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P R E F A C E 

Polarized keten dithioacetals.. -,;hich are 

prepared in one pot reaction under relatively simple 

reaction conditions from a wide variety of active methylene 

compounds, have been successfully utilized in this 

laboratory for the syn-thesis of a wide variety of 

heterocycles like pyrazoles, pyrimidines^ pyridones, 

pyrroles, indoles, etc. It was further shown during these 

studies, that the polarized ketoketen dithioacetals 

possessing an alkyl or methylene group in their (7\-=-position, 

undergo base induced 1,3-proton transfer yielding products 

derived from the rearranged intermediates. The mechanism 

involving these rearrangements, however^ was not well 

understood and it was therefore considered to study 

some of the selected transformations in the present 

investigation. 

Thus, the first chapter of the thesis describes 

the results of investigation of o(-methyl/methylene-o<^°ketO" 

U) 



keten d i t h i o a c e t a l s with a view to studying t h e i r 

mechanisms of rearrangements. In the f i r s t sect ion of 

t he chapter^ â  b r ie f introduction has been given regarding 

the synthetic importance of the polarized keten 

d i t h ioace t a l s and similar transformations studied by 

workers on the analogous a rea . Subsequently, the r e s u l t s 

of the present inves t igat ion are descussed incorporating 

t h e t e s u l t s of three different schools on s imilar 

rearrangements with a view to extend evidence in support 

of the mechanisms proposed for these transformations. 

The scope and genera l i ty of these rearrangements have been 

studied on selected ser ies of s t r uc tu r a l va r i an t s . 

in the second chapter some of these rearranged 

products have been shown to undergo fac i le condensation 

with hydrazine^ guanidine and amines to yield the 

corresponding novel pyrazoles, pyrimidines and enamino-

ketones r e spec t ive ly . 

in the thi rd chapter a general method for the 

synthesis of 1-substituted 2-amino-4-aroyl=-5~methylthio 

pyrroles has been described* No attempt has been made to 



include the comprehensive review on the methods of 

preparation of 2=-amino-pyrroles^ since such reviews on 

these methods are already described in the l i t e r a t u r e . 

In the l a s t chapter (Part B)̂  synthesis of N-aryl-= 

2=-cyanoaziridines from ixl^-chloroacrylonitrile and aromatic 

amines have been described. These az i r id ines have been 

shown to react with indole to give c<,=.arylamino~/^~( indolyl)~ 

p ropanen i t r i l e , which are fur ther shown to undergo hydrolysis 

to give h i the r to unreported dl~N-aryltryptophans« 

n 
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PART A 

CHAPTER I 

MOBILE KETO ALLYL ANIONS: STUDIES ON BASE 
CATALYSED REARRANGEMENTS OF <-KETO-o<^-METHYL/ 
METHYLENE KETENDITHIOACETALS 

1«1 introduction 

In an earlier work from our laboratory we have 

successfully utilized a class of synthetic intermediates 

generally termed ascK̂ -keto and o(-cyanoketen S^S-acetals(2)/ 

which are derived in relatively simpler reaction conditions 

from a wide variety of active methylene compounds (_1) and 

R 
B:, CS 

CH 
•̂  " • ' " " " 2 

/ 2 R2^ 

«1 

R = H/ alkyl, aryl^ nitrile, carbonyl^ nitro etc» 

R-= Nitrile, carbonyl, etc. 

R^= Alkyl groups. 



carbon disulphide in the presence of two equivalent of 

a suitable base followed by alkylation in one pot 

1-29 
reaction , These polarised keten S^S-acetals (_2) 

are among the simplest reactive intermediates with 

well defined b,ps., if they are liquids and m.ps./ if 

they are solids; which can be purified by conventional 

methods and preserved indefinitely without apparent 

decomposition, on the otherhand, the corresponding 

0,0-acetals greatly differ in their properties under­

going hydrolytic cleavage in the presence of moisture 

and the methods of their preparation are, therefore, 

much different from those of keten S/S-acetals 

It is further interesting to note that we have 

successfully demonstrated that the o(̂ -keto and 

a^cyano ketene S,S-acetals could be used in the 

synthesis of both alkylthiopyrimidines 3_ as well as the 

corresponding alkoxypyrimidine ^ by employing suitable 

12-14 experimental conditions vj-ith guanidine or amidines , 

Also/ the corresponding aminopyrimidines _6 were prepared 

by the reaction of the corresponding S,N~acetals 5_ 

24 with guanidine in excellent yields (scheme 1). 
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The advantages of incorporation of alkoxy group in the 

pyrimidine r ing and the synthet ic scope of t h i s general 

method including the mechanism have been discussed in 
12-14 our e a r l i a r publ icat ions . This alkoxy exchange 

concept has a l s o been extended to pyrazoles to synthesize 
15 the 2(5)-alkoxy der iva t ives (7) , which were e a r l i a r 

prepared by c l a s s i c a l methods involving a lkyla t ion of 

ambident anion leading to a mixture of N^o and 

C-alkylat ion products. S imi lar ly , the corresponding 

2C5)-aminopyrazoles (^) were obtained in 60-70% yield 

by manipulating the reac t ion condit ions incorporating 

the appropr ia te arines in place of alkoxides (Scheme 2 ) . 

I t i s a l so fur ther shown that the ^ underwent 

at f a c i l e condensation with 3odi;»-derivative of 

cyanoacetamide (A) in the presence of sodium isopropoxide 

to give 6-subst i tuted-3-cyano-4-alkyl thio-2( lH)-pyridones 

£ (Scheme 3) in excellent y ie lds ' , The corresponding 

S,N-acetal _5 derived from _2 and a lky l / a ry l amines, also 

underwent smooth condensation with A to yield the 

corresponding 6-subst i tu ted 3-cyano-4-alkyl/arylamino-
27 2(lH)-pyridones (̂ lO) (Scheme 3) in iden t i ca l y ie lds , 
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However, i t i s i n t e r e s t i ng to note that in the presence 

of sodium isopropoxide, only the 4=methylthi3pyridone (9̂ ) 

was formed, while the formation of the corresponding 

4~isopropoxypyridone was not observed. Even in the 

presence of sodium raethoxide or ethoxide/ the formation 

of the corresponding 4-alkoxypyridone JLl̂  along with 9_ 

was formed only to the extent of KM yield (NMR)/ 

which could not be fur ther improved by attempted 

va r i a t ions in the experimental condi t ions . The separation 

of jJL from 9_ was found to be d i f f i cu l t as they have 

similar R- values and they were only detected through 

t h e i r NMR s igna l s ' 

When the pyrimidine synthes is , as shown in 

scheme 1 ^nd tha t of pyridone as shown in scheme 3, 

was extended to < Hnethyl-^^C-keto keten S,S-.acetals 12, 

the corresponding pyrimidine (jL3_) and pyridone (14) 

were not formed; however the products, i so la ted were 

character ised as 2-amino-4-airyl-"5-methylthiomethyl-
13 pyrimidine (_15) and 3-cyano»5i-methylthiomethyl-6-

20 aryl-2( lH)~pyridones (_12) respec t ive ly (Scheme 4 ) , 

The formation of 15 and 17 was ra t iona l ized in terms of 
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the base induced 1,3-proton transfer tD give the 

intermediate olefin _16 (Scheme 4), The 1/3-proton 

transfer in these systems is due to the participation 

of 3d orbitals of adjacent sulphur astoms, which stabilize 

the negative charge on the carbon atom next ta them, 

permitting the formation of J^, which subsequently 

undergoes condensation with guanidine and cyanoacetamide 

tô  give 15 aand VT_ respectively. However^ when ethyl 

and n-propyl groups were present in o( -position as in 

12 (R =Me,Et) (Scheme 5), the intermediate 1_8 was 

formed after 1/3-proton shift, followed by allylic 

elimination (path a) to give the dienes 20, The diene 

20 (Scheme 5) on condensation with guanidine and 

13 cyanoacetamide yielded the corresponding pyrimidines _21 

1 20 
(R s=H,Me) and pyridones 22 (RaH^Me) respectively. 
The formation of 2^ (Scheme 5) was explained through j ^ 

1 13 involving 1,3-methylthio shift in _!§ (path b) (R =H) 

It is interesting ta note that the acrylophenone 

intermediates 1_6 and _18 formed by base catalysed 

1/3-proton shift represent an interesting class of 

mobile keto allyl systems^which may undergo rearrangement 
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similar to those studied by Cromwell and coworkers. 
31 

In their series of papers^ Cromwell and cowerkers have 

observed that the o( -̂ bromomethyl chalcone (_24) reacts 

with primary and secondary amines _25_ in solvent pentane 

to give rearranged c>( -aminobenzyl acrylophenones 2^ 

in high yields (Saherrse 6), These acrylophenones _2^ 

represent a novel class of mobile keto allyl amines and 

are found to be reasonably stable, some in crystalline 

state, and others were found to be stable only in the 

non-polar solvent like pentane, on the other hand, in 

polar solvents like chloroform or acetonitrile, they 

rearranged to thermodynamically more stable allyl amines 

31 
27 (Scheme 6), The rearrangement of _26 to _22 was 

found to be facile in the presence of added amine and 

was observed to proceed even in the solvent pentane^ in 

the presence of different amines _28, _26 was found to 

undergo) the same rearrangement involving amine exchange 

31 leading tô  the formation of _29 . They have studied 

the mechanisms of several mobile keto allyl amines 

31 32 
derived from both acyclic and cyclic ketones. They 
also utilized these intermediates for the synthesis 

33 aazetidinyl ketones 30 (scheme 6), 
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It was of interest to isolate and study the 

mobile keto allyl sulfides^ 1^ and _18 (Schemes 4 and 5) 

derived from the dithioacetals V2 obtained from 

propiophenone and its higher homologs-. A detailed study 

of base catalysed rearrangement of 1^ has been carried 

out in the present work. Further studies on similar 

rearrangements of keten s,S-acetals-̂  6jl derived from 

dihydrochalcone (Scheme 26)/ £2 derived from indanone 

(Scheme 32), ̂  derived from tetralone (Scheme 34) and 

107 derived from 2,3-dihydro-l-ben2othiopyran-4-one 

(Scheme 39), are investigated and their mechanisms have 

been proposed, 

1,2 Base Caitalysed Rearrangement studies of 3/3-Bisalkyl-

thio-»2-methyl--l-aryl-2'-propen-l"Ones to 3~aiIkylthio-

2-alkylthiomethylacrylophenones via Mobile Ketoallyl 
* 

Systems 

1,2.1 Results and Discussion 

m an attempt to trap the mobile allyl ketones 

(16) (Scheme 7), which are interesting allyl systems of 
• ' • • - I ' I p ^ • » • H I 1 ^ • • I • • • • • • 1 ^ ! • • . • • • . ^ • • • • . i - u » . l ^ ^ • ^ a i ^ w • • • • • • • m IW • • 

*S, Apparaoy A-. Raihman, H-, I l a and H-. Junjappa;/ Tetrahedron 

L e t t e r s , 23, 971-974 (1982)-. 



14 

potential synthetic utility, isomerization studies on 

12 in the presence of different bases and solvents under 

varying conditions were investigated. Thus, when 12a 

was stirred with ethanolic sodium ethoxide at room 

temperature, the unreacted starting material was 

recovered unchanged, in an another experiment, the same 

reaction mixture was refluxed and found to yield, after 

work-up, only intractable polymeric material, from 

which no starting material was recovered. However, 

when 12a (0,01 mol) was treated with sodium hydride 

(0.04 mol, 50% suspension) in the presence of aprotic 

solvent like dimethylformamide (30 ml) at 50-60 for 

3 hours, the formation of a new product along with the 

starting material was observed (TLC). After chromato­

graphic separation the new product was obtained in 35% 

yield (55% on the basis of recovered starting material). 

The new product was found to possess different structural 

features and the expected olefin 2_6 was not formed. 

After the analysis of the spectral data, the structure 

of the new product was assigned to be 3-methylthio-2-" 

methylthiomethylacrylophenone (31a) (Scheme 7). It was 

analysed for c^„H^ OS (238) and showed the molecular ion 



peak at M 238, Its IR (Neat) Spectrum exhibited sharp 

• = 1 
absorption band at 1635 cm due to carbonyl function, 

Further structural proof for 31a wees obtained from its 
1 
H=N,M.R (CDClo) Spectrum. Thus it exhibited two singlets 

(3H each) ajt ^2.05 and ^2.25 due to protons on two 

methylthioj groups, A singlet at 63,50 (2H) was assigned 

to: two) methylene protons, while the vinylic proton appeared 

as singlet a* •6 7.04 (IH). The broad multiplet appeared 

between (5 7,25-7,53 was assigned to the five a-romatic 

protons. The data was therefore in conformity with the 

aassigned structure, 3la. The rearrangement exhibited 

high steroselectivety and only E°31a isomer was formed, 

The configuration was assigned on the basis of chemical 

shift values of vinyl protons in similar type of compounds, 

E~A and Z-A/ prepajred in this laboratory, which showed 

chemical shifts due to vinylic proton at ,<5 7,60-=7,90 

(cis to ArCO) in E-^ and at c5 6»00-7,10 (trans to- ArCO) 

28 
in Z-A , 
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Attempts to increase the yield of 31a.,, by 

carrying 3ut reaction at lower temperature, in the 

presence of catalytic amount or excess o£ sodium 

hydride or under nitrogen atmosphere were not successful. 

When the reaction was carried out for longer time 

(12 hr) under similar reaction conditions, although 

the starting material disappeared completely (TLC)/ 

the yield of 31a was reduced to 10%, resulting in an 

intractable polymer. 

To â ssess the generalit^pf the rearrangement 

seven more systems were studied in this series,.- Thus 

12b-e underwent rearrangement to yield the corresponding 

products E-Slb-̂ e in 35-45% over all yield (50-70% on 

the basis of recovered starting material) (Scheme 7), 

It may* be noted however that the corresponding isopropyl 

S/S-acetal (12f) under similar reaction conditions 

gave E-Slf in 3C% yield indicating that the steric 

factors do not substantially effect in lowering the 

yields, interestingly/ the rearrangement of keten 

S/S-acetal (I2g) derived from p-chloropropiophenone, 

yielded a mixture of three products (TLC) under identical 
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reac t ion conditions (Scheme 8) , After chromatographic 

separation^ the rearranged product E-31g was obtained 

in 22% yie ld , while the other two^ products were 

iden t i f i ed as 3,3-bis(methylthio)-2-methyl-l-(p-methyl '-

thiophenyl)-2-propen-l-one (22) in 25% yield and 

3-tfnethylthio-2-methylthioinethyl-l-(p-raethylthi3phenyl)-

2-»propen-l-one (3^) in 20% yield . The s t ruc tu re of 31g 

v?ais confirmed by i t s a n a l y t i c a l and spec t r a l data which 

S3CQ described in experimental section and tab le 1 

r e spec t ive ly . The s t ruc tu re of _32. was assigned by i t s 

a n a l y t i c a l and spec t r a l data* I t was analysed for 

C,-,H--^OS-, (284) and showed molecular ion pea}c. a t M 

284. I t exhibited in i t s IR spectrum (neat) as strong 

band a t 1660 cm"" , which was assigned for the carbonyl 

s t r e t ch ing vibration* I t s final s t r u c t u r a l confirmation 

was derived from i t s H-N.M,R, (CCl^) spec t r a l data., 

Thus a s ing le t a t 0 2,00 (3H) was assigned ten the 

methyl group. The two s ing le t s a t 6 2.10 (3H) and 

c5 2,30 (3H) were assigned to the two) SCH^ protons, A 

s ing le t a t ^ 2^45 (3H) wag? assigned tro the SCH^ protons 

in the p-posi t ion of the phenyl group. The ^ssignement 
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of SCH protons on the a ry l ring was based on the 

posi t ion of the protons of 2-SMe groups in the 

p-chloro. ace t a l (12g)» The four aromatic protons in 

32 appeared a3t (5 7.10-7,70 {66, 4H, h^^)j\^hxch i s 

in conformity with the assigned s t r u c t u r e . Similar ly , 

the s t ruc tu re of ^3 was confirmed by i t s ana ly t ica l 

and spec t r a l data , i t was analysed far c,_H-^.OS (284) 

aand showed molecular ion peak in i t s mass spectrum art 

M 284. I t s IR (neait) spectrum exhibiited a-band a t 
- 1 1632 cm which was assigned to^ the carbonyl s t re tching 

frequency. I t s final s t ruc tu re was confirmed by i t s 

H-N.M.R. (CCl^) spec t ra l datai, A s ing l e t set <5 2.00 (3H) 

was assigned to CH„SCH„ protons. The other s inglet 

a* ci) 2.35(3H) wais due to? v inyl ic SCH- protons and another 

s ingle t a t (5 2.45 (3H) we^ assigned t o the SCH^ protons 

in the para positicsn of phenyl r i n g . The assignement 

of SCH-3 protons on the phenyl r ing was based on the 

pos i t ion of the protons of the two SCH^ group in the 
1 H-N.M.R. (CCl^) spectrum of 3lg- (Table 1 ) . The 

s ing le t a t cS 6,85 (iH) was assigned t o v iny l i c proton, 

ind ica t ing itbs pos i t ion t r ans to Arco group (E-isomer), 
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The A„B p a t t e r n cff a romat i c p ro tons appeared as two) 

d o u b l e t s between ^ 7 . 1 0 - 7 . 6 0 ( 4 H ) . The formation of 

32 (Scheme 8) can be exp la ined by n u c l e o p h i l i c 

s u b s t i t u t i o n of c h l o r i n e in the p - p o s i t i o n of the 

phenyl r i n g (12g) by methylthio^ an ion . S imi la r ly^ 

the format ion of _32 can be explained through the 

n u c l e o p h i l i c d isplacement of c h l o r i n e from 31g by 

m e t h y l t h i o a n i o n . These o b s e r v a t i o n s a r e i n t e r e s t i n g , 

s i n c e they throw l i g h t on the mechanism of t h e 

rearrangement of ^2. t o 22:/ which i s d i scussed in t h e 

s e c t i o n 1 .2 ,2 , 

When the S^S-dibenzyl a c e t a l (12h) de r ived 

from propiophenone was subjected t o 1 ,3-methyl th io 

s h i f t under s i m i l a r r e a c t i o n c o n d i t i o n s , t he expected 

r ea r r anged product (3 lh) was not ob t a ined , Ifowever, 

a new produc t was i s o l a t e d and i d e n t i f i e d a s 

34 2 -benzy l th io -3 -me thy l -4 ,5 -d ipheny 11hiophene (_36) 

(Scheme 9 ) , The s t r u c t u r e of _3_6 was confirmed by i t s 

a n a l y t i c a l and s p e c t r a l d a t a , i t was ana lysed f o r 

C„.H„-.S (372) and i t s mass spectrum showed molecular 

ion peak a t M"*" 372. I t e x h i b i t e d iR(NujoiL) band a t 
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=1 
901 cm , which was assigned to> characteristic 3-mehyl 

35 substituted thiophen^s . . The oi:her band appeared at 

695 cm was alSD3 assigned to characteristic 3~methyl 

36 thiophene derivatives t The thiophene ring "breathing" 

1 ^ 6 —1 

mode V ̂  band was located at 795 cm . Further proof 

of the structure was obtained by its H-N.M.R. (CDClo) 

spectral data, A singlet at ^1,70 (3H) was assigned 

tO) the CHo protons, while the singlet ait 6 3,85 C2H) 

was assigned to • two benzylic protons, A multiplet 

between i^ 6,90-7.30 amounting to fifteen protons was 

assigned to protons an three phenyl rings, confirming 

tte formation of- _3_6. The mechanism of the formation of 

36 is due to relatively increased acidity of the 

benzylic protons adjacent to the sulphur atoms than 

those on the allylic methyl group. These protons are 

easily (abstracted by base generating anion (34), 

which undergoes intramolecular nucleophilic a;ttack 

on the carbonyl group to give 3_6- via _35_ after 

dehydration (Scheme 9), 



23 

roi 

Q_ 

5 &{ v: / 
> — ( 

oi / en 
^ o x : rsi 
a. X 

- C 

CL 

X 
rc 
'Z. 

^ \ 
CL 

/' CNJ 

s^ =c X o 
\ - / 
Vrr/ 

^^y^ O f 2 ^ (/) M / 
£^ 

St 
rsj 
*— 

•̂ 1 
ool 

X 

\ 

CO 

05 

£ 
sz. 

ro 



24 

1.2.2 Mechanistic Studies 

When the transformation of _12 to _3Ĵ  (Scheme 7) 

was observed, the mechanian of their rearrangement 

was considered to involve 1,3-RS shift via mobile 

keto allyl intermediates _16, Our literature survey 

on similar systems were of considerable help in 

arriving at the most plausible mechaihisra for the 

rearrangement. A brief discussion of the mechanistic 

studies on similar systems reported in the literature 

is presented, so that the mechanism proposed from 

12 to- 3^ will be better appreciated* Thermal and 

photochemical thioallylic rearrangements observed by 

37 ' 38 
both Warren's and Kwart's groups and the mobile 

31 32 keto allylic rearrangement studies by Cromwell ' 

and coworkers are revieived here. 

Warren's group has used photochemical 

l,3-<PhS shift for several synthetically useful 

37 transformations, which have been reviewed recently 

a:nd therfore, only.' one example is cited in the 

Scheme 10. Thus the allyl phenyl sulfide _32 has been 

shown to undergo photoinduced rearrangement tcp give 



25 

39 and an associative radical chain mechanism for 

this l,3=-PhS shift has been suggested via intermediate 

38. During their studies they have shown that the 

1/3-PhS shift can be used only when the final product 

39 has more stable c=C bond than that in the starting 

material _37 (Scheme 10)., Also Kwart' s group has 

shown that the appropriately deuterated allyl phenyl 

sulf ide, 40 isomerises to 4_2 (Scheme 11) under bo,th 

thermal and photochemical conditions , They_ have 

proposed an antipolar concerted mechanism involving 

the formation of transient complex _41 or _44 by 

interacting either intra or intermolecularly between 

olefin and sulfur termini of the thioallylic system 

(Scheme 11 and 12)., Alkyl substituents on the allyl 

chain appear to hinder formation a£ unimolecular 

complex, 41_ and favour a bimolecular complex, 44 

(Scheme 12), An alternate mechanism involving prior 

ionisation of the c-S bond, forming ion pairs was 

ruled cait, since thioallylic rearrangements proceeded 

rapidly in the gas phase without the assistance of 

39-40 solvent , They have alsoj ruled out the formation 
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of allyl cation intermediate proposed by Warren and 

coworkers in their studies on acid catalysed thio-

adlylic rearrangements. Their findings were based on 

the fact that on protonation allyl cation is susceptible 

ta the secondary deuterium isotope effect. Consequently, 

when they treated 40 (Scheme 11) and p=toluenesulphonic 

ascid, the K,/̂ -, value was virtually identical with 

42-thajt cdDtained for the uncatalysed reaction » They, 

therefore, concluded that these thioallylic rearrange­

ments proceed through an intermediate 46^ (Scheme 13) 

involving octet expansiion of sulfur in various states 

of hypervalency,. some created through the agency of 

catadysis involving some form of conrdination of 

42 sulfur by the catalytic species 

Interestingly the Cromwell's group has studied 

rearrangements in |S -ketoailylamines which are 

31 structural analogs of our systems. .They have shown 

that the initially formed f:s -ketoallyamine ^ rearranges 

ten thermodynamically more stable amine, ,22 either in 

the presence or absence of added amine, _24 (Scheme 6 

and 14),. in the presence of different amines 28^ 
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3"! 
the amine exchange v;aB observed during the reaarrangement 

on the basis af their kinetic studies thev have suggegted 

ai 'varient' of concerted SN2* mechanism for the arnine 

assisted rearrangement involving a 'cis' dipolar 

31c transition state _£? (Scheme i4). Apparently, the 

/S -carbnnyl function supports a maijor portion of the 

developing negative charge as shown in 47, which is 

further stabilized by coulombic aittraction or by hydrogen 

bonding between entering and leaving amines. When the 

kinetic studies were carried out for the rearrangement 

without the assistance of external amine, the rates 

followed first order kinetics with low activation 

energy (Ea '"̂  6 K-cSal/mole) and low negative entropy 

(^S*~-66 cal./deg./mole) during the transformation 

from _2^ tâ _27« They therefore suggested that the 

rearrangement of _2_6 to 7J_ in the absence of added amine 

involves either highly polar transition state or dipolar 

cyclic intermediate, _48 ' (Scheme 15), where the 

bond making is far ahead of bond breaking resulting 

in lowering of the energy "debt". In their subsequent 

studies on the rearrangement of 2-(c<^=aminoben2yl)-

l=indenone (49) toi the isomeric 3-amino-2"benzal-=l-

indanone (50) (Scheme 16) in tĥ - absence of a"dded amine 
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they have proposed a mechanism involving chain 

32c reaction (Scheme 17). The amino group of 

aminoindenone _42 will attack initiaHy on the 3=position 

of the second molecule o± _42/ followed by allylic 

elimination of the amine 5^ to give the dimeric 

ammonium salt (5^) (initiation-). The free amine (52) 

can either remove the positive charge on nitrogen 

by allylic substitution followed by elimination as 

shown in ̂ / resulting in the formation of 2 moles 

of.^ (Termination) or can attack 49_ at 3-position with 

allylic elimination of amine to> give 5_0 and free amine 

52 (propagation) (Scheme 17), 

From the preceding discussion on the mechanism of 

aallied systems, it is apparent that the rearrangement 

from 1_2 to _31̂  (Scheme 7) can be envisaged going 

through one of the possible intermediates proposed. 

It is imminent that _12̂  in the presence of a ba;se loses 

its proton to give the resonating anions 53a and 

53b (Scheme 18), The stability of these allyl anions 

53 is greatly enhanced by the two) sulfur atoms present 

in the molecule giving rise to Increased resonance 

contribution from 53b, Since the 5Ĵ  is generated under 
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reversible conditions^ it competes with sodium hydride 

in deprotonation of 12 to give 5_3 and an unstable 

intermediate _16̂, which spontaneously rearranges ten 31 

(Scheme 18), Efforts to isolate 1^ were unsuccessful 

and even the trace of it could no± be detected after 

work-up of the reaction mixture. However, the 

intermediacy of 1^ appear? tc be a definite step in 

arriving at the thermodynamically more stable rearranged 

product _33., It is therefore apparent that j ^ undergoes 

ai facile 1,3-RS shift through one of the mechanisms 

discussed earlier to give _3^. Due to geometrical 

restrictions imposed on 1,3-antarafacial sigmatropic 

shift, the thermal concerted 1/3-RS shift is ruled out. 

Similarly, the orbital symmetry considerations doD not 

facilitate l/3-=-̂ uprafacial shift. Therefore, the 

1,3-RS shift in _16_ could involve one of the possibilities 

of going through an associative radical chain mechanism 

via intermediate 5_4 to-j give _3̂  and alkylthico radical 

(Scheme 19), Similar mechanism has been suggested by 

41 Waarren and coworkers for 1,3-PhS shift observed both 

thermally and photochemically and they have presented 

evidence for associative radical chain reaction. However 
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in the present investigation it was observed, that 

the yield of 31a was uneffected when the reaction was 

carried out in the presence of radical inhibitor like 

hydroquinone under nitrogen atmosphere. Similarly, 

when the reaction was carried out in the presence of 

dibenzoyl peroxide art: 50-60 ^ there was noi change in the 

yield of 31a. It therefore appears that the radical 

intermediate in the 1,3-RS shift is unlikely in these 

transformations, 

When the rearrangement of 12ai tô  31a was 

attempted in refluxing benzene in the presence of 

sodium hydride, 12a was recovered unchanged even after 

prolonged time (12 hr). However, the same reaction in 

refluxing tetrahydrofuran yielded only 5% of 31a in 

3 hr, while it was improved to 3C^ after 12 hr refluxing. 

The increase in rate of reaction with the solvent 

polarity implies the pqlar nature of the transition 

state or the reactive intermediate involved in the 

rearrangement. 

Before arriving at the mechan ism for the 

rearrangement of 16 to 31, ai series a:£ experiments v/ere 
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conducted and it was shown that the rearrangement 

involves intermolecular participation. Thus the keten 

dithioaceta'l 12g derived from p-chloropropiophenone 

yielded two: more products, 22_ and _33/ besides the 

rearranged product 31g (Scheme 8)« The results are 

interesting/ since they clearly demonstrate the 

existance of free methylthio^ anion generated in the 

reaction mixture, which will participate in nucleophilic 

displacement of active p-chlora group in both I2_g and 

31g. This clearly rules out the possibility o£ Kwart's 

38 antipolar mechanism viai transient complex (55)* 

(Scheme 20), which will not permit such nucleophilic 

displacement as it is concerted. Besides, the allyl 

sulfide intermediate _16 is structurally different from 

that of Kwart's systems in that 16_ carries an electron-

withdrawing benzoyl group in conjugation with double 

bond, thus reverting the nucleophilicity of A-caarbon, 

Consequently, the formation of 55_ is highly u cenable 

carrying po"sitive charge adjacent toD carbonyl function 

(Scheme 20), 

*: In our communication,'it was proposed that an antipolar 
transient intermediate (55_) as one of the possibilities 
of this rearrangement. 
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Alternatively the /-S-carbon m j ^ (Scheme 21) 

is electrophilic enough ta participate in sulfur lone 

43 
pair aissisted intramolecular polar transition state 56a 

which can collapse to the desired rearranged product _31„ 

However^ such a transition state 56a will not permit 

the formation o± free alkylthicD anion proved ta be 

existing in the reaction mixture. Besides, the 4°endo° 

trig process involving the strained thietonium ion 

intermediate 56a (Scheme 21) is quite unlikely. An 

alternative picture involving prior ionisation 

CSfjl isomerisation) via y^-keto allyl cation or through 

ion padr 56b appears to be unlikely due to relative 

unstability of allyl catioB cross-conjugated with electron-

withdrawing carbonyl group (Scheme 21). 

Intermolecularity of the rearrangement was 

further confirmed from "crossover" experiments carried 

out with the following systems. Thus, when a 1:1 mixture 

of 12b and 12c (Scheme 22) was treated with sodium 

hydride and dimethylformamide under identical conditions, 

twô  spots other than the starting materials were observed 

on TLC plate. After work-up and chromatographic separation 
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the two products were found to be a mixture of four 

compounds each (NMR and Ma«s). Thus, the NMR spectrum of 

the first product with higher Rf value showed jt to be a 

mixture of four possible rearranged products^ Slâ , 31b, 5J_ 

and 5^ respectively. Similarlv the NMR spectrum of the 

second product with lower Rf value showed it to) be a 

mixture of four possible rearranged products, 31c, 3Id, 

59 and 60 (Scheme 22). The mass spectral studies furthe.. 

confirmed the presence of four compounds in each mixture,, 

Thus the product with higher Rf value showed the molecular 

ion peaks at M"̂  266, 252 and 238, corresponding to-"31a 

(57 or 5^) and 31b respectively. Similarly, the mass 

spectrum of the second product with lower R^ value 

showed the molecular ion peaks at M"̂  268, 282 and 296 

corresponding to 31c^ (59 or 60) and 3Id respectively 

(Scheme 22). in one of the experiments the rearranged 

product (31c) was treated with sodium hydride in the 

presence csf ethylmercaptan under nitrogen blanket, when 

the formation of a mixture of four products (.3_lc, 59, 60 

and 31d) (Scheme 22) was observed (NMR and Mass), This 

experiment also demonstrates the existance of free 
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aikylthio-) anion in the react ion mixture. These experiment; 

therefore s trongly suggest tha t the rearrangement i s 

intermolecular . 

The rearrangement ofil2a to? 31a waB found to be 

i r r e v e r s i b l e and attempts to e q u i l i b r i a t e 31a to 12a 

under varying condition^were not successful and in noi 

case the keten S^S-acetal 12â  could be detected from the 

react ion mixture^ Thus, when Bias was s t i r r e d with 

sodium hydride in dimethylformamide for longer time 

(12 hr) only polymeric mater ia l was formed. 

5 6 - x ^ 

MeS 

31a 

MeS 
v/^ 

SMe 

S ' 6 \ ^ 
.SMe NaH/DMF , , . 

MeS 

V >^ 
"̂ CH, 

SMe 

/IH. 
12a 

^5^6\<^ 

^ 5 - ^ 
0 s - t 

12a SMe 

M 53b 
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in order to study the progress of the reaction 

at various time intervals, ten experiments were conducted 

with 0.005 moXe of 12a and 0,02 mole of sodium hydride 

in 20 ml of dry dimethylformamide under identical 

reaction conditions and the reactions were worked-up at 

various time intervals. The results revealed that the 

yield of. 31a waas only 7% after 15 minutes/ while after 

30 minutes, it was increased to 27%, In other experiments, 

work-up after 0.75 hr, 1.0 hr, 1.5 hr, 2.0 hr, and 3.0 hr 

yielded 31a between 30-38%, while its yield waB decreased 

to) 25% and 20% after 4 hr and 5 hr respectively. However, 

a^ter 12 hr reaction time, the yield of 3la-i waB reduced 

tô  10% due to its further polymerisation under basic 

conditions, although the starting material v/as disappeared 

completely, SCD the maximum yield (35-38%) of 31a was 

obtained between 2-3 hours. 

on the basis of these results, the plausible 

mechanism could be the one similar to that proposed by 

Cromwell and co-workers for amine unassisted rearrangement 

of 2-(^-aminoben2yl)-l-indenone (4£) to) the isomeric 

32c 3-amino-2-^ben2al-l-indanone (50) (Scheme 16 and 17). 
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Thus the reaction is initiated by nucleophilic attack at 

position three of _16 by some nucleophilic species present 

in the reaction mixture, it appears that the acrylophenone^ 

16 itself initiates the reaction by nucleophilic attack 

of its sulfur lone pair on the ^-carbon of another 

molecule of _16 (initiation) (Scheme 23) tô  give 6Ĵ  and 

free alkylthio anion. The alkylthio) anion thus released 

can either attack analogously jL_6 tô  give ̂  with the 

release of RS anion (propagation) or can attack 6_1 tea 

give two molecules of _31 (termination).. The rearrangement 

of ̂  to 3ĵ  appears therefore similar to chain reaction 

with an initiation process (release of a alkylthioi anion), 

ai propagation process (reaction of alkylthic anion with 

16) and a termination process (reaction of alkylthio) anion 

with 61). 

It is of interest to note that in one of the 

experiments, when 12b (scheme 24) was reacted with sodium 

hydride in the presence of ethanethiol (added aikylthio^ 

anion) the rearranged product 31b was obtained only 

in comparable yield. It therefore appears that the 

limiting factor for the yield of 31 is the acrylophenone 
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intermediate _16 present in the reaction mix-cure which 

is likely to reach its optimum yield during 0,5 to 3 hr-, 

•̂ •̂  Base catalysed Rearrangement studies on 3>3-Bis 

(methylthio)-2-ben2yl'-.i.°phenyl-°2"propen-l°one 

When the rearrangement studies were extended 

to Oy-sthyl ketoketen S,S-at:etal 12i derived from 

butyrophenone, the expected rearranged product _6̂  was 

not- formed under varying conditions and the starting 

materiaO. was recovered unchanged in all the cases 

(Scheme 25), The failure of 12i too give _62 is probably 

due to the decreased acidity of allylic methylene 

protons in 12i because of the presence of methyl group 

and sodium hydride is na± strong enough base to abstract 

prcEfcon from 121« However, its variant 6^ (Scheme 26)/ 

derived from dihydrochalcone (_63), when stirred with 

sodium hydride and dry dimethylformamide at 35-40 for 

2 hr, formation of four products along with the starting 

mai:eriaiL was observed (TIC). After chromatographic 

separation the expected rearranged product E--66 waB 

isolated in 15% yield and other three compounds were 
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a^ssigned t h e s t r u c t u r e s _65 (E and Z-isomers) (35% y i e l d ) , 

67 (20% y ie ld ) and Z-68 (5% y i e l d ) (Scheme 2 6 ) . The 

s t r u c t u r e of 65_ was confirmed by i t s s p e c t r a l and 

anaiLytical d a t a . I t s mass spectrum showed molecu la r ion 

peak a t M"̂  314 ( C T O H - O O S _ ) . I t e x h i b i t e d IR ( n e a t ) band 

a t 1650 cwT due t o i )co of Z~65 isomer , where t h e 

ca rbony l group i s i n t r a n s p o s i t i o n t o the SCH„ group 

p e r m i t t i n g f a c i l e lone p a i r r esonance over the ca rbony l 

g r o u p . The o ther band a t 1655 cm was ass igned t o the 

•)) CO of E-isomer (E-°65). Fu r the r s t r u c t u r a l proof wâ s 

de r ived from i t s H-N.M.R. (CCl.) spectrum, which showed 

a ' m i x t u r e o"f E "and Z-isomers in t h e ra t io - 'o f 3 :1 

r e s p e c t i v e l y ( F i g u r e ) , Thus ai s i n g l e t a t S 1»60 (3H) 

wâ ŝ  ass igned tcB the CH„SCH_ p ro tons of ^ - i somer . The 

s i n g l e t a t 6 1,85 (3H) was ass igned t o v i n y l i c SCH^ 

p r o t o n s of Z- isomer , The methylene p ro tons of Z~isomer 

appeared as s i n g l e t a t ^ 3.35 (2H), The s igna l due tO) 

CH^SCH- pro tons of E--65 isomer, appeared a t <5 1.80 ( S , 3 H ) 

and t h e s i n g l e t a t ^ 2 . 1 0 ( 3 H ) was ass igned t o the v i n y l i c 

SCH_ pro tons of E -65 . The CH-SCH pro tons of E-65 

appeared as s i n g l e t a t £> 3,85 (2H). From these s i g n a l s 
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the r a t i o of E°65 and Z~65 isomers (3:1) v/ere ca lcu la ted . 

The aromatic proton^OTf both E and Z=isomers were appeared 

ais mul t ip le t between S 6..90-7,60, Further proof for the 

s t ruc tu re of E & Z-65 was obtained by i t s react ion with 

hydrazine hydrate in refluxln>j cthanol (60 hr) which 

gave the expected pyrazole 6_9 (Scheme 27) in 57% yield,. 

The spec t ra l and a n a l y t i c a l data for the ^ , which are 

in agreement with the aissigned s t r u c t u r e , are described 

in experimental sec t ion . The s t ruc tu re of E~66 was 

s imi l a r ly confirmed by i t s ana ly t i ca l and spec t ra l data,. 

I t s mass spectrum showed molecular ion peak a t M 314 

(CTOH-OOS„). I t s IR (neat) spectrum exhibited i)^ ^ band 
J.O Xo Z ' ~ C = 0 

- 1 

at 1635 cm indicating the presence of only one geome­

trical isomer. The structure of E~66 and its geometry 

wa's further confirmed by its H-»N.M.R (CCl.) spectrum. 

Thus the singlet at, <3 2.08 ( 3 H ) was assigned ta; the protons 

of SCHo group on tetrahedr'al carbon and the singlet 

ait ^2.20 ( 3 H ) was assigned to thefprotons of vinylic 

SCH^ group. The methine proton appeared as a singlet 

at c?5.30 (IH), while the singlet at c) .̂-̂ Z (IH) was 
28""" 

assigned to vinylic proton (trans to Arco) , which 
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indicates the presence of only E-iscmer. The aromatic 

proton appeared as multiplet between 6 7.08-7.60 (lOH). 

From the above data it is evident that only E-_65 isomer 

is formed. The structure of _67 was established by its 

45 
comparision with the known keten dithioacetal derived 

from acetophenone (m.m.p. and superimposable l.R &N.M..R)-

The structure.-of Z-«68 was confirmed by its analytical and 

spectral data,, in its mass spectrum it showed the 

molecular ion peak at M 254 (C H-.OS). It exhibited 
16 •1-4 

IR ( N u j o l ) band ait 1635 cm" , w h i c h i s a t t r i b u t e d t o t h e 

c a r b o n y l g r o u p , i n d i c a t i n g t h e f o r m a t i o n of o n l y one 

i s o m e r . I t s f u r t h e r s t r u c t u r a l p r o o f was d e r i v e d from 

i t s H-N.M.R ( c c l . ) s p e c t r u m . I t showed a s i n g l e t a t 

c S l . 8 2 f o r t h r e e p r o t o n s of SCH^ g r o u p . The v i n y l i c 

p r o t o n a p p e a r e d a s s i n g l e t a t ^ 6 . 9 0 ( I H ) . The 

Z ; - c o n f i g u r a t i o n f o r 6^ was a^ssigned on t h e b a s i s of 

c h e m i c a l s h i f t v a l u e of v i n y l i c p r o t o n , which was 

a p p e a r e d a t $ 6 . 9 0 ( c i s t o p h e n y l g r o u p ) , w h i l e t h e 

v i n y l i c p r o t o n i n 61_ a p p e a r e d a t J 5 ' 6 , 6 0 ( c i s t o SMe), The 

m u l t i p l e t a p p e a r e d b e t w e e n S 1.25-1,90, i n t e g r a t e d 

f o r t e n p r o t o n s , was a s s i g n e d t o t h e p h e n y l p r o t o n s , 
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It is interesting to note that when _64 was 

reacted with sodium hydride in dimethylformamide at 

35=-40°c for longer time (8 hr), only the keten 

dithioacetaxL 67 and K> -methylthiochalcone (_68) were 

isolated in 70% and 10% yields respectively and none 

of the rearranged products ̂  or _66 was formed (Scheme 27) 

Similarly, when 6_4 was treated with sodium hydride in 

dimethylformamide under nitrogen blanket for 3 hr, 

only the rearranged products _6̂  and _65 were obtained in 

50% and 30% yields respectively and none of the products 

67 or 6^, was formed (Scheme 27), These results indicate 

that the molecular oxygen is responsible for the formation 

of 6X and 6§. 

Based on the above facts, a. plausible 

mechanism for the rearrangement of ̂  to 6^ and ̂  is 

shown in scheme 28. Thus the resonance forms of anions 

70â  and 70b, obtained after proton abstraction from 

64, will abstract proton inturn from 6£ to give unstable 

Intermediate 71.. The Tl on 1,3-RS shift (Scheme 23) 

will yield ^ , which on subsequent base induced 1,3-proton 

shift yield thermodynamically more stable ^S_ via anion 

72 (Scheme 28). 
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The mechanism of the formation of 6J_ which 

i s obta ined a'S major product (70%) a f t e r 8 h r s in the 

absence of n i t r ogen aitmosphere i s shown in t h e Scheme 29. 

The ca rban ion 70a formed by pro ton a b s t r a c t i o n from 64, 

r e a c t s wi th molecular .oxygen t o g ive the hydroperoxide 

i n t e r m e d i a t e , 7_3* which i n the presence of b a s e , undergoes 

c l eavage t o g ive the ke ten S^S-ace ta l JA* '̂ '̂ ^ keten 

S / S - a c e t a l _74 undergoes h y d r o l y t i c c l eavage in t h e 

p resence of e i t h e r hydr ide or hydroxide ion (dur ing 

work-up) t o g ive bl_ and benzoic a c i d , which wa-s i s o l a t e d 

i n 20% yie ld a s desc r ibed in the exper imenta l s e c t i o n . 

S i m i l a r type of base ca t a ly sed a u t o o x i d a t i v e c l eavage 

46 has been r e p o r t e d i n the case of few hydroxyflavones 

However i t i s not yet c l e a r whether the oxygen 

i n c o r p o r a t i o n t o g ive hydroperoxide i n t e r m i d i a t e 7_3 

i n v o l v e s r a d i c a l cha in mechanism a s suggested for 

oxygenation of ca rban ion or a d i r e c t i o n i c mechanism. 

The in te rmediacy of ke ten S^S-ace ta l J74 was e s t a b l i s h e d 

by two^ exper iments . F i r s t l y , when the keten S / S - a c e t a l 

7 4 , which was p repared from dibenzoylmethane (25) / was 

r e a c t e d with sodium hydr ide in dry dimethylformamide for 
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6 hr under iden t ica l reac t ion conditions^ work=up of the 

reac t ion mixture yielded 61^ as the only product in 90% 

yie ld , while the benzoic acid was obtained in 40% yie ld . 

(scheme 29) . In the second experiment^ when the keten 

S/S-acetal 7^ (Scheme 30)^ derived from dihydrochalcone 

having di f ferent a ry l groups, was reacted with sodium 

hydride under s imilar reac t ion condi t ions , work-=up 

and column chromatography of the reac t ion mixture yielded 

the product which was found to be a mixture of keten 

S ,S -ace ta l s , 62 and 7_8 along with a mixture of benzoic 

acid and p- to lu ic ac id . These r e s u l t s c l e a r l y demonstrate 

the intermediacy of dibensoylmethane S,S-acetals 74 and 

22 in the formation 62 and 78 respec t ive ly (Schemes 29 & 30) 

The probable mechanism for the formation of 

/o-methylthiochalcone ( ^ ) , which i s i so ia ted as the minor 

product from 64 i s shown in the Scheme 31. The 

rea-rranged a l l y l su l f ide _66 on proton abs t rac t ion by 

base gives the carbanion 22, which on reac t ion with 

molecular o:>cygen followed by subsequent cleavage of 

hydroperoxide intermediate 19_ y ields th ioes t e r §0, The 

thiioBster &0 undergoes hydrolyt ic cleavage in the 
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presence of hydroxide ion during work-up of the 

reac t ion mixture to give 68. 

I t i s / i n t e r e s t to note that in one of the 

experiments, when a l l y l sulf ide 65_ was reacted with 

sodium hydride in dry dimethylformamide a t 35=40 

in the absence of ni trogen atmosphere for 1 hr, formation 

o"f four products corresponding to ^ ^ 66^ 61_ and 68 

were observed along with the s t a r t ing mater ia l 65̂  (TLC). 

When the same react ion was allowed to run under s imi lar 

condi t ions for 6 hr, only two products, _67_ and 68 were 

i so la t ed in 65% and 15% yie lds r e spec t ive ly , af ter 

work-up and chromatographic separa:tion. These observations 

ind ica te that l ,3°methylthio shif t in these systems i s 

r eve r s ib l e and the rearranged product 65i undergoes 

r e v e r s i b l e l,3-=proton sh i f t in the presence of sodium 

hydride to give the intermediate ^ , which on subsequent 

1,3-methylthio shi f t g ives the intermediate 7_1 (Scheme 28)» 

The 7_1 on proton abs t rac t ion by base gives the resonat ing 

carbanion 22/ which on oxidative cleavage yields the 

Iceten S/S-acetal 62 (Scheme 29), s i m i l a r l y , the anion 

72b, generated through proton abs t rac t ion from 6^ by base , 

a lso undergoes oxidative cleavage to yield 68_ (Scheme 31). 
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1.4 Studies of Base Catalysed Rearrangement on 

^<-"Methylene-^ -Ketoketen dithioacetals 

Derived from Cyclic Ketones 

In accordance with the results and mechanism 

observed during the rearrangements of keten dithioacetals 

12 and _64 derived from propiophenones and dihydrochalcone 

respectively, it was considered of interest tee study 

some of the ketendithioacetals derived from cyclic 

ketones. Thus when keten dithioacetal 82 (Scheme 32) 

derived from indanone (81̂ ) was reacted with sodium 

hydride under identical conditions, the expected rearranged 

product ^ was not formed adthough starting material 

was disappeared completely and no well defined crystalline 

material could be isolated from the reaction mixture. 

When the same reaction was conducted under nitrogen 

blanket, a light orange crystalline substance was isolated 

by preparative TLC in 45% yield. The compound was 

found to be unstable in solution, while it was stable in 

crystalline form. The dimeric structure, _87 was assigned 

an the basis of its analytical and spectral datav Thus, 

its mass _ spectrum showed strongest intensity peak at 
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m/e 282 ( M ' ^ - 9 4 ) , which was p o s s i b l e due t o ion 89 

(Scheme 33) formed by spontaneous l o s s of two SCH^ groups 

(2 X 4 7 ) . Consequent ly , t h e molecular ion peak a t M 376 

was not observed whi le 87 was ana lysed for C T ^ H - ^ S „ 0 _ . , 

— -̂  22 16 2 2 
The IR (Nujol) spectrum of 87 showed a strong band at 

-1 
1672 cm due to conjugated carbonyl group. In its ̂ MR 

(CDCl-s) spectrum the singlet at (52.20 (3H) was assigned 

to the protons of SCH^ group on sp"̂  carbon and the other 

singlet at (̂ 2,75 (3H) was due to the protons of SCH-. 
2 

group on sp carbon. The signal due to two methine 

protons appeared as double doublets at 63.50 (1H,J=6 cps) 

and S 3.90 (IH/ J=6 cps) indicating the presence of a 

mixture of two stereoisomers. The aromatic protons 

appeared as multiplet (8H) between c5 7.40-7..70, which are 

in conformity with the assigned structure, 87-. 

The probable mechanism for the formation of 

87 is described in Scheme 32. Thus, the resonance form 

of anion 83b appears to attack the electrophilic 

/9-carbon of the intermediate _84, which is formed by 

protonation of 83b, followed by allylic elimination of 

methyl mercaptan to give 85. The acidic methine proton 

in 85 is likely to be abstracted by base to give anion 
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86/ followed by intramolecular cyclization with the 

elimination of methyl mercaptan to give the dimer, 87 

(Scheme 32), Alternatively _85 can also give a triene 

90 with the elimination of methyl mercaptan, to yield 

87 via electrocyclic ring '̂'o'̂ ure (Scheme 33). 

we next extended our studies of base catalysed 

rearrangement to keten dithioacetal 9_1 derived from 

tetralone (Scheme 34). Thus when _91 was reacted with 

sodium hydride in dimethylformamide under identical 

conditions for 3 hr, the starting material was recovered 

unchanged. However when the reaction time was prolonged 

fc3r 30 hr, two new products were formed which were 

characterized as dithioBster 92_ and /3-ketomonothioester 

94 obtained in 55% and 25% yields respectively. The 

expected rearranged product _92 was not formed. The 

structure of 93 was confirmed by its spectral and analy­

tical data. Thus it showed molecular ion peak at 

M 236 (C^pH- OS ). It exhibited absorption bands in 

its IR spectrum (Nujol) at 1600 (weak,>'c=C) and 1190 

1 -l ( VC=S) cm which is in conformity with the earlier 

29 reported data and'-shows that _9̂  exists in tautomeric 

form 93b» Its NMR spectrum (CDCl_) exhibited a singlet 
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at ^ 2 , 6 0 (3H) for SCH„ protons. The symmetrical ^-^2 

mul t ip le t (4H) a t S 2.80-3.10 was assigned to the four 

r ing methylene protons. The aromatic protons appeared 

between s? 7.12-7,40 (m, 3H) and the mul t ip le t a t c> 7 .85-

8,00 (IH) was assigned to j^-S- The enolic OH proton 

appeared as broad s ing le t (IH) a t 6 15.6 which i s in 

conformity with the tautomeric s t ruc ture 93b. The 

s t ruc tu re of _̂93 v/as fur ther confirmed by i t s a l t e r n a t i v e 

prepara t ion . Thus when te t ra lone (25_) was reacted with 

dimethyl t r i th iocarbonate (9;6) (Scheme 34) in the presence 

of sodium hydride, the corresponding d i th ioes te r 9^ was 
29 formed in 24% yield . The product thus obtained was 

abiain£d_warS found to be i den t i ca l with 93 (m.ra,p. .and 

superimposable IR) , The 3 -ketcanonothioester £4 in i t s 

mass spectrum exhibited molecular ion peak a t M 220 

(C-„H^ 0 S) . I t showed a strong absorption band a t • 
- I 1620 cm v/hich i s due to H-bonded carbonyl group in 94b. 

A broad band at 3300 cm" was due t o enol ic OH group, 

I t s NMR (CCl.) spectrum showed a s ing le t a t 6- 2,40 (3H) 

due to SCH_ protons and a syrimetrical A„B mul t ip le t 

(4H) was assigned to four methylene protons. The three 

aromatic protons (H-5; H=6 and H-7 ) appeared as mul t ip le t 



70 

between 6 7.10-7,25 and the multiplet between 6 7.70-7,85 

(IH) was attributed to H-8 proton. 

Formation of 9_3 and £4 from 9_1 is interesting 

and the same products £3 and _9_4 were formed in 55% and 

30% yields, when _91; 'was reacted with sodium hydride in 

the nitrogen blanket under identical conditions. 

Similarly, when £3 was reacted with sodium hydride for 

26 hr under identical conditions, no trace of _94 was 

obtained. These experiments show that £4 is not form̂ d̂ by 

oxidation of £3 and both £3 and £4 are formed by independent 

routes. Formation of £3 and £4 appears to involve demethy-

lation and hydrolytic cleavage of £3̂  respectively. 

45 However other keten S^S-acetals like £2 derived from 

acetophenone did not show the formation of the corresponding 

IS -ketomonothioester £8. or /3 -ketodithioester £9 on 

reaction with sodium hydride under identical conditions 

(Scheme 35). It appears that dithioester £3 is formed by 

attack of some nucleophilic species like hydride or 

methylthio anion on £1 present in the reaction mixture 

(Scheme 36); The probable mechanism for the formation of £4 

is shown in the scheme 37, The intermediate 102 formed via 

anion 101 undergoes base catalysed allylic elimination of the 
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methyl mercaptan to give intermediate 103. During work=up 

103 appears to be susceptible to nucleophilic attack by-

hydroxide ion and is converted to 9_4 through intermediate 

anions'. 105 and 106_ (Scheme 32)» 

in our earlier studies from our laboratory 

it was reported that the keten S^S-acetal 107 (Scheme 38) 

derived from bensothiopyran gives pyrimidines 111 and 

112 oh treatment with guanidine in refluxing ethanol in 

23 the presence of sodium ethoxide , Formation of 112 

was postulated through the intermediacy of 110 , which 

is formed by l/3-methylthio-< shift in 109 (Scheme 38-). 

So, it appeared of interest tô  study whether 110 could 

be isolated from 107 under our standard rearrangement 

conditions of 1,3-RS shift. Thus when 107 vjas reacted 

with sodium hydride in dry dimethylformamide at room 

temperature^ it underwent facile rearrangement tô  give 

llQ in 60% yield (Scheme 39). The formatiom of 110 

from 107 was very facile an d it was formed even v/hen 

107 was reacted with sodium hydride in refluxing benzene 

while 12a remained unchanged in the presence of sodium 

hydride in refluxing benzene. The facile nature of this 

rearrangement is probably due to the formation of 
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intermediate sulphiniuin sa l t 113^ which on a t tack by 

methylthio anion gives 110 (Scheme 39) , 

Thus from these studies i t appears that the 

cyc l i c ketoketen d i t h ioace t a l s derived from indanone and 

t e t r a lone behaved d i f f e ren t ly , while the keten S,S~acetal 

(107) derived from benzothiopyran gave the expected 

product of 1,3-RS shift . . 
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EXPERIMENTAL 

Melting points were determined on 'Boetius' 

apparaitus (Made in Germany) and are uncorrected. The IR 

spectra- were recorded on "Perkin-Elmer 297" spectrophoto­

meter, The ISIMR spectra- were recorded on varian EM-390 

spectrometer using TMS ais an internal standard and the 

chemical shift values are expressed in 5 (ppm). 

The starting materials 

The commercial samples of ace tophenone, 

p-methylacetophenone^, benzaldehyde , cinnamic a c i d , 

y - b u t y r o l a c t o n e and methyl benzoate were p u r i f i e d be fo r e 

u s e . 

o 49 
The propiophenone, bp 105-110 (8 mm) - ; 

o 50 
p°-methoxypropiophenone, bp 145-150 (15 mm) ; 

o 51 
p-chloropropiophenone , bp 115-120 (2 mm) ; butyrophenone, 

o 48 5? o 
bp 125-130^ (21 mm) ' ; cC - t e t r a l o n e (^5)^ bp 140-150 

53 o^^ 
(IQ-uTim) ; benzalace tophenone , mp 50-52 ; jDenzai-^-

^55 
methylacetophenone, mp 58=59 ; ciihydrocinnamic a c i d , 

56 57 
mp 46-47 ; 1-indanone (_81), mp 39-40 ; 2 , 3 - d i h y d r o - l -

o 58 
benzo th iopyran -4 -one , bp 150-155 (12 mm) were prepared 
by the r e p o r t e d methods. 
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The following previously reported keten 

S,,S-acetals: 3,,S-bisCmethylthio)-2-methyl-l-'Phenyl"2~ 
T 1 3 

propen~l-one (12a).v. bp 168-70 (13 mm) • 3,3-bis 

(ethylthiD)-2-methyl-l-phenyl-2-propen~l-one (12h)j-

bp 180-185^ (13 mm)-'-̂ ; 3,3-bis(methylthio)-2-inethyl-l-

(p-methaKyphenyl)-2-propen-l-one (12G)^ bp 180°185 
13 (13 mm) ; 3,3-bis(methylthio)-2-methyl-'l-(p-methylphenyl)' 

n 20 
2-=-propen-l-one (12e)., bp 185-90 (1 mm) ; 3̂ 3-=bis 
(methylthio-)-2-methyl-l-(p-=-chlorophenyl)~2-=propen-l-one 

hi; 
13 

o 90 
(12g), bp 195-200 (1 mm) ; 3,3"bis(benzylthio)-2~ 

methyl-l-phenyl-2-propen-l-one (12h)./ mp 66 ; 3̂ 3-bi;̂  

(ra€thylthio)-2-ethyl-l-phenyl-2-propen=l-one (12i)> 

o 13 
bp'190-195 (16 mm) ; 2- bis(methylthio)methylene - 1 -

0^2 
t e t ra lone (91)/ ^P 58 ; 3^3-bis(methylthio)-=l°phenyl-2-

0^5 
propen-l-one (91_), mp 93 : 3 'bis(methylthio)methylene -

23 

2/3-dihydro-l-benzothiopyran-4-one (107)y mp 80-81 

and the unknown ones were prepared by the general method 

described below: 

General method for the preparat ion of keten S^S^acetals 
13 using sodium t-butoxide : 

A mixture of ketone (0,05 mol) and carbon 

d isu l f ide (0.05 mol) was added to a well s t i r r e d and 



83 

cooled suspension of sodium _t-butoxide (0,10 mol) in 

dry benzene (35 ml) and dimethylformamide (10 ml). The 

reaction mixture was allowed to stand at room temperature 

for 4 hr and methyl iodide (0,11 mol) was gradually 

aidded with cooling and stirring. The reaction mixture 

was further stirred for 4 hr and left overnight and 

then it was refluxed on water bath for 1-2 hr. The 

reaction mixture was then poured over crushed ice and 

the benzene layer was separated. The aqueous lawyer 

wa5S extracted with benzene (2 x 50 ml) and the combined 

extract was? wâ shed with water (1 x 100 ml)j. dried (NauSQ ) 

and concentrated to give crude keten dithioacetals^ which WSTB 

further purified either by column chromatography or 

by distillation under reduced pressure. The physical 

and spectral properties cif some of the unknown keten 

S/S-acetals are given below: 

3^3-Bis(ethylthio)--2-methyl~l-(p-methoxyphenyl)-

2~propen~l-one. .(12d) was obtained a^ orange coloured 

viscous liquid after purification by distillation, 

o -1 

bp 18G-185 (1 mm)^ Yield 9,0 g (60%)^ IR (neait): 1630 cm 

(VQ^Q)' NMR (CCl^)i 1.05 (t, 3H^ SCH^CH^); 1.30 

(t, 3H;"5CH2CH3)-;-2.10 ( S, 3H, CH3); 2.60 (q, 2H/ SCH2CH3); 
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2.80 (q, 2H, SCH2CH3); 3.80 ( s , 3H, OCH3); 6^80 (d , 2H^^^^); 

7*70 (d, 2H ) ; M̂  296; (Found: C, 60 .37 ; H^ 6 . 4 3 ; 
3.2rOITl 

C a l c . for C ^ ^ H ^ Q O ^ S ^ (296) : C, 6 0 . S I ; K. 6.76^6)« 

3 f 3 " B i s ( i s o p r o p y l t h i 3 ) - 2 - m e t h y l ° l - p h e n y l ° 2 -

pr^pen^-l-3ne (12£) was yellow v i scous l i q u i d a f t e r 

p u r i f i c a t i o n by d i s t i l l a t i o n , bp 155-160 (1 mm), y ie ld 

7 .5 g (50%); IR ( n e a t ) : 1668 cm" ^ )Jr=o'^ ' ^'^ (CCl^): 

1,05 f d , 6H^ (^23)2 ! ; 1.30[d, 6H^ (CH^)^"]; 2,15 

( s , 3H, CH3); 2 .80-3 ,40 (m, ^^methine^ ' '7*30-7.85 

(m, 5H^_^^); M"̂  294; (Found: C, 65 .78 ; H, 7 . 8 3 ; Caac . fo r a r om 

^16"22°^2 ^^'^'^^' ^ ' 6 5 . 3 1 ; H, 7.4^9^>* 

3/3"Bis(methylthlo)~2-benzyl--l°phenyl-='2''propen-l° 

one (64) was obtained as light yellow prisms after purifica­

tion by column chromatography over silicagel using hexane: 

benzene (9:1) mixture as eluent^ yield 9.2 g (57%); 

'c=0' 
o —1 

mp 66 (-<3hloroform:hexane)̂  IR (Nujol): 1660 cm (i;^_^) 
NMR (CCl^): 2.35 (s, 3H^ SCH3); 2^70 (s, 3H/ SCH^); 

4,35 (s, 2H, CH^); 7.10-7,75 (m, lOH ); M"̂  314; —z ar om 

(Found: Cy 68.34; H, 5,37; Calc. for C^gH^gOS^ (314) 

C/ 68.79; H, 5.73 
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3^3°Bis (me thy l th io )~2°benzy l ° l ° (p°me thy lph ;ny l ) ° 

2°propen-1-one (7^) was obtained a s yellow need le s 

a f t e r p u r i f i c a t i o n by column chromatography over s i l i c a 

g e l us ing hexane; e t h y l a c e t a t e (9 :1 ) as e l u e n t . Yield 

6.56 g (40%); mp 74-75^? IR (Nu jo l ) : 1640 cm" ^ Vc=o^' 

NMR (CCr^) 2.00 ( s , 3H, p-CH^)/* 2,35 ( s , 3 H , SCH^ ) ; 

2.45 (s^ 3 H , SCH3)-; 4 .00 ( s , 2H, CH ) ; 6 .95 -7 .50 

(m/ 9H ^ )7 M"*" 328; (Found: C, 69,81; H, 6 .46 ; Ca l c , 

for C^gH^QOS^ (328) : C^ 6 9 . 5 1 ; H, 6.10^7,) 

2°[Bis(methyl thio)mGthyleneJ ° l ° indanone (82) 

vjss obta ined a s yellow s h i n i n g needles a f t e r p u r i f i c a t i o n 

by column chromatography over s i l i c a g e l u s i n g hexane: 

e t h y l a c e t a t e (1 :9) e s e luen t f Yield 8B25 g (70%); mp 

70-71^? IR (Nu jo l ) : 1663 cm""^ ( )^c=0^ ' ^^^ (CCl^) : 

2.52 ( s , 3H, SCH3); 2.55 ( s , 3H, SCH^); 3.78 ( s , 2H, CH2^' 

7 .30-7 .90 (m, 4H ) ; M"̂  236; (Found: C, 6 1 . 4 8 ; H, 5 ,37 ; 
3.3rorQ 

c a l c . for C^2^^2°^2 ^^36) : C, 61 .02; H, 5.,08%). 

Dibenzoyl methane (75 ) was prepared by a modified 

procedure a s fo l lows : 

To a well s t i r r e d suspension of sodium hydride 

(6g, 50% suspens ion , 0,12 mol) in dry benzene (250 m l ) , 
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methyl benzoate (27 g, 0,2 mol) was added dropwise with 

ref luxing. A solution of acetophenone (12 g, 0.1 mol) 

in 150 ml of benzene was ax3ded dropwise with s t i r r i n g 

and ref luxing over ai period of 4 hr and the reac t ion 

mixture was fur ther refluxea with s t i r r i n g for 3 hr, 

The reac t ion mixture was l e f t o-^ernight, poured over 

cushed ice and acidif ied with concentrated sul fur ic 

acid. (10 ml ) . The organic layer was separated and the 

aqueous lawyer wa^ extracted with benzene (3 x 250 ml) 

and the combined extract was washed with 5% sodium 

bicarbonate solut ion (1 x 50 ml) and then with water, 

dried (Cacl^) and concentrated over water b a t h . The 

unreacted methyl benzoajte was removed by d i s t i l l a t i o n 

under reduced pressure and the crude dibenzoyl methane 

was t ransfer red into ai 250 ml beaiker while ho±« The 

crude dibenzoyl methane was so l id i f ied on cooling and 

was purif ied by recrystallizaifcion from methanol, yield 

la.O g (60%), mp 72=73^C (reported mp 73^) ; IR (Nujol): 

1600 cm-^ ijj^^^). NMR (CCI4): 6.70 ( s , lU^^^^^^^^ ^^^^ ^^^^)' 

7.30-7.45 (m, 6H^^^) ; 7.80-7.95 (m, ^B^^J. 



PreparatioTi of 3^3-bis(methyl thio>-2">benzoyl~l~phenyl-2-

p ropen- l -one (74) • 

To a so lu t i on of d ibenzoyl methane (75) 

(2 .24 g , 0 .01 mol) in d imethyl su l fox ide (10 ml)<- a 

s o l u t i o n of KOH (1 ,2 g , 0 .02 mol) in water (2 ml) and 

carbon d i s u l f i d e (2 .4 g , 0 ,03 mol) was added dropwise 

over a per iod of 2 hr wi th s t i r r i n g and c o o l i n g . After 

f u r t h e r s t i r r i n g for 4 h r , d imethyl s u l f a t e (2*6 g , 

0.02 mol) was added dropwise wi th i ce c o o l i n g and i t 

was f u r t h e r s t i r r e d a t room tempera ture f o r 2h r . The 

r e a c t i o n mix tu re was then poured over 200 ml of i c e 

cold wa t e r , e x t r a c t e d w i th chloroform^ d r i e d (Na„SO,) 

and c o n c e n t r a t e d t o g ive crude _74, whic h v/as p u r i f i e d 

by column chromatography over s i l i c a g e l us ing e t h y l 

a c e t a t e r h e x a n e (1 :4) ais e l u e n t . The product ojjtained 
o o 61 

a.-e ai yellow c r y s t a l s , mp 67-'68 ( repor ted 68-69 c ) ; 

y ie ld 0^6 g (25%), IR (Nu jq l ) : 1650, 1660 cm""̂  ^}Jc=0^' 

NMR (CCl. ) : 2 ,10 s , 6 H , ( S C H _ ) ^ ? 7 .20 -7 ,50 (m, 6H ) ; 

7 .80-7 ,95 (m, 4H ) ; M"*" 328? (Found: C, 6 5 . 4 7 ; 
arom 

H/ 4 . 4 3 ; C a l c . for C^^H-^O^S^ (328) : C, 6 5 . 8 5 ; K, 4.88%), 

oC-Benzylacetophenone (63) was prepared by s l i g h t 

mod i f i ca t ion of t h e r e p o r t e d procedure by hydrogenation 
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of benzalacetophenone over Raney Ni instead of platinum 

c a t a l y s t . Thus 20.8 g" (0«1 mol) of benzalacetophenone 

was dissolved in 150 ml of hot ethanol and x̂ 7as 

hydrogenated in parr hydrogenation apparatus over Ran^y 

Ni ('-^15 g) a t 50 psi for 0,5 > r̂. The c a t a l y s t was 

f i l t e r e d and the solvent was evaporated toD yie ld 19,0 g 

(90%) of j63 as white shining plates,, mp 68-69 (reported 

mp 70-71^0)^^. 

'^-"Benzyl-p^methylacetophenone was s imi la r ly prepared 

by hydrogenatiorn of 22,2 g of benzal-p-methylacetophenone* 

The product was obtained as white shinning pla3tes; yield 

18,0 g (80%), mp 50-52^C (reported mp 50-51^0) . 

Attempted isomerisation of 3j3"bismethylthio~2~methyl-l~ 

aryl--2-^propen-1~one (12a) with ethanolic sodium ethoxide; 

To a solution of sodium ehoxide (prepared by 

dissolving sodium,, 0,02 a3tom, in 30 ml of absolute alcohol) > 

the keten S^S-acetal 12a' (2.38 g, 0,01 mol) wa~s added 

and the solut ion was s t i r r e d a t room temperature for 

10 hr. The solvent was d i s t i l l e d off and the residue' 

wais quenched with crushed i c e . I t was ext rac ted with 

chloroform^ washed wit:h water and dried.. Evaporation of 
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the solvent gave the unreacted s t a r t ing ma te r i a l . 

In an a l t e rna t e experiment when the same 

reactioTi mixture was refluxed with s t i r r i n g for 10 hr, 

work-up of the react ion mixture yielded only in t rac tab le 

polymeric mater ia l and no iden t i f i ab le compound could 

be i so l a t ed • 

Base catalysed rearrangement o£ 3^3--bis(al>:ylthio)-2-

methyl-l" 'aryl-2-propen-l-ones (12a-f) to 2-a lkyl th io 

methyl"3-alkylthioacrylophenones (31a-f) ; General 

Procedure; 

A solut ion of j ^ (0,01 mol) in dry dimethyl 

f ormamiide (20 ml) was added dropwise over a period of 

15 minutes to a well s t i r r e d suspension of sodium 

hydride (2g, 50% suspension,. 0»04 mol) in 20 ml o:f 

dimethylformamide a* 50-60^^ The reac t ion mixture was 

fur ther s t i r r ed at 50-60^ for 2.5 to 3.5 hr . I t was 

then poured over crushed ice (100 g ) , neutral ised with 

d i l u t e ace t ic ac id , extracted with chloroform (3 x 30 ml) 

and the combined ex t rac t was washed with water 

(4 X 100 ml) , dried (Na SO ) and evaporated to give ai 

residue^ which was chromatographed over s i l i ca ' ge l , 
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Elution with hexane:ethylacetate (9:1) mixture gave first 

the unreacted starting materials 12a-£ and further 

elution with hexanezethylacetate (4:1) mixture yielded 

pure rearranged products 31a°f« The physical and 

spectral data of 31a)-f are given below/ while their 

spectral data are described in table. 

3-Methylthio°2~methylthlomethyl°-l-phenyl°2-

propen-l-one (31a) wa-s obtained as yellow viscous oil, 

(TIJC single spot), yield 0.83 g (35%) (55% on the basis 

for recovered starting material); M 238; (Found: c, 60,15; 

H, 5.39; Calc. for C^^^^.OS (238): C, 60.50; H, 5.88%). 

3-Ethylthio~2-ethylthiomethyl"l°phenyl~2° 

propen-1-one (31b) was obtained as orange viscous oil, 

(TLC single spot), yield 1.15 g (43%) (50% on the basis 

of recovered starting material); M 266; (Found: 

C, 63.57; H, 6.34; Calc-. for C^.H^gOS^ (266): C, 63,16; 

H, 6,77%). 

3-Methylthio-2-methylthiomethyl--l-

(p-methoxyphenyl)°2°propen-l-one (31c) was obtained as 

orange solid, mp 57=58*̂  (hexane), yield 1.3 g (45%) 

(70% on the basis of recovered starting material); 
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M"̂  268; (Found: C, 58 .63 ; H, 5 .56 ; C = l c . for ^i-^i^'^2^2 

(268 ) : C, 5 8 . 2 1 ; H, 5.97%). 

3"Ethylthio°-2°ethylthlomethyl""l"(g"inethoxyphGnyl)° 

2"prDpen°l-=-one (31d) was obta ined a s orange v i s c o u s o i l , 

(TLC s i n g l e s p o t ) ; y i e ld 1*2 g (40%) (61% on t h e b a s i s 

of recovered s t a r t i n g m a t e r i a l ) ; M 296; (Found: Ct 60 .48; 

H/ 6 .37 ; C a l c . fo r C-ĵ ^H2Q02i52 (296 ) : C, 6 0 , 8 1 ; H, .6.76%). 

3"Me t h yl t hi o--2°me t hy l t h i omet hyl-1-° (p°me t hylphen yl) • 

2°propen° l -one (31e) was obta ined a s red v i scous o i l , 

(TLC s i n g l e s p o t ) ; y ie ld 1.0 g (36%) (60% on the b a s i s 

of recovered s t a r t i n g m a t e r i a l ) ; M 252 (Found: C, 6 1 , 5 3 ; 

H, 6 . 7 1 : C a l c . fo r C.^H.^OS^ (252 ) : C, 61 .90; H, .6,35%). 
1 3 16 2 

3- - I sop ropy l th io°2~ i sop ropy l th iome thy l ° l " 

phenyl°2-propen" l -one (31f) was obtained a s l i g h t yellow 

p r i sms , mp 46-47^ (hexane) ; y i e l d 0 .9 g (30%) (45% on t h e 

b a s i s of recovered s t a r t i n g m a t e r i a l ) ; M 294 (Found: 

C/ 65 .67; H, 7 , 8 6 ; C a l c . for C^^H^^OS^ (294) : C, 6 5 , 3 1 ; 
l b 2 2 2 

H, 7 . 4 8 ) . 

In an ano ther experiment when 12a (1 .2 g , 

0,005 mol) was t r e a t e d wi th sodium hydride (0 ,02 mol) 
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in dimethylformamide (20 ml) under identical reaction 

conditions for longer time (12 hr), the reaction rrixture 

after work-̂ up and purification as described above 

yielded only 120 mg (10%)of 31a (superimposable IR and 

NMR) along with intractable polymeric material vjhile 

starting material 12a was consumed completely. 

in an alternate experiment when a solution of 

12a (1.2 g, 0.005 mol) in dimethylformamide (20 ml) was 

treated with sodium hydride (0.02 mol) at lower temperature 

(0-5 ) for 6 hr, the reaction mixture, after work-up 

and purification as described in the above general 

procedure yielded unreacted starting material 12a-

(superimposable IR and NMR). 

Similarly, when 12a (1,2 g^ 0.005 mol) was 

treated with catalytic amount of sodium hydride (0.1 g> 

50% suspension) under identical reaction conditions for 

6 hr, the reaction mixture after work=-up and purification 

as described above yielded O.25 g (10%) of 31a (super­

imposable IR and NMR). in an another experiment, when 

the same reaction under identical conditions was 

continued for 15 hr with catalytic amount of sodium hydride, 
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work=>up and purification of the reaction mixture as 

above yielded 0.6 g (25%) of 31a (super imp o sable IR & ro4R). 

The reaction of 12a (1.2 g, 0.005 mol) with 

excess of NaH (0.04 mol) under identical reaction 

conditions yielded after the usual work-=up and purification 

0,35 g (30%) of 31a (superimposable IR and NMR). 

Similarly in an attempt to increase the yield 

of 31a/ when I2ai (2.38 g, 0,01 mol) was treated under 

identical conditions with sodium hydride (0,04 mol) in 

dimethylformamide (30ml) under nitrogen atmosphere, 

the reaction mixture after usual work-up and purification 

yielded 0,4 g (35%) of 31a (superimposable IR and NMR) 

and there was no increase in the yield of 31a, 

Attempted rearrangement of 12a to 31a in benzene: 

A solution of 12a (1,2 g, 0,005 mol) in 5 ml 

of benzene was added to a stirred suspension of sodium 

hydride in 20 ml of dry benzene at 80-90 end the 

reaction mixture was refluxed with stirring for 10 hr, 

The reaction mixture after usual work~up and purification 
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yielded the unreacted starting material l̂a.; { superimposable 

IR and NMR) and no trace of 31a was formed (TLC), 

Rearrangement of 12a to 31a in tetrahedrofuran: 

To ai stirred suspension of sodium hydride 

(0,02 mol) in 25 ml of dry tetrahydrofuran at 50-60^, 

a solution of 12a (1«2 g, 0.005 mol) in 5 ml of dry 

tetrahedrofuran was added and the reaction mixture was 

refluxed with stirring for 3 hr. The reaction mixture 

after the usual work-up and purification yielded only 

60 mg (5%) of 31a (superimposable IR and NI4R) â long with 

0,9 g of unreacted starting material, 12a. (superimposable 

IR and NMR), 

in an another experiment when the same reaction 

mixture in tetrahydrof uran wa-s refluxed at 65-70 for 

12 hr, the reaction mixture aifter usual work-up and 

purification yielded 0,35 g (30%) of 31a (superimposable 

IR and NMR) along with 0,4 g of unreacted starting 

material 12a (superimposable IR and NMR)„ 
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React ion of 12a wi th sodium hydr ide in the p resence of 

hydroquinone; 

A mix ture of hydroquinone (O-, 1 q, COOl mol) 

and 12a (1 .2 g , 0,005 mol) in 10 ml dry dimethylformamide 

was slowly added t o a suspens ion of sodium hydr ide 

(1 ,5 g,- 50% suspens ion , 0 .03 mol) in 15 ml of d ry 

dimethylformamide a t 50-60 and under n i t r o g e n 

atmosphere , wi th s t i r r i n g ^ The r e a c t i o n mix tu re was 

s t i r r e d fo r f u r t h e r 3 h r . The r e a c t i o n mixture a f t e r 

work-up and p u r i f i c a t i o n desc r ibed in the g e n e r a l 

procedure y ie lded 0o4 g (33%) of 31a (superimposable 

IR and NMR). 

React ion of 12a with sodium hydr ide in t h e p re sence of 
• • • • • I ^ M M I HMMIBIB • • Ml , w . - I - " — • • n . „ . M • • • • • • ^ • ^m W M ^ ^ • • • • • • • • • • • I M I . I • l l I • • M l • • • mm^lt I • » ^ l - ^ M I • 

dibenzoyl peroxide; 

A mixture of 12a ( 1 . 2 g , 0,005 mol) and 

d ibenzoyl perox ide (100 mg) in 5 ml of dry d ime thy l -

formamide was added slowly (15 min) to a we l l s t i r r e d 

suspension of sodium hydr ide (1 g , 50% suspens ion , 

0,02 mol) in 15 ml of d ry dimethylformamide a t 50-60 

and t h e s t i r r i n g cont inued f o r f u r t h e r 3 h r . The 
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react ion mixture ^f ter work-up and pur i f i ca t ion as 

described in the e a r l i e r experiments, yielded 0,43 g (36°/) 

of 31a (superimposable IR and NMR). 

Attempted equ i l i b r i a t i on of 31a to 12at 

A solution of 3la (0,6 g, 0,0025 mol) in 5 ml 

dry dimethylformamide was added to a suspension of 

sodium hydride (0,01 mol, 50% suspension) in 5 ml of 

dry dimethylformamide and the react ion mixture was 

s t i r r e d a t 50-60 for 4 h r . The react ion mixture af ter 

the usual work-up gave a crude residue^from which no-

ident i feable compound coiild be i so la ted and no t race 

of 12a was detected (TLC). 

Reaction of 3,3°bls(methylthio)-2-methyl-l°(p-°Ghloro-

phenyl)=2-=propen-l=one (12g) with sodium hydride: 

To ai well s t i r r e d suspension of sodium hydride 

(0.04 mol/ 50% suspension) in 20 ml dry dimethylf ormamide 

at 50-60^, a solution of I2g (2*73 g, 0,01 mol) in 

15 ml of dry dimethylformamide was added slowly with 

s t i r r i n g and the react ion mixture was s t i r r e d at 50-60 
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fo r 5 h r . The r e a c t i o n mixture a f t e r work-=up as 

descr ibed above gave red v iscous l i q u i d , which was p u r i f i e d 

by column chromatography over s i l i c a ge l* E lu t ion wi th 

h e x a n e : e t h y l a c e t a t e (95:5) yielded 0.7 g (25?<̂ ) of 

3 ,3=b i s (me thy l th io )~2-methy l - l -= (p -methy l th iopheny l ) -2 -

propen-1-ane (3^) as red v iscous l i q u i d ; (TLC s ing le s p o t ) ; 

M 284 (Found: C, 55 .15 ; K., 5 .67 ; C a l c . f o r C^^H^^OS^ (284) 

Cf 5 4 . 9 3 ; H, 5,63%). The s p e c t r a l da ta fo r _32 i s 

desc r ibed in t e x t , 

Fu r the r e l u t i o n wi th e t h y l a c e t a t e : h e x a n e (1 :9) 

y ie lded 0.6 g (22%) of 3-methyl th io-=2-methyl th iomethyl - l -

(_p-chlorophenyl)-2=propen-l-one (31g) a s red v iscous o i l ; 

(TLC s i n g l e s p o t ) ; M"*" 272.5 (Found: C, 52«48; Ĥ  4 . 9 3 ; 

Ca l c . f o r C^2^^3ClOS ( 2 7 2 , 5 ) : C, 52 ,84 ; H, 4,77%). The 

s p e c t r a l da t a fo r 31g i s descr ibed in t a b l e 1, 

Subsequent e l u t i o n wi th e t h y l a c e t a t e : h e x a n e (1 :4) 

y ie lded 0.55 g (20%) of 3 -methy l th io=2"methy l th iomethy l - l -

(p-methyl th iophenyl)~2- 'propen- l"one (_3^) a s red viscous 

l i q u i d (TLC s ing l e s p o t ) ; M"̂  284 (Found: C, 54,67; H, 5 . 3 8 ; 

C a l c . for C^^Hj_^OS^ (284) : C, 5 4 . 9 3 ; H, 5.63%). The 

s p e c t r a l da t a fcr 33 i s descr ibed in t h e t e x t . 
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Reac t ion of 3,. 3-°bis(benzylthio)-2~methyl-- l°phenyl"2°propen--

l -one (j-jh) w i th sodium hydr ide ; Formation o£ 2-benzyl th io= . 

3-methyl°4^5°diphenyl th iophene ( 3 6 ) : 

A s o l u t i o n of I2h (1 .95 g , 0.005 mol) in 10 ml 

cr£ d ry dimethylf ormamide was added dropwise t o a we l l 

s t i r r e d suspension of sodium hydr ide (0 .02 mol/ 50% 

suspens ion) in 15 ml of dry dimethylformamide a t 50-60 

and the r e a c t i o n mixture was s t i r r e d a t 50-60 for 6 h r . 

The r e a c t i o n mix ture a f t e r usual work-up^followed by 

chromatographic p u r i f i c a t i o n o vsr a i l i c a g e l column using 

hexane as e luen t y ie lded 0-95 g (50%) of ^ i a s whi te n e e d l e s , 

mp 91-92^ (hexane) ; M^ 372 (Found: C, 7.7.83; H , 5 . 7 1 ; 

Ga le , f̂ ^ C24H2QS2 (372 ) ; C, 77 .42 ; H, S.38%). The 

s p e c t r a l da ta cjf 36 i s descr ibed in t h e t e x t . 

Reac t ion of 12b and 12c wi th sodium h y d r i d e ; A ' c r o s s o v e r ' 

exper iment ; 

A mixture of 12b (2.66 g^.O.Ol mol) and 12c 

(2.,68 g , 0 .01 mol) in 25 ml of d ry-d imethyl f ormamide was 

added dropwise t o a we l l s t i r r e d suspension of sodium 

hydr ide (0 .08 mol, 50% suspens ion ) - i n 40 ml of dry 
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dimethylformami.de at 50-55 and the reaction mixture 

was stirred at 50-55 for 3 hr. The reaction mixture 

after usual work-up gave red viscous liquid^wlaiCih was 

purified by column chromatography over silica gel,. Elution 

with hexane:ethylacetate (95:5) gave admixture of unreacted 

starting materials 12b and 12c (IR and NMR)» Further 

elution with the same solvent mixture yielded a mixture 

(TLC single spot) of four possible products, 3la^ 31b, 57 

and 58 (NMR and Mass),, Thus its NÎ R (CCl.) spectrum 

displayed signals due to above mentioned four products., 

The mass spectrum of this mixture gave the following 

significant peal's: m/e 266 (95?4)/ 25 2 (100%), 238 (100%) 

223 (85%),. 205 (90?/), 191 (95%),, 175 (90%), 105 (100%) etc., 

The peaks at m/e 266^ 25 2 and 238 are the molecular ion 

peaks of 31b, (57 or 5_8)^ and 31a, thus proving the presence 

of the corssover products (particularly 57_ and/or 5^) in 

the mixture. 

Further elution v/ith ethylacetaterhexane (1:4) 

mixture, gave an orange oil, (TLC single spot), which 

also in its NMR spectrum displayed signals due to four 

possible products, 31c^ 31d, 5_9 and 60, Its mass spectrum 

displayed the following significant peaks: m/e 296 (10,3%), 

282 (40.5%), 268 (70%),. 253 (20%), 235 (50%), 221 (80%), 

135 (100%) etc. The peaks at m/e 296, 282 and 268 are 
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the molecular ion peaks of 31d, (59 and/or _60) and 31G, 

thus proving the presence of the crossover products 

(particularly §2 and/or 60) in the mixture. 

Reaction of 31G with sodium hydride in the presence of 

ethylmercaptan; 

A solution of ethyl mercaptan (0,6 g, 0.01 mol) 

in 2 ml of dimethylf ormamide was added slowly to ai well 

stirred suspension of sodium hydride (Ig/ 50% suspension, 

0,02 mol) in dry dimethylformamide (10 ml) under nitrogen 

blanket at room temperature, A solution of 31c (0.8 ĝ  

0,003 mol) in dry dimethylformamide (3 ml) was added slowly 

to the reaction mixture with stirring and the reaction 

temperature was raised upto 50 and the stirring continued 

at this temperature and under nitrogen blanket for further 

30 minutes. After the usual work up, the crude product 

showed single spot (major) on TLC and it was purified by 

passing through silica gel column using ethylacetate; 

hexane (1:4) mixture as eluent. The pure orange oil 

(TLC single spot) thus obtained was also) a mixture of 

four possible products, 31c, 31d, 59 and 60 (NMR and Mass). 

ol^^' l 



Reaction of 12b with sodium hydride in the presence of 

ethylmercaptan (added alkylthio anion): 

A mixture of ethylmercaptan (1,2 g, 0,02 mol) 

and 12b (2»66 g, 0.01 mol) in 15 ml of dry dimethylformamide 

was reacted with sodium hydride identical conditions as 

described in the preceding experiment for 2 hr. The 

reaction mixture after usual work-up followed by column 

chromatographic purification over silica gel gave 1.2 g 

(45%) of 31b (superimposable IR a^ NMR) along with 0.8 g 

(30%) of 12b (superimposable IR and NMR). 

Attempted rearrangement of l2i to 62: 

When I2i (2,52 ĝ  0,01 mol) was treated with 

sodium hydride (0,04 mol, 50% suspension) in dry 

dimethylformamide (30 ml) under identical reaction 

conditionstor 10 hr, the reaction mixture after usual 

work-up followed by column chromatographic purification 

yielded 2.30 g (90%) of unreacted starting material, 

I2i (superimposable IR and NMR), 
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Reaxrangement s t u d i e s on 3^ 3 ' - b i s ( m e t h y l t h i o ) - 2 - b e n 2 y l - l -

phenyl -2-prDpen- l -one (_64); React ion of ^ w i th sodium 

hydr ide : 

A s o l u t i o n of _64 (3 .14 g, 0,01 mol) in dry 

dimethylformamide (10 ml) was added t o a s t i r r e d suspension 

of sodium hydr ide (0 ,03 mol) in 20 ml of d ry d imethy l -

formamide a t 35-40 and the r e a c t i o n mix ture was s t i r r e d 

a t t hi ^.temperature fo r 2 h r . The r e a c t i o n mix tu re a f t e r 

usual work-up as descr ibed in the e a r l i e r exper iments 

yie lded 2,7 g (85'/) of red v i scous l i q u i d . The crude 

r e a c t i o n mix ture thus obta ined showed 5 spo t s on TLC/ 

which were separa ted by column chromatography over 

s i l i c a g e l , E lu t ion with h e x a n e : e t h y l a c e t a t e (99:1) 

gave f i r s t 160 mg (5%) of _64 (superimposable IR, M4R 

and mmp) 

Fu r the r e l u t i o n wi th h e x a n e : e t h y l a c e t a t e (95:5) 

gave 1,1 g (35%) of 3-methyl thio-2=methyl thiomethylchalcDne 

(65) as red v i scous o i l ; (TLC s i n g l e s p o t ) ; M 314 (Pound: 

C, 68 ,43 ; H, 5 , 4 7 ; C a l c . f o r C^gH^gOS (314 ) : C, 68,79; 

H^ 5.73%), The s p e c t r a l da t a for _65_ i s describeSd in 

t he t e x t o 
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Further elution with ethylacetatethexane (5:95) 

gave 0.5 g (157̂ ) of 2-(6("methylthi3benzyl)'=3-methylthi3-

acrylophenone (_6_6) as red viscous oil, (TLC single spot); 

M"*" 314 (Found: C, 68.53; H, 5.47, Calc. for C^gH^gOS2 

(314): C, 68,79; H, 5.73%)-. The spectral data for 66 

is described in the text, 

Subsequent elution v/ith ethylacetaterhexane 

(1:9) gave 130 mg (5%) of 3-methylthiochalcone (60^) as 

light yellow solid, mp 94-95 (hexane): M"̂  254 (Found: 

C, 75.93; H, 5.87; Calc for C^^H^ OS (254): cV 75.59; 

U, 5,51%), The spectral data f or _68 is described in 

the text. 

Further elution with ethylacetate:hexane (1:4) 

gave 0,45 g (20%) of 3,3-bis(inethylthio)"l'-phenyl'-2-propen-

1-one (_67) as light yellow solid, (mp, nimp> superimposable 

IR, NMR and Mass). 

in an alternate experiment^ 6^ (1»6 g** 0»05 mol) 

was reacted with sodium hydride (0,015 mol) in dry 

dimethylformamide (20 ml) under identical reaction 

conditions for 8 hr. The reaction mixture was then 

poured over crushed ice, acidified with 20% acetic acid, 
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extracted with chloroform (2 x 50 ml) and washed the 

combined ex t rac t with waiter (4 x 50 ml). The organic 

layer thus obtained was washed with saturated sodium 

bicarbonate solut ion (2 x 50 ml) and then with water 

(2 x 50 ml) . The chloroforra layer was then dried (Na SO^), 

concentrated and purified by column chromatography over 

s i l i c a gel using ethylacetate:hexane (1:4) as eluent to 

give f i r s t 130 mg (10%) of 68 (superimposable IR, NMR and 

mmp) and 0.8 g (70%) of _62 (superimposable IR, NMR and 

mmp) • 

Acidif icat ion of the sodium bicarbonate ex t rac t 

with d i l u t e hydrochloric acid gave a sol id suspension, 

which was extracted with e the r , -Evaporation of the e ther 

gave 0,12 g (20^0 of benzoic acid (mmp, superimposable 

IR and NMR) 

Similar ly, when 64_ (1.6g, 0,05 mol) was t rea ted 

with sodium hydride (0,015 mol) in dry dimethylformamide 

under i den t i ca l reac t ion conditions'and under nitrogen 

atmosphere for 3 hr, the react ion mixture af ter usual 

work=-up followed by chromatographic pur i f i ca t ion yielded 

0.8 g (51%) of 65 (superimposable IR and NI4R) and 0^5 g 
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(32%) of _66 (super imposable IR and NMR) on e l u t i o n wi th 

hexane. 

3 ,5 -Dipheny l -4 -methy l th iomethy lpyrazo le (_69); Procedure : 

A so lu t i on of 65_ (1 .6 g, 0,005 mol) and hydrazin/ 

hyd ra t e (0 .5 ml) in e t h a n o l (15 ml) was re f luxed for 60 hr 

c o o l i n g of the r e a c t i o n mixture y ie lded whi te so l i d ^which 

was r e c r y s t a l l i z e d from e t h a n o l . Yield of t h e t y r a z o l e _62 

\vas 0 .8 g (57%)/mp 171-173^; IR (Nu jo l ) : 3200 cm""'' ( y^^j^)/' 

NMR (CDCl^): 1.65 ( s , 3H^ CH2SCH2); 3.35 ( s ^ 2H^ CH2SCH3) ; 

6 .70 -7 ,50 (m, lOH ^ „ i ; M"̂  280; (Found: C, 72 .47 ; H, 5,34;-
arom 

N, 1 0 . 2 3 ; C a l c . fo r C^^H.^N^S (280) : C, 7 2 , 8 6 ; H, 5 . 7 1 ; 
X I Lb Z 

N, 10,00%). 

React ion of 3y3~bis(methylthio)--2--benzoyl~l° 'phenyl-2-

propen~l -one (24) w i th sodium h y d r i d e : 

A s o l u t i o n of 24 (1 .64g, 0.005 mol) in d ry 

dimethylformamide (5 ml) was added s lowly (10 m i n ) t o 

a we l l s t i r r e d suspension of sodium hydr ide (1 g, 50% 

suspens ion / 0,02 mol) in 15 ml of d ry dimethylformamide 

a t 35-40 wi th s t i r r i n g and s t i r r i n g cont inued for 
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further 6 hr, when TLC showed complete disappearance 

of starting material with only one major product. The 

reaction mixture was poured over crushed ice, acidified 

with 20% acetic acid, extracted with chloroform (3 x 30 ml) 

and washed the combined extrcict with water (4x 50 ml). 

The organic layer thusbbtained was washed with saturated 

sodium bicarbonate solution (2 x 50 ml) and then with 

water (2 x 50 ml). The chloroform layer was then dried 

(Na„S0.)/ concentrated and purified by column chromato­

graphy over silica gel using ethylacetatejhexane (1:4) 

mixture as eluent to give 0,9 g (80%) of bl^ (mp, mmp; 

superimposable IR, NMR and Mass), 

Acidification of the sodium bicarbonate extract 

with dil, hydrochloric acid, gave a solid suspension^ 

which was extracted with ether. Evaporation of the ether 

gave 0,25 g (40%) of vjhite solid, mp 120-121 , which was 

identified as benzoic acid, (mmp, superimposable IR, NMR 

and Mass), 

Reaction of 3^3-bis(methylthio)-2-ben2yl-l-(p-methylphenyl)--

2-propen-l-one (7_6) with sodium hydride: 

A solution of J^ (1,64 g, 0,005 mol) in dry 

dimethylformamide was treated with sodium hydride (0,15 mol) 
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for 9 hr under identical conditions as described for 64, 

The organic extract obtained, after usual work-up as 

described in the preceding experiments,, was washed with 

saturated sodium bicarbonate solution (2 x 50 ml). The 

bicarbonate extract, after acidification with dilute 

hydrochloric acid, gave a white solid suspension, which 

was extracted with ether (3 x 25 ml). Evaporation of the 

ether gave 0,3 g of white solid, which was confirmed as 

a mixture of benzoic acid and p-toluic acid by NMR, IR 

and melting points. Thus a part of the solid melted at 

O D 

119=120 (reported mp of pure benzoic acid is 122.4 C) 

and the remaining part of it melted at 176-178 (pure 

p-toluic acid melts at 179=-180 )« 

The organic layer, after bicarbonate washing, 

was washed with water (1 x 50 ml), dried (Na„SO.) and 

concentrated to give crude product, which, after purifi­

cation by column chromatography over silica gel using 

ethylacetate:hexane (1:4) mixture as eluent, gave 0.8 g of 

yellow solid. The solid thus obtained was identified as a 

mixture of 3,3-bis(methylthi_o)-l-phenyl-2-propen=l-one (67) 

and 3,3-bis(methylthio)-l-(p-methylphonyl)=2-=propen-l-one 

(78) (NMR and Mass), Thus, a part of it melted at 89-90^ 
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D 45 . . 
( r e p o r t e d mp of p u r e 62 i s 93 ) and t h e remaxning p a r t 

of i t m e l t e d a t 9 9 - 1 0 1 ^ ( r e p o r t e d mp of p u r e 7£ i s 104-5 ) 

(The Rf v a l u e s of 67 and 7 8 a r e a l m o s t s a m e ) , 

R e a r r a n g e m e n t s t u d i e s on 2 - b l s ( m e t h y l t h i o ) m e t h y l e n e -

l ° l n d a n o n e (_82); R e a c t i o n of 82 w i t h sodium h y d r i d e ; 

When _82 ( 1 . 2 g , 0 ,005 mol) was t r e a t e d w i t h 

sodium h y d r i d e (0„02 m o l . 50% s u s p e n s i o n ) i n d r y 

d i m e t h y l f o r m a m i d e u n d e r n i t r o g e n a t m o s p h e r e and u n d e r 

s t a n d a r d r e a r r a n g e m e n t c o n d i t i o n s f o r 1,5 h r , t h e r e a c t i o n 

m i x t u r e a t f t e r t h e u s u a l work-up y i e l d e d r e d v i s c o u s 

l i q u i d , which was p u r i f i e d by p r e p a r a t i v e TLC over s i l i c a 

g e l p l a t e u s i n g e t h y l a c e t a f c e a s m o b i l e p h a s e t o g i v e 

Oo4 g (45%) of £7 a s o r a n g e s o l i d , mp 1 9 4 - 1 9 5 ^ . i t s 

a n a l y t i c a l and s j s c t r a l d a t a a r e d e s c r i b e d i n t h e t e x t ^ 

i n an a l t e r n a t e expe r imen t^ vjhen _82 ( 1 , 2 g , 

0 ,005 mo l ) was r e a c t e d w i t h sodium h y d r i d e (0^02 mol) 

unde r i d e n t i c a l r e a c t i o n c o n d i t i o n s b u t w i t h o u t n i t r o g e n 

a t m o s p h e r e f o r 1,5 h r , t h e r e a c t i o n m i x t u r e a f t e r w o r k - u p 

a s d e s c r i b e d aove y i e l d e d a b l a c k tar<, from which no 

i d e n t i f i a b l e s a n p l e c o u l d be i s o l a t e d , 
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Rearrangement s tudies on 2- bis(inethylthio)raethylene -

l-=tetralone {9_X)} Reaction of 91. with sodium hydride; 

Ti3'-a- s t i r r e d suspension of sodium hydride 

(0.04 mol) in 20 ml dry dimethylformamide a t 50->60 , 

ai solution-of ^ l (2.5g, 0,01 mol) in 10 ml dry dimethyl-

formamide :yas added and the react ion mixture was s t i r r e d 

at 50^60 for 30 hr» Work-up of the reac t ion mixture 

as" described in theabove experiments- gave br ight yellow 

viscous l iquid which was purif ied by column chromatography 

over s i l i c a g e l . Elution with hexane gave 1.2 g (51%) of 

[ i -ke todi th ioes ter 2^ as br ight yellow so l id , mp 77-78^ 

(reported melting point of 23 i s 78-79^) . The ana ly t i c a l 

and spec t ra l data of 2^ are described in the t ex t , 

Further e lu t ion with hexane yielded 0,45 g (20%) 

of S-methyl-2-tetralone carboGxylthioate {94_) as l igh t 

yellow prisms, mp 63-64^c; M"̂  220 (Found: c , 65,73; H, 5,78-

Calc. for C^2^12°2^ (220)t C, 65.45; H, 5,45%). The 

spec t ra l data of 94̂  i s described in the t e x t , 

In an a l t e r n a t e experiment, when 2 i (1.25 g, 

0,005 mol) was t rea ted with sodium hydride (0,02 mol) in 

15 ml dry dimothylformamide under ni trogen atmosphere and 
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under iden t ica l reac t ion conditions for 30 hr, the reac t ion 

mixture a f t e r usual work-up,followed by pur i f ica t ion as 

abo îe y yielded 0.85 g (54%) of _93 (superirnposable IR and 

NMR) and 0.65 g (30%) of _9i, (superirnposable IR and NMR). 

Reaction of fe~ketodithioester 93 with sodium hydride: 

A solution of £3 (Oo47 g, 0,002 mol) in 5 ml 

dry dimethylformamide was added to asuspension of sodium 

hydride (0,01 mol) in 10 ml of dry dim.ethylformamide at 
o o 

50-60 and the react ion mixture was s t i r r e d at 50-60 

for 25 hr . The reac t ion mixture a f t e r usual work-up 

followed by pur i f i ca t ion yie ld/ the unchanged 9^ (mmp 

superimposable IR and ]>JMR) and the formation of _94 was 

not observed. 

Reaction of 3^3-(bismethylthio)-l-phenyl=2-propen-=-l-one(27 ) 

with sodium hydride; 

When £7 (1.12 g, 0,005 mol) was treated with 

sodium hydride (0.02 mol) under i den t i c a l react ion 

condit ionsfor 26 hr, the work-up of the react ion as 

us.ual followed by pur i f i ca t ion by column chromatography 
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gave 1.0 g (90%) of unchanged 91. ( super imposable IR and 

NMR) and the-.formation of £§ or 99 was not observed. 

Rearrangement s t u d i e s on 3 - b i s (me thy l th io )me thy lene -

2 /3"d ihydro- l "ben2oth iopyran"4"one (107) wi th sodium 

hydride* 

(a) In dimethylformamide; 

A s o l u t i o n of 3 ^ (2 .68 g , 0 .01 mol) in 10 ml 

d ry dimethylformamide was added t o a suspension of sodium 

hydr ide (0.02 mol) in 20 ml of d ry dimethylformamide a t 

room tempera ture and t h e r e a c t i o n mix ture was s t i r r e d a t 

room tempera ture f o r 5 h r . The r e a c t i o n mixture a f t e r 

usual work-up followed by p u r i f i c a t i o n by r e c r y s t a l l i z a t i o n 

from e t h y l a c e t a t e : h e x a n e (1:9) y ie lded 1.6 g (60%) of 110 

ais l i g h t yellow n e e d l e s ; mp 109^; M"̂  268 (Found: C, 52,51 r 

H, 4 . 2 7 ; C a l c , f o r C^2^^2^30 (268 ) : C, 53 .73 ; H, 4.48%). 

The s p e c t r a l d a t a of 110^ which i s in conformity w i th the 

a s s igned s t r u c t u r e i s descr ibed in t a b l e . • 

(b) In benzene: 

When 107 (1,34 g, 0.005 mol) was stirred 

similarly with sodium hydride (0.01 mol) in solvent bensen; 



112 

at room temperature for 5 hr, the reaction mixture after 

usual work-up followed by purification gave the unchanged 

starting material 107 (superimposable IR and NMR) and 

the formation of 110 was not observed. 

However^ when the same reaction was carried out 

in refluxing benzene for 5 hr^ the reaction mixture after 

usual work-up followed by purification by recrystallization 

yielded 0,7 g (50%) of expected rearranged product 110 

(superimposable IR and NMR), 
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CHAPTER II 

STUDIES ON THE REACTIONS OP 3-ALKYLTHIO-2-
ALKYLTHIOMETHYL ̂ CRYLOPHENONES WITH 
HYDRAZINE, GUANIDINE AND i\MINES : SYNTHESIS 
OF NOVEL PYRAZOLES, PYRIMIDINES AND 
ENAMINOKETONES * 

In the preceding chapter, optimum conditions 

for the preparation of 3~alkylthio=2~alkylthiomethyl-

acrylophenones of the general formula (1̂ ) (Scheme 1) 

have been described „ The mechanism governing the 

formation of 1 has also been discussed, it was considered 

to utilize these intermediates for the synthesis of some 

heterocyclic compounds by reacting them with appropriate 

binucleophiles. Thus when _la was reacted with hydrazine 

in refluxing ethanol the corresponding pyrazole _2a was 

obtained in 85% yield. The structure of 2a was confirmed by 

its analytical and spectral data. Thus _2a exhibited in its 

mass spectrum molecular ion peak at M"̂  204 (C-,-̂H-, j,NpS), Its 

IR(neat) spectrum showed absorption band at 3165 cm due 

to NH stretching frequency. The final structural proof 

*S. ApparaO/ A. Rahman, H. Ila and H. Junjappa, 
Synthesis, OOee-(1982). 
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1 

for ̂  wâ s derived from its H-N.M.R (CDC1_) spectrum, 

It showed signal at ^1.94 (s, 3H) for SCH^ protons, 

while the signal at ^3,53 (s, 2H) was assigned to the 

methylene protons. The multiplet at 5'-'»20=7,60 (6H) 

was accounting for five aromatic protons and H-5 of 

pyrazole ring. A broad signal appeared a±^ll,80 was 

assigned to the NH proton, which disappeared on D„0 

exchange. The pyrazoles 2b~f (Scheme 1) were similarly 

obtained in 70-90% o:ver all yields = The physical and 

spectral data for 2b-f are described in tables 4 and 1, 

respectively. It is interesting to note that the 

formation of pyrazole 2_ was not observed when the Xeten 

dithioacetal _3 (Scheme 2) was reacted with hydrazine in 

refluxing ethanolic sodium ethoxide, while the similaur 

reactions with guanidine and cyanoacetamide yielded the 
2 3 

corresponding pyrimidines (_4) and p̂ /ridones (5) 

respectively, (Scheme 2). Similarly v/hen 1 reacted 

with guanidine in the presence of sodium ethoxide in 

refluxing ethanol, pyrimidine _4a was obtained in 70% 

yield. The 4a thus obtained was identical (m.m.p, IR, 

H^NMR) with the compound obtained directly from _3 a:̂  d 

guanidine. The pyrimidines 4bi and 4c were similarly 
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obtained from the corresponding VD and lc_ in 7CP/O and 

75% yield respec t ive ly . Apparently, the yields of 4_ 

from 1 are higher than that of _4 from 3_„ However, when 

the reac t ion of la with guaiidine was carr ied out in 

the presence of sodium hydride in dimethylformamide, 

the product obtained a f t e r chromatographic separation 

was iden t i f ied as _6a (Scheme 3 ) . The s t ruc tu ra l evidence 

for _6a was derived from i t s ana ly t i ca l and spec t ra l da ta . 

Thus, i t s nass spectrum exhibited molecular ion peak a t 

M"^421 (C23H gN^OS ) . I t s IR (Nujol) spectrum displayed 

a band a t 1640 cm , which i s a lso ' the region for NĤ  
4 5 

deformation. Short and Thompson and Brown et a l have 

assigned t h i s band toi H-N-H in t e rna l def orroation on the 

bas i s of the i r deuterat ion experiments. However, t h i s 

band i s known to sh i f t in chloroform to- a lower value of 

1600 cm « In the present case, when the spectra was 

recorded in chloroform, i t was observed in the same 

pos i t ion i . e . ait 1640 cm" . Therefore the 1640 cm 

band i s assigned to the carbonyl funct ion. This 

observation proves tha t side chain i s attached to the 

2«"amino group of the pyrimidine {6^]', Further proof for 

the s t ruc tu re 6a was confirmed by i t s NMR spectrum (Figure) 
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It showed two singlets ait ̂ 2,00 (3H) and C;j2.15 (3H) 

due to two SCH^ groups. The two singlets at C 3.60 (2H) 

and "̂-v 3,73 (2H) were assigned tO) protons on two methylene 

groups. The aromatic protons appeared as broad multiplet 

between C 7,30-7.65 aiccountina for ten protons. The 

vinyl proton on the exocyclic chain and NH proton 

appeared together as broad singlet at '-_;̂8,30 and a€ter 

DO shaking the st-arp singlet wa>s integrated for only 

one proton. The lea-; field singlet at S 8,43 was assigned 

toj H-6 on pyrimidine ring. 

The possibility of bicyclic alcohol structure 

(A) or the dipolar structure (B) for 6a were ruled out 

on the basis of spectral data. Its H=N.M.R spectrum 

showed n3 signal due to OH proton^ which rules out the 

structure A. The dipolar structure B vjas ruled out on 

• = 1 the basis of its IR band at 1640 cm , which is assigned 

to the carbonyl function. The further structural proof 

o.£ 6a was derived from its independent preparation from 

1 and _4. Thus when 1. and 4 were treated in the presence 

of sodium hydride and dimethylformamide/ _6a was obtained 

in 70% yield. Attempts to isolate the intermediate 

pyrimidine, (4̂ )/ when 1_ and guanidine were reacted in the 
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.̂r 

A B 

presence of NaH and dimethylformammide, were ncrt 

successful. The other pyrimidines/ 6b'-e were similarly 

obtained in 56-65% over all yields (Scheme 3)« The physical 

and spectral data- of 6b--e are described in tables 5 and 2 

respectively, 

Incidentally/ when j. was reacted with aliphatic 

aminos, the corresponding enaminoketones (1_) were 

obtained in excellent yields. Thus _la and methylamine 

in refluxing ethanol yielded the corresponding enamino-

ketone 2^ in 80% yield. The enaminoketones 7b-d were 
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similarly obtained from the respective amines in 75-80% 

overall yields (Scheme 4). The spectral and analytical 

da'tai for T^-d, which are in agreement with the assigned 

structures, are described in tables 3 and 6 respectively, 

However, 1 failed to react "̂'ith aromatic amines under 

similar reaction condition^or at higher temperature, 
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EXPERIMENTAL 

M e l t i n g p o i n t s were d e t e r m i n e d on ' B o e t i u s ' 

a p p a r a t u s a n d a r e u n c o r r e c t e d . The IR s p e c t r a were 

r e c o r d e d on " P e r k i n - E l m e r 297" s p e c t r o p h o t o m e t e r . The 

NMR s p e c t r a were r e c o r d e d on v a r i a n EM-390 s p e c t r o m e t e r 

u s i n g TMS a s an i n t e r n a l s t a n d a r d and t h e c h e m i c a l 

s h i f t v a l u e s a r e e x p r e s s e d in'S ipp^) ^ 

The s t a r t i n g m a t e r i a l s 

The 3 = a l k y l t h i o - 2 - a l k y l t h i o m e t h y l a c r y l o p h e n o n e s 

(_la'»^) were p r e p a r e d by t h e g e n e r a l method^: a s d e s c r i b e d 

i n t h e p r e c e d i n g c h a p t e r ( I ) by t h e r e a c t i o n of a p p r o p r i a t e 

k e t e n S - - S - a c e t a l s w i t h sodium h y d r i d e In d r y d i m e t h y l -

f or mam id e , 

3 - = A r y l = - 4 " a l k y l t h i o m e t h y l p y r a 2 o l e s 2_a~f; G e n e r a l P r o c e d u r e : 

A s o l u t i o n of _1 ( 0 . 0 0 5 mol) and h y d r a z i n e 

h y d r a t e ( 0 , 5 ml) i n e t h a n o l (15 ml) was r e f l u x e d f o r 
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1-2 hr. Removal of solvent under reduced pressure gave 

the crude pyrazoles 2-ci~£/ which were further purified b̂ . 

column chromatography over neutral alumina using benzene 

ais eluent. The physical, analytical and spectral data 

axe described in Table 4_ and i respectively, 

Reaction of 1 with Guanidine; 

Method A, in sodium ethoxide/ethanol; General Procedure: 

To aj solution of sodium ethoxide [prepared by 

dissolving sodium, (0,01 atom) in 20 ml of absolute alcoho^ 

guinidine nitrate (0,6 g, 0,005 mol) was added and the 

reaction mixture was stirred for 10-15 min. The compounds 

1 (0,005 mol) was then added and the reaction mixture 

was refluxed for 5-6 hr. The solvent was removed under 

reduced pressure and the residue was quenched over crushed 

ice (20 g). It was extracted with chloroform (3 x 20 ml), 

thecombined extract was washed with water(l x 50 ml)/ dried, 

and evaporated to) give the crude pyrimidines, 4a-c which were 

further purified by passing through a silica gel column using 

benzenejethylacetate (7:3) as eluent. The spectral and 

analytical data of _4a-c are reported in Ref.2(mp» mmp/ IR, 

H-N.M.R.), 
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Method B, in sodiLun hydride/dimethylf orinamide/benzene; 

General Procedure; 

To a s t i r r e d suspension of guanidine n i t r a t e 

(0.6 g^ 0,005 mol) and sodium hydride (1.5 g, 0.03 mol), 

50% suspension) in dimethylformamide (15 ml) and benzene 

(10 ml) , compound _1 (0.005 mol) dissolved in benzene (5 ml) 

was added and the temperature was ra i sed with s t i r r i n g to 

80-85 c . The reac t ion mixture was fur ther s t i r r e d a t 

80-85 c for 5-8 hr and poured o\;er crushed ice (200 g ) , 

The react ion mixture was neutra l ised with ace t ic acid 

(20%) and the benzene layer was separated. The aqueous 

layer was fur ther extracted with chloroform (2 x 50 ml) 

and the combined organic layer was washed v/ith water 

(5 X 50 ml), dried with sodium sulphate , and evaporated 

to give crude 6a-e , which were fur ther purif ied by column 

chromatography over s i l i c a gel using he>ane:ethyl ace ta te 

(7:3) â s e luent . The physical , a n a l y t i c a l and spec t ra l 

data are described in t ab l e s 5' and 2, r espec t ive ly . 

Reaction of 4a with l a : 

To a well s t i r r e d suspension of sodium hydride 

(0,01 mol, 5CF/o suspension) in 10 ml dry dimethylformamide; 
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a mixture of la. (0.48 g, 0.002 mol) and 4a (0.46 g, 

0.O02 mol) in 10 ml dry dimethylformamide was added 

dropwise with s t i r r i n g at 80-85 and the react ion 

mixture was s t i r r ed at 80-85 for 3 hr . work-up of the 

reac t ion mixture followed by column chromatographic 

pur i f i ca t ion as described in thev above experiment gave 

0.6 g (71?-̂ ) of 6a (mp, mmp/ superimposable IR and NMR). 

3-AlkylaminD--2-alkylthiomethyl~l-aryl~2-propen-l-ones 

7a"d7 General Procedure: 

A solution of _1 (0,005 mol) and the respect ive 

amine (0.01 mol) in ' e thanol (15 ml) was refluxed for 

6-7 hr (2 hr in case of methylamine). Removal of solvent 

under reduced pressure gave the-crude enaminoketones 

7_a-d, which were fur ther puri f ied by column chromatography 

over neut ra l alumina using benzene:ethyl ace ta te (9:1) 

as e luen t . The physical , ana ly t ica l and spect ra l data of 

7a-»d are described in t a b l e s & and 3 r e spec t ive ly . 
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CHAPTER I I I 

A NEW GENERAL SYNTHESIS OF 1-SUBSTITUTED 
2-=-AMINO-4-'\ROYL"5-METHYLTHIOPYRROLES 
US ING-£^ -KETOKETEN S , S-ACETALS * 

The i m p o r t a n c e of 2-and 3 - a m i n o p y r r o l e s w i t h o u t 

a a y s u b s t i t u e n t s i n t h e i r r e s p e c t i v e a d j a c e n t p o s i t i o n s 

h a s b e e n r e c e n t l y d e m o n s t r a t e d b y t h e c o n v e r s i o n of 

l = s u b s t i t u t e d 2 - a m i n o - 4 - c y a n o p y r r o l e s t o 7 - a z a i n d o l e 

d e r i v a t i v e s . T h i s method p roved t o b e s u p e r i o r toi t h e 

c o n v e n t i o n a l a p p r o a c h of c o n s t r u c t i o n of t h e p y r r o l e 

' m o i e t y on a s u i t a b l y s u b s t i t u t e d p y r i d i n e r i n g . The 

r e q u i r e d 2 -amino-=4-cyanopyr ro le was p r e p a r e d by r e a c t i n g 

t h e s u c c i n o n i t r i l e (_!) w i t h e t h y l f o r m a t e i n t h e p r e s e n c e 

of b a s e f o l l o w e d by i t s c o n v e r s i o n t o enamine 2 v i a i t s 

e n o l e t h e r . The enamine 2 was found t o u n d e r g o f a c i l e 

i n t r a m o l e c u l a r n u c l e o p h i l i c a t t a c k on t h e n i t r i l e c a r b o n 

1 2 t o y i e l d t h e c o r r e s p o n d i n g 2 - a m i n o p y r r o l e 3 ' , which 

2 

was t r e a t e d w i t h l , 3=-d ike tDnes t o g i v e 7 - a z a i n d o l e s 4 , 

(Scheme 1 ) , The method s u f f e r s from t h e l i m i t a t i o n s 

imposed on t h e c h o i c e of s t r u c t u r a l v a r i a t i o n i n t h e 

* S . Apparaoy. H. I l a and H. j u n j a p p a . S y n t h e s i s , 65 (1981) 



150 

CM 

o 

o 
2 

M^ca «>.. 

m 
s 
I 

o o 
X 

X-
o 
I 
CM 

Q: 

«-» Oi 

u 

/ 
—I 

r=\ 
zcr col 

o 
2 

(T 

O 
X o o o 

cr. 

^ 

0) 

tnl 

v4l 

2 Q : 

o 
2 



151 

3 

preparat ion of the enarnines 2, The o±her methods for the 

preparat ion of 2 and 3-aminopyrroles involve e i ther 

functional group transformations on pyrrole r ing or the 

t o t a l r ing synthesis from 2-=-carbon u n i t s . However, the 

aminopyrroles obtained by these methodskre not sui table 

for fu r ther synthetic e labora t ion , as they possess 

subs t i tuen t s on a l l other three pos i t i ons . Therefore the 

only method sui table for such synthetic elaborat ion 

appears to be the one described in Scheme 1, Apparently, 

a general method for the synthesis of 2-aminopyrroles 

carrying no subs t i tu t ion a t 3-position with possible 

l i b e r a l s t ruc tu ra l va r ia t ions in the 4 and 5 posi t ions -

i s d e s i r a b l e . In continuat ion of the synthe t ic programme 

ono<,.~l<:eto}ceten d i th ioace t a l s , i t was considered to 

prepare su i t ab ly functionalised ^>C-ketoketen S ,S-ace ta ls , 

which can serve as useful intermediates for the synthesis 

of 2~aminopyrroles. Thus the keten S,S-acetal lOa was 

considered sui table for such synthetic approach. The 

keten d i t h i o a c e t a l s 2;0 were not reported e a r l i e r and 

the i r preparat ion was accomplisted by su i t ab ly modifying 

one of the methods reported from t h i s labora tory . The 

required p -benzoyl p r o p i o n i t r i l e s . 7a-c were prepared 
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by two a l t e r n a t i v e methods, employing reported procedures ' 

In one of the methods, benzaldehyde (5_) was t rea ted with 

potassium cyanide in the presence of dimethylformamide/. 

followed by gradual addit ion of a c r y l o n i t r i l e (_6) . After 

work-up of the reac t ion mixture^, the p -benzoyl-propio-

n i t r i l e (2a) was obtained in 5C% yield (Scheme 2 ) , 
7 

Alternatlively 7a was a lso prepared by subjecting 

acetophenone iQ) t o nannich reac t ion to give the • 

p -dimethylamino propiophenone hydrochloride (_2s) i^i 
85% yie ld . The hydrochloride _9a was t reated with potassium 
cyanide to give the ;^-benzoyl-propionitri le (7a.) in 80% 

7 yield , Similarly the p-subs t i tu ted n i t r i l e s , 7b and 7£ 

were a lso prepared, following the l a t t e r method, in 75% 

and 85% yields r e spec t ive ly (Scheme 2 ) . When a mixture 

of 7a and carbon d i su l f ide were s t i r r e d with cooling in 

the presence CDE sodium ter-butoxide followed by a lky la t ion 

with two equivalents of methyl iodide , a f te r work-up 

and chromatographic separat ion, the corresponding 

C<,-ketoketen d i t h i o a c e t a l , lOa was obtained in 45% yield 

(Scheme 3 ) . The s t ruc tu re of IQa was confirmed by i t s 

ana ly t i ca l arsS spec t ra l data . I t s mass spectrum showed 

molecular ion peak a t 263 (c.-H._NOS.), I t showed the 
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characteristic nitrile band in its IR (Nujol) spectrum 

-1 -1 
at 2240 cm , The carbonyl band appeared at 1648 cm 

1 

Its H-N.M.R, (CDCl-.) spectrum displayed two singlets 

at ^ 2.05 (3H) and ^2.40 (3H) for two SCH group protons. 

The methylene protons appeared as singlet at ^ 3,78 (2H). 

The broad multiplet at () 7,40-7.90 wa« assigned to the 

five aromatic protons. The ketoketen dithioacetalS/ 10b 

and lOc were alsoi similarly prepared and their physical, 

analytical and spectral data, which are in conformity 

with the assigned structures, are described in experimental 

section.-

The ketoketen dithioacetal lOa, when reacted with 

methylamine in refluxing ethanol, after work^up and 

chromatographic separation the corresponding l-methyl-2-

amino-=-4-benzoyl-5=methylthiopyrrole (12a) was obtained, 

However, it was found, that aminopyrrole, 12a was unstable 

resulting in tarry mass. It was therefore isolated and 

characterized as its monobenzoyl derivative _13a (Scheme 3).. 

The structureof 13a was confirmed by its analytical and 

spectral data. Its mass spectrum exhibited molecular ion 

peak at M 350 and was analysed f3r <^oo^l8^?^2^* ^^ 

exhibited in its IR (Nujol) spectrum, a band at 3330 cm 
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T a b l e 

l - = A l k y l - 2 - b e n 2 o y l a m i n o - 3 - a r o y l - 4 - m e t h y l t h i o p y r r o l e s ( 1 3 a - i ) 

,0 

R 

MeS- NCOC^H 
H 6'̂ 5 

Compound R R" 

13a 

13b 

13c 

13d 

13e 

13f 

13L> 

13h 

13i 

^6^5 

^6^5 

^6^5 

p-ClG^H^ 

P-ClC,H 6 4 

£-ClCgH^ 

£rMecx:^H^ 

^-MeOCg^H^ 

^2-MeOC,H. 

CH3 

^ 2 ^ 5 

' ^ 6 ^ 5 ^ " 2 

CH3 

C^Hg 

^ 6 " 5 ^ " 2 

CH3 

O2H5 

^ 6 " 5 ^ " 2 
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for NH s t re tching vibra t ion and the carbonyl s t re tch ing 
-1 =«1 

band appeared at 167 3 "era . The band appeared a t 1632 cm 

was assigned to the amide carbonyl function. The c l ea r 

absence of a band around 1660 cm- , c h a r a c t e r i s t i c H-N-H 

out of plane deformation mode/ i s ind ica t ive of the 

N-benzoylation of the amino group. I t s s t ruc ture was 
1 

fur ther confirmed by i t s H-N.M.R (TFA) spectrum,. Thus 

the s ingle t at-̂ ^̂ j 2,05 (3H) was assigned to) the SCH-

protons . The s ing le t a t Q 3.40 (3H) was assigned to^ the 

N-CHg protons. The H-3 proton of the pyrrole r ing 

appeared as s ing le t a t ^ -7.12 (IH), The aromatic protons 

appeared as mul t ip le t between ^ 7 . 2 0 - 7 . 7 0 , accounting 

for ten protons. The pyrroles 12b~i were s imi la r ly 

prepared and character ised as t h e i r mono-benzoyl der iva t ives 

(13b- ' l) , The ana ly t i c a l and spec t ra l data of 13b-»i/ 

which are in agreement with the assigned s t ruc tu res are 

described in t a b l e s 2 and 1 respect ively, , 
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EXPERIMFNTAL 

M.P's were determined on 'Boetius' apparatus 

and are uncorrected. The IR spectra were recorded on 

'Perkin-Elmer 297' spectrophotometer. The spectra 

were recorded on 'varian EM-390' spectrometer using 

TMS as an internal standard and the chemical shift values 

are expressed inSs(ppm). 

The starting materials; 

The commercial samples of acetophenone, 

^-chloroacetophenone, Eri^^thoxy^cetophenone, carbon 

disulfide, benzylamine, benzoyl chloride were purified 

before use, 

The 4-aryl-4-oxobutanenitrileS/ Va^c were 

prepared by the following two reported methods ' . 

Method A : A solution of acrylonitrile (7.0 g, 0,13 mol) 

in 25 ml of dry dimethylformamide was added with stirring 

into a solution o± the benzaldehyde (10.6 ĝ  0,1 mol) 
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and sodium cyanide (4,9 g, 0.1 mol) in dry dimethyl-

formamide (50 ml) at 30~35 c. The reaction mixture vjas 

stirred for 3|hr at 35 C/ it was then poured in to 

water, extracted with chloroform (2 x 50 ml), and the 

combined extract was washed x-zith water (1 x 50 ml), dried 

(Na^SO.) and concentrated to give red viscous liquid, 

which was purified by vacuum distillation. The 4-phenyl-4-= 

oxobutanenitrile (2^)/ was obtained (8.0 g, 50%) as 

o o 6 7 
colour less blades, rap 75-76 (Reported mp 76 ) ' 

from benzene-petroleum ether. 

Method B ; From Mannich base; p -dimethylaminopropiophenone 

8 
hydrochloride (_9a)- (21,4 g, 0,1 mol) and potassium 

cyanide (13.0 ĝ  0,2 mol) were dissolved in 250 ml of 

hot water and the mixture was refluxed for 30 minutes, 

on cooling in ice^ the 4-phenyl-4~oxobutanenitrile (7a) 

was obtained as colour less plates, yield 12.7 g (80%), 

o o 6 7 
mp 75-76 (reported mp 76 ) ' , from benzene-light 

petroleum. 

The o the r two n i t r i l e s : 4 - p - c h l o r o p h e n y l - 4 -
• 3 "" - 0 7 

o x o b u t a n e n i t r i l e ( 7 b ) , rap 71-72 ( r e p o r t e d mp 72,5 ) 
o 

and 4-p-methoxyphenyl -4=oxobutaneni t r i l e (7c ) / "̂ P 94-95 

o 7 ( r e p o r t e d mp 95 ) were prepared follovring the method B 

in 75% and 85% y i e l d s r e s p e c t i v e l y . 
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The unknown keten S/S-acetals (lOa-c) were 

5 
prepared according to the general method given below 

General method- for ,the preparation of keten S/S-acetals 

(lOa-c)I 

A mixture of 4-aryl-4-oxobutan€nitrile 2 (O*! mol) 

and carbon disulfide (6 ml, 0.1 mol) is added tô  a well 

stirred and cooled' suspension of sodium t~butoxide 

(19.2 g, 0,2 mol) in dry benzene (150 ml) and dry 

dimethylformamide (10 ml). After stirring of the 

reaction mixture at 5-lO'̂ C for 5- hr, methyl iodide 

(14,5 ml> 0,22 mol) is gradually added with external 

cooling'. The reaction mixture is stirred at room 

temperature for 5 hr, left overnight^ and again stirred 

o at 30-35 C for 3 hr. The reaction mixture was poured on 

crushedlce and the benzene layer was separated. The 

aqueous portion was extracted with benzene and the 

combined extract was washed with water, dried (Na„S0.) 

and concentrated to give the crude lOa-Ct which iVeYe-

purifled by column chromatography over silica gel 

using benzene;hexane (25:75) ass eluent. The physical, 

analytical and spectral properties o-f these unknown 
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ke ten S ,S~ace ta l s a r e descr ibed below: 

4"phenyl '^3-^[bis(methylthio)inethylenG ^ 4 ° 

o x o b u t a n e n i t r i l e (lOa) ^^g obta ined as c o l o u r l e s s p l a t e s 

from chloroform-hexane/ 18 g (69%); mp 68 7 M 263; 

(Found: C, 58^92? H/ 4 , 7 1 ; N, 5 , 0 2 ; C a l c . for C^^^^^^OS^ 

(263^4) : C/ 59«27; H, 4*97; N^-5.32?/.) Tb« s p e c t r a l data 

f o r 10a) i s de sc r ibed in the t e x t * 

4° 'p-chlorophenyl-34bi5(methylthio)methylene"]°4" ' 

o x o b u t a n e n i t r i l e ( 1 ^ ) ^^^ obta ined as l i g h t yel low p l a t e s 

from chloroform, 12,5 g (41%)> rnp 111-=112^, IR (Nujo l ) : 

02 2250 i})^^)f 1650 (V^Q) cm"^; -^H-N.M.R. (CDCI3): 2 . 

( s , 3H, SCH3); 2.32 ( s , 3H, SCH^); 3.69 ( s , 2H, ^H^)7 

7.36 (d, 2H ^ _ ) ; 7.75 (d, 2H ^ ^ ^ ) ; M"̂  297; (Found: 
(ziiL -Jill 0 , 1 . JKI 

C, 5 2 . 1 1 ; H, 3 .88 ; N> 4 .92; C a l c , fo r C^2H^2CINOS 

( 2 9 7 . 8 ) : C/ 52*43; H> 4 .06 ; N, 4.70%). 

4-p"-me t hyoxyphen y l ° 3 - fbi s (me t hy l t h i o) me t h y l e n e l -

4« .oxobutaneni t r i l e (10c) ^33 obta ined a s l i g h t yellow 

p l a t e s from e thanol^ 14 g (48%), mp 98-99^; IR (Nu jo l ) : 

(s, 3H, SCH^); 2 .48 ( s , 3 H , S C H ^ ) ; 3.84 ( s , 2H, CH^); 

2243 ( i ^ „ „ ) ; 1645 i J)^^) cm"-'-; H-=N,M.R. (CDCl„): 2 .20 
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3*96 ( s , 3H, OCH_); 7.10 (d, 2H ^ ^ ^ ) ; 8.00 (d, 2H ); 

M^ 293; (Found: C/ 57.93; H/ 5.53; N, 4,98; Calc. for 

Cĵ ^H^gNO^S^ (293.3) : C, 57 .31; H, 5.15; N, 4.77%). 

General Procedure for the preparat ion of 1-substi tuted 

2-Amino-4-aroyl-5~methylthiopyrroles ( I2a- i ) and 

l~subst i tu ted 4-aroyl~2-benzoylamino-5~methylthiop^tnrroles 

( I3a - i ) : 

A solut ion of _10 (0,01 mol) and amine (O.Oll mol) 

in ethanol (15 ml) was refluxed for 1-1,5 hr . Removal 

of solvent under reduced pressure gave the crude amino-

pyrro les 12a-l which were dissolved in dry benzene (50 ml) 

and t reated with anhydrous potassium carbonate (0,01 mol) 

and benzoyl chlor ide (0,015 mol) with vigorous s t i r r i n g 

and cooling. After s t i r r i n g for 2 hr a t room temperature 

the mixture was poured over crushed ice (200 g ) . The 

benzene layer was separated, the aqueous layer fur ther 

extracted with benzene (2 x 100 ml) , and the combined 

organic layer was dried with sodium sulphate. Evaporation 

of the benzene gave the crude I3a° i which were fur ther 

puri f ied by c r y s t a l l i s a t i o n (13b/ £ & £.) ^^ by column 
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chromatography (13a, ̂ '"̂ ) over silica gel using 

benzene:ethyl^cetate (95:5) as eluent. The compounds 

13a~i- were prepared by this procedure and their physical; 

analytical and spectral data are given in tables 2' and 1 

respectively. . 
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PART B 

CHAPTER IV 

a : REACTION OF AROMATIC AMINES WITH 
< -CHLOROACRYLONITRILE : A CONVENIENT 
TWO-STEP SYNTHESIS OP N-ARYL-2-
CYANOAZIRIDINES USING A PHASE-TRANSFER 
CATALYST* 

b : REACTION OF l-ARYL-2-CYANOAZIRIDINES 
WITH INDOLE: A GENERAL APPROACH FOR 
THE SYNTHESIS OF N-ARYLTRYPTOPHANS 

A z i r i d i n e s a r e ai c l a s s of compounds h a v i n g t h r e e 

membered r i n g c o n t a i n i n g two c a r b o n a toms and one n i t r o g e n 

a t o m . The u n s u b s t i t u t e d a z i r i d i n e (].) i s g e n e r a l l y r e f e r e d 

t o , i n c h e m i c a l A b s t r a c t s , a s e t h y l e n i m i n e / where a s i t s 

a l l d e r i v a t i v e s a r e i ndexed a s a z i r i d i n e s a s d e s c r i b e d i n 
1 

r i n g i n d e x sys tem . 

/ 

H 

* So Apparao, A. Kumar, H. Ila and H. Junjappa, Synthesis^ 
623 (1981). 
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Aziridines have drawn considerable a t t en t ion 

because of fundamental academic i n t e r e s t due to t h e i r highly 

s t ra ined reac t ive r i n g s . The ethylenimine and i t s 

de r iva t ives have found use in many branches of applied 

chemistry such as t e x t i l e s , p l a s t i c s , coatings and 

Pharmacologically ac t ive substances . As a r e s u l t of t h i s 

i n t e r e s t , thelye have been many reviews on various aspects 
2 of these der iva t ives . 

There have been several methods for the synthesis 

of ethylenimine and i t s der iva t ives described in the 
2f l i t e r a t u r e , of which one of the widely used methods 

involves the intramolecular nucleophil ic displacement 

by amino group to give az i r id ine r ing systems via t r ans 

r ing c losure . Therefore, the c<,-halo=/3°amino subs t i tu ted 

ailkanes form useful s t a r t i n g compounds,Eor the synthesis 

of az i r i d ines by following th i s method, 

A number of N-aryl-2-Gyanoaziridines were 

required by us for fur ther synthet ic use. L i te ra ture 

survey for a su i t ab l e procedure for the synthesis of these 

compounds revealed that only four methods are described. 
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in the first method, the reaction of amines with either 

£ 4 
2 4 3-»dibromopropannitrile (_1) (Scheme 1) or with 2-bromo-=2™ 

5 
propenenitrile (4_) (Scheme 2) in the presence of a suitable 

base to yield the corresponding aziridines, has been 

described. However the reaction of amines with 2,3=dibromo=-

propanenitrile (_1) is less satisfactory then v/ith 2-=bromo="2= 

propenenitrile (_4) , on the otherhand, the 2-=bromo=2-

propenenitrile (_4) is reported to be unstable, undergoing 

pol^nnerisition on standing , requiring its preparation in 

small quantities for each experiment. The other method 

used for the synthesis of only N=phenyl"'2=-cyano-a2iridine 

7 

(^) (Scheme 3) was due to szeimiesj^nd Huisgen , who reacted 

phenyl azide (_5) with a c r y l o n i t r i l e (6.) to give the 

corresponding t r i a z o l i n e (2) involving 1,3-dipolar 

cycloaddi t ion. The t r i a z o l i n e (2) ^n subsequent pyrolys is 

in toluene gave the desired az i r id ine _8 in 84% yie ld . 

Although t h i s method i s reported to give excellent y ie lds , 

the preparat ion of subst i tu ted azides w i l l remain as the 

l im i t i ng factor due to the d i f f i c u l t i e s involved during 

t h e i r preparat ion. The method developed by Rodanti and 
Q 

Brulants involves the react ion of d iazoace ton i t r i l e (10) 
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(Scheme 4) es dipolar species with benzalani l ines 9_ to 

yield the corresponding t r i a z o l i n e s _1_1, which on subsequent 

py ro lys i s loses ni trogen to give the 2=cyano-3-'Substitutc-d-

l-'-aryl az i r id ines VZ, The method has been used to prepare 

only 2-cyano=-l,3"disubstituted a z i r i d i n e s and found to be 

not su i tab le for the synthesis of the corresponding 2-cyanO" 
9 

3="Unsubstituted a z i r i d i n e s . Similarly^ the other method 

involves the react ion of ha loace ton i t r i l e s _14 (Scheme 5) 

with benzalani l ines _13̂  in the presence of a base in anhydrous 

condi t ions i s knovm to give l=aryl=2"Cyano-3-substituted 

a z i r i d i n e s in good y i e lds . However, the method suffers 

due to thdlack of f l e x i b i l i t y to synthesise the 

corresponding 3-=unsubstituted 2^'»cyanoaziridines, As a 

r e su l t there i s a lack of general method for the synthesis 

of 2-cyano-3-unsubstituted a z i r i d i n e s . These a z i r i d i n e s 

were of pa r t i cu la r i n t e r e s t as they are excellent subs t ra tes 

for thefeynthesis of cX_-aminonitrile compounds by reac t ing 

them with various organic nucleophiles . I t was therefore 

contemplated to undertake preliminary s tudies to develop 

the synthesis of 2-cyano-3-unsubstituted az i r id inc 

de r i va t i ve s . The r e s u l t s of present inves t iga t ion on the 
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synthesis of' these compounds and t h e i r react ion vrith indole 

are described in t h i s chapter . 

Although the preparation of these compounds were 

i n i t i a l l y attempted by react ing aromatic amines with l ab i l e 

c<,~bromoacrylonitrile (4_) (Scheme 2) the yields of 2-cyano=-

N-aryl az i r id ines were not s a t i s f ac to ry primari ly due to 

rapid polymerisation of _4 during i t s preparation and 

subsequent r eac t ions . Thus, the fX^-chloroacrylonitri le (l6) / 

which i s commercially avai lable in q u a n t i t i e s a t low-price, 

was considered for i t s react ion with amines^with a view 

to developing ^'general method for the synthesis of 2-cyano-3~ 

unsubst i tuted a z i r i d i n e s . 

The react ion of .oC^-chloroacrylonitrile (16) 

with aromatic •Oi'^yil'n^ha.ve not been reported in the l i t e r a t u r e , 

The only reference involving the reac t ion of _1^ with 

cyclohexylamine (17) (Scheme 6) i s reported to have yielded 

the az i r id ine<in poor yield along with several mixtures . 

Thus, when an i l i n e 20a was reacted with J^ in 

e thanol , or benzene, the Michael adduct 21a was obtained 

only in poor yield (40%). The yield was not al tered^ 
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even in the presence of tr iethylaminc in the react ion 

mixture. In an ail"tern=ate experiment, when an i l ine 20a 

and _1^ (Soheme 7) were refluxed in a c e t i c acid for 6 hr , 

the adduct 21a was obtained in s l i g h t l y improved yie lds 

(55%).- The best yield of 21a (80%) was accomplished by 

reac t ing 20a (Scheme 7) with _16 in the presence of copper 

( I l ) a c e t a t e at 100-110 C. These reac t ion condit ions were 

found to be optimum and they were employed further to 

prepare the adducts 21b~f by reac t ing the corresponding 

20b"f with _16 in 65-35% overall y i e l d s . The s t ruc tu res 

of these compounds were confirmed by t h e i r ana ly t i ca l and 

spec t r a l data, which are described in t ab les 4 and 1 

r e spec t ive ly . The adduct 21a was then subjected to 

cyc l i za t ion under varying condit ions to give the corresponding 

l-phenyl-2-Gyanoaziridine (22a). Thus, when 21a was 

t r ea ted with t r ie thylamine in ref luxing benzene/ the 

corresponding az i r i d ine 22a was not formed and the 

unreacted 21a was recovered. S imi lar ly , when 2jLa was 

t rea ted with sodium hydride in ref luxing benzene, the 

22a was obtained in poor yield (30%), The compound a f t e r 

chromatographic separation gave pure 22a as red o i l 
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5 7 

i d e n t i c a l with that reported ' (supcrimposable IR and NMR). 

However, when 21a (Scheme 7) was subjected to cyc l iza t ion 

in the presence of phase t ransfer c a t a l y s t , benzyl-

triethylammonium chlor ide and 50% aqueous sodium hydroxide 

solut ion with dichloromethane as the organic phase, the 

reac t ion mixture a f t e r work-^up, gave the corresponding 

a z i r i d i n e 22a in 83% yie ld . Similar ly the 2lb'°f were 

cycl ized using phase t ransfer ca t a ly s t to yield the 

corresponding N-aryl-2=-cyano-aziridines 22b--£ in 73-93% 

overa l l y ie lds . The s t ruc tures of unknown compounds 22b--e 

were confirmed on the bas i s of t he i r ana ly t ica l and spect ra l 

da ta , which are described in t ab les 5 and 2 r e spec t ive ly , 

Under s imi lar react ion condi t ions , when t h i s 

method was extended to prepare N-=alkyl-2=cyanoaziridines 

by reac t ing 16_ with a l i pha t i c amines l ike cyclohexyl-=, 

benzyl - , and isopropylamine a mixture of compounds not 

i so l ab l e by column chromatography were obtained, 

When the 2»aminoOphenol (23) s imi lar ly reacted 

with _16 in refluxing ethanol , the open chain adduct 2_4 

was obtained in 70% yield (Scheme 8 ) . The s t ructure of 
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the open chain compciund _24 was cDnfIrmGd by its spc-ctral 

and analytical data, which are described in the experimental 

section. When the compound 24 was subjected to cyclization 

in acetone in the presence of anhy/drous po'tassium carbonate^ 

the desired aziridine 24A was not formed. However* the 

product thus isolated in 80% yield WBS identified as 

2-ayano-»l ̂,4—benzpxazine (25_) (Scheme 8) by its analytical 

and spectral data. Thus, it exhibited molecular ion 

peak at M"*" 160 and was analysed for CgHoN^Or Its IR (Nujol) 

spectrum showed a band at 3400 cm was assigned to 

NH stretching frequency. The characteristic 2240 cm" 

band was assigned to Vf-,_.. group.^ Its final structure 

was Gonfir-med by its 'Ŝ -NMRCcrDClo) spectrum̂ . Thus, the 

signal at e> 3,40 (d, 2H) was assigned to methylene 

protons adjacent to nitrogen. A signal at 6 3^80 (br s) 

accounting for one proton, exchanged with deutĵ rium oxide 

was assigned to the NH proton. The triplet at 5 4,88 

accounting for one proton was assigned to the methine 

proton. The signal at <^6^15 (4H) was due to four 

aromatic protons, thus providing evidence for the 

formation of the compound 25. 
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b : REACTION OF 1°ARYL°'2-°CYAN0AZIRIDINES WITH INDOLE ; 

A GENERAL APPROACH FOR THE SYNTHESIS OF N-̂ ARYL TRYPTOPHft.NS 

The most g e n e r a l methods d e s c r i b e d f o r t h e 

s y n t h e s i s of t r y p t o p h a n :ind i t s d e r i v a t i v e s i n v o l v e t h e 

11 12 13 

g r a m i n e d e r i v a t i v e ' or t h e F i s h e r t y p e c y c l i z a t i o n 

of a k e t o n e or a l d e h y d e c a r r y i n g t h e d e s i r e d amino and 

c a r b o n y l f u n c t i o n s i n t h e c h a i n . T h e r e a r e s e v e r a l 

m i s c e l l a n e o u s a p p r o a c h e s d e s c r i b e d i n t h e l i t e r a t u r e f o r 

t h e s y n t h e s e s of t r y p t o p h a n and a l l t h e s e methods have been 

i n v e s t i g a t e d f o r t h e s y n t h e s i s of a m i n o a c i d s c a r r y i n g no 

s u b s t i t u t i o n on t h e c<,-amino g r o u p . A l t h o u g h a z i r i d i n i u m 
15 f l u o r o b o r a t e i s r e p o r t e d t o r e a c t w i t h i n d o l e to- g i v e one 

s t e p s y n t h e s i s of t r y p t a m i n e i n good y i e l d , no e f f o r t s 

have been made t o u t i l i z e t h i s s i m p l e a p p r o a c h f o r t h e 

s y n t h e s i s of t r y p t o p h a n and N - s u b s t i t u t e d t r y p t o p h a n s . 

T h e r e f o r e i t i s i n t e r e s t i n g t h a t t h e 2 ' - c y a n o a z i r i d i n e and 

2 - c y a n o - N - s u b s t i t u t e d a z i r i d i n e s s h o u l d r e a c t w i t h i n d o l e 

u n d e r s i m i l a r r e a c t i o n c o n d i t i o n s t o y i e l d t h e c o r r e s p o n d i n g 

t r y p t o p h a n s . I t was t h e r e f o r e c o n s i d e r e d t o r e a c t t h e 

i n d o l e w i t h N - a r y l - 2 = c y a n o a z i r i d i n e s w i t h a vlcvr t o 
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developing a new general method for the synthesis of 

(X—aminonitrile oompounds (_27), which are precurss:5rs for 

the synthesis of h i the r to unreported N-aryltr^/ptophans-

Thus when indole (_26) was reacted with l-phonyl-2-

cyanoaziridine (_22a), in presence of boron t r i f luor ide -

e t h e r a t e , a f te r work-up and chromatographic pu r i f i ca t ion , 

corresponding <?<v,~anilino-=/2>-indolyl propanoni t r i le 21_a 

(Scheme 9) was obtained in 60% y ie ld . The s t ruc ture of 

27a was confirmed by i t s ana ly t ica l and spectral da ta . I t 

showed molecular ion peak at M 261 and was analysed for 

C-,.,H |̂-N_ (261). IP i t s IR (Nujol) spectrum, i t exhibited 
-1 a broad band at 3410 cm , which was assigned to the 

s t re tch ing frequencies of indole NH and aryl NH» The 

c h a r a c t e r i s t i c n i t r i l e band appeared at 2240 cm"* , The 

f i n a l s t ructure of 27a was confirmed by i t s 1<MR (CDCl_) 

spectrum. A signal a t 5'3.54 (d, 2H) was assigned to the 

methylene protons. The signal a t 5 3.85 (m, iH) which 

was assigned to an i l ino NH exchanged with deuterium oxide, 

The t r i p l e t a t 6 4,20 (iH) was assigned to the methine 

proton. The broad mul t ip le t between ^6.40=7.60 (m, IOH) 

was assigned to nine aromatic protons and one 2=H indole 
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proton. The low f i e ld broad s ingle t at ^ 8,23 (iH) was 

assigned to thejindole NH, which WBS exchanged with 

deuterium oxide, thus confirming th<^'structure of 27a. 

Simi lar ly _2_6 was re-^cted with 22b-e under similar react ion 

condit ions to give the Gorres;ponding c?^-arylamino~p>-indolyl 

p ropaneni t r i l es 27b~e in 50-6C% overal l y ie lds . The 

ana ly t i ca l and spect ra l data for 27b—e, which are in 

conformity with the assigned s t ruc tu r e s^ are described in 

t ab le s 6 and 3 respec t ive ly , 

The above ary laminoni t r i les '2J_ were- subjected 

to hydrolysis to yield the corresponding d 1°(:/^-^N-'ary 1) 

tryptophans. Several hydrolytic condi t ions v/ere studied 

since the hydrolysis of these aminoni t r i les did not give 

cons i s t an t ly the desired tryptophans. However, when 27a 

was subjected to hydrolysis using aqueous/barium hydroxide 

the corresponding tryptophan 28a (Scheme 9) was obtained 

in 50% yield . The s t ruc ture of tryptophan 28a thus 

obtained was confirmed by i t s a n a l y t i c a l and spect ra l data . 

I t was analysed for c.^H^^N O (280) and showed IR (KBr) 
— 1 1 

peaks at 3400 cm ( ^^0H) and 1700 cm ( V*CO) indica t ing 
that i t does not exis t in zwi t te r ionic f o r m ' / . I t s further 
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s t r u c t u r a l proof i s obtained from i t s NMR (CDCl ) spectrum, 

Thus, the doub le t a t S 3.40 (2H) was ass igned t o tvjo 

methylene p r o t o n s . The s i g n a l a t <5 3,65 (m, IH/ exchmgeable 

wi th D„0) was due to a r y l NH while the t r i p l e t appeared a t 

0)4.05 (IH) ass igned to methinc p ro ton . Nine arom-Jtic 

p ro tons and H~2 of indole appeared t oge the r a s m u l t i p l o t 

between o 6 . 4 0 - 7 . 6 0 . The broad s i n g l e t appeared a t 6 8.30 

(iH) was ass igned to indole NH, S i m i l a r l y , two more 

j3<,^-aminonitrilGs, 27b and 27e were hydrolysed under s i m i l a r 

c o n d i t i o n s t o g ive dl=-N-=aryltryptophans, 28b and ^8c in 

45% and 48% y i e l d s r e s p e c t i v e l y . The p h y s i c a l , a n a l y t i c a l 

and s p e c t r a l da t a for 28b"C a r e descr ibed in the exper imenta l 

s e c t i o n , 
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EXPERIMENTAL 

Melting points were determined on a 'Boetius' 

apparatus and are uncorrected,- The IR spectra were 

recorded on: 'Perkin-Elmer 297' spectrophotome,ter. The 

NMR spectra were recorded on varian EM->390 spectrometer 

using TMS as an internal standard and the values are 

expressed in 6(ppTi). 

The starting materials; 

The commercial samples of aniline, p-fluoroaniline, 

p-chloroaniline, m"C:hloroaniline/ p-methoxyaniline and 

c<-chloroacrylonitrile were purified before use.. 

The phase transfer catalyst, triethylbenzylammonium 

chloride (TEBA) was prepared by the following reported 

procedure 

A solution of triethylamine (33,7 g, Q.33 mol) 

and benzyl chloride (50.0 g, 0,40 mol) in 60 ml of 
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absolute ethanol was refluxed for 64 hr. The solution 

was cooled to room temperature and 300 ml of ether was 

added. The precipitated ammonium salt was removed by 

filtration, redissolved in the minimum amount of hot 

dry acetone and reprecipitated with ether; yield 43,7 'g 

(5 8%). 

Preparation of 3-=arylamino=2-chloropropanenitriles 21: 

(a) in refluxing ethanol: A mixture of aniline (20aj 

(9.3 g, 0,1 mol) and 2-Ghloro-2-propenenitrile (16) 

(9.5 g; 0.11 mol) in 25 ml ethanol was refluxed at 80-90^ 

for 30-40 hr. The solvent was removed under reduced 

pressure and the residue was chromatographed over silica 

gel column using benzene/hexane (1:2) as eluent to give 

7.2 g (40%) of pure 21a as yellow oil (TLC single spot). 

The spectral and analytical data for 21a are described in 

tables 1 and 4 respectively. 

(b) in refluxing benzene; When the reaction of aniline 

(20a) (9.3 g, 0.1 mol) and c7<^-chloroacrylonitrile (16) 

(10,5 g, O.l̂ fnol) was carried out in refluxing benzene for 

20 hr, the v7ork-up of the reaction mixture followed by 

purification as above yielded 6.3 g (35%) of 2la 

(superimposable IR and NMR), 
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(c) in refluxing benzene/triethylamlne; When the reaction 

of 20a (9.3 g, 0.1 mol) and 1^ (10.5 g, O.l^ol) was 

carried out in refluxing benzene in the presence of 

triethylamine (10.1 g, 0.1 mol) for 24 hr, the work-up 

of the reaction mixture followed by chromatographic 

purification gave 6.9 g (3^) of 21a (superimposable IR 

and NMR) 

(d) in refluxing acetic acid; \ mixture of 20a (9.3 a, 

o.l mol) and 2-=Ghloro->2-propenenitrile (_1̂) (10,5 g, O.ll-'mol) 

in glacial acetic acid (30 ml) was refluxed at 120-130 c 

for 2=6 hr. The solvent was then removed under reduced 

pressure and the residue thus obtained was passed through 

a silica gel column using benzene:hexane, as the eluent 

to give.1.0 g (55%) of 21a (superimposable IR and NMR) 

(e) in the presence of copper (II) acetate: A mixture 

of 20a (9.3 g, 0.1 mol) and ̂ i (10.5 g, O.lfmol) and 

copper (II) acetate (5% by weight of aniline) in 10 ml 

of 95% alcohol was refluxed with stirring at 90-100 

for 15 hr. The solvent was removed under reduced pressure, 

the residue was then dissolved in chloroform/ethylacetate 

(200 ml), washed with water (2 x 100 ml), dried (Na2S0^), 
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the solvent was removed under reduced pressure and the 

crude product thus obtained was purified by column 

chromatography over silica gel using hexanetbenzenc (4:1) 

as eluent to give 14.5 g (80%) of 2la (superirnposable IR 

and NMR). Similarly the compounds 21b"f were also 

prepared following this method in 65-85% over all yield 

(Table 4). The spectral and analytical data for 21a~f 

are described in tables 1 and 4 respectively, 

Attempted cyclization of 21a to 22a with triethylamine 

in benzene; 

A mixture of 21a (1.8 g, 0.01 mol) and triethyl­

amine (2.02 g) in 10 ml dry benzene was stirred at room 

temperature for 48 hr. The solvent was removed and the 

reaction mixture was purified by passing through column 

on silica gel to give 1.6 g (90%) of unreacted starting 

Iriateria 21a ( superimposable IR and NMR). 

Cyclization of 21a to 22a! 

(a) with sodium hydride in refluxing benzene; A solution 

of _2_la (1.8 g, 0.01 mol) in 5 ml of dry benzene was added 

to a suspension of sodium hydride (0,5 g, 50% suspension^ 
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in 5 ml dry benzene end refluxed the reaction mixture 

with stirring at 80-90^ for 15 hr. The reaction mixture 

was poured over crushed ice, extracted with chloroform 

(3 X 15 ml), washed with x̂ rater (2 x 20 ml)^ dried (Na SO^) 

and concentrated to give, crude reaction mixture^ which 

was purified by passing through silica gel column using 

benzene:hexane (1:2) as eluent to give 0.43 g (30%) of 

5 7 
22a red oil identical with that reported ' (superimposable 
IR and NMR). 

(b) with benzyltriethylammonium chloride; To a solution 

of the adduct 21a (1.8 g, 0,01 mol) in dichloromethane 

(20 ml)/ 50% aqueous sodium hydroxide solution (10 ml) 

and benzyltriethylammonium chloride (50 mg) were added and 

the mixture was vigorously stirred at room temperature for 

3 hr Monitored by TLC on silica gel using ethylacetate: 

benzene (1:9)J , The mixture was then diluted vxith water 

(50 ml) and dichloromethane (20 ml). The organic layer was 

separated, washed with water (2 x 50 ml), dried (Na„S0. ) 

and evaporated on water bath to give the crude aziridine 

22a, which was purified as described above to give 1.2 g 

(83%) of pure 21a (superimposable IR and NMR). Similarly, 
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the adducts 21b~£ were a lso cyclized following t h i s method 

to give the corresponding 22b°f in 73-93% over a l l yields 

(Table 5 ) . The spect ra l and ana ly t ica l data for 22a-f are 

described in tab les 2 and 5 respec t ive ly . 

Reaction of •=<, - ch lo roac ry lon i t r i l e (16) with 2-aminophenol 

(2^): Formation of 3-(o-hydroxyphenylamino)-2-chloro-

propaneni t r i l e (24) 

A mixture of 2-=aminophenol (_23) (10,9 g, 0.1 mol) 

and 2-chloropropioni t r i le (16) (10.5 q, 0.12 mol) in 

ethanol (60 ml) was refluxed at 100-110 for 22 hr , when 

the TDC showed the complete disappearance of s t a r t i n g 

mate r ia l . The solvent was removed from the reac t ion mixture 

under reduced pressure and the residue thus obtained was 

purif ied by column chrcmatography over s i l i c a gel using 

benzene as e luent , to give 14 g (70%) of 2A_ as red viscous 

o i l , (TLC single spo t ) ; IR (Neat): 3400 cm" (br , '})^„+ A-n^)' 
OH INH 

2250 cm"-"- ( V^^) / ' •''H-NMR (CDCI3)! 3 .62 ( d , 2H, NCH2)'' 4 . 4 5 

( t , IH, CHCH2); 4 . 6 0 - 5 . 0 0 (m, 2H, NH + OH, e x c h a n g e a b l e 

w i t h D „ 0 ) ; 6 .65 ( s , 4H ) ; M"̂  1 9 6 , 5 ; (Found , C, 5 4 . 5 3 ; 
2 arom 

H/ 4 . 3 2 ; N, 1 4 . 6 7 ; C a l c . f o r CgHgCIN^O ( 1 9 6 . 5 ) : C, 5 4 . 9 6 ; 

K, 4 . 5 8 ; N, 1 4 . 2 5 % ) . 
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Cycl isa t ion of 3-(o-hyc3r3xyphenylamino)-2-chlorDpropi3-
— ^ — ' • • l u l l I I I - . I » — ~ ~ I I I- JL- . ' • 

n i t r i l e (_24) to 2~cyano-l,4-ben2oxazine (25); 

The michael ^dduct (_24) (1,97 g, 0.01 mol) 

dissolved in dry acetone (10 ml) was added to anhydrous 

potaissium carbonate in dry acetone (30 ml) with s t i r r i n g 

and the react ion mixture was s t i r r e d further for 3.5 hr 

ait 55-60 , (The reac t ion was monitored by TLC). Removed 

the solvent , the res idue diluted with water (20 ml) 

extracted with chloroform (2 x 30 ml) , dried (Na„S0 ) and 

concentrated to give the crude product, which on column 

chromatography on s i l i c a gel using benzene as eluent 

followed by r e c r y s t a l l i s a t i o n from ethylacetatethexane 

(1:9) gave 2=cyano-l,4~ben2oxazine (25,) as l igh t brown 

prisms; yield 1.3 g (80%); mp 69-70^; M"*" 160; (Found: 

C, 67.17; H, 5.28; N, 17.86; Calc . for CgHgN 0 (160); 

C, 67.50; H, 5.00; N, 17.50%). The spect ra l data for _25 

i s described in the t e x t . 

Reaction of l -ary l -2-cyanoa2ir id ines ( ^ ) with indole (26); 

Synthesis of 3-(3=indolyl)-2-arylaminopropanenitr i le (27); 

General Procedure: 

A mixture of 1.17 (O'.Ol mol) of indole (26) 

and l -aryl -2-cyanoazi r id ine (22) (0.01 mol) in 20 ml of 
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dry ether was placed in a lOO ml round bottomed flask 

fitted with reflux condensor. Boron trifluoride etherate 

(10 ml) was added slowly from the top of the condenser 

with stirring (exothermic). The reaction mixture was 

refluxed at 60-70 for 2,5 hr» The solid separated 

initially in the reaction mixture slowly dissolves on 

heating. The reaction mixture was then poured intoi a 

400 ml beaker containing 50 ml of cold water and 

neutralised with sodium bicarbonate, extracted with 

ethylacetate (3 x 50 ml) and the combined extract was 

washed with water (2 x 5 0 ml), dried (Na„S0^) and 

concentrated. The crude product thus obtained was 

purified by column chromatography on silica gel using 

ethyl a,cetate:hexane (1:4) as olaent. The compounds 

27a-e were prepared by this method and their analytical 

and spectral data are described in tables 6 and 3 

respectively, 

Hydrolysis of 3-(3 -indolyl)-2-arylaminoprop3nenitriles (27)7 

Synthesis of dl-N-aryltryptophans (28): General Procedure: 

A mixture of Z7 (0,005 mol) and Barium hydroxide 

(0.025 mol) in 10 ml of water and 10 ml of ethanol was 
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refluxed at 120-130^ for 70-80. hr. The ethanol was 

distilled off as much as possible. The reaction mixture 

was then acidified with 20% acetic acid, extracted with 

chloroform and the coribined extract was washed with 

water and concentrated. The residue was then dissolved in 

20% sodium hydroxide solution, treated with charcoal and 

filtered hot through fluted filter paper and the charcoal 

was washed with hot ethanol. The dl-N-aryltryptophans 

(28) were precipitated after acidification of the filtrate 

with 20% acetic acid as white solids. The di—N-aryl-

tryptophans 2Sa-c are prepared by this method and their 

physical/ analytical and spectral data are given below: 

dl-N-Phenyltryptophan (28a) was obtained as white 

solid, yield 0,7 g (50%) mp 133-140^ (Found: C^ 73,24; 

H, 6,17; N, 10.43; Calc, for C^.^H^^'N^O (280): C, 72.86; 

n. Sill; N, 10,OC%), The spectral data is described 

in the text. 

' dl-N--Cp-Fluorophenyl)-tryptophane (2Bb) was 

obtained as white solid, yield 0.67 g (45%) mp,' 146-152^; 

IR (KBr); 3400 cm"*'̂  ( VQJ. )/* 1710 cm" ( \J^Q)7 H-NMR: 

insoluble; (Found: C, 68;95; H, 5.51; N, 9,89; Calc. for 
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C^^H-^^FN^O^ ( 2 9 8 ) : C, 6 8 . 4 6 ; H, 5 . 0 3 ; N, 9'-.40%)k 

d l -N-(p-Meth .oxyphenyl )=- t ryp tDphan (28c ) was 

o b t a i n e d a s w h i t e s o l i d , y i e l d 0 ,75 g (48%) , mp. 5 0 - 5 5 ^ 

IR (KBr) : 3520 cm"^ ( l ) -„)" ; 1710 cm""'- ( ^ ^ ^ ) ; "̂ H-NMR: 

i n s o l u b l e ; (Pound: C, 7 0 . 0 7 ; H / 5O9B' ; N , 9 . 4 7 ; C a l c . f o r 

*^18^i8^2°3 ^ ^ ^ ° ^ - ^^ &9--.6B; H^ S . S l ; N, 9 . 0 3 % ) . 
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