2a was then extenoed 

t:::> cyclic S 1 N-acetal 20a (Scheme 10), derived fr:::>m 

tetral:)ne, when the e:::>rresp:::>nding fused pyrid:::>ne ~ 
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TABLE 1 

R 

18 

Pr:~duct R 

18a C6H5 C6H5 H ---
lOb ,l?-ClC 6H4 C6H5 H 

18c _p-cH
3
oc

6
H

4 C6H5 H 

18d C6H5 C2H5 H 

18e n-clc 6H4 C2H5 H 

10£ .Q-CH
3 

OC 
6

H 
4 C2H5 H 

18r;; C6H5 n=-C3H7 H 

18h C6H5 CH2C6H5 H 

18i C6H5 CH
2

CH( oc
2

H5 ) 2 H 

10j CH3 C2H5 H' 

18k p.-CH3C6~4 -(CH ) -o~(CH ) -2 2 2 2 



was f:)rmed in 6ry/o yield. · Simil~rly, 20b und 2a gave 

2lb in 53% yield. The an~lytical (Table 3) and spec~ 

tr~l d~ta (T.3.ble 2) Jf 213. and 2lb were f:)und tJ be in 

acc8rdance with the structures assigned. 

It W3.S e~rlier 8bserved in this labJrat:)ry, 3 that 

the keten-s~s-acetals l (Scheme 2) when reacted with 

2b in the presence ~f SJdium is:)prJpJxido in refluxing 

fJrmed instead 8f the C:)rresp~nding pyrid:)nes~ H:)wever, 

the reacti:)n ~ 2b with~ (Scheme 11) under identical 

CJnditiJns, yielded 8nly 3-cyan:)-4-anilinJ-6~phenyl-N~ 

methyl-2(1H)-pyridJne (22a) in 58% yield and nJ trace 

8f the CJrresp8nding naphthyridindiJne was :)bserved. 

Similarly 1 ~ and 19c gave the C:)rrcsp:)nding amin8py­

rid8nes 22b and 22c in 66 and srylo yields respectively, 

instead 8f the naphthyridines. The analytical and 

spectr.::J.l data :)f these pyrimidines are described in 

--
table 3 and table 2 respectively. H8wevor, when the 

keten-S,N-ethylacetal ~ (Scheme 12) was reacted with 

2b under identical c~nditi8nsr 8nly the c8rresp8nding 

naphthyridindi8ne 2~a was is:)lated. 23a thus ~bt3ined, 

was identical (mp 1 mtnp, superimp8sable IR) with that 
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:Jbtained fr:Jm the c:Jrresp'::mding s,s-acetal and 1!2_. Also 

23b and 23c were similarly :Jbta.ined by reacting the 

c:Jrresp:Jnding 19e and 12f with 2b and were f:Jund to be 

identical with the reported naphthyridindiones. 

The keten-N,N-acetals 24~~c (Scheme 1~) when 
-- I 

reacted with 2a and 2b under identical conditions, the - -
expected aminopyridones 25a-£ were not formed, indica­

ting that the~-carbon in N/N-acetals is not sufficiently 

eleetrophilic to reaet with sodio derivative of cyano-

aeet~mide. ~lso the aminopyridone 11 was n:Jt formed 

when the corresp:Jnding s,N-acetal 26 and 2a were reflu~ 

xed in alcoholic sodium isopropoxide, 2 

HNPh 
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P!ylSMe Ph CN 
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I 1/ 
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CN H2N H 

26 27 
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TABLE 2 

Spectral data :Jf pr:Jducts lQ (~=k), ~ (~=b) and~ (~~£) 

Pr:Jduct IR(cm=I)a 
---- --b 

1H~NMR( £;/ppm) 

lOa 3230 ( 2)NH); 2220 ( VCN); 6.60 (s, lH, ~~5); 7.20~7.66 

1640, 1620 ( 2) and 
co (m, lOH ). 

ar:Jm 

pyrid :Jne ring) 

18b 3200 (2)NH); 2215 (VCN); 6.56 (s, 1H, H=5); 7.16=7.70 

1640, 1625 ( )J co and (m, 9Har:Jm). 

pyrid:Jne ring) 

18c 3280 ())NH); 2202 ( )}CN); 4QOO (s, 3H, oc~3 ); 6.63 {s 1 1H, 

1630, 1612 ( ))c;o and H-5); 7.00~7.80 (m, 9H ). 
- ar:Jm 

pyr id ::me ring) 

M.s. 
m/e(M+) 

287 

"-"' 
OJ 
r~ 



Table 2 (C::>ntd.) 

Pr::>duct IR( em =1 )a 

18d 3324 ( VNH>: 2220 

(l)CN); 16301 1612 

( v and pyrid::>ne ring) co 

10e 3290 { '))NH); 2220 

( J) CN); 1640, 1625 

f }leo and pyrid ::>ne ring) 

lGf 3:322 ())NH); 2220 

(')}CN); 1620, 1610 

('))co and pyrid::>ne ring) 

1 r b H-NMR( 0 /ppm} 

1.28 (t, 3H, CH2CB3 ); 3.45 (q, 

2H, cg2cH3 ); 6.40 (s 1 lH, !i~5); 

7.42 (br s, 5H ). ar::>m 

1.43 (t 1 3H, CH2c~3 ); 3.63 (q, 

2H, CH 2CH
3

): 6.60 (s, 1H, ~~5); 

7.46~7.80 {m, 4H ). ar::>m 

1.28 (t, 3H, CH2c~3 ); 3.50 (br q, 

2H. CH2CH3 )~ 3.80 (s, 3H, OC!:f
3

): 

6.48 (s, lH, H-5); 7.32 (A
2
B

2 
dd~ 

.. 
4Har"Jm) • 

M.S. 
m/e(M+) 

239 

)­
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Table 2 (C::mtd.) 

Pr:::>duct 

lOg 

10h 

lOi 

T~-­

IR(cm~~)a 

3310 ( t)NH); 2205 

( VcN): 1620, 1610 

().)co and py1·id:::>ne ring) 

3335 (J}NH); 2200 ('))CN); 

1630, 1615 ( Vco and 

pyrid:::>ne ring) 

3370 (J}NH); 2200 

( ":) CN); 1640, 1625 (.))CO 

and pyrid:::>ne ring 

- b 1H~NMR( S /ppm) 

1.05 (t, 3H, CH2c~3 ); 1.84 (q, 

2H, CH
2
cH

3
); 3.50 (t, 3H, NHC~2 ); 

6.57 (s, 1H, H=5); 7.60 (s, 5H ). 
- ar:::>m 

4.68 (d, 2H, NHC~2 ); 6.60 (s, 1H, 

H=5); 7.38 (br. s, 5H ); 7.50 
- ar:::>m 

(br.s, 5Har:::>m). 

1. 4 0= 1 • 7 0 ( br t 1 6H, tw:::> OCH
2
CH

3
); 

4.43=4.01 (br m, 6H, tw:::> OC!i2CH3+ 

NHC~2 ); 6.54 (s, 1H, !:!=5); 7.02 

(br. t, 1H, -<:H=); 7.72 ( s, 5Har:::>m) ~ 

M.S. 
+ m/e(M ) 

301 

327 

~' 
0: 
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Table 2 ( C::mtcL) 

I?r::Juuct 

10j 

1Gk 

21a 

1 = 1)i'l 
IR\Cffi 

3412 ()} NH) 1 2200 

<))co); 1640, 1625 ( }) co 

anC1 pyrid:>ne ring) 

2200 ()} CNb 1620, 1608 

<1>co -3.nd pyrid::>ne ring) 

3250 ()}NH); 2220 (}JCN); 

1602, 15 90 ( 1) co and 

pyrid::>ne ring) 

1-- - t-~----b 

H=NMR ( /ppm) 

--
1.36 (t, 3H, CH2c~3 )/ 2.48 (s, 

3H, CH
3
Ar); 3.50 (q, 2H, CH CH

3
); 

- -2 

6.30 (s, 1H, ~=5). 

2.~0 ~s, 3H, c~3 Ar); 4.00 

(br s, 4H, =CH2 ~N=C~2=); 4.04 

(br s, 4H, =C~2=o~c~2=); 6.54 

(s, 1H, ~=5); 7.42 (A
2
B

2 
dd, 

4Har::>m). 

2.02=3.30 (br m, 4H, =CH2c~2 =); 

7.3C=G.oo (m. 9H ). 
· ar::Jm 

M.s. 
m/e~M+) 

295 

313 
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Table 2 (c:::mtd.) 

-----·--··" 
Pr:xJuct 

21b 

22a 

22b 

IR(cm=l\a 
} 

3250 ()}NH); 2214 

( )}CN); 1605.' 1590 

( l) co and pyr: id:me ring) 

3200 ( )}NH); 2205 

(.2JcN); 1630, 1610 <1Jco 

and pyrid~ne ring. 

3270 ()}NH); 2210 

( )) CN); 1640, 1632 

()}co and pyrid~nG ring) 

1 .. ·-s-- -- -------- M. s q + 
H=NMR( S /l;pm) m/e(M ) 

2~50 (s, 3H, c~3 ~r); 3.74 

(s, 2H, sc~2 ); 7.24=7.76 

(m, 8H ). 
ar~m 

3.52 (s, 3H 1 NC~3 ); 6.45 (s~ 1H 1 

H=5); 6.92=7.60 (m; 10H ). 
- ar~m 

3.56 (s, 3H, NCH ), 6G40 (s, 
-3 

1H, H=5); 7.16~7.70 (m, 9H ). 
- ar~m 

345 

301 

!--,_,_, 
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Table 2 (C:mtd.) 

Pr:::lduct 

22c 

IR(cm=1)a 

3285 ( )) NH); 2205 

(}.)CN); 1640_. 1608 

1H~NMR ( S /ppm) b 

3.52 ( s, 3H, NC!i
3
); 3. 98 ( s, 3H, 

ocg3 ); 6.38 (s, lH, H~5); 7.00= 

( .lico and pyrid :::lne ring) 7 • 5 5 ( br m, 9H ) • 
ar:::lm 

a1 ~. 
IR mCCilUm = nuj:::ll mull. 

b NMR S:::llvent = TFA~ 

M.S. 
m/e(M+) 

331 

~ 

cc 
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EXPERIMENTAL 

M.ps. -were determined ~n a ·B~etius• (Germ~n) 

~pparatus and are unc~rrected. The IR spectr~ were 

rec~rded ~n Perkin-Elmer 297 spectr~ph~t~meter~ The 

NMR spectra were rec~rded ~n a varian-EM-390 spectr~~ 

ph~t~meter using TMS as an internal standard and the 

chemical shifts are rec~rded as S (ppm)~ 

The starting materials 

The c~mmercial s~mples ~f aniline and m~rph~line 

were purified bef~re use. 

t..Ja.s 

N=Methylcyan~acetamide (2b) .. mp. 98~99°fprepared 

by the c~ndensa ti~n ~f ethyl cyan~acetate vJith methyl-

amine. 

Reacti~n ~f 3-cyan~-4-mothylthi~-6-phenyl-2(1H)=~nd 

N-methyl-2-(lH)-pyrid~ne ~with amines : ~ttempted 

prep1.r.ati~n ~f 4-amin~pyrid~nes 18 by cxcha.nge meth~d: 

18d 

A suspensi::m ~f pyrid~ne 2 ( o •. ol m~l) and amine 

(0.-01 m~l) (aniline., m~rph~line ~r pr~pylamine) in 50 ml 

~f ethan:>l was refluxed f~r 8-20 hr. .'\fter evap~rati~n 



'J£ the s"Jlvl:nt ancl v.Jashing with ethan"Jl the pyrid"Jne ]. 

was rec"JvE:rcd unch:mged (mpr mmp" superimp"Jsable IR). 

In an alternate reacti"Jn, a mixture 'J£ pyrid"Jne 3 

(0.01 m'Jl) and amine (0.01 m'Jl) (aniline, m"Jrph"Jline "Jr 

pr"Jpylamine) was he::J.ted in a se.=tlec tube at 140=150° f"Jr 

2~5 hr. ~N'"Jrk-up "Jf the reacti::m mixture yielded a tarry 

residue fr"Jm which neither the starting pyrid'Jne 3 n"Jr 

the amin"Jpyrid"Jne 18 c"Juld be rec"Jvered. 

Similarly, when equim"Jlar quantities "Jf ~ and amine 

(aniline "Jr m"Jrph'Jline) were heated at 150-160° in the 

absence "Jf any s"Jlvent, w"Jrk~up "Jf the reacti"Jn mixture 

by washihg with ethan"Jl, yielded "Jnly the starting pyri~ 

cbne ~ (mp, mmp, superimp"Jso:tble IR). 

"'lcc:tals 24a~c requirecl, ~..vere prepared -3.s c:lescribec'l in --- - ' 

chapter 2. 

Gener:1l meth"Jd f"Jr the prepar=:tti"Jn "Jf 4=N=aryl( "Jr alkyl) 

amin"J/m"Jrph"Jlin"J-3-cyan"J-5,6-substituted-N-unsubstituted/ 

N~methyl~2 ( lH)-pyrid"Jnes ( 18a-k, ~-b and lli-c): 

T'J a s"Jluti"Jn 'Jf S'Jdium is"Jpr8p8xide (preparec1 by 

diss"Jlving 0.23 g, o.ol m'Jl 'Jf S'Jdium in 40 ml 'J£ dry 



is::>pr::>p3n::>l) in is::>pr::>pan::>l, cyan::>acet3mide/N=methylcyan::>­

acet"1mide ( o. 01 m::>l) was -3rlded and the mixture W3.S shaken 

f::>r 5-10 min. The appr::>priate keten~s,N~acetal 12 (o.ol 

m::>l) was then added and the reacti::>n mixture was refluxed 

f::>r 8-35 hr (Table 3). Evap::>rati::>n ::>f the s::>lvent yielded 

bright ::>rgange s::>dium salt 1which \.Yas diluted with water 

(20-30 ml) and filtered. The residue ::>btained was acidi­

fied with dil. HCl (3ry/o) t::> give the crude pyrid::>nes 

18a-h, 18j-~, ~ and 2lb as pale yell::>w am::>rph::>us s::>lids 

which were crystallized fr::>m acetic acid (Table 3). 

Treatment ::>f the filtrate with dil. HCl did n::>t yield m::>re 

pyricbnc;s. In a few cw.ses ( 20a and 20b) the s::>dium salt 

p::trtly c9iss::>lved in water and treJ.tmc;nt ::>f b::>th the 

residue and the filtrate yielded the c::>rresp::>nding pyri­

d::>nes. 2la and 2lb. 

In case ::>f pyrid:me 18i ancl N~methylpyricbnes 22a-_£, 

the residue ::>btained after w::>rk~up ::>f the reacti::>n 

mixture was neutralized with dil. ~cOH t8 give the crude 

pyrid::>nes, which were crystallized fr::>m acetic acid 

(Table3). 

General methJd f::>r the preparati::>n 8£ 8-amin::>-5=cyan::>-

2,7-dimethyl-2,7-naphthyridin-1,6(2H,7H)-di::>nes (23a-c): 



The SrN=acetals l9d~i (0.01 m8l) and N=methylcyan8-

acetamide 2b (0.02 m81) were reacted as described ab8ve. 

Neutralizati8n 8f the residues 8btaincd after '1.-nrk-up 

with acetic acid gave crude naphthyri0incs 23a~£ as pale 

yell8w S8lids which vJere crystallized fr8m acetic acid., 

IR and NMR 8f ~-£ were superimp8sable with th8se 8f 

3 authentic sample. (mp 1 mmp). 

Reacti8n 8f keten-N,N-acetals 24a~c with cyan8acetamide 

and N-methylcyan8acetamic:Je : 

.\ suspensi::>n 8£ keten-N,N=acetal ~ (O.Ol m8l), 

cyan8acetamide/N~mcthylcyan8acetamide (l) (O.Ol m8l) and 

s8dium is8pr8p8xide (0.01 m8l) in 50 ml 8f dryfs8pr8pan8l 

was refluxed f8r 3-4 hr. W8rk-up 8£ the reacti8n mixture 

as described ab8ve 1 yielded a residue which 8n crystal-

lizati8n yielded the unreacted N1 N=acetal 24a (mp, mmp, 

superimp8sable IR). The N,N-acetals 24b and~ were 

similarly rec8vered unr~acted under identical c8ndti8ns. 

Reacti8n 8f S,N-acetal 26 (O.Ol m8l) with cyan8aceta= 

mide (2a, o.ol m8l) under similar c8noti8~S yielded 

after W8rk-up, a tarry residue fr8m which the pyrid8ne 

27 c8uld n8t be is8lated. 



TABLE 3 

4=N="~yl(~r alkyl)amin8/m~rph8lin~=3-cyan~=5~6=substitutGd=N=unsubstituted/N= 

methyl=2(1H! ~pyrid8nes 18 (~-k), ll ~~-£) and 22 (~=£) 

a Reflux Yield M:Jlecular 2\nalysis (%) Pr~duct m.p. 
time(hr) ( oc) (%) f~rmula Calc. c H N 

F8UOd 

lOa [3 315= 64 Cl8Hl3N30 75.-26 4.53 14.63 

317 (287.3} 75.54 4.6'"3 14.39 

lOb 12 ) 355 71 c 18H12clN3o 67o18 3.73 13.06 

~321.8) 66.82 3.90 12.88 

lOc 18 308~ 62 Cl9Hl5N302 71.92 4.73 13c24 

310 (317.3) 71.69 4.68 12.6C 

)­
(_:) 
('..._, 



Table 3 (c::mtd~) 

18d 9 303~ 55 

305 

18e 20 263= 62 

265 

10f 24 282= 59 

283 

lOg 30 273~ 58 

275 

lOh 30 295= 67 

297 

C14Hl3N30 70.29 

(239.3) 70.47 

C 14H12clN30 61.42 

(273.7) 61.65 

C15H15N302 66.91 

(269.3) 66.71 

C15H15N30 71.14 

(253.3) 70.78 

C19H15N30 75 .. 74 

(301.3) 75.83 

5.44 

5.38 

4.38 

4.29 

5.57 

5.64 

5.92 

6 •. 11 

4 .. 90 

5. 05 

17.57 

17.70 

15.35 

15.18 

15.61 

15.15 

16.60 

16.85 

13.95 

14.23 

f-.. ,._, 
-~ 

'"" 



Table 3 ( c :mtd. ) 

1n• ol 35 220 60 C10H21N3°3 66.05 6.42 12.04 

(327.4) 66 0 L14 6.27 13.01 

10j 16 257= 63 C19H11N30 61.01 6.21 23.72 

260 (177.2) 60.83 6.00 23.44 

10k 12 280= 57 C17H17N3°2 69.15 5.76 14.23 

290 (295.3) 69.33 5.80 14.10 

21a 20 302= 60 C20H15N30 76.67 4.79 13.41 

303 (313.3) 76.38 4.90 13.66 

21b 0 264= 53 C20Hl5N30S 69.56 4.34 12.17 

266 (345.4) 69.71 4.22 11.97 

!--
""t"' 
. -·.-1 

;....,_ 



Table 3 (C::mtd.) 

22a 20 312~ 50 C19H15N30 

314 ( 301.3) 

22b 22 265~ 66 c 19HlL.1ClN3o 

266 (335.8) 

22c 15 240~ 50 C20H17N3Q2 

241 (331.4) 

a crysta.lliza ti:m s:>lv ent = l\cOH. 

75.74 4.90 

75.03 5.01 

67o95 4.17 

60.11 4.35 

72.50 5.13 

72.33 4.99 

13.95 

14.02 

12.51 

12.67 

12,. 60 

12.58 

1-
~_:; 
('> 

'-' 
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CHAPTER 5 

REACTION OF POLARIZED KETEN~S,N- AND 
N,N-ACETALS WITH BENZOYL ISOTHIOCY~­
NATE : SYNTHESIS OF NOVEL 1-N~ARYL 
(ALKYL)-2-PHENYL-5-AROYL~6-METHYLTHIO 
(N-ALKYLAMIN0)-4-THIOXOPYRIMIDINES* 

5.1 Intr:Jducti:Jn 

of.. -Ket:Jketen-s,.N- and N,N-acetals have been s h:Jwn t:J 

be versatile intermediates and f~und t:J behave predicta-

bly t:Jwards binucle:Jphiles, pr:Jviding new general 

meth:Jds f:Jr the synthesis :Jf 2 1 4-diamin:Jpyrimidines and 

4=amin:J~2( 1H)~pyrid:Jnes in m:;derate t:J excellent yields •. 

These reacti:Jns c:Jnstitute characteristic behavi:Jur :Jf 

S,.N~ and N,N-acetals as three oarb:Jn fragme~ts. H:Jwever, 

their re~ctivity as enamine c:Jmp:Jnents, t:Jwards electr:Jn= 

1-4 deficient react~nts has been t:;tally neglected •. 

Classical enamine c:Jmp:Jnents derived fr:Jm {? -ket:Jesters 

3-15 and 1,3-diket:Jnes,. have been rep:Jrted t:J react with 

benz:Jyl is:Jthi:Jcyanate t~ give 4-thi~x:Jpyrimidines 4 

and 2 (Scheme 1) in g~:Jd yields.. one :Jf the seri:Jus 

limitati:Jns :Jf this meth:Jd inv:Jlves,. that the pr:Jduct 

*V. Aggarwal, H. Ila and H. Junjappa, Synthesis,, 65 
( 1982) .. 
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pyrimidine c3rries an alkyl :>r aryl gr:>up at 6-p8siti8n 

8f the ring making it unsuitable f:>r subsequent stru~ 

ctural elab:>rati:>n f:>r fused ring c:>nstructi:>h. There 

is 8nly 8ne rep:>rt 14 :>f the reacti8n 8f ethyl 0~amin:>­

~-eth:>xy~crylate (_!, R.co2Et; R1:=oEt; R2=H) andf3-arriin:>= 

~-eth:>xyacrylophenone (l, R=PhCO: R1=oEt 1 R 2~H) with 

eth8xyc.::trb:>nyl isothiocyanate to yield the c8rresp:>nding 

6-ethoxy-4-thi :>xopyrimidine {_!) (R:::co2Et, PhCO; R 1=oEt; 

R 2~H; R3~oH) in good yields~ It was anticip~ted that 

simil3r reactions 8f keten-s,N- ana N,N-acetals with 

benz:>yl is:>thi:>cyanate sh8ula pr8vide a m:>re versatile 

entry t:> the synthesis 8£ usefully functi:>nalised thi:>~ 

xopyrimidines. Further, the pyrimidines thus :>btained 

will be particularly useful for the synthesis of purines 

::tnd their deriv3.tives. A few of the acetals (Chapter 2) 

have been selected t:> react with benzoyl isothi:>cyanate 

and the results :>f these reacti:>ns are presented here. 

5e2 Results 3nd discussion 

When S,N-anilinoacetal lla and l (S~heme 2) (Table 1) 

were refluxed in ether f:>r 18 hr, the eorresponding 4~ 

thioxopyrimidine ~ was formed in 8~/o yield. The stru­

cture of 13a W3S confirmed by its analytic3.l (Table 6) 
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and spectral data (Table 3). Thus, its m~ss spectrum 

sh~wed a m~lecular i:>n peak at M.+ 414 and was analysed 

f~r c 24H18N2os 2 • Its IR spectrum sh~wed char~cteristi~ 

-1 -.J 
abs~rpti~n b~nd at 1665 em ( vc

0
) and a weak band at 

=1 1595 em ( 2Jc=N). Its strueture was further c:::mfirmed 

by its NM.R spectrum. A singlet at Sl,60 (3H) was assigned 

t~ three pr~t~ns ~f the methylthi~ gr:mp. The br~ad 

multiplet ar~und ~7.06 tj 7.5o,and a d~uble djublet at 

57.86 were assigned to thirteen ana two ar~matie pr~t~ns 

respectively. Simila~ly, llb and lls reacted with~ 

to give the corresponding l~b and 13c in 78 a~d 76% --
yields respectively. H~wever, S,N-ethylacetal 112 and 

N,N~diethyl acetal llh in refluxing ether, gave only the 

corresponding jpen-chain adduots l2d (8~/o) and 12h 

(75%). When the above reacti~n mixture was refluxed in 

tetrahydr~furan, the desired pyrimidines 13d and l~h 

were obtained in 68 and 42% yields respectively. 

similarly, 11~~2 and 11i~j were reacted with 2 in 

reflu-xing tetrahydrjfuran, t~ give the corresponding 

pyrimidines 13e~g and 11!-j in 35 to 7~/o overall yields. 

The analytical and spectral data ~f ~-1 are described 

in table 6 and table 3 respectively 1 which are in support 

~f the structures assigned. 

20 .·' I r-d 
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TABLE 1 

Ar N 

. tl· 
N/ Ph 
~ 

13 

Pr~duct Ar X R 

13a C6H5 SCH3 C6H5 

13b J?=ClC 6H4 SCH
3 C6H5 

13c _E=CH3oc 6H4 SCH3 C6H5 

12d,13d C6H5 SCH3 C2HS 

13e E.~lc 6H4 SCH3 C2H5 

13f _E=CH30C6H4 SCH3 C2HS 

13g £=CH3C6H4 SCH3 C2HS 

12h,111:! C6H5 NHC 2H5 C2H5 

13i ,E~Clc 6H4 NHC 2H5 C2H5 

13j £=CH30C6H4 NHC 2H5 C2H5 



The re~cti:Jn :Jf ket:Jketen N,N=di~nilin:J~cetal llk 

with£ (Scheme 3) in refluxing ether yielded the ~pen= 

chain adduct 12k in 82% yield. Nh-::n llk and 2 were 

refluxed in tetr~hydr:Jfur~n, the expected thi:Jx:Jpyri= 

midine 13k was n~t f~rmed and a yell~w s~lid ~btained 

after pr:Jl:::mged refluxing w2s identified as is:Jthi"'l,z:Jline 

14 :Jn the basis :Jf its spectral (Table 5) and analytical 

data (Table 8). Thus it~~assspectrum displayed a m:Jle= 

cular i:Jn peak at M+ 475 (c 29H21N3o2s), while its IR 

~1 )} 
spectrum sh~wed an abs:Jrpti~n band at 3175 em ( o NH) 

and a br:Jad band between 1600-1500 cm~ 1 characteristic 

'"'f . th' 1' 6,8-10 _, ~s:J J.az :J J.n e s. The structure :Jf is:Jthiaz~line 

14 f t h f · d b · d · 1 · t · 6 ... 8~ 10 was ur er c~n J.rme y :JXJ. atJ.ve eye ~za J.~n 

:Jf :Jpen=chain adduct 12k with br:Jmine when 14 was :Jbtained 

in 52% yield (mp, mmp and superimp:Jsable IR). similarly, 

nitr~keten-S 1 N~acetal 15a (Scheme 4) (Table 2) reacted 

with £ in refluxing benzene t:J give the c~rresp:Jnding 

is:Jthiaz~line 17a (39% yield), r~ther than the thi~x~= 

pyrimidine ~· The is:Jthiaz:Jlines 17b~d were similarly 

prepared in refluxing tetrahydr:Jfuran fr~m the c~rresp:Jnd-

ing 15b-d and ~ in 46-55% :Jverall yields. Alternatively, 

these were als:J prepared by :JXidative cyclisCJ.ti'Jn 

(br'Jmine in chl:Jr:Jf:Jrm) :Jf the c:Jrresp'Jnding adducts 

20J 
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Table 2 

Product X R 

17a 

16b,17b 

16c, 17c 



16b~Q, Jbt~ineo by reacting 15b-Q and 1 in refluxing 

ether. The analytical and s:;;>ectral cJata Jf the adducts 

12d, 12h, 12k -~nd 16b=2 arc described in t3ble 7 and 

table 4 respectively and the data Jf iJthiazJlines 

17a~£ are described in table 8 and table 5 respectively, 

which arc in c8nf8rmity with the structures assigned. 

Interestingly, the cyclic keten-N,N-acetals 19a and 19b 

,(Scheme 5) rea~ted with 2 t8 give the C8rresp8nding 

8pen=chain adduots 20a (87%) and 20b (77%), which under-

went 8Xidative cyclisati8n in the presence 8f br8mine in 

chl8r8f8rm t8 give fused is8thiazJlines 21a (7~/o) and 

2lb (74%) respectively. Their .=:1n.alytical (Table 8) and 

spectral data (Table 5) are in c8nf8rmity with the stru= 

ctures assigned. 

Thus,fr8m the abJve results it is apparent, that 

acetals react wit~ benzJyl isJthiJcyanate tJ give the 

anilinJ/ethylaminJpyrimidines in g88d yields, the CJrres= 

pJnding N,N-diphenylacetal llk gives an Jpen-chain -
adduct ~ which 8n refluxing in tetrahydrJfuran is 

CJnverted tJ is8thiaz8line 14. Alth8ugh, it is n8t 

20-J 



R)[H 
HN,. 'NH 

l I + 

19 

s 
R, }( . II N 

HN~WJlPh 
. L_J 

22 

Scheme 5 

s 
II 
c 
II 
N 

O~Ph 
2 

---·---) 

19 -21a , R =N02 

H 
N 

C_N,5 
21 

b, R:::: coc6 H5 

NHCOPh 

Brz1CHCI3 

NCO Ph 

l'V 
i-· 
c 



p~ssible t~ give a definite explanati~n f~r these ~bser~ 

vati~ns, h~wever, it appears that becaus8 Jf steric 

cr~wding in 13k, due tJ the presence ~f three adjacent 

phenyl grJups, the ~xidativc cyclizati~n pathway tJ 14 
.. 

is preferred Jvcr dehydr·'3.tive cyclizcttiJn. The failure 
... 

~f intermediate Jpen-chain adnucts 16a~£, derived fr~m 

nitr~keten-S,N- and N1 N-acet3ls, t~ undorg~ cyclizati~n 

tJ thiJXJpyrimidines ~-d is prJbably due t~ greater 

delJcalizati~n Jf l~ne pair Jn nitr~gen ~f aryl/alkyl~ 

amin~ gr~up ~ver nitrJ grJup (~) which prevents 

nucle~philic attack Jf ~min~ gr~up at benzamid~ gr~up. 

0 (~)l s 

\ (+) u. 
N......./ "-NH 

( = y 'I 
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TABLE 3 

Spectral data 'Jf products 1_~ (~~j) 

Pr"Jduct 

13a 

13b 

13c 

=1 
IR(cm ) 

1665 ( 2) co); 

1595 c 2Jc=N) 

1673 <'))c0 )t 

1585 ( ))C=N) 

1660 ( '2) co); 

a 

a 

1600 ( Yc=N)a 

-~-

1H=NMR( S /ppm) 

1.60 (s, 3H, SCH
3
); 7.06=7.50 

c 
(m, 13H ); 7.86 (dd, 2H ). 

ar"Jm ar"Jm 

1.58 (s, 3H, SCH 3 )~ 6.84=7.12 

c 
(m, 12H ); 7.54 (dd, 2H ). 

ar"Jm ar"Jm 

1.62 (s, 3H, SC£!
3

}; 3.52 (s, 3H 1 

OCH
3

; 6.64 (d, 2H . ); 6.98= 
- ar"Jm 

(br s, lOH ); 7.50 (dd, 2H ). 
ar"Jm ar"Jm 

lvl. S • 
m/e(M+) 

414 

c 

l'V 
~ 

l\.. 



Table 3 (C ::mtd. ) 

13d 1665 c)}co) 1 1.01 (t, 3H, CH2c~3 ); 2.06 (s, 3H 1 366 

1595 )) u 
( C=N) SCH3 ); 4.20 (q, 2H, cg2cH3 ); 7.25= 

7.58 (m, $H ); 7.66~7.90 (dd, ar:)m 
2 ) c 

Har:)m • 

13e 1670 ( 2) co>; 1.01 (t 1 3H, CH
2

CH 3 ); 2.10 ( s, 3H, 

1505 ()) C=N) 
a SCH3 ); 4.13 (q, 2H, C!i2CH3 ); 7.10 

(d, 2H ); 7.35 (br s, 5H ); arJm ar:)m 
c 

7.60 (d, 2H ). ar:)m 

13£ 1660 ( 2) co); 1.00 (t, 3H, CH
2
C!i3·); 2.11 ( s, 3H 1 . 396 

1595 (2)C=N)a SCH3 ); 3.56 ( s, 3H, OCH3 ); 4.10 (q, 

2H, CH
2
CH

3
); 6.66 (d, 2H ); 7.30 - ar:)m 

(br s, 5H ); 7.58 (dd, 2H ).c ar:)m arJm 

['V 

~--· c, 



Table 3 (C::mtcl.) 

13g 1600 ( 2Jc 0 ): 1.00 ( t 1 3H, CH 2CH 3 ); 2. 05 (br .. s, 6H 

1600 ( ).)C=N)a scg3+CH 3 ); 4.05 (q, 2H, CH3 ); 6.90 (d,. 

2H ) • ar:Jm ' 7.28 (br s, 5H ); 7.44 (de, ar':lm 

2Har':lm 
).c 

13h 3 2 3 o ( br, 2) NH ) ; 0.60 (t, 3H 1 CH2CH 3 ); 0.00 (t, 3H, 363 

1625 <))co); CH
2

CH3 ); 3.05 (br q, 4H, tw':l c~2 
1590 ( l)C=N)b CH3 ); 7.00=7.28 (m, BH ); 7.55 

ar':lm 

(dd, c 
2H ). ar':lm 

13i 3 2 2 0 ( br , 2) NH ) ; 0.95=1.60 (tw':l br.t, 6H, CH2c~3 )1 3.10 

1625 ( :2Jc 0 ); =3.90 (tw':l br q, 4H, C!i2CH 3 ); 7.20= 

1500 ())C=N)a 0.35 (m 9H 
·' ar:::>m 

).c 

l\:l 
~ ... 

~· 



Table 3 (c:mtd.) 

13j 3 2 3 0 ( br, )} NH ) i 

1625 ( )) co); 

1605 (}) C=N 
,a 

a . . 1 b . 
~n OUJ::> ; ~n KBr; c in TFA. 

1.14~1.55 (tw::> br t, 6H, CH2c~3 ); 

3.32-3.70 (tw::> br q, 4H, CH
2

CH
3

); 

3.96 (s, 3H, oc~3 ); 6.90=7.50 (m 1 

2H ); 7.55=7.00 (m, 5H r""' ); ar::>m - a ~m 

,-, 02 ( l l.. 2 ) c u. GC, H • 
ar::>m 

ro 
~- ... 
c.: 



TABLE 4 

Spectral d:1ta :Jf pr:Jducts 11.£1 12hr 12k, 16b=_Q, 20a and 20b 

i?r:>cl uct 

12d 

12h 

12k 

IR(cm~ 1 ) 

3140 <2)NH); 

1600 ( j) co amide); 

a 
1668 ( Vcoket:>) 

3250, 3150 (}) NH); 

1690 ( )) co'3.mide); 

a 
1625 ( lJ coket ::>) 

3350=3200 (br, ).)NH); 

1688 ()) amide); co 
1600 ()) coket :J )a 

1
H-NMR ( ~ /gJm) 

1.30 (t, 3H 1 CH2c~3 ); 2.43 (s, 3H, SCH3 ~; 

3.42 (br q, 2H, C~2cH3 ); 5.60 (br.s, 1H1 

c 
NH); 7.22=G.1G (br m, lOH ). - ar:>m 

1.05 (t, 6H, tw:J CH
2

CH
3

); 3.25 (br q 1 

4H, tw:J CH
2
cH3 ); 7.28=7.61 (m, 8H )~ -- ar:>m 

.. c 
0.00 (dd, 2H ). ar:>m 

d 
6.24=9.32 (m, 20Har:Jm). 

~ 
~-
'"' -...; 



Table 4 (C::mtd.) 

16b 

16c 

16d 

20a 

3 2 oo ( br , )J NH ) ; 

1693 ( )) co )b 

3220., 3210 

( br, l) NH); 

b 
1695 < Jco) 

3470, 3400 (br, }.)NH); 

1600 < Yco)u 

3200 

1692 

( YNH)1 

a 
( )) co) 

1.50 (t, 3H 1 CH
2

CH3 ); 2.71 and 2.80 (tw~ s, 

t~tal 3H, sc~3 ); 3.85 and 4.61 (tw8 q, t8tal 

d 2H, CH2CH3 )1 7.50=8.20 (m, 5H ). - ar8m 

1.42 (tw~ br.t, 6H, CH
2
ctl

3
); 3.55 (tw8 br q, 

4H, CH 2CH3 ); 7.50=8.20 (m, 5H ).
0 

- ar8m 

d 7.00=10.60 (m, 15H ). 
ar8m 

3.83 (s, 4H, =Ctl
2

CH2=); 7.38~8.02 (m, 

e 
5H ); 9.50~9~78 (br 1 2H, NH). ar8m -

l'V 
~-~ 
"';_ 



Table 4 (C:mtd.) 

20b 3375 ( 2)NH); lo9o 

( ))c
0
amide); 1610 

( 2Jc0 keto) 
a 

3.57 (s, 2H~ NHC~2~); 3.74 (s, 2H 1 NHCH
2
-); 

d 6. 94~7. 70 (m 1 lOH ) • 
· arom . 

a. b .. 1 c. 1 d. e. d 
ltl KBr; lll tlUJO ; ltl CDC 

3
; ltl TFA; ltl DMSO= 

6
• 

l'V 
I~ 
..., -



TABLE 5 

Spectral data ~f pr~ducts 17 (a-d). 2la, 21b and 14 

Pr:x'luct 

17a 

17b 

-1 IR(cm ) 

1590, 1530 

( 2J co .. .2f: =N ) a 

1590, 1535 

a 
<))co 'Vc=N.) 

1H~NMR ( 6 /ppm) 

1.76 (s, 3H; SCtl
3

); 7.16-7.51 

(m, 8H ); 7.61-8.00 ~m, ar:lm 
··d 

2Har:lm) • 

1.10 (t, 3H, CH2c~3 ); 2.52 

( s, 3H, SCH
3

); 4.12 (q, 2H, CH
2 

CH
3

); 7.20=7.6l1: (m 1 3H ); · ar:lm 
c 

8.28=8.44 (m, 2H ). ar:lm 

M.S. 
m/e(M+) 

371 

323 

N· 
~­
;: --



Table 5 (C:mtd.) 

17c 

lid 

3265 t ).)NH); 

1600, 1532 

())co" ))C=N)a 

3200 ~br ,)}NH); 

1590; 1560 

<.))co' :Vc=N)b 

1.30 (t, 3H, CH 2CB3 ); 1.33 (t, 3H; 

CH
2
CH 3 ); 3.48 (br q, 2H 1 CH

2
cH

3
): 

3.80 (q, 2H, CH
2
CH

3
); 7.20~7.60 (m~ 

3H ) 0.20-8.45 (m, 2H ); 0.80 
ar~m ar~m 

- c 
(br t, lH, ~). 

6. 60~10. 20 (m, 15H ) • d 
ar~m 

320 

~ 416 

l'-~ 
.,... ~ 

(-

G 



Table 5 (C::mtd.) 

21a 

21b 

14 

3370 ( 2JNH); 

b 
1620 ( Y co> 

3340 ()) NH); 

b 
1610, 1602 c.Vco) 

3175 ( 2)NH; 1600-

1500 ( Vco' J) c~N)b 

a . b . . 1 1n KBr; 1n nuJ:::> ; c in CDC1
3

; 

4.08 (s, 4H, ~~2c~2~); 0.20 (br.s, 

5 ) d 
Har:::>m • 

4.21 (s, 4H, ~~2cH2=); 7.72 (br s, 

. ·d 
lOH ) • ar::>m , 

d 
6.l2-8.06 (m, 20Har:::>m). 

d in TFA. 

475 

(\.) 

2"\.J 
!= 



EXPERIMENTAL 

M.ps. were determined ~n a 'B~etius' (German) 

apparatus and are unc~rrected. The IR spectra were 

rec~rded :Jn Perkin-Elmer 29~ spectr:)ph~t:)meter. The 

NMR spectra were rec:Jrded :Jn a varian-EM-390 spectr:J-

ph~tJmeter using TMS as internal standard and the 

values are expressed in 5 (ppm). 

The starting materials 

Benz:Jyl is~thiocyanate (£), bp 119° (10 mm) was 

prepared by the reported method.16 

The keten-s,N-(11a-2, ~-b) and N,N-acetals 

<llb-1, 15c-£, ~-b) required were prepared as des­

cribed in chapter 2. 

General meth~d f:Jr the preparatiJn of 1-phenyl(or 

ethyl )-2-phenyl-5-aroyl-6-methylthi:J( or N~ethylamino)-

4-thiox:Jpyrimidines (13a-j) 

A soluti~n of lla-j (o,ol m~l) and benz:Jyl is:J­

thiocyanate (£; 2.03 g, o.Ol25 m:Jl) in dry ether or 



per~xide free and dry tetrahydr~furan (15 ml) was 

either stirred at r~~m temperature (lld-£) ~r refluxed 

(lla-£ and llh~j) f~r the stated time (Table 6). The 

crude pr8ducts separated 8Ut as bright yell8w 8r 8range 

S8lid, which were filtered, washed with ether and 

further purified by crystal~izati8n fr8m either ethyl 

acetate (13a-£) 8r ether: chl8r8form mixture (13d-g) 

(Table 6). In the reacti8n 8f l!h-1 with~, n8 S8lid 

was separated and the residue 8btained after evap8ra­

ti8n 8f the s8lvent was passed thr8ugh a silica gel 

C8lumn. Eluti8n with ethyl acetate: benzene (1:1) 

yielded pure pyrimidines llh-1, which were further 

purified by crystallizati~n fr~m chl8r8f8rm/hexane 

mixture (Table 6). 

~-Methylthi~(8r N-ethylamin8/anilin8)- 0~N=ethylamin8/ 

anilin8-ol-benz8ylthi8carbam8yl-o(=benz8yl/nitr~-ethyle 

ethylenes (llQ, 12h, ~and ~-d); 2~(benz8yl/nitr8-

benz~ylthi8carbam~ylmethylene)-imidaz~lidines (~ and 

3,2£) : General Pr8cedure: 

A s8luti~n 8f keten-s,N-/N,N-acetal lld, llh, llk, 

15b-£ and 19a~b ( o., 01 m8l) and benz8yl is8thi~cyanat.e 



(l) (2~03 g, 0~0125 m~l) in ether/THF was refluxed fQr 

o.S-10 hr. The ~pen chain adducts separated 8Ut as 

~range c~pi~us precipitates were crystallized fr8m 

chl8r~£8rm (Table 7). 

2,3-Substituted-4-benz8yl/nitrJ-5-benz~ylamin8~~-
is8thiaz~lines (~, l~a~g, 21a and 2j?) : General 

pr8cedure : 

Meth~d A The isJthiaz8lines 14 and 17a-d were 

~btained by refluxing the respective S,N- and N,N~ 

acetals llk and 15a~£; (O.Ol m8l) and benzJyl isJthi8-

cyanate (l; 2.03 g 1 0,0125 m8l) in either benzene (15a) 

8r dry, per8xide free-tetrahydr8furan (llk and 15b-d) 

f8r 45 t8 54 hr (Table 8). The is8thiaz8lines 17a-d 

were separated as light br~wn s~lids which were further 

purified by crystallisati~~ frJm mathan~l: benzene 

mixture (17a-£)and ch1Jr~f8rm (l2Q) (Table 8). The 

is8thiaz8line 14 was ~btained by c8lumn chr8mat8graphy 

8£ the reacti8n mixture 8ver silica gel. Eluti~n with 

hexane : benzene (3:1) gave pure 14 as light br8wn 

S8lid which were further purified by crystallizati8n 

fr8m ch1Jr8£8rm (Table 8). 



220 

Meth8d B : T8 an ice-c88led S8luti8n 8£ the 8pen-chain 

adducts 12k, 16b-£ and 20a-£ (0.001 m8l) in dry chl8rJ~ 

f8rm (5 ml), br8mine (160 mg, o.ool m8l) in dry chl8r8-

f8rm (5 ml) was added drJpwise during 10-15 min. After 

stirring at rJ8ffi temperature f8r o.s tJ 4 hr (mJnit8red 

by t~l.c.), the reactiJn mixture was neutralised with 
... 

2N-NaOH SJlutiJn, diluted with water (20 ml), and extra-

cted with chl8r8f8~ (2x20 ml), The chl8r8f8rm layer 

was dried (Na2so4 ) and evap8rated t8 give crude is8thia~ 

Z8lines~ which were crystallized fr8rn methan8l/benzene 

(17b-2 and 2la-p 8r chl8r8f8rm (14 and 17d) as light 

br8wn s8lids (Table 8). 



TABLE 6 

1=N~Ethyl/phenyl~2-phenyl-5-ar~yl-6-methylthi~/N-ethylamin~-4-thi~x~pyrimidines 

( 13a~ j) --
Pr~duct Reacti~na Yield Cryst. m.p. M~lecular 

time ( hr) (%) s~.lvent C °C) f~rmula 
calc. 
F~und 

13a 10 00 Et02\C 158- C2l1H10N20S2 

160 ( 414) 

l3b 24 78 EtOAc 185- c 24H17clN2os2 

186 (440.5) 

13c 20 76 EtOAc 149- C25H20N2°28 2 

150 (444) 

Analysis(%) 

c H N 

69.56 4.34 6.76 

69 ... 21 4;64 6.82 

64.28 3.79 6.24 

64.71 4.,02 6.30 

67.56 4.50 6.30 

67.31 4.71 6 •. 41 

l'V 
l'~ 
C. 



Table 6 (c:mtd.) 

13d 20 60 Et
2
o: 202 

CHC1 3 

13e 22 70 Et 2o: 200-

CHC1 3 201 

13£ 26 60 Et
2
o: 172-

CHC13 
174 

l3CJ 20 67 Et
2
o: 193-

CHC13 195 

C20H10N20S2 65.57 

( 366') 65.32 

c2cr17c lN2os 2 59.92 

(400~-5) 59.30 

C21H20N2°2 5 2 63,. 63 

( 396) 63.22 

C21H20N20S2 G6 .• 31 

( 300.J 66.60 

4.91 

4.74 

4.24 

4.32 

5. 05 

4.84 

5 .• 26 

5. 35 

7 .. 65 

7.32 

6.99 

7.07 

7 .o7 

7.19 

:]~36 

7.55 

r-~· 
7\ •• 
t"" ., 



Table 6 (C:mtd.) 

13h 24 42 CHC1 3 : 179= C21H21N3°3 

hexane 181 t 363) 

13i 10 35 CHC13 : 159= c 21H20clN30s 

hexane 161 (397.5) 

13j 32 38 CHC1 3 : 151= C22H23N302S 

hexane 152 (393) 

a Reacti~n s~lvents 3 ether (13a~£) and THF (13a~j). 

69.42 5.78 

69.04 5.61 

63.39 5.03 

63.77 4.88 

67.17 s.os 

66.33 5.71 

11.57 

11.32 

10.56 

10.29 

10.68 

10 .• 58 

ro 
(\) ... ....... 



TABLE 7 

0=Anilin::J/N=ethyl::imin::J(:>r methylthi:J)~~=anilin:J/N~ethylamin:>=o(-benz:>ylthi:>~ 

carban:>yl=~-benz:>yl/nitr:Jethylenes (~1 12h 1 12k and 16b-~); 2=(benz:>yl/ 

nitr:>benz:>ylthi:>c·3.rban:::·yl) methylene ~ imidaz:Jlidines 2o (a, b) 

Pr:>ducta Reacti:>n Reacti:>n Yield m.p. M:>lecular Analysis(%) 
Calc. 

s:>lvent time(hr) (%) ( oc) f:>rmula F:JUOd c H 

12d ether o.s 80 125- C20H20N2°282 62.94 5.24 

126 (384.5) 62.48 4.95 

12h ether 0.5 75 129~ C21H23N302S 66.11 6.08 

130 (301.5} 66.42 6.43 

12k ether 10 82 '126~ C29H23N302S 72 .. 93 4.85 

127 (477.6) 72.35 4.53 

N 

7.28 

7.73 

11.01 

11 .. 42 

s.so 

8.48 

~-= r\ ., 
l ,.) ,.. 
"-



Table 7 (C::mtd.) 

l6b ether 8 77 125= 

127 

16c ether 2 78 130~ 

131 

16d ether 15 75 148= 

150 

20a ether/ 4 87 145= 

THF 146 

20b ether/ 3 77 155 

THF 

a crystallizatiJn SJlvent = CHC13 • 

C 13H15N3°35 2 40.00 

(325.4) 47.74 

C14H18N403S 52.17 

(322.4) 51.80 

C22H18N403S 63.15 

( 418.5) 62 •. 81 

C12H12N403S 49.32 

(292.3) 49.87 

C 19H17N302S 64.96 

(351~ 4) 64.35 

4.61 

4.33 

5.59 

5.41 

4.30 

4.19 

4.11 

4.60 

4.84 

4.32 

12.92 

13.20 

17.39 

17.58 

13.39 

13.50 

19.18 

19.43 

11~97 

11.43 

l'-' 
w· 
c 



TABLE 8 

2~N=Ethyl/phenyl~3~anilin:J/N=ethylamin:~(:~r methylthi:~-4=benz:~yl/nitr:~~s= 

bGnz:~ylimin:J~ ~3~is:Jthi3z:Jlines {14 and 17a=d); 2,3-fused=4=benz:~yl/nitr:~ 

=S~benz:Jylimin:J= .C:::?c-is:Jthia.Z'Jlines 21 (~=b) 

?r:Jducta Reacti:1n Reacti'Jn Yie ldb 

s:Jlvent time(hr) (%) 

17a benzene 54 39 

17b THF 54 55(60)c 

17c THF 45 52(59)c 

m.p. M:~lecular 
calc. 

( °C) f:~rmula F:1un d 

210 .... C17H13N3°38 2 

212 (371.4) 

151= C13H13N3°38 2 

153 (323.4) 

173~ C14Hl6N403S 

174 (320.4) 

Analysis(%) 

C H 

54.98 3.50 

55.36 3.38 

40.29 4.02 

48.55 3.01 

52.50 s.oo 

52.84 4.87 

N 

11.32 

11.19 

13~00 

13.18 

17.50 

17.63 

t'V -"' \,.,: ..... 
!--



Table 0 ( c :J.ntd.) 

17d THF 52 46(55)c 257~ C22Hl6N403S 63.46 3.84 13.46 

250 (416.5) 63 .. 79 3.91 13 .'62 

21a - - (70)~ 210- Cl2H10N403S 49.64 3.47 19.29 

211 (290.3) 49.22 3.15 18.58 

2lb ~ ~ ·(74)c 192~ C19H15N302S 65.31 4.32 12.02 

193 (349.4) 64.77 4.02 11.61 

14 THF 45 35 (52 )c 196= C29H21N302S 73.26 4.42 8.09 

190 (475.6) 73.51 4.27 0.99 

a. crystallizati8n s8lvent = methanJl:benzene (17~~£, 21a and 21b) and CHcl3 
(14 and 21.Q). 

b The yields described are those frQm methJd A. 

c The yields in parentheses are th8se fr8m meth8d B. 

(\) 

C.:J 
i\._ 
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CHAPTER 6 

'POLARIZED KETEN-S,N- AND N,N-.1\CETl\LS 
AS NOVEL ENAMINE COMPONENTS FOR THE 
NENITZESCU 5-HYDROXYINDOLE SYNTHESIS* 

6.1 Intr~ducti~n 

The reacti~n ~f E;benz~uinone with ethyl 3-amin~­

crotonate (~) in refluxing acet~ne t~ yield ethyl 

5-hydr~xy-2-methylind~le~3-carb~xylate (2) (Scheme 1) was 

discovered by Nenitzescu1 in 1929. The method however, 

did not find its use f.:>r over three decades, until the 

imp~rtance :>f ind~le derivatives containing 5-hydroxy 

group was discovered, having physi~l~gically imp:>rtant 

properties. The interest in melanin and related substances 

and the discovery of 5-hydroxytryptamine (serotonin) as a 

vasoconstrictor, initiated the reviewed interest in the· 

chemistry of 5-hydroxyindole derivatives. .1\lthough, the 

final yields of 5-hydroxyindoles in Nenitzescu indole 

synthesis are comparatively 1Qw 1 the simplicity of react~ 

ants involved and the ease with which the reaction ~curs, 

* v •. Aggarwal, A. Kumar, H, Ila and H, Junjappa, synthesis, 
157 (1981). 
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makes the method attractive. Since 19501much interest 

is shown in this method and consequently the synthesis 

of a large number of 5-hydroxyindole derivatives has 

2-6 been reported. All the reactions reported for the 

synthesis of 5-hydroxyindoles require the choice 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 B-ketoesters, 1, 3-diketo 

diketones and 1,3-cycli~iones. one of the serious 

limitations of the use of these enamines is their~ -substi­

tuents (alkyl, phenyl, or carbalko:xy), which are carried 

to the 2-position of the product indole and cannot be 

subsequently removed except when it is carbalko:xy group. 

There is only one report7 of the preparation of 2-ethoxy-

5-hydr'.J:xyindole by the reacti'.Jn of ethyl0 -amino~ {!J­
eth'.Jxyacrylate with 1,4-benzoquinone. The mechanism of 

the reaction of an enamine with 1,4-benz:Jquin'.Jne is 

shown in Scheme 2 •7- 14 The enamine through its 

~-carbon adds Michaelwise to 1,4-benz~uinone with the 

formati'.Jn of hydroquinone adduct i• The two geometrical 

isomers of the adduct, cis-4 and trans-i, can cyclize ----
either to indole 3 or furan 7 719 respectively. The 



Scheme 2 
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~-4 is~mer was sh~wn to underg~ subsequent ~xidati~n 

either by the starting quin~ne ~r by quin~nimm~nium 

intermediate ~ t~ give the quin~ne adduct 2, which under­

g~es intram~lecular cyclisati~n via 6 t~ the ind~le 3. 

It is evident fr~m the mechanism ~f Nenitzescu 

ind~le synthesis that the keten-S,N- and N,N-acetals 

sh~uld also functiJn as useful enamine c~mpJnents, prJ~ 

viding an important synthetic variati~n in 5-hydrJxy-

ind~les. The synthesis ~f these acetals fr~m diverse 

active methylene c~mp~unds (Chapter 3) CJnstitutes a wide 

scJpe fJr liberal structural variati::m .• 

6.2 Results and discussiJn 

Investigati~n of the reacti~n of a few selected 

pJlarized keten-s,N- and N,N-acetals with 1,4-benzJ­

quinJne was undertaken, with a view t~ studying the scJpe 

Jf synthetic applicati~ns Jf these acetals as enamine 

CJffipJnents in the Nenitzescu indole synthesis. 

Thus, when 1,4-benz~uinone and the S,N-acetal 8a 

(Scheme 3) were refluxed in glacial acetic acid, the 

cJmpound ~ (24% yield) was obtained 1 which was identi­

fied as 2~anilin~-3-benz~yl-5-hydroxybenzofuran rather 



"3 '· ,r;, ':1. f) 

h th d . . d 1 15-17 t an e c8rresp8n 1ng 1n ~ e. The structure ~f 

9a was c~nfirmed by its analytical (Table 4) and 

spectral (Table 1) data. Thus, its mass spectrum sh~wed 

a rn8lecular i~n peak at M+ (329) and was analysed f8r 

C2lH15N03. Its IR showed weak bands at 3280 -1 
em ( )}OH) 

and -1 broad ba ril at 1635 -1 which 3200 ern ( 2)NH) and a em 

was attributed t~ carbonyl stretching vibrati8ns. 

Further confirmation of the structure was obtained from 

its NMR spectrum, Thus, the doublet at S 5.95 with 

c~upling constant J=2,5 Hz, was assigneo to 4-B pr8t8n, 

acc8unting f8r meta coupling, The double doublet at 

~6~43 was assigned to 6-~ proton with coupling const­

ant~J-8,5 HZ and 2.5 Hz, aecounting for ortho and meta 

c8uplings respectively. Sim~larly, the doublet at 

~6,80 (J~8~5 Hz), accounting for ortho c8upling was 

assigned t8 7-~ pr~t8n. The br8ad signal between 

b7,00-7,30 (10H) was assigned t~ the arjmatic protons 

of the two phenyl rings. Similarly,_l when reacted with 

~ and ~ under identical C8nditions~ yielded the corres­

ponding ~ and 9c in 26% and 24% yields respectively. 

Their analytical and spectral data are described in 

table 4 and table 1 respectively, However, n8 trace 8f 

ind8le was observed in these reactions9 wnen R in 8 was 



Scheme 3 

0 00 r;-AAr AcOH + H~Vl(SMe 
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changed fr~m phenyl t~ ethyl, there was n~ change in the 

c~urse ~f reacti~n except that an ~pen chain c~mp~und 10 

was f~rmed in additi~n t~ the c~rresp~nding benz~furans. 

Thus, when 1 was reacted with Sd in refluxing acetic acid, 

a mixture ~£ benz:Jfuran (9d) (22%) and the c~rresp~nding 

hydr~quin~ne adduct (10d) (21~J wcts ~btained, which were 

subsequently separated by c~lumn chr~mat~graphy. Simi-

larly, 1 when reacted with Be and Sf in refluxing glacial 

acetic acid, gave the c~rresp~nding benz~furans ~ (27%) 

and 9£ (23%), al~ng with the c~rresp~ndihg hydr~uin~ne 

adducts lOe (19%) and~ (16%), which are f~rmed by 

hydr~lysis ~f the imine intermediate A. The analytical 

{Table 4) and spectral (Table 1) data ~f 9d-f are in 

c~nf~rmity with their structures assigned. Als~, the 

analytical (Table 4) and spectral (Table 2) data ~f lOd-f 

are in acc~rdance with the assigned structures. 

H~wever, when 1 was reacted with nitr~keten-s,N-- . 

acetal Sg (Scheme 4) in refluxing glacial acetic acid, 

a mixture ~f three pr~ducts was ~btained which were 

separated by c~lumn chr~mat~raphy. The inseparable 

~ and 11 were eluted t~gether and were subsequently 

separated by fracti~nal crystallizati:Jn in 19% and 2~/o 



.CJ. A 
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yields respectively. The third c~rnp~und ~ was is~lated 

in pure form from the column in 11% yield. The sy~thesis 

of 1-phenyl~2~thi~methyl~3-nitro-5-hydroxyindole (lla) -
constitutes a n~vel variant of Nenitzescu ind~le synthe-

sis, wherein, the enamine c~mp~nent is derived from 

nitromethane. The structure of lla was confirmed by its 

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

mass spectrum showed a m~leoular ion peak at M+ 300 

( ) t h d b ......::~ t 3300 cm- 1 c15H12N2o3s , I s IR speetrum s ~we a aL~ a 

-1 -1 ( )JOH) and tw~ sharp batiJds at 1590 em and 1352 em , 

characteristic stretching vibrations for nitro group, 

Its structure was further confirmed by its NMR spectrum. 

The singlet at S2,31 (3H} was assigned to methylthi~ 

protons, The doublet at £ 6.44 (lH) with coupling 

constant J=2,0 Hz was attributed to 4-B, accounting for 

its meta c~upling. The double doublet at S 6•96 was 

assigned to 6-H with characteristic ortha (J=8~5 HZ) - ' 

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

b7,66 (SH) was assigned to the ar~matic protons of the 

N-phenyl ring, The d::mblet at S 8a04 (J=8.5 Hz) was 

due to 7-~ proton. The br~ad singlet at 5 9.70 (lH) 

aceounted for the hydr~xy pr~t~n, The structures of 

2g and 13 were similarly assigned on the basis ~f their 

analytical and spectral data as described in table 4 
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and table 1 respectively. The benz8furans ~ and 9g 

are f8rmed by eliminati8n 8f either anilino or methyl-

t~i8 group respectively from the Michael adduct B~ 

H8wever, when l was reacted with Bh under similar 

C8nditions, the corresponding indole llb was formed in 

19% yield, al:mg wi·th only :d-rnethyl thiobenzofuran 11 

(16%) with no trace of the corresponding 2-N-ethyl-

aminobenzofuran. It appears that in the presence of 

acetic acid the protonated ethylamino gr8up in the 

adduct £ preferentially acts as a leaving group over 

its mercapto c:mnterpart, thus yielding 2-meth:t thio­

benzofuran rather than its 2-N-ethylamino analogue. 

The analytical (Table 6) and spectral (Table 3) data 

of llb is described. 

When the reaction of 1 was extended t::> the keten-

N,N-acetals 13 (Scheme 5), derived from acetophenone 

and nitromethane under similar concitions, a mixture 

of indole 14 and benzofuran ~ was obtained, which 

were separated by column chromatography. Thus, l 

and 13a when refluxed in glacial acetic acid, the _, 
corresponding ind8le ~ was obtained in 21% yield, 

while the benzofuran 9a was obtained in 157~ yield. 

Similarly, 1 and 13b gave the corresp8nding indole 
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14b in 33% yield al8ng with benzofuran 9d in 8nly 6% 

yield. Interestingly, when l was reacted with nitr~­

keten-N1N-diphenylacetal ll£ 1 the c8rresponding ind~le 

li£ was 8btained in ?rylo yield while the c8mplementary 

benzJfuran ~ was obtained in ~nly 6% yield. The 
... 

yield 8f the ind8le 14d l8wered t8 21%, when nitr8-

keten~N,N-diethylacetal ~ was reacted with 1, while 

that Jf the c~rrespJnding benzofuran 2h increased to 

29%, The structures of the indoles 14a-d and the --
benzJfurans ~· 22# 2s and 2b were fully in conformity 

with their analytical (Table 6 and 4 respectively) 

and spectral data (Table 3 and 1). 

When this reacti8n was extended to cyclic keten-

N•N-acetal ~~ the tricyclic indJle ~ was obtained 

in 9% yield. Its analytical and spectral properties 

are given in table 6 and table 3 respectively. 

Apparently, the keten-s,N- and N1 N-acetals 

derived from various active methylene compounds, have 

behaved like the family Jf enamines in their chemical 

reactivity tJwards 1•4-benz::quinJne, The application 

Jf N1 N-acetals tJ yield 2-aminJ-3-nitro-5-hydroxy-



24d 

indoles, is the first report of 2~amino-3~nitro-indole 
"" 

synthesis through Nenitzescu reaction. These indoles 

are· of particular int~rest, since the nitro group can 
.. .. 

be reduced to yield 2r3•diamino-indoles, which are 

excellent precursors for the construction of various 

h~terocylces on the basis of 2-phenylenediamine. Thus, 

in one -::>f the examples l4c# attempted reducti:m with ..__ 

hydr::JQ"en over Raney-Ni (Scheme 6) yielded a comp:mnd, 

wh.ich was assigned the structure 16 tentatively, on the --
basis of its IR and mass spectrum, The elucidation of 

the final structure of compound 1£ is in progress. 
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TlilllE 1 

Spectral data -:>f benz-:>furans 9 {a-~) and 12 

Pr::;~duct 

9a 

9b 

IR (cm-1) 

3280 t 1) OH); 3200 

(/) NH); 1635 ( J) co>a 

3375 ( 2) OH]; 3250 

b 
( )) NH); 1620 ())CO) 

1
H-NMR(S /ppm) 

5.95 (d, lH, B-4, J=2.5 Hz); 

6.43 (dd 1 lH, H-6~ J=8.5 HZ, 

2.5 HZ); 6.80 td 6 lH, ~~7, 

J=O.S HZ); 7.00~7.30 (m, lOH ). 
ar:Jm 

6.08 (d 6 lH~ H-4, J ~.2.0 Hz); 
.. 

6,.23 (dd 1 lH, ~-6, J = 8,.5 Hz, 

2.0 Hz): 7.00 (d, lH, ~~7, J= 

c 
8.5 HZ); 7.10-7.80 (m, 9H ). 

ar::;~m 

M.s. 
rn/e(M+) 

329 

c 

408 

ro 
_...~ 

...... ' c 



Table 1 ( c :::mtcl.) 

9c 3 2 2 5 ( l) OH ) ; 317 5 

< ))NH); 1628 ( J)co)b 

9d 32 60 ( 2) OH.)'; 3190 

( ))NH); 1635( l)co>a 

4. 01 ( s, 3H, OCll3 ); 6.68 (d, lH~ 

~~4, J = 2.5 HZ); 6.94 (dd.., lH, 

!:!""'6.;~ J. = 9. 0 HZ 1 2 ., 5 HZ ) ; 7 • .2 0 

(d, lH• H~7, J = 9.,0 Hz); 7.22-7 .. 92 

c 
(m, 9H ) .. 

ar"Jm 

l.QS (t, 3H, CH
2

CH
3

); 3.53 (br q, 

2~~ cg
2
cH

3
); 5.98 (d, lH, H-4, 

Jt!12.5 HZ); 6-.55 (ddt lH, .H=6 1 J== 

8~5 HZ, 2~5 Hz); 6.91 (~, lH, 

!:!-7, J = 0.5 Hz); 7.06-7.40 (m, 

c SH ) .• 
ar"Jm 

281 

M: 
(til 
b.:.. 
' 



Table 1 (C8ntd.) 

9e 

9f 

3210 ()) ) i 3160 
OH 

( 2)NH); 1S25 ( J)co)b 

3220 ( 2) ) i 3160 
OH 

(2) NH); 1645 ())co )a 

... 

1.16 (t, 3H, CH
2
CH

3
); 3.58 (br q, 360 

2H, CH{·43 ); 5.98 (d, lH, H=4, 

J = 2.5 HZ): 6.48 (dd, 1H, H=6, 

J = 0.5 HZ, _2.5 HZ); _6.80 (d, 

lH, ~-7, J = 8.5 HZ); 7.23 (A2B2 dd~ 
··c 

4Har8m) • 

1.55 (t, 3H, c~2cH3 ); 3.88 (br q, 

2H, cg2~H3 ); 4.06 (s, 3H, oc~3 ); 
.. 

6.60 (d, lH, _H-4, J = 2.5 Hz); 6.92 

(dd, lH, H=6, J = 8.5 HZ, 2.5 HZ); 

7.32 (d, lH, g-7, J = 8.5 HZ), 7.43 

c 
A

2
B

2 
dd 1 4H ). 

ar ::»n 

l'V 
C..1 
f'"'. 



Table 1 (c:mtd.) 

9g 

9h 

3 3 4 0 ( )} OH ) ; 317 5 

( 2)NH); 1510, 1355 

( l) NO )b 
2 

3275 ()) 0H); 3260 

( J) NH ) ; 15 9 5 I 13 85 

b <»No ) 
2 

6.66 (dd, 1H, H~6, J = 8.5 HZ, 

2~5 HZ); 7~11=7.80 (m, 7H ); arJm 

9 • 5 0 ( s 1 lH, OH ) ; 1 0. 9 0 ( br s, 

·d 
1H, NH) • 

1.26 (t, 3H 1 CH2c~3 ); 3.60 (q, 

2H, c~2cH3 ); 6.60 (dd, 1H, ~~6, 

J = 9.0_Hz, 3.0 HZ); 7.26 (d, 

1H, H=4 1 J = 3.0 HZ); 7.30 (d 1 

lH, ~-7 1 J = 9.0 Hz), 9.28-9.50 

(br, 2H, Nri and OH).d 

270 

222 

l'V 
C..t 
c.. 



Table 1 ( c ::mtd.) 

12 3365 ( ))OH); 

a 
1365 C'))NO ) 

2 

a in nuj:::>l; b . 
~n KBr; 

c in TFA~ d . 
~ n DMSO=-d 

6
• 

1518 
... 

2.76 ( s, 3H 1 SCH
3

); 6 • 8 2 ( d d', lH I 
.. 

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

lH, H-4~ J = 2.5 Hz); 7.45 (d 4 lH, 
d 

~~7, J = 8.5 Hz); 9.75 (s, lH, OH). 

225 

l'V 
C:.1 
~-



Spectral data ~f pr~ducts 10 (£=~) 

Pr~duct 

10d 

lOe 

=1 
IR(cm ) 

3400, 3390 ( ')) OH); 

1710, 1670 ( )) co)a 

3L1.rOO, 3380 ( )} OH); 

1720, 1670 (")]co )a 

TJ\BLE 2 

1H~NMR( £/ppm) 

2.18 (s, 3H, SCH3 ): 3.67 (s 1 

1H 1 CHCO); 6,.55=7o20 (m, 
c 3H ); 7.85 (m, 5H ). 

ar~m ar~m 

. ~. ' 

2.30 (s, 3H, sc~3 ); 3.84 (s, 

1H 1 CHCO); 6.85~7.05 (m, 

3H b 7.97 (A')IB
2 

dd, 4H ). 
ar~m ~ ar~m 

M.s. 
~/e(M+) 

381 

c 

l\:) 

CJ1 
<:.. 



Table 2 (CJntd.) 

10f 

a . 
10 KBr; 

34oo ( .2J
0
H); 1715,. 

1675 ( 1Jco )b 

b . . ., 
lD DU]J-i 

c 
in TFA. 

2.28 (s~ 3H, SCH
3

); 3.97 (s, 3H, 

OC~3 )l 3.75 {s1 1H. C~CO); 6.74-

7.10 (m, 3H ); 7.00 (m, 
arJm 

5H ··c 
arJm) • 

ro 
C:t 
,-­
'-' 



TABLE 3 

Spectral data 8f ind8les 14 (~~~) and 11 (a#£) 

Pr8duct 

14a 

14b 

=1 IR(cm ) 

3240 ( lJ OH); 3160 

<))NH); 1590 ('))co>a 

3350 

3130 

1595 

( J)OH); 

(j)NH); 
b 

<'))co> 

1H~NMR( b /ppm) 

6.56 (d, 1H, ~=4, J = 2.0 HZ)1 

6.74 (br s, 5H ); 6.82 (dd, - · ar8m 

1H 1 ~~6, J =_8.5 HZ, 2.0 Hz): 

7.20-7.60 (m, 11H, 10H + ar8m 

H-7); ?•86 (br s, 1H, ~); 9.52 
. c 

( s, 1H, 0~) • 

.. . 

1.36 (t, 3H, CH2c~3 ); 1.50 (t, 

3H, CH2c~3 ); 3.58 (q, 2H, CH2 

CH3 ); 4.12 (q, 2H, CH 2CH3 ); 6.16 

M.s. 
m/e(M+) 

404 

308 

~ 
C'1 

'· 



Table 3 (C:Jntd .. } 

14c 3400 ~ ).} OH); 3130 

( ~); 1570, 1365 

b 
( }.)NO ) 

2 

(d, 1H 1 _~~4, J = 2.5 HZ); 6.53 

(dd. 1H~ H-6, J = 8.0 HZ 1 2.5 Hz); 
--

6.92 (d, lH, ~~7, J = 8.0 HZ); 

7 .28~7. 72 (m, 5H ) ; 8. oo ~br, 1H,. 
ar:Jm 

c 
OH); 9.13 (br t, lH, ~). 

6.38 {d, 1H, H-4 1 J = 2.5 HZ); 

6-.81 --' (dd, 1H, ~=6, J = 8.5 HZ, 

2.5 Hz); 7.00 (m, SH ); 7.94 
ar:Jm 

(d, 1H 1 H-7, J = 8.5 Hz); 8.50 
--- c 

(br.,.s, lH, N~); 9.65 (s, lH, 0'!)• 

345 

N 
C-1 
v. 



Table 3 (C:mtd.) 

14d 

14e -

3400 ( 1) OH); 3240 

{'))NH); 1540, 1340 

().)NO )a 
2 

3380 ( )}
0
H); 3075 

( ).) NH); 15 20 ())co >b 

1.31 (t, ?H 1 tw~ CH
2

CH3 ); 3~72 

(br.q, ~H, CH
2
cH

3
): 4.20 (q, 26, 

CH
2
CH

3
}r 6.67 (dd, lH, g~6, J : 
. . . 

8.0 HZ 1 2.5 HZ); 7.21 (d, lH, H-7, 

J=8.0 HZ); 7.45 (d, lH, H~4, 

J = 2.5 HZ); 8.50-8.83 (br, 1H1 

c NH); 9.11 (s, lH, OH). 

3.97 (s, 4H 1 --cH
2
cH

2 
~); 6.36 (dd, 

lH, H~6~ J = 9.0 HZ, 3. 0 HZ) i 
.. 

6.62 (d. lH~ H-4, J = 3.0 HZ)~ 
.. 

6 e 02 ( 01 lH, B-7, J = 9.0 HZ)7 

7.48 (m, SH ); ar8m 8.57 ts, lH.,. 

OH). c 

249 

278 

~ 
('_., 1 
Q -



Table 3 (C::>ntd.) 

lla 3300 ( :V OH): 1590 

b 
1352 ( ).)No ) 

2 

llb 3 3 3 0 ( i) OH ) : 15 10 

a 
1350 < VNo ) 

2 

a in nuj::>l; b . 
1n KBr; c . d l.O DMSO- 6 • 

2. 31 ( s, 3H, SC!:!3 ) i 6.44 (d, lH, 

H-4, J = 2.0 Hz); 6.96 (dd, 1H, 

H~6, J = 8.5 Hz, 2.0 Hz); 7. 66 (m, 

SH ); G.04 to, 1H, H=7, J = 
-ar::>m -

8.5 HZ); 9.70 (br,s, lH, OH) • 
c 

.. 
1.32 (t, 3H, CH2c~3 )7 2.60 (s,.3H, 

SC!:!3 }; '4. 44 ( q, 2H, C!i
2
CH3 ): 7. 00 

(dd~ lH~ H-~, J = G.O HZ 1 2.5 Hz); 
... 

7 .os (c_3, lH~ H~4, J = 2.5 Hz); 8.04 

(d4 lH, H=7 1 J = G.O HZ); 9.80 (s 1 

" c 
lH, 0£!). 

300 

252 

l'U. 
C) -
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EXPERIHENT?\L 

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 

chemical shi£ts are recorded as~ (ppm). 

The starting materials 

The c~mmercial sample of p-benz~quinone was -
purified by crystallization from acetie acid. 

The keten-s,N-acetals 8a-b and N,N-acetals 

13a-~ required, were prepared as described mn 

chapter 2. 

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

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

methoxy)methyl-1,4-hydr8quinones(l0d-f) from 

ketoketen-s,N-acetals 8a-f: General Procedure: 

A mixture of keten-s,N-acetal 8 (o.ol mol) and 

1,4-benzoquinone <1> (1.3 g, 0.012 mol) in gl• AcOH 



(50 ml) was heated under reflux fDr o.s t.J 1 hr. 

RemDval Df the SJlvent under reduced pressure gave 

tarry residues, which were CJlumn chrJmatJgraphed 

Jver silica gel. ElutiJn with 1% ethyl acetate in 

benzene gave the benzJfurans 9a-f, which were fur-

ther purified by crystallizatiJn fr:>m ethyl acetate/ 

hexane (Table 4). Further elutiJn with 5% ethyl 

acetate in benzene gave the adducts lQS-!, which were 

further purified by crystallizatiJn frDm ethyl acetate/ 

benzene (Table 5). 

PreparatiJn 8f 2-anilinJ/methylthiD~3~nitr8-5-hydr8xy­

benzDfurans (~and 12); 1-N-ethyl/phenyl-2-methyl­

thiJ-3-nitr.J-5-hydr8xyindDles (~ and ~) fr8m nitrD­

keten-s,N-acetals Sg-h: General PrJcedure: 

A mixture Df S,N-acetal 8 (0.01 m8l) and 1,4-

benz8quin8ne (1) (1.3 g, 0.012 mDl) in gl. AcOH (50 ml) 

was refluxed f.Jr o.s hr and the s8lvent rem.Jved under 

reduced pressure t8 give tarry residues which were 

c.Jlumn chr.Jmat.Jgraphed 8Ver silica gel. The residue 
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~btained fr~m the reacti~n ~f 8g with l was eluted with 

1% ethyl acetate in benzene t~ yield a mixture ~f lla 

and ll as a yell~w s~lid, which were separated by fra­

cti~nal crystallization (ethyl acetate/hexane). Further 

elution with 5% ethyl acetate in benzene gave the furan 

29 (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 ind~le 11b (Table 6), which were further puri­

fied by crystallization fr~m ethyl acetate/hexane and 

ethyl acetate/benzene respectively. 

Preparati~n of 2-anilino/N-ethylamino-3-benzoyl/nitro-

5-hydr~xybenzofurans (9a, ~, ~and 2£); 1,2-disubsti~ 

tuted-3-benzoyl/nitro-5-hydroxyindoles (~~~) from 

keten-N,N-acetals ~-~ : General Procedure: 

A mixture ~f keten-N,N-acetal 13 (0.01 mol) and 1 

(1.3 g, 0.012 mol) in gl. AcOH (50 ml) was refluxed 

f~r 0.5 hr and the solvent rem~ved under reduced pressure 

t~ give tarry residues which were column chromatographed. 
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Elution with 1% ethyl acetate in benzene gave benzo-

furans 9a, 22, ~ and 9h and further elution with 5% 

ethyl acetate in benzene gave the corresponding indoles 
.. 

~-£. The residue obtained from 13e and l, gave the 

cyclic indole ~ ~n elution with ethyl acetate/ 

chl~roform (1:4). The furans ~, 2£, ~and 9h (Table 4) 

and indoles 14a-e (Table 6) were further purified by --
crystallization. 

Hydrogenation of 3-nitroindole 14c: To a solution of 
pt42 ¥ k .. 4 . 4 • ( ; ,. 4 

ind~le 14c (0,69gf 0.002 mol) in DMF/MeOH (1:1), -
Reney-Ni (1,5g) was added and the mixture was hydroge-

nate~ QVQZ hydrogen at 48 p,s,i, for 4 hr. After 

completion of the reaction (when no more hydrogen was 

absorbed)t Raney-Ni was filtered off and the filtrate 

diluted with water (to remove DMF), extracted with ethyl 

acetate, dried (Na
2
so4 ) and c~ncentrated to give an 

~range coloured solid which on crystallization from ethyl 

acetate/methanol yielded pure~, 0.41 g (66%), m.p. 

271-274°C, M,S.:(m/e):M+, 311; IR /) (nujol):3220 (OH) "-1nax 
-1 -1 -1 em , 1662 (w ,C;aN) em , 1612 ( s,c=C) em ; Found: c_, 

76 1 7ry/o; H1 31 86%; N, 13.1~/o; calc: c, 77.17%; H, 4.18%; 



2 p 
C'd 

The fused quin8xaline !2 was ins8luble in CDC13, 

DMSO-d
6

, (cD3 )
2

C=O and TFA,theref8re, its NMR spectrum 

C8uld n8t be rec8rded. 



TABLE 4 

2=Anilin:J/N=ethylamin:J/methylthi:J=3-ar:>yl/nitr:J~5-hydr:Jxybenz:Jfurans 

~ (~=_9) and 12 

a Pr:Jrluct 

9a 

9b 

9c 

b 
Yield 
(%) 

24 ( 15) 

26 

24 

m .. p. 
( oc) 

234= 

235 

228~ 

230 

210 

M:Jlecular 
f:Jrmula 

C21H15N03 

(329.3) 

c 21H14BrN03 

(408.3) 

C22H17N04 

( 359-:3) 

Calc. 
F:Jund 

Analysis (%) 
c H 

76.59 4.56 

76.43 4.62 

61.76 3.43 

61.68 3.39 

73.53 4.76 

73.16 4.48 

N 

4.25 

4.22 

3.43 

3.41 

3.89 

3.45 

ro 
C) 
~ ...... 



Table 4 (c:::mtd.) 

9d 22(6) 184 C17Hl5N03 72.59 5.33 4.92 

(281.3) 72.63 5.46 4. 89 

9e 27 225= c 17H14BrNo3 56.66 5.38 5.38 

228 (360.2) 56.79 5.42 5.37 

9f 23 211 C18H17N04 69.44 5.49 4.49 

(31l.J) 69.13 5.11 4.19 

9C] 11 ( 6) 209- C14H10N204 62.22 3.79 10.37 

210 (270.2) 62.33 3.69 10.31 

(\;' 
,.--... _., 

'"' 



Table 4 (C:mtd.) 

9h -( 29) 231~ C1if10N2°4 54.05 4.50 

233 (222.2) 54.27 4.66 

12 20c(l6) 23~;·= c 9H7No4s 48.00 3.11 

23~ (225.2) 48.12 3.04 

a crystallizati~n s~lvent = EtOAc!hexane. 

b The yields are th~se ~btained fr~m S,N=acetals Ba=2, while th~se in 

parentheses are fr~m N,N~acetals 13a=d. 

c Yield fr8m s, N=acetal Gg, while that in parentheses is 8bt~ed fr8m 

S,N~acetal Gh. 

12.61 

12.70 

6.22 

6.25 

l\J 
.......... ,_., 
,-......... 



TABLE 5 

--
2= ( Ar:Jyl=thi :Jc.3.rb:Jmet~:Jxy)methyl=1, 4~hydr:Jquin::mes 10 (£=!.) 

Pr:Jclucta Yield n. p. 
(%) ( oc) 

10d 21 130~ 

131 

10e 19 183-

10f 16 136~ 

130 

M:Jlecular 
f:Jrmula 

Cl6Hl4°45 

( 302. 3) 

c16Hl3o4SBr 

(381.-3) 

Cl7H16°5 5 

(332.3) 

a crystallizati~n s:)lvent = EtoAc:benzene~ 

Analysis(%) 
calc. F:Jund c .·--

6~.56 

63.21 

50.39 

49.92 

61.44 

61.17 

-}if---~-

4.,67 

4.33 

34,.38" 

33.97 

4.85 

4 .. 39' 

~ 
C) 
f' ' 
'--' 



TABLE 6 

1,2=Disubstituted=3=benz~yl/nitr~=S=hydr~xyind~les 14 (~=~) and !! (~ 1 £) 

Pr~duct Yield cryst. m.p. 

(%) .;~lvent ( oc) 

14a 21 EtOAc 263~ 

265 

14b 33 CHC13 : 165= 

hexane 167 

14c 70 EtOAc: 220 

hexane 

M~lccular 

f~rmula 

C27H20N202 
.. 

(404.5) 

C19H20N202 

(300.4) 

C20H15N3°3 

(345.3) 

Analysis(%) 
calc. 
F~und c 

00.19 

80.22 

74.02 

74.15 

69.56 

69.54 

H 

4.95 

4.oo 

6.49 
.. 

6.39 

4.37 

4.31 

N 

6.93 

6.88 

9.09 

8.90 

12.17 

12.01 

l\:) 

-J 
c 



Table 6 (C::mtd.) 

14c1 21 EtOAc 220 

14o 9 E:tOAc: 291= 

CHC13 293 

11a 19 EtOAc: 220 

hexane 

11b 19 EtOAc: 211~ 

benzene 212 

c12H15°3 57.33 

(249.3) 57.87 

Cl7H14N2°2 73.38 

(270.3) 73.13 

Cl5H12N203S 60.00 

(300.3) 59.89 

C11H12N203S 52.38 

(252.2) 52.42 

6.02 

5.92 

5.03 

4.99 

4.00 

3.93 

4.76 

4.66 

16.36 

16.83 

10.07 

9.92 

9.33 

9.18 

11.11 

11.21 

f'U 
"-.]_ 
l-
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CHhPTER 7 

RE~ST!ON OF POLARIZED KETEN-S,N-
1\ND N,N-ACETALS NITH 
DIMETHYL ACETYLENEDICARBOXYLATE 

7, l Intr:Jducti:m 

The ~hemical reactivity :Jf keten-s,N- and N,N­

acetals with 1,4-benz.:Jquin:Jne has been sh:Jwn in the 

preceding chapter t:J give 5-hydr:Jxyind:Jles, dem:Jn­

strating that these S,N- and N,N-acetals exhibit 

pr:Jperties like th:Jse :Jf enamines used in the Nenit-

zescu ind:Jle synthesis. In principle~ the keten-s,N-

and N,N~acetals sh:Juld underg:J all the reacti:Jns1 that 

enamines are kn:Jwn t:J have underg:Jne, As exemplified 
1-6 in scheme 1, simple keten acetals react with 

acetylenedicarb:Jxylate t:J give a tEan~utadiene i, 

arising fr:Jm rearrangement :Jf the cycl:Jbutene 1 1 

which is kn:Jwn t:J be f:Jrmed thr:Jugh (2+2) cycl:Jaddit-

i:Jn :Jf·1 and l• A similar reacti:Jn :Jf enamines, 



xR1 

H2C ==< 1 
XR 

1 
-

l- ~ , X = N ,S ,0 • 
1 R =Me, Et 

+ 

Scheme 1 

C02R 
I c 
Ill 
c 
I 
C02R 
2 

) 

/C02R 

R1 X 1_/,tl -co R 
xR1 2 

H2C 

3 

R1 

xR1 

C02R 

4 l'U 
""1 
c..: 



derived fr~m cyclic ket~nes, with acetylenedicarb~xy-

lates resulted in ring enlargement by tw~ carb~n at~ms 

via the intermediate cycl~butene adducts 6 (Scheme 2). 7 ' 8 

Enamines derived fr·:>rnt'-diket::mes and{.?~ket~ esters 

were f:>und t~ differ c:>nsiderably fr:>rn the simple 

enamines in their reactivities t~wards l• In ~ne :>f the 

reacti~ns, the enamine Q (Scheme 3) was reacted with l, 

when the initially f:>rmed diene 10 underwent cyclizat­

i~n t:> give the dimethyl phthalate 11 in sry/o yield. 

H~wever, when the same system with :>ne :>r two labile 

hydr:>gens, like 12a and 12b were reacted with 2 - - -
(Scheme 4), 8 12a gave the expected 13a f~rmed via 

cycl:>butene route, while in the case of 12b, the open 

chain adduct 13b was c:>nverted t~ the cyclic amide 14 

~n treatment with water. Although, spectral data 

supp~rted the structures 13a and 13b
1
the authors have 

n~t c~mpletely ruled out the possibility ~f structures 

15a and ~ respectively, formed via Michael r~ute. 

It was not possible t~ differentiate between 13 and 15 

by spectral and analytical da~a. 

Although, there are number of exa~ples ~f (2+2) 

cycloaddition of simple ketene acetals 1 · the reactivity 
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2au 

8f p8larized keten-s,N~ and N,N-acetals t8wards 

acetylenedicarb8xylates has been tJtally neglected and 

nJ study S8 far has been rep8rted in the literature. 

It was theref-Jre, c8ntemplated that the reacti8n ::lf 

keten-s~N~ and N,N-acetals Wl.'l:;rl uimethyl acetylenedi~ 

carb8xylate w::luld lead t::l the f8rmati::ln 8f hith~ 

inaccessible heter::lcycles and a few keten-s,N~ and 

N,N-acetals have been ch::lsen f::lr the present investi~ 

gati:)n (Chapter 2). 

7.2 Results and discussi8n 

It was anticipated that ketJketen-s,N- and N,N­

acetals will react with dimethyl acetylenedicarb8xylate 

t8 give pr::lducts f8rmed either via Michael r::mte 8r 

via cycl:)butene r::lute. Thus, when S,N~acetal 16a 

(Scheme 5) was reacted with equim8lar quantities :)f 

dimethyl acetylenedicarb::lxylate (l) in benzene at r:)::lffi 

temperature, W8rk-up :)f the re~ctiJn mixture yielded 

a visc::lus semis8lid 17a (Jr 18a) in 57% yield, which 

was characterized as 1:1 adduct Jn the basis :)f 

spectral (Table 2) and analytic~l data (Table 4). 
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Thus~ the pr~nuct an~lysod fJr c 22H21No5s and its IR 

spectrum shJwed abs~rpti~n bands at 1735, 1720 and 

=1 1670 em due t~ twJ carbJmeth::>xy grJups and ::>ne ar~-

matic carbJnyl gr::>up respectively, while a weak br::>ad 

=1 band between 3450-3300 em was assigned t::> ·-

the ~NH gr::>up. Its NMR spectrum exhibited tw~ singlets: 

at b 1.65 and £ 1.90~ (integrating fJr three pr~t~ns) 

due t::> prot~ns ::>f the -sc~3 gr~up. The signal due t::> 

tw::> ...co2cH3 gr::>ups appeared as a br::>ad singlet ( 6H) 

between 5 3.38~3.91, while the br::>ad barn between 

b6.70-8.80 (12H) was assigned t~ ten ar::>matic protons 1 

::>ne vinylic proton and ::>ne -NH pr::>t::>n. Fr::>m the ab::>ve 

dat~it is not p::>ssible t::> distinguish between stru­

ctures 17a and 18a f::>rmed via cycl::>butene and Michael 

r::>ute respectively. It appears 1that in the present 

case b::>th path\-vays are ~perative and the pr::>duct is:>la-

ted is a mixture ::>f 17a and 18a. Similarly, the S,N-

ethylacetal 16b when reacted with 2 yielded a mixture 

Jf the is::>mers 17b and lBb. Its analytical and 

spectral data is given in table 4 and table 2 respect-

ively. Attempts t::> ide~tify 11 and 18 by ~yclizing 

them t::> 19 and lQ respectively, in the presence ::>f 
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triethylamine in methan~1 were n~t successful and 

in b~th the cases,a mixture ~f several pr~ducts was 

~btained, fr~m which n~ identifiable pr~duct c~uld 

be is~lated. 

Thee< -c?-;,-b~n in the N,N-acetal 21 (Scheme 6) 

is apparen.tly m~re nucle~philic than in the S,N-

acetals 16, due t~ the presence ~f tw~ amin~ gr~ups 

at {?;> -carb~n. Theref:>re, it is expected that 21 -
sh~uld react with 2 via Michael pathway rather thaA 

via cycl~butene. Thus, when ~ was reacted with 2 

at rJJm temperature in benzene, the Jpen~chain 

Michael adduct 22a was ~btained in 83% yield. When 

28d 
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22a was refluxed in methanol in the presence of tri---
ethylamine, it underwent sm~~th cyclizati~n t~ give 

l-N-phenyl-4-carb~meth~xy-5-benz~yl·6-anilin~-2(1H)­

pyrid~ne (~) in 66% yield. Similarly, the keten­

N,N•acetals ~-f (Table 1) reacted with l t~ give the 

c~rresp~nding 22b-f in 78-88% ~verall yields, all of --
which yielded the c~rresp~nding pyrid~nes ~-! in 

59-67% ~verall yields, The structure of 22a was -
elucidated ~n the basis of its spectral data (Table 2). 

-1 Thus, its IR spectrum exhibited weak bands at 3420 em 

and 3340 cm-1 which were assigned to the two -NH 

stretching vibrati~ns. The bands at 1740 and 1720 
-1 em were assigned to the carb~nyl freq~encies of the 

two ester groups while the band at 1660 ~m-1 was attri-

buted to the carbonyl frequency of the ket~ group, 

The structure of ~ was further confirmed by its NMR 

spectrum (CDC1 3} which showed a singlet(~3.601 6H) 

f~r the two carbomethoxy gr~ups. The multiplet around 

56,16-6;93 acc~unting f~r seven pr~t~ns, was assigned 

to five ar~matic protons merged with ~ne vinylic and 

one -NH prot~n. The other aromatic protons (10H) 
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appeared as a br~ad multiplet ar~und S 7e00-7.65 

while the ~ther -NH pr~t8n appeared at b 12.00. The 

spectral data 8£ pyrid~ne ~ (Table 3) was appre­

ciably distinguishable fr8m that ~f 22a thus, c8nf ir~ 

ming its cyclic nature. Its mass ~pectrum sh~wed 

ffi:)lecular ion peak at M+ 424 (c 26H20N2o4 ). The IR . 
-1 

spectrum showed a str8ng band at 3340 em ( 2) NH) and 
-1 a band at 1740 em , which was assigned tJ the ester 

carbonyl group. The keto carb:)nyl was assigned t8 

~1 -1 the band at 1648 ern , while the band at 1680 em 

was attributed to the amide carb8nyl gr8up. Its 

structure was further confirmed by its NMR spectrum 

(TF~). The singlet at~ 3.61 (3H) accounting for 

three protons of the carbomethoxy gr~up, confirmed 

the participati~n ~f other ester gr~up in intram~le-

cular cyclizati~n. ~he g-3 pr:)t~n appeared as a 

singlet at ~ 6.62 1 while the broad multiplets ar:::mnd 

6.8-7.3 (SH) and S7.2-7.8 (10H) acc:::>unted f8r 

fifteen ar8matie protons. All the Michael adducts 

~-f and the corresp~nding pyridones 23b-f sh~wed 

analytical (Table 4 and 5 respectively) and spectral 

2 
(l . 

ol 
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data (Table 2 and 3,, which were in ~~nf::>rmity with 

the structures assigned, H~wever, it sh::>uld be n::>ted 

at this stage that the p::>ssibility ::>f the f::>rmati::>n 

::>f five-membered amide 24 ::>n treatment ::>f 22 with 

triethylamine in methan::>l cann::>t be c::>mpletely ruled 

::>ut~ alth::>ugh the five-membered amide (24) with an 

ex::>cyclic d::>uble b::>nd~ appears t::> be less stable as 

c::>mpared t::> six-membered pyrid::>ne (~}, Als::> the 

vinylic pr~t::m in 24 will appear at l~wer field --
(.-... £ 7 1 0) due t::> deshielding by the amide carb::>nyl 

gr-:>up, Interestingly, the Michael adduct ~' ::>btained 

fr::>m the reacti:>n :>f N1 N-diethylacetal 25 and 2 

(Scheme 7), was n::>t very stable and ::>n l:>nger heating 

in benzene at 60°C 1 it was c::>nverted t-::> a greenish 

yell::>w visc::>us s:>lid
1

which was tentatively assigned 

the five-membered amide structure 27 ::>n the basis ::>f 

spectral and analytical data. The Michael addu~t 26 

exhibited abs::>rption bands at 17181 1692 aMd 1620 

cm-1 in its IR spectrum (Table 2) due t:> tw::> ester 

carb::>nyl and ::>ne ar~matic carb:>nyl gr::>ups respecti-

vely, while in the IR spectrum (Table 3) ::>f 27, the 
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-1 
abs~rpti~n frequencies at 1740, 1715 and 1644 em , 

were assigned t~ ester, amide and ar~matic aarb~nyl 

gr~ups respectively. B~th the pr~ducts ~ and 27 

sh~wed str~ng bands at 3300 and 3320 cm-1 respectively 

due to -NH gr~up. The NMR spectrum ~f ~ (Table 2) 

showed br::>ad triplets between b 0,90-1 .. 40 due t~ tvD 

methyl gr.:mps ( -NHCH
2

C!:!
3
), while tw·~ singlets D 3. 40 

( 3H) and b 3. 70 ( 3H) and a br:Jad quartet ( 4H) ar~und 

b3 1 30-3,60 were assigned t~ tw~ carb~meth~y gr~ups 

and f~ur methylene pr::>tons ~£ the tw~ ethylarnin::> 

gr~ups respectively. The broad multiplet between 

g7.20-7.90 (6H) accounted f:::n: five aromatic pr:Jt:ms 

ana one vinylic pr:lt:ln, In the NMR speetrurn (Table 3) 

~£ 27, the signal due t::l tw::l methyl gr::>ups (-NcH2c~3 ) 

appeared as a br::>ad triplet between f) 0.90-1.63, 

while a singlet at S 3.15 (3H) and a broad quartet 

ar::>und ~3.50-4.00 acc::>unted for three carbomethoxy 

protons and four methylene pr::>tons (-Nc~2cH3 ) 

respectively• The aromatic pr~t~ns and ex::>cycli~ 

vinyl pr~ton were present as a br~ad multiplet (6H) 

between b 7.12-8, 13. The presence ~f only :me 



TABLE 2 

Spectral c'1c:t."1 f:Jr- pr:Jc1ucts 17a, 17b (:Jr ~~ lOb) 22 (a=f) 2nd 26 

Pr:Jduct 

17a ( ::-r lOa) -

1 7b ( ::>r 1Gb ) - -

=1 IR(cm ) 

3450~330.) (w, 2) NH): 

1735, 1', 20 ( 2J co ester h 
a 

1670 ( Vc
0

ket:J) 

3 3 GO f w I 2) NH ) ; 

1740, 1705 (2}c0ester); 

1660 ()}c
0

ket:J)a 

lH=NMR(5 /ppm) 

1.65, 1.90 (tw:J s, t:Jtal 3H 1 SCH3 ); 

3.38=3.91 (br ;] 1 6H, COOCH3 )/ 6.70= 

8.80 (m, 12H, lOH + lH vinylic + ar:Jm 

NH) • b 

1.02=1.32 (br t, 3H 1 CH2cg3 )~ 2.24, 

2.35 (tw:J s, t:Jtal 3H, SCH3 ); 3.38~ 

3.97 (m, 8H 1 CH 2CH3 + tw:J COOC~3 ); 

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

b 6H 6 5H + lH . 1 . ). ar:Jm Vlny lC 

ro 
(;) 

1-=--



Table 2 (C::mtd.) 

Pr::>duct' 

22a 

22b 

22c 

=I IR(cm ) 

3420, 3340 (w, V NH); 

1740., 1720 ( 2Jc
0
ester); 

1660 ( 1)c
0

ket::>)a 

3430, 3360 (w, J)NH); 

1734, 1724 ( '))c 0ester); 

166i3 ( ')) coket::> )a 

3440, 3360 (w, :0 NH); 

1730, 1730 ( 2)c0ester): 

1665 {1) coket::>)a 

~~NMR( S /ppm) 

3.60 (s, 6H, COOCH3 ); 6~16=6~93_ {m~ 

~H, lH . l' + 5H ); 7.00=7.65 - v1ny 1c ar::>m 

( m, lOBar 8m) • 
b 

3.50 (s, 3H, cooc~3 ); 3.50 (s~ 3H 1 

cooc~3 ); _3.00 (s, 3H., oct3); 6.21= 

7.66 {br m, 15H, lH . 
1

. + 14H ). 
- v1ny 1c ar::>m 

3.58 {s, 6H, cooc~3 ); 6.22=7.60 (br.m, 

b 15H, lH . l' + 14H ). -v1ny 1c ar::>m 

b 

~ 
(:) 
J\ i 



Table 2 ( C:mtd.) 

Pr8duct 

22d 

22e 

22f 

=1 IR(cm ) 

3440, 3340 (wJO))NH) 

1745, 1730 ~ '))c
0
ester); 

1635 ().)co ket8) 
a 

3390, 3320 (w, j}NH);. 

1735, 1730 ())to ester); 

1660 ( V co ket~ )a 

3440 (w, 2)NH)r 

1745, 1730 ( -0c
0
ester); 

1665 ())co ket8)a 

lH=NJ11R( ~/ppm) 

3.40 (s, 3H, COOC~3 ); 3.60 (s, 3H 1 COOCH3 )~ 

3.05 (s, 3H, oc~3 ); 6.14=7.65 Cbr m, 13H, 

12H + 1H ·n 1 . ).b ar8m v1. y 1.c 

2.10 (s, 3H, c~3 ); 2.35 (s, 3H, C§
3

); 3.50 

(s, 3H, C0~~3 ); 3.56 (s, 3H, COOC§
3

); 

3.81 (s, 3H, OCH
3

); 7.20~7.40 (br.m, 13H1 

b 12H + lH . 
1 

. ) • ar8m -v1ny 1.c 

2.32 (s, 3H, C!:!,3 ); 3.43 (s, 6'=-I, COOCH
3

); 

3.50 (s, 3H, OCH
3

); 3.70 (s, 3H, oc~3 ); 6.22 

(s .. 3H, 2H +lH. 1 . ); 6.63=7.48 (br.m, ar8m -v1ny 1c 
10 ) b Har8m • 

~ 
;~ 

"' v 



Table 2 (c::mtd.) 

Pr::Jduct 

26 

a . . 1 
lD OUJ'J ; 

=1 IR (em ) 

3300 ( V Nil); 

1718, 1692 n) co ester); 

1620 <2)co ket'J)a 

b . 1 c . 
10 CDC 3 ; 10 TFA. 

1
H=NMR ( b /ppm) 

0,90=1.40 (tw::J br.t, 6H, tw'J CH2C~3 ); 

3,40, 3.70 (br m, 6~, tw::J COOCH
3

); 

3.30=3.60 (br,q, 4H, tw::J c~2cH3 ); ?.20-

7.90 ( 6H 5H + lH . l' )1 br rn~ , ar 8m -vlny lC 

9.58 (br s, lH, N!:!) • c 

"f\J 
\:D 
~" 



T?illLE 3 

Spectral data :::>f pr:::>ducts 23 (~~f) and 27 

Pr:::>duct 

23a 

23b 

~I 
IR(cm ) 

3340 ~s,2) NH); 

1740 <Vco ester); 

1680 <lJco qmide); 

1648 ( '2) co ket :::>)a 

3330 (s, )_)NH); 

1738 (1)c0ester); 

1680 ( 1) co amide): 

1632 ( 2Jc0ket :::>)a 

1H~NMR( E /ppm) 

3.61 (s~ 3H, COOCH3 ); 6.62 

(br, lH, ~~3); 6.00~7.30 

(m, 6H, 5H ); 7.20-7.80 - ar:::>m 

(br m, lOH ) • c 
ar:::>m 

3 .--7 0 ( s I 3H I c OOCH 3 ) ; 3 • 9 5 

( t I 3H I oc .!:!:3 ) i 6.55~8.20 

(br.m, 15H, 14H + H-3). c ar:::>m -

+ M 
(m/e) 

424 

m ......... ,.._.,., 
-~ 

'-'" 



23c 

23d 

23e 

3310 ( s, V NH); 1730 3_. 74 ( s/ 3H, COOCt!_
3

); 6.52~7 .• 98 

(""l ester); 1685 (br.~m, .15H, 14H + H=3).c 
V co :· ar:>m -

( Vcoamice); 1630 ()) coket:>)a 

3300, 3300 ( .D, ); 1735 
1.1H 

())co ester); 1685 (Vc
0

amide) 

1660 o) coket-J)a 

3320 ()) NH); 

1732 { 2)c
0
ester ); 1605 

())co amide).; 1618 

( }.) coket :>)a 

3.60 (~, 3H, COOCH
3

); 3.94 

(s~ 3H, OC~3 ); 6.30=7.88 

c (br m, 13H, 12H +H~3). · ar:>m - · 

1 • 50 . ( s, 3H, c;: ]i
3 

) ; 1 .• 7 2 ( s_, 3H 1 

CH 3 ); 3 ~OS ( s I 3H, COOC!i3 ); 

3.30 (s, 3H, OC!:f
3

); 5 .• 76~7 .• 06 

c (br m, 13H, 12H + H=3). · ar:>m -

458..5 

482 

?'V 
:;~ 
.~ 

'-"· 



Table 3 (c::mtd.} 

23f 

27 

3320 (.2)NH); 1725 

( V co ester); 

1675 ().)co amide); 

161 0 ( ).) C 
0 

ke t :) ) a 

3320 ( VNH); 1740 

( j)c
0
ester); 

1715 ( 2) amide) ; co 
16 4 4 ( J) C 

0 
ke t:) ) a 

a • · 1 b · DCl 10 OUJ:) i 10 C 
3

; c in TFA. 

2.40 (s, 3H, CH
3

); 3.31 (s, 3H, 

cooc~3 ); 3.60 (s, 3H. oc~3 ); 3.71 

(s, 3H, oc~3 ); 6.32-7.60 (br m, 

c 
l3H, 12H + H-3). ar:)m -

0. 90~1. 63 ( br 1 t, 6H 1 tw:) CH
2
C!i

3
); 

3.15 (s, 3H, cooc~3 ); 3.50-4.00 

(tw:) br q, 4H, CH
2

CH 3 ); 7.12-0.13 

b ( m, 5H + lH . l' ) • ar:)m v1ny 1.c 

498 

~ 
(~:: .,., 



carb~meth~xy gr~up in the NMR spectrum ~£ 27 c~nfirms 

the intram~lecular cyclizati~n ~f ~~ h~wever~ further 

w~rk is in pr::>gress t~ c~nfirm the structure ::>f 27. 

EXPERIMENTAL 

M.ps. were determined ~n a 'B~etius• (German) 

apparatus and are unc~rrected.. The IR spectra were 

rec::>r.ded ~n Perkin-Elmer 297 spectr::>ph~t ~meter.. The 

NMR spectra were rec:)rded Jn a varian-EM-390 spectr~-

meter using TMS as an internal standard and the 

chemical shifts are expressed in £ (ppm). 

The starting materials 

The keten-S,N- (16a, 16b) and N,N~acetals 
. --

(21a-f, 25) required, were prepared as described in 

chapter 2. 

React.i:m Df S,N-acetals 16a-b and N,N-acetals 2la-f 
.....,_....~ . -

with dimethyl acetylenedicarb::>xylate (l) : General 

Pr::>cedure : 

A s~luti::>n ::>f keten-N,~-acet~l ~-! (0.01 m::>l) 



~r S,N-acetal ~-b (O.Ol m~l) and l (2.6 g, o.ol3 m~l) 

in dry benzene (40 ml) was stirred at r88m temperature 

f~r 0.25~20 hr (Table 4) (m8nit8red by TLC). The 

s~lvent was rem~ved and the crude adducts 22a-f were --
crystallized fr8m ether/hexane mixture as bright yell8w 

s~lids (Table 4)~ 

The adducts 17a and 17b (8r 18a and 18b) were - - --
purified by c~lumn chr8mat~graphy ~ver silica gel. 

Eluti~n with benzene/hexane (1:1) yielded pure~ 

and 17b as visc~us semis8lids (TLC, single sp~t). 

Preparati~n ~f 1-N-aryl-2(1H)-pyrid~nes ~-! General 

Pr8cedure 

A s~luti8n 8£ the adduct 22a-f (0.005 m~l) and --
triethylamine (8 ml) in abs8lute methan8l (25 ml) 

was heated at 80-90°C f8r 6 hr (checked by TLC). The 
--· 

s8lvent was rem8ved under pressure, the residue 

diluted with water and extracted with ethyl acetate. 

The ~rganic layer was dried (Na
2
so4 ) and evap8rated 

t~ give crude pyrid8nes ~-!1 which were crystallized 

fr~m chl8r~f~rm/hexane mixture (Table 5). 



Reacti:m :>f N,N-diethylacetal 25 with 2 

A s:>lution of 25 (1.09 g, o.oo5 m:>l) and~ (1.2g, 

o.oo6 m:>l} in dry benzene (25 ml) was stirred at ro:>m 

temperature for 15 min, The adduct ~ separated as 

greenish yell:>w s:>lid (1.62 g, 9~/o), which was filtered 
.. 

immediately and washed with hexane. Attempts to 

further purify~ were not successful. When 26 (0.36g, 

0 .. 001 rn:>l) was heated in benzene at 60° for 1 hr, it 

was converted t~ 27 as greenish yellow viscous semi-

s:>lid (0.24 g 1 75%) which was purified by trituration 

with hexane. Attempts t:> further purify 11 were not 

successful. IR, NMR and analytical data :>f 26 and 27 

were rec:>rded immediately after is:>lati~. 



TABLE 4 

1-MethylthiJal~anilin~/N~ethylamin~-2,3{3 6 4)-dicarb8meth8xy-4(2)-benz8yl~1~3-

butadienes (17a-b 8r 18a-b); l,l-bis(N-aryl/ethylaminJ)-2-arJyl~3,4~dicarbJ-

ethJxy~l,3-butadienes (22a-f and 26) 

PrJduct 

17a ( Jr 

lOa) 

17b( Jr 

ReactiJn 
time (hr} 

20 

15 

Yield m.p. 
(% > C 4>c} 

57 ViSCJUS 

semi sJlid 

59 ViSCJUS 

MJlecuJar Analysis(%) 
fJrmula calc~ F~und C H 

C22H21NOSS 64.23 5.10 

(411) 64.52 5.27 

c 10H21No5s 59.50 5.70 

lOb) Semi sJlid (363) 59.71 5.92 

22a 5 03 102~ C27H24N2°5 70.05 5.26 

103 (456) 69.68 5.08 

N 

3.40 

3.61 

3.05 

3.77 

6.·14 

6.33 

c,...) 
0 
I= 



Table 4 ( c:mtd. ) 

22b 7 82 130 C28H26N206 

(406) 

22c 15 \30 104 C27H23ClN205 

(490.5) 

22d 10 78 155- C20H24Cl2N2°6 

157 (555) 

22e 0 00 104= C30H30N2°6 

105 (514.) 

69.13 5.34 

69.60 5.08 

66.05 4.68 

66.39 4.40 

60.54 4.32 

60.19 4.20 

70.03 5.03 

69.84 6 .. 01 

5.76 ... 
? • 61 

• 

s. 70 

5.97 

5.04 

5.37 

5.44 

5.53 

~ 
---~­,_,. 
i'. 



Table 4 (C:Jntd.) 

22f 10 05 visc:ms C3cJl30N2°7 67.92 5 •. 66 5.20 

semi s:Jlid (530) 68.35 5.00 s.o? 

26a 0 •. 25 90 95~ C19H24N2°5 63.33 6.66 7. 7'7 

97 (360) 64.12 7.80 7.21 

a, The analytical data 'Jf 26 was n:Jt c'Jmpletely agreeing with the calculated 

v.::J.lue.;since an analytical sample :Jf 26 c:Juld n:Jt be :Jbtained because 'Jf 

its unstable nature. 

w 
;;:) 

"' -.J-, 



TN3LE 5 

l~N=Aryl~4~carbJmethJxy~5=arJyl~6~N-arylaminJ~2(1H)-pyridJnes 23 (~~f)t 

l~N=ethyl=2=JXJ=3=(carbJmethJxy)methylene=4=benzJyl=5=N-ethylaminJpyrrJlinet27) 

Pr8cuct 

23a 

23b 

23c 

Yield 
(%) 

66 

64 

61 

m .. J., 
( c,~) 

231 

227 

211~ 

212 

MJlecular 
fJrmula 

C26H20N204 

(424) 

C27H22N205 

(454) 

C26Hl9ClN204 

(458.5) 

Analysis · ,'_ {%) 
calc~ FJund c H N 

73.58 4.71 6.60 

73.00 4.63 6.04 

71•36 4.04 6.16 

7L01 4.59 5.98 

63.04 4~'14 6.10 

67.77 4.00 5.92 

~ 
:.:-::> 
~-·· 



Table 5 (c:mtd.) 

23d 59 225 C27H20Cl2N205 

(523) 

23e 65 189~ C29H26N205 

91 (482) 

23£ 67 143~ C29H26N206 

144 (490) 

27a 75 semi= Cl8H20N2°4 

S:::>lid (328) 

a· c:::>uld n:::>t be further purified. 

61.95 3.82 

62.33 4.07 

72.19 5.,39 

71.73 5 .so 

69 .. 87 5.22 

70.29 5.49 

65.85 6.09 

66.04 5.63 

5.35 

5.21 

5 ... 80 

5.62 

5.62 

5.79 

8.53 

9.01 

~,....:) ·­·---~ 

(..· .: 
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