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PREFACE 

Polarized keten di thioacetals,. vJlJ.ich are 

prepared in one pot reaction under relatively simple 

reaction conditions from a wide variety of active methyler.e 

compounds; have been successfully utilized in this 

laboratory for the synthesis of a wide variety of 

heterocycles like pyrazoles, pyrimidines~ pyridones, 

pyrroles, indoles,. etc. It was further sho"m during these 

studies, that the polarized ket8keten dithioacetals 

possessing an alkyl or methylene group in their ~~position,. 

undergo base induced 1,3~proton transfer yielding products 

derived from the rearranged intermediates. The mechanism 

involving these rearrangements 1 however~ was not well 

understood and it was therefore considered to study 

some of the selected transformations in the present 

invest iga ti ::m. 

Thus, the first chapter_ of the thesis describes 

the results of investiga ti::;n of 0( -methyl/methylene- o(""'ket::;~ 



keten dithioacetals with a view t8 studying their 

mechanisms of rearrangements. In the first section of 

the chapter a! brief introduction has been given r::garding 
J 

the synthetic importance of the polarized keten 

di thioacetals and similar transformati:ms studied by 

w:::>rkers ::m the anal:::>gous area •. subsequently, the results 
• 

:Jf the present investigation are d~seussed inc8rporating 

th~~esults of three different schools on similar 

rearrangements with a view t8 extend evidence in supp8rt 

8f the mechanisms proposed f8r these transformati8ns. 

The sc8pe and generality 8f· these rearrangements have been 

studied 8n selected series of structural variants. 

In the second chapter S8me 8f these rearranged 

pr:::>ducts have been shown t8 undergo facile condensation 

with hydrazine,. guanidine and am ines t8 yield the 

c8rresponding n8vel pyraz8les, pyrimidines and enamino= 

ket8nes respectively.,-

In the third chapter a general meth8d f8r the 

s yn thesis 8£ 1-sub st i tu t,ed 2-ami no-4-ar o yl-5-me t hyl t hi 8 

pyrroles has been described. _ No attempt has been made to 

II 



include the c ::>mprehensi ,,e review ::>n the meth::>ds ::>f 

preparation of 2~amino-pyrr::>les, since such reviews on 

these methods are already described in the literature •. 

In the last chapter (Part B),synthesis of N-aryl= 

2=cyanoaziridines from o(-chloroacrylonitrile and aromatic 

amines have been described. These aziridines have been 

shown to react with ind"Jle to give o<..-arylamino-~ -( indolyl )= 

propanenitrile, which are further shown to undergo hydrolysis 

to give hitherto unreported dl-N-aryltryptopha.ns. 



PA.RT A 

CHAPTER I 

MOBILE KETO ALLYL ANIONS: STUDIES ON BASE 
CATALYSED REARRANGEMENTS OF~-KETO-~-METHYL/ 
METHYLENE KETENDITHIO.l\CETALS 

1.1 Introducti8n 

In an earlier w8rk from our laboratory we have 

successfully utilized a class of synthetic intermediates 

generally termed as o<..-keto and o(-cyanoketen s,s-acetals( 2), 

which are derived in relatively simpler reaction conditions 

from a wide variety of active methylene camp8unds (l) and 

R 
\ 
\ 
CH2 I 

i 

1 2 

R = H, alkyl, aryl, nitrile1 carbonyl~ nitro et~. 

R1= Nitrile, carbonyl, etc. 

R2= Alkyl groups. 

1 



carbon disulphide in the presence of two equivalent of 

a suitable base followed by alkylation in one pot 

. 1-29 
react~on • These polarised keten s,s~acetals C1) 

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 othe,hand, the corresponding 

o,o-acetals greatly diffe~ j~-n their properties under-

going hydrolytic cleavage in the presence of moisture 

and the methods of their preparation are, therefore, 

30 much different from those of keten s,s~acetals • 

It is further interesting to note that we have 

successfully demonstrated that the dl-keto and 

~cyano ketene s,s-acetals could be used in the 

synthesis of both alkyl thiopyrimidines 1 as well as the 

corresp:mding a lkoxypyrimidine i by employing sui table 

. t 1 d. t. . th . d. . d. 12- 14 
exper~men a con l J.ons vn guanl J.ne or aml J.nes • 

Also, the corresponding aminopyrimidines ..§. vJere prepared 

by the reaction of the corresponding S,N-acetals ~ 

with guanidine in excellent yields
24 

(Scheme 1). 

2 



R 
SCH3 

R = CH3 , OCH3 , halogen etc. 

R1: alkyl 
R2= alkyl I aryl 

; 

2-6, R=Me1 OMe_,halogen, etc 

A., R= Me, Et, Pr 
~,.2., R= aryl, alkyl 

NaH /OMF 
Guanidine 

NaOR f /R 10H 
Guanidine 

Rf..NH2 
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Scheme 1 
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3 -
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·+-+-R 
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NHR2 

NaOEt 1 NJ 
Guanidine 1 ~ \ 

H2N~N 
6 

R 
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The advantages of incorporation of alkoxy group in the 

pyrimidine ring and the synthetic .scope of this general 

method including the mechanism have been discussed in 

our earl.iar publicati::ms12- 14 • This alkoxy exchange 

concept has also been exteneed to_pyrazoles to synthesize 

the 2(5)-alkoxy derivatives (7) 15 ~ which were earliar 

prepared by classical methods involving alkylation o£ 

ambident anion leading to a mixture of N,O and 

c-alkylation products, Similarly, the corresponding 

2(5)-aminopyrazoles (8) were obtained in 60·7~~ yield 

by manipulating the reaction ~onditions incorporating 

the appr:::>priate arrl.nes in place of alkoxides (Seheme 2). 

It is also further shown that 
·\,N)vJt..-'Y\·\.lLS"-\te.vl~ 

thA _! underwent 

~ facile condensation with sodi~derivative of 

cyanoacetarnide (~) in the presence of sodium isopropoxide 

to give 6-substituted-3-cyan::>-4-alkylthio-2(1H)-pyrid::>nes 

~ (Scheme 3) in excellent yields16 • 20 • The c::>rresp::>nding 

SiN-acetal 5 derived from 1 and alkyl/aryl amines, also 

underwent smo::>th c::>ndensati::>n with A to yield the 

corresponding 6-substituted 3-cyano-4-alkyl/arylamino-

2(1H)-pyridones (lQ) (Scheme 3) in identical yields27 
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HOwever, it is interesting t~ n~te that in the presence 

~f s~dium isoprop~xide, ~nly the 4-methylthiopyridone (9) 

was formed, while the formati~n of the corresponding 

4-isopr~poxypyridone was not observea. Even in the 

presence ~f sodium methoxide or ethoxide, the formation 

cr£ the corresponding 4-alk~xypyricbne 11 al ::mg with ~ 

was f~rmed only to the extent of 1a1o yield (NMR), 

which could not be further improved by attempted 

7 

variati~ns in the experimental conditi~ns. The separation 

~f 11 from 9 was found to be difficult as they have 

similar R£ values and they were ~ly detected through 

. 16 20 their NMR s1gnals ' • 

When the pyrimidine synthesis, as shown in 

scheme 1 and that of pyridone as shown in scheme 3, 

was extended to o( -methyl- ~ket'.J keten s,s-acetals 12 
-; 

the corresp'.Jnding pyrimidine (13) and pyridone (l!) 

were not formed; howev~r the pr'.Jducts, is'.Jlated were 

characterised as 2-amino-4-aryl-5-methylthi~methyl­

pyrimidine (15) 13 and 3-cyan'.J-51""rn~thylthi'.Jmethyl-6.:.. 

aryl-2(1H)-pyridones (!2) 20 respectively (Scheme 4). 

The f'.Jrmati'.Jn ~ 15 and 17 was rati'.Jnalized in terms af 



the base induced 1,3-pr~t~n transfer t~ give the 
C ec1'\ J v..C\ r. \:.cc\ ft ~ ~ pv I . . 

intermediatet~f~n ~(Scheme 4). The 1,3-pr~t~n 
<rYIOCl 6t.. 

transfer in these systems ~ due t~ the participati~n 

a£ 3d orbitals of adjacent sulphur ~~ms, which stabilize 

the negative charge on the carbon atom next t~ them, 

permitting the formation ~f ~, which subsequently 

underg~es condensati~n with guanidine and cyanoacetamide 

t~give 15 and 17 respectively. H~wever, when ethyl - -
and n-propyl gr~ups were present in ~-p~siti~n as in 

~ (R
1
=Me,Et) (Scheme 5), the intermediate 18 was 

f~rmed after 1,3-proton shift, followed by allylic 

elimination (path~) t~ give the dienes 20. The diene 

20 (Scheme 5) on condensation with guanidine and 

cyan~acetamide yielded the c~rresp~nding pyrimidines 2113 

{R
1

=H 1 Me) and pyrid~nes ~20 (R=H,Me) respectively. 

The formati~n of l2 (Scheme 5) was explained thr~ugh 19 

involving 1,3-methylthi~ shift in~ (path£) (R
1=H)

13
• 

It is interesting to n~te that the acryl~phen~ne 

intermediates ~ and 18 formed by base catalysed 

1/3-proton shift represent an interesting class ~£ 

mobile keto allyl systemsJwhich may undergo rearrangement 

8 
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similar to those studied by Cromwell and coworkers. 

In their series af papers,cromwell and cowerker~31 have 

observed that the ~ -.br:::>momethyl chalc::me (1i) reacts 

with primary and secondary amines 25 in solvent pentane 

to give rearranged ~ -arninobenzyl a·crylophenones 26 

in high yields (Scheme 6), These acrylophen:::>nes 26 

represent a. n~vel class of mobile keto allyl arnines 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 ~her hand, in 

polar s:::>lvents like ch\oroform :::>r acetonitrile, they 
·' 

rearranged to therm:::>dynarnically more stable allyl amines 

31 22 (Scheme 6). The rearrangement of 26 t:::> 27 was 

found t:::> be facile in the presence :::>f added amine and 

wa~ observed to proceed even in the solvent pentane, In 

the presence of different arnines 28, 26 was found to 

underg~ the same rearrangement involving amine exchange 

leading to· the formation o£ 29 31 • They have studied 

the mechanisms of several mobile ket:::> allyl amines 

derived from both acyclic31 and cyclic32 ketones. They 

also. utilized these intermediates for the synthesis 

arzetidinyl, .ketones 3o33 ( Seheme 6). 

11 



R\ 
Br + NH :X Ar . 

H 
24 -

~OAr 

R/N~r 
H 

30 

Rt/ 
25 -
R 

\NH 
~I 
HBr . (R=H] 

H 29 

N , 
R/ 'R1 

26 -

!::" }H 

R" 
N/ 

\Rm 
H 

~-29 a , R = H , R' = t - Bu 7 i - Pr 

CHCI3 
Stow 

27 

~, R = R1 =- ( CH2>20- ( CH2) 2 
£. , R = R1 = - ( CH2 ) 5-

Scheme 6 

--~---~ 

;R 
N 

\R' 

,R, 
NH 

IRd ?2 
CHCL3 

I Fast 

~ 
l\:) 



It was ~f interest to is~late and study the 

mobile keto allyl sulfides, .!.§. and ~ (Schemes 4 and 5) 

derived from the dithioacetals 12 obtained from 

propiophenone and its higher h~mologs. A detailed study 

a£ base catalysed rearrangement of 11 has been carried 

~t in the present work. Further studies on similar 

rearrangements ~£ keten s#s-acetals, 64 derived from 

dihydrochalcone (Scheme 26), 82 derived from indanone -
(Scheme 32), 91 derived from tetralone (Scheme 34) and -
lQ2 derived from 2,3-dihydro-l~benzothiopyran-4-one 

(Scheme 39), are investigated and their mechanisms have 

been prop':lsed. 

1.2 Base Ca~alysed Rearrangement studies ~f 3,3-Bisalkyl­

thio-2-methyl-1-aryl-2-propen-1-ones t~ 3-aukylthio-

2-alkylthiomethylacrylophenones via Mobile Ketoallyl 

* Systems 

1.2.1 Results and Discussion 

In an attempt to trap the mobile allyl ketones 

(16) (Scheme 7), which are interesting allyl systems of -

13. 

*S. Apparao, A. Rahman, H. Ila and H. Junjappai1 Tetrahedron 

Letters, 23, 971-974 (1982). 



potential synthetic utility, isomerization studies on 

12 in the presence ~ 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 exper~ent, 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 
... vJ.A 

(0.04 mol, 50'/o suspensi::m) 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). l\fter chroma to-

14 

graphic separation the new product was obtained in 35% 

yield (55% on the basis of:;~covered starting material)~ 

The new product was found to possess different structural 
C.OJ\1"~~ i<.~ 

features and the expected ~lefi~ 16 was not formed. 

After the analysis of the spectral data, the structure 

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

methylthiomethylacrylophenone (3la) (Scheme 7). It wa& -
analysed for c 12H14os

2
(238) and showed the molecular ion 



peak at M+ 238.. Its IR 

abs8rpti8n band at 1635 

0.. 
(Neat) Spectrum exhibite~sharp 

= 1 
-'1 0... b 1 f t. em ~ue t8~car 8ny unc ~8no 

Further structural pr8of f8r 31a was ~btained fr8m its -

15 

1 
H~N .. M •. R ( cnc1 3 ) Spectrum.. Thus it exhibited two singlets 

( 3H each) aJt 0 2 •. 05 and j2.25 due t8 prot::ms an two 

methylthio:J groups. A singlet at/; 3 .. 50 ( 2H) was assigned 

to_, tw::J.l methylene protons, while the vinylic proton appeared 

as singlet art: .S 7.04 ( 1H). The broad multiplet appeared 

between 6 7.25-7.53 was assigned t:J the five a:r:Jmatic 

pr:Jtons. The data was theref0re in conf8rmity with the 

assigned structure, 31a. The rearrangement exhibited 

high steroselectivety and only ~=3la 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-~# prepared in this laboratory, which showed 

chemical shj.fts due to vinylic::: proton at 6 7·~-60~7. 90 

(~to ArCO) in~-~ and at c5 6.00-7.10 (trans to' A.rCO) 

. 28 
~n Z-A • 

0 

R 
E.-A 

H 

SMe H 



Ar.~o 
SR1 

H3C 
SR' 

12 

NaH I DMF :;,. 
50-60° 
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05R1 

SR' 
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12, 31 a, Ar= C6Hs; R' = CH3 
~. Ar = CsHs; R1 =C2Hs 
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g ,Ar= .£' -MeCGHL.' Rt= CH3 

f_ ,Ar = ·C sHs ; R1 = - CH ( CH3) 2 

Scheme 7 
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31 

SR1 

~ 
0') 



17 

Attempts t:> increase the yield o£ 3la,, by 

carrying 't~ t' 'JU ;< reac 1. :>n at l:>wer temperature, in the 

presence of ca tal yt ic amount or excess :>£ s:>dium 

hydride :>r under_ ·nitrogen atmosphere were n':lt successfu;L. 

When the reaction was carried JUt for l:~nger time 

(12 hr) under similar reacti:>n c:>nditions, althYUgh 

the starting material disappeared completely (TLC), 

the yield of 3la was,reduced t:J 10%,. resulting in an -----
intractable polymer •. 

To a.Jssess the generaU.it~f the rearrangement 

seven more systems were studied in this series.. Thus 

l~b-~ underwent rearrangement t:> yield the corresponding 

pr:>ducts E-~-~ in 35-45% over all yield (50·7~/o on 

the basis of recovered starting rna terial) (Scheme 7) •. 

It may.be noted h~ever that the corresponding isopropyl 

sfs ... ax;etal (11.!) under similar reaction condi'tions 

gave E-31f in 30% yield indicating tb.at the sterio ht'V\clrGVJLU< 
e.H~~~ . .-t--

t-actsrs- do not substantially effect it::~ lower~ the 

yields. Interestingly, the rearrangement of keten 

S.S-acetal (..!lg} derived fr:nn .P-Chloropropi::>phen:me1 . 

yielded a mixture of three products (TLC) unde~ identical 



reacti~n c~nditi~ns (Scheme 8). After chr~mat~graphic 

separation, the rearranged pr~duct §-31g was ~btained 

in 22% yield, while the other tw~,products were 

18 

identified as 3,3-bis(rnethylthi~)-2-methyl~1-(p-methyl­

thiophenyl)-2-pr~pen-1-~ne (32) in 25% yield and 

3-methylthio-2-methylthi~methyl-1-(p-methylthi~henyl)-

2-pr~pen-1-~ne (33) in 2ry1o yield. The structure of 21£ 

was c~nfirmed by its analytical and spectral data which 

are described in experimental secti~n and table 1 

respectively. The structure of 32 was assigned by its 

ana:lytical and spectra 1 data. It was analysed far 

c13H16os3 (284) and showed m~lecular ion pea~ at M+ 

284. It exhibited in its IR spectrum (neat) al strong 

-1 band at 1660 em 1 which was assigned ~or the carb~nyl ~ . _ 
F v. .,...ttPA- }_ u..~parf- fu-r ~ oJI6.c'} '7\)1.0\. Mf.-uc/I.)..ANL-

stretc~~ vibrati~n,. :f.ts __ fj nal structural con'fi~il.ti?n 
~ 0-h p·ro\)1 \::.* ):\U., 1 s p~e:.-k'"YV'l 
was derived £r~ its H-N.M,R. (Ccl4 ) sp@ctral data. 

Thus a singlet at b 2. oo ( 3H) was a'S signed t:D the 

methyl gr~up. The tw~ singlets at 6 2.10 (3H) and 

6 2. 30 ( 3H) were a·ssigned to the tw::ll SC,!i3 pr:Jtons. A 

singlet at 6 2.As ( 3H) was aJSsigned tm the SC£!3 pr~t~ns 

in the p-p:Jsiti:Jn ~ the phenyl group. The assignement 
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of SC!i
3 

prot::ms on the aryl ring was based on the 

position o£ the protons of 2-SMe groups in the 

p-chloro~ acetal (11.2). The f::mr aromatic pr:Jtons in 

32 appeared aJt 6 7 .. 10•7.-70 (dd,, 4H,. A
2

B
2

)) which is 
.. 

in conf~rmity with the assigned structure. Similarly, 

the structure of· 22 was oonfirmed by its analytieal 

and spectral data.. It was analysed far c 13H16os
3

(284) 

amd sh::>wed mollecular ion peak in its mass spectrum art 
'I 

20 

M+ 284. ·rts IR· (nea.Jt} spectrum exhibii±ed-.a· band alt 

-1 1632 em which was assigned to' the ca!r'ponyl stretching 

frequency. Its fina structure was confirmed by its 

1 
H-N.M.R. (Ccl4 ) spectral data,. A. singlet aot- cS 2.00 (3H) 

was a~ssigned to cH
2

Scl::!
3 

prot :Jns •. The ::It her single:t 

alt. c.)2.3.5(3F) wa-s due t:ovinylic SCH3 protons and another 

singlet at b 2.4:5 ( 3H) was assigned to the SC.!i3 prot:ms 

in the para posi ti:m of phenyl ring. . The assignement 

a£ scl::!
3 

protons on the phenyl ring was based on the 

positi:m o£ the pr:Jtons of the tw::> SC!:!3 group in the 
1 . ... 
H-N.M.R. (CC1

4
) spectrum :>f E:£· (Table 1). The 

' 
singlet at -:6. 6~85 ( 1H) was assigned t:J vinylic prot:>n, 

indicating ~~s positi:>n trans t:J ArCO group (~-is:Jmer)~ 



The A
2
B

2 
pattern ~ ar,omatic protons appeared as tw~ 

doublets between 6 7-.10-7.60 (4H). The formati::m of 

1£ (Scheme 8) can be explained by nucle~philic 

substituti::m ::rf chlorine in the p-posi tion of the 

phenyl ring (ll2) by methylthio~anion. Similarly, 

the formation ~ 33 can be explained through the 

.,nucleophilic displacement of chlorine from 1!.9: by 

methylthio anion. These dbservati8ns are interesting1 

since they throw light ::m the mechanism of the 

rearrangement of 12 t::J ]1, which is discussed in the 

section 1.2.2~ 

When the S,S-dibenzyl acetal (~} derived 

fr::Jm propiophenone was subjected t::J 1,3-methylthio 

shift under similar reaction condi ti:ms, the expected 

rearranged pr::Jduct ( 3lh) was not obtained, However, 

a new product was isolated and identified as 

2-benzylthio-3-methyl~4,5-diphenylthiophene (36) 34 

(Scheme 9). The structure of ~was confirmed by its 

analytical and spectral data. It was analysed for 

c 24H20s2 (372) and its mass spectrum showed molecular 

ion peak at M+ 372. It exhibii.ted IR(Nujoil.) band at 

21 



~1 
901 em , which wa6 assigned t:J,characteristic 3-mehyl 

substituted thiDphenes35 • The Dther band appeared at 

-1 695 em wa1s alsm assigned t:J characteristic 3-methyl 

22 

thiophene derivatives36 : The thiophene ring "breathing 11 

.1 36 -1 mode y 3 band was located at 795 em • Further proD£ 

Df the structure was obtained by its 1H-N .M.R. (CDC13 ) 

spectral data. A singlet c::t 61.70 (3H) was assigned 

t::n the cH3 prot:Jns, while the singlet aJt 6 3-~-85 (2H) 

was assigned to · tw:J benzylic protons. A multiplet 

between 0 6.90-7.30 am:Junting to fifteen prot:Jns was 

aiSsigned to protons em three phenyl rings, confirming 

tre formati::m of 36. The mechanism :Jf the formation of 

36 is due to relatively increased acidity ~ the 

benzylic protons adjacent to. the sulphur atoms than 

thase on the allylic methyl group. These protons are 

easily QPstracted by base generating anion (l!), 

which underg~s intramolecular nucleophilic a~tack 

on the carbonyl group to give 36 via 35 after 

dehydration (Scheme 9). 
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1.2.2 Mechanistic Studies 

TtJhen the transf:>rmati:>n :>f l1_ t:> 31 (Scheme 7) 

was :>bserved,, the mechanisn :>f their rearrangement 

was c:>nsidered t:> inv:>lve 1,, 3-RS shif.t vi~~obile 
·-' 

keto allyl intermediates 16~. our literature survey 
poJ:, 

on similar systems we:Fe :>f .c:>nsiderable help in 

arriving at the m:>st plausible mechamism f:>r the 

rea!Lrangement.. A brief discussi :>n :>f the mechanistic 

studies :>n similar systems rep:>rted in the literature 

is presented~ s:> that the mechanism pr:>p:>sed from 

12 t:>· 31 will be better appreciated. Therm~ and 

ph:>t:>chemical thi:>allylic rearrangements :>bserved by 
37 I 38 

both warren•s and Kwart's gr:>ups and the m:>bile 

31 32 keto allylic rearrangement studies by Cr:>mwell ' 

and c:>w:>rkers are reviewed here. 

T!Jarren • s group has used ph:>tochemical 

1,3~PhS shift f:>r several synthetically useful 

transf:>rmations, which haye been reviewed 37 recently 
.e. 

and theX ore, :mly_ · one example is cited in the 

Scheme 10.. Thus the allyl phenyl sulfide 37 has been 

shown to undergo phot:>induced rearrangement t~give 



39 and an associative radical chain mechanism for 

this 1,3~PhS shift has been suggested via intermediate 

38. During their studies they have shJwn that the 

1,3•PhS shift can be used only when the finill product 

39 has more stable C=C b::md than that in the starting 

material 37 (Scheme 10). Also Kwart's group has 

shown that the appropriately deuterated allyl phenyl 

sulfide, 40 isomerises to 42 (Scheme 11) under bo±h 

thermal and photochemical conditions38• They: have 

proposed an antipolar concerted mechanism involving 

the formation of transient complex 41 or ~ by 

interacting either intra or interm~lecularly between 

olefin and sulfur termini of the thioallylic system 

(Scheme 11 a-nd 12). Alkyl substi tuents on the a!llyl 

chain appear to hinder formation ~ unimolecular 
--

c~plex, 41 and favour a bimolecular complex, 44 

(Scheme 12). An alternate mechanism involving prior 

i::misati:m 'J£ the c~s bond, forming i::m pairs was 

ruled out, since thioallylic rearrangements pr0eeeded 

rapidly in the gas phase without the assistance of 

39~40 
solvent • They have als~ruled ~t the formation 

25 
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of allyl cati~n intermediate pr~p~sed by warren and 

c~w~rkers41 in their studies :m acid catalysed thi~= 

a~lylic rearrangements. Their findings were based Jn 

28 

the fact that :m pr~t~nati~n allyl cati8n is susceptible 

t~ the sec~ndary deuteri~ ~SJ~ope effect. consequently, 

when they treated 40 (Scheme 11) and p-t~luenesulph~nic 

acid., the ~~~ va>lue was virtually identica:l with 

42·· 
thak obtained for the uncat~lysed reaction ~ They, 

therefore, concluded that these thioallylic rearrange~ 

ments pr~eed t~ough an intermediate 46 (Scheme 13) 

involving octet expansn:m ~ sulfur in varipus states 

~f hypervalency, some created through the agency ~ 

cata;lysis involving some f::Jrm 'J£ c::rordination a£ 

sulfur by the catalytic species42 • 

Interestingly the cromwell's group has studiec 

rearrangements in ~-ketoaUlylarnines which are 

31 
structural anailogs :rE our systems. They have shown 

: t 
that the initially formed ~-ketoallyamine 26 rearranges 
~ ~ -

t~~thermarlynamically m~e stable amine, 27 either in 

the presence ·:Jr absence of q,dded amine, 24 (Scheme 6 

and 14). In the presence 8£ different amines 28 l 
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30 

. 31 
the amine exchange waB 8bserved dur1ng the rearrangement 

on the basis :r£ their kinetic studies they have suqgested 

~ •varient' 8f c8ncerted SN2t mechanism f8r the amine 

aJSsisted rearrangement inv8lv ing a 'cis' dip8lar 

transiti8n state 47 31c (Scheme 14). Apparently, the 

~ -carb::myl functi::m rupp8rts a: rna1j8r portion of the 

developing negative charge ctS sh8wn in 4~, which is 

further stabilized by c:mlombic a>tt~ca·cti8n 8r by hydrogen 

bonding between entering and leaving amines. When the 

kinetic studies were carried 8Ut for the_rearrangement 

without the assistance 8f external amine, the rates 

followed first order kinetics with low activati~ 

energy (Ea "J 6 R.eal/m:::>le) and l:JW negative entropy 

(A S*.....,-66 cal./deg./m:::>le) during the transf:::>rmatj_:::>n 

fr8m 26 t~ 27~ They therefore suggested that the 

rearrangement :::>f 26 to 27 in the absence of added amine 

involves either highly p8lar transition state :Jr di.p8lar 

cyclic intermediate, 48Jla,b (Scheme 15), where the 

bond making is far ahead of bond breaking resulting 

in lowering :::>£ the energy "debt". In their subsequent 

studies :m the rearrangement of 2~( o(=amin:::>benzyl )~ 

l~indenone (49) to) the isomeric 3~amino~2=benza~=l~ 

indanone (50) (.scheme 16) in th('- absence of a-dded amine, 
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they have pr~p~sed a mechanism inv~lving chain 

reacti~n 32c (Scheme 17). The amin~ gr~up ~f 

32 

amin~inden~ne 49 will attack initi~y ~n the 3~p~siti~n 

~f the sec~nd m~lecule 8£ 49, f~ll~wed by allylic 

eliminati~n ~f the amine ~· to give the dimeric 

amm~nium salt (51) (Initiati~n). The free amine (52) 

can either rem~ve the p~sitive charge ~n nitr~gen 

by allylic substituti~n f~ll~wed by eliminati~n as 

sh~wn in 21, resulting in the f~rmati~n ~f 2 m~les 

-:Jf-_ 50 (Terminati::>n) ~r can attack 49 a.t 3-p~siti~n with 

allylic elim.:inati~n ~f amine t~'give 50 and free amine 

52 (pr~pagati~n) (Scheme 17). 

Fr~m the preceding discussi~n ~n the mechanism ~f 

~lied systems, it is apparent that the rearrangement 

fr8m 12 t3 31 (Scheme 7) can be envisaged going 

thr~ugh ~ne of the p~ssible intermediates pr~p~sed. 
C. BY\ ~1r-ct}ok.-

It is i.Ffl:Ffl:i:nent- that 12 in the presence a£ a base J,~ses 

its pr~t~n t'J give the res~nating ani~ns 53a and 

53b (Scheme 18). The stability :1£ these allyl ani~ns 

53 is greatly·enhanced by the tw~ sulfur at~ms present 

in the m~lecule giving rise to increased res~nance 

c~ntributi~n fr~m 53b. Since the 53 is generated under 
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reversible c:::mditions, it competes with s:::>dium hydride 

in deprotonation of 12 to give 53 and an unstable 

intermediate 16 1 which sp:::>ntaneously rearranges tm}l 

(Scheme 18) • Efforts to is:::>late 16 \vere unsuccessful 

and even the trace ~ it coR1d nat be detected after 

work-up :::>f the reacti~n mixture. H:::>wever, the 

intermediacy :Jf 1.§. appears to be a definite step in 

arriving at the thermodynamically m~e stable rearranged 

product 31. It is therefore apparent that 16 undergoes 

~facile 1,3-RS shift through one o£ the mechanisms 

discussed earlier t:::> give B· 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 considerati~s d~ ncrt· 

facilitate 1,3-suprafacial shift. Therefore, the 

35 

1, 3~RS shift in 16 could involve ::me :If the possibilities 

:::>f going through an associative radical chain mechanism 

via intermediate 54 t::» give 31 and alkylthi:D radical 

(Scheme 19}. Similar mechanism has been suggested by 

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

thermally and phot:::>chemically and they have presented 

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

the yield :::>f 3la was uneffected when the reaction was 

carried out in the presence :OC radica~ inhibitor like 

hydr:::>quinone under nitrogen a~mosphere. Similarly1 

\vhen the reaction was carried :::>ut in the pr_esence :::>f 

dibenzoyl per:::>xide ak 50-60~ there was n~ change in the 

yield 80C 31a. It therefore appears that the radical 

intermediat·e in the 1,3-RS shift is unlikely in these 

tran sf :Jrma t i :::>ns. 

When the rearrangement ~ 12a; t:::>> 3la was 

~tempted in refluxing benzene in the presence of 

s:::>dium hydride, 12a was recovered unchanged even after 

pr~:::>nged time (12 hr). H:::>wever, the same reaction in 

refluxing tetrahydrofuran yielded a.nly 5% :::>£ 3la in -

37 

3 hr,_. while it was impr:::>ved to 30'/o after 12 hr refluxing. 

The increase in rate :::>f reacti:::>n with the s:::>lvent 

polarity implies the polar nature 8£ the transiti:::>n 

state or the reactive intermeqiate involved in the 

rearrangement. 

Before arriving at the mecha1 ism f:rr the 

rearrangement~ 16·to 21, aJ series~ experiments were 



conducted and it wa-s sh:Jwn that the rearrangement 

inv:Jlves interm:Jlecular participation. Thus the keten 

dithi:Jaceta:l 12g derived from J2"'"Chlor:Jpropiophenone 

yielded tw~ more products; 32 and 33, besides the 

rearranged pr:Jduct 3lg (Sche!ne 8). The results are 

interesting, since they clearly demonstrate the 

existance :Jf free methylthi:.;, ani:Jn generated in the 

reacti:Jn mixture, which will participate in nucleophilic 

displacement of active ~=chl:Jr~ gr:Jup in b:Jth ~ and 

3lg. This clearly rules :Jut the p:lBSibili t y o-f Kwa:ct '· s 

antipolar mechanism38 via1 transient c:Jmplex (55)* 

(Scheme· 20), which will n:Jt permit such nucle:Jphilic 

displacement as it is c:Jncerted. Besides, the allyl 

sulfide intermediate 16 is structurally different fr:Jm 

that :Jf Kwart's systems in that 16 ca~ries an electr8TI~ 

withdrawing benz8yl group in conjugati:Jn with double 

b:Jnd, thus reverting the nucle'Jphilici ty a£ ~ -c·arb:Jn. 

C:Jnsequently, the f:Jrmation :Jf 55 is highly untenable 

carryi·ng p:J-si tive charge adjacent t::D carbonyl functi:Jn 

(Scheme 20). 

3'8 

*:In :Jur c:Jmmun..ica·iti:Jn,. it vHS prop:Jsed that an antipolar 
transient intermediate (55) aB :Jne :J£ _:the po-ssibilities 
Jf this rea~rangement. 
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Alternatively_,the /3-carb:m in 16 (Scheme 21) 

is electr8philic en8ugh t~ participate in sulfur l8ne 

pair a1ssisted intram8lecular polar transiti8n state 56a 
43 

which can collapse to the desired rearranged product 31. 

However, such a transiti8n state 56a will not permit 

the formati8n of free alkylthi~anion pr8ved ta be 

existing in the reacti8n mixture. Besides, the 4-end8~ 

trig process involving the strained thietanium ion 

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

alternative picture inv8lving prior ionisation 

{SN1 isomerisation) via g-keto allyl cation .or through 

ion pa1ir 56b appears to be unlikely due to relative . 
~nstability ~ allyl catiJn cr8Bs~conjugated with electron-

44 withdrawing carbonyl group (Scheme 21). 

Intermolecularity ~ the rearrangement was 

further confirmed from "cr:::rssover" experiments carried 

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

a£ 12b and 12c (Scheme 22) wa.s treated with sodium 

hydride and dimethylformamide under identical conditions, 

twm spots other than the starting materials were observed 

em TLC plate.. After work-up and chromatographic separation 
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the twa praducts were faund ta be a mixture :If faur 

campaunds each (NMR and Ma'Bs). Thus, the NMR spectrum af 

the first praduct with higher Rf value shawed it ta be a 

mixture ~ faur possible rearranged praduct9J ~~ 3lb, 57 

and 58 respectively. Similarly the NMR spectrum af the 

secand praduct with lawer Rf value shawed it_ t:D be a 

mixture o£ faur p:::lssible rearranged products .. 31c,· 3ld, -· __,.. 

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

canfirmed tm presence :If faur campaunds in each mixture., 

Thus the praduct with higher Rf value showed the malecular 

ian peaks at M+ 266 1 252 and 238, c:Jrresp:::mding ta"31a 

(57 ar 58) and 31b respectively. Similarly. the mass 

spectrum af the secand praduct with lawer Rf value 

shawed the molecular i::m peaks at M+ 268~· 282 and 296 

carrespanding ta 31c~ (59 or ~) and 3ld respectively 

(Scheme 22). In ane af the experiments the rearranged 

product (3lc) waB treated with sadium hydride in the 

presence of ethylmercaptan under nitragen blanket, when 

the fo.rmatian of a mixture 8£ four praducts (3lc, 59, 60 

and 3ld) ·(Scheme 22) was abserved (NMR and Mass). This 

experiment alsa. demanstrates the existance of free 
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a~kylthi:J)ani:Jn in the reacti:Jn mixture. These experiment0 

theref:Jre str:Jngly suggest that the rearrangement is 

interm:Jlecular. 

The realt'rangement. o1.12a t:Jl 3la wa-s f:Jund to be 

irreversible and attempts to equilibriate 3la t:J 12a 

under varying conditi:JnQwere not successful and in n~ 
I 

case the keten s,s_-acetal ~~ could be detected fr:Jm the 

reacti:m mixture. Thus, \vhen 3la; was stirred with 

s:J~ium hydride in dimethylformamide far longer time 
--

(12 hr) only polymeric material was formed. 

/It 
!I 

~H?: 
SMe 

\ 
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In :>rder t-:> study the pr:>gress :::Jf the reacti:::Jn 

at .vari:>us time intervals; ten experiments ,;.rere c:>nducted 

with 0.005 m:>le ::>£ 12a and 0.02 m:>le :>f s:>dium hydride 

in 20 ml :>f dry dimethylformamide under identical 

reacti:::m c::mdi ti:>ns and the :ccacti:>ns were worked-up a·;t 

various time intervals. The results revealed that the 

yield of. 3la was Jnly 7% a£ter 15 minutes, while after 

30 minutes, it wa;s increased t:> 27"/a. In ::rther experiments, 
.. 

work-up a.Ifter 0.75 hr, 1.0 hr; 1,.5 hr, 2 .• 0 hr, amd 3-.0 hr 

yielded 31a between 30-3~/o~ while its yield was decreased 

t01 25% and 20'/o a'lfter 4 hr and· 5 hr respectively.. However.-, 

a£ter 12 hr reacti:>n time, the yield:>£ 3la1was reduced 

trn 10% due tD its further polymerisati:>n under basic 
~ 

c:>nditi:>ns, althDUgh the starting material ~ disappeared 

cDmpletely. Srn the maximum yield ( 35~38%) a£ 3la· was 

::>btained between 2-3 nours, 

on the basis ::If these results, the plausible 

mechanism c:>uld be the :>ne similar to that prop:>sed by 

cromwell and c::>-w:>rkers f:>r amine unassisted rearrangement 

crt 2-(o(-aminobenzyl)-1-inden:>ne (49) t:J) the is:>meric 

3-amin:>-2-benzal-1-indanone (50) 32c (Scheme 16 and 17}. 
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Thus the reaction is initiated by nucleophilic attack ~t 

position three of 16 by some nucleophilic species present 

in the reaction mixture.. It appears that the acrylophen::mer 

16 itself initiates the reaction by nucleophilic a~tack 

of its sulfur lone pair on the _£.-carb:>n :>f an:>ther 

molecule of 16 (initiation) (Scheme 23) t~give 61 and 

free alkylthio anion. The alkylthi:::D ani:>n thus released 

can either attack anal:>l;pusly 16 to~ give 31 v1ith the 

release of RS anion (propagation) Jr can attack 61 trn 

give two molecules :If 31 ( terminati:>n ),. The rearrangement - . 

of 16 to 31 appears therefore similar to chain reaction 

with an initiation process (release :>f a alkylthiO> anion), 

a~ propagati:>n process (reaction~ alkylthio·anion with 

16) and a tennination process (reacti:>n :If alkylthi:>) anion 

with 61). 

It is of interest to n:>te that in one of the 
Jbv~t> 

experiments, when ~ (Scheme 24) wa·x react~ with sodium 

hydride in the presence of ethanethiol (arlded alkylthiO' 

anion) the rearranged product 31b was :>btained only 

in comparable yield.. It therefore appears that the 

limiting fact.a:r for the yield Y.f 31 is the acrylophenone 
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intermediate 16 present in the reacti~n mixture which - ' 

is likely t~ reach its ~ptimum yield during 0~5 t~ 3 hr. 
' 

1. 3 Ba.se Cartal ysed Rearrangement Studies _~n 3, 3-Bis 

When the rearrangement studies were extended 

/ to 0\'\~ethyl ketoketen s,s-acetal 12i derived from 

butyroohen~ne, the expected rearranged pr':>duct 62 was - --
not f':>rmed under varying c':>nditions and the starting 

ma·rteriall \vas rec':>vered unchanged in all the cases 

(Scheme 25).. rrhe failure 8f 12i t:::D give 62 is probably 

due to the decreased acidity of allylic methylene 

pr':>t~ns in 12i because of the presence ~f methyl gr':>up 

Cv 
and s~dium hydride is ncrt 1 strong en':>ugh base t':> abstract 

/·. 

pr~':>n from 12i. H':>wever, its variant 64 (Scheme 26) 1 

derived fr':>m dihydr':>chalc':>ne (63) 1 when stirred with 

0 S':>dium hydride and dry dimethylf':>rmamide at 35~40 f~r 

2 hr, f':>rmati':>n ~ f':>ur pr~ducts along with the starting 

materia~ was observed (TLC).. After chr':>mat':>qraphic 

separati~n the expected rearranged product ~-66 was 

isolated in 15% yield and Jther three compounds were 
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a;ssigned the structures 65 (_2 and ~=is::xt1ers) ( 35% yield)~ 
.. 

67 (2ryla yield) and ~~68 (5% yield) (Scheme 26)e The 

structure of ~ was confirmed by its spectral and 

ana11ytical data.. Its mass spectrum showed m8lecular i8n 

peak at M+ 314 (c
18

H
18

os
2

). ~t exhibited IR (neat) band 

a..-:t 1650 em ~ 1 due to ~,-)co :rf Z~65 isomer, where the 

caa::-b::myl group is in trans position to the SCH
3 

group 

permitting facile lone paar resonance JVer the carbonyl 

group. The other band at 1655 cm-1 was assigned to the 

;) co of E~isomer ( E-65). Further structur.=tl proof wa-s 

1 
derived from its H--N.M.R. (CC14 ) spectrum., which srowed 

a'• mixture o--f E <Cl.nd Z~isomers in the ratio' o£ 3:1 

respectively (Figure). Thus ~singlet at 6 1.60 (3H) 

1va'g assigned tQ) the CH
2

SC£!
3 

protons of Z=is8mer. The 

singlet at 6 1.85 (3H) was assigned to vinylic SCH3 

protons of --~~isomer. The methylene protons of Z-isomer 

appeared as singlet at S 3·~· 35 ( 2H:). The signal due t :::D 

CH2sc~3 protons ~ E-65 isomer, appeared at 6 1.80 (s,3H) 

and the singlet at 0 2.10 ( 3H) wa;s assigned to the vinylic 

SCB
3 

protons of E-65. The CB
2

ScH
3 

protons of ~=65 

Ct. 
appeared asAslnglet at b 3.85 ( 2Hf. From these signa·ls 
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the rati::> ::>£ ~~65 and Z-65 is::>mers (3:1) were calcul3ted. 

The ar::>.matic pr;:,t::>~'1bf both ~ and Z~isomers ~ appc3.rc>d 

~s multiplet between ~ 6~90-7.60~ Further pro:>£ for the 

structure of ~ & Z-65 was obt3ined by its reaction with 

hydrazine hydr=:~te in· reftuxl.i";;; cthan::>l ( 60 hr) which 

gave the expected pyraz::>le 69 (Scheme 27) in 57% yield. 

The spectral and anal ytica2_ du. ta for the 69, which are 

in agreement with the assigned structure, are described 

in experimental secti::>n. The structure ~ E-66 was 

similarly confirmed by its analytical and spgctral data·• 

Its mass spectrum stowed m::>lecular ion peak at M+ 314 

(c18H18os2 ). Its IR (neaJt) spectrum exhibited VC=O band 

-1 
at 1635 em indicating the presence of ::>nly one ge::>me~ 

trical is;:,mer. The ·structure ::>f E-66 am d its ge"Jmetry 

i-)~ 
V;J.iJ?.5"' further c;:,nfirmed by its 1H~N .M.R (Ccl4 ) spectrum. 

Thus the singlet alt 6 2.08 ( 3H) waJS assigned t;:,, the pr::>t ::>ns 

::>f SCH3 gr::>up ::>n tetrahedral carb::>n and the singlet 

aJt {:,,2.20 (3H) wa:s assigned to th1pr::>t::>ns of vinylic 

SCH
3 

group. The methine prot::>n appeared aB a singlet 

a:Jt: 0 5.30 (1H), while the singlet at 8 6;.92 (lH) was 

a£signed t;:, vinylic prot::>n (trans t::> ArC0) 28·~· which 
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indicates the presence "Jf ::mly E~is ::mer •- The ar"Jma tic 

pr"Jt"Jn appeared as multiplet between 8 7 ._08~7 •. 60 ( lOH). 

Fr"Jm the ab"Jve data it is evident that "Jnly ~~65 is"Jmer 

is f:Jrmed. The structure :Jf 67 1...;a)s established by its 

C"Jmparisi:Jn with the kn"Jwn
45 

keten dithi:Jacetal derived 

54 

fr"Jm acet"Jphen::>ne (m .. m.p. and superimp:>s:lble I .R &N •. M • .R) •. 

The structure.~£ ~-~ was c:>nfirmed by its analytical and 

spectral data .. ~ In its mass spectrum it sh::>wed the 

rn"Jlecular i:Jn peaik. at M+ 254 (C H
14

os). It exhibited 16 . 

IR (Nujol) band art: 1635 cm-1 ~ which is attributed t:J the 

carb"Jnyl gr:>up, indicating the formati"Jn :J£ :Jnly "Jne 

is:Jmer. Its further structural pr:J:Jf was derived fr::>rn 

its 1H~N-.M.R (ccl
4

) spectrum. It showed a singlet at 

61.82 for three protons :If SCH3 group.. The vinylic 

prot:Jn appeared as singlet at S 6., 90 ( lH). The 

z-configuration f:Jr 68 was assigned :Jn the basis of 

chemical shift value "Jf vinylic pr"Jt"Jn, which was 

appeared art: 8 6. 90 (cis t:J phenyl group), while the 

vinylic prot::>·n in 67 appeared art: b 6 .• 60 (cis to SMe). The 

multiplet appeared between 6 7. 25-7 .• 90, integrated 

for ten pr:>tons, was assigned to the phenyl pr::>ton~~ 



It is interesting t8 note that when 64 was 

reacted with s:dium hydride in dimethylf8rmamide at 

35~4o0c f8r longer time (8 hr), only the keten 

dithioaceta~ 67 and ~~ -methylthiochalc~e (68) were 

isolated in 7ry1o and 10/o y1elus respectively and n8ne 

55 

of the rearranged products 65 ~ 66 was f~med (Scheme 27). 

Similarly, when 64 was treated with sodium hydride in 
- o.._ ~~ 

dimethylformamide underAnitrogen blanket f~ 3 hr, 

only the rearranged pr8ducts 65 and 66 were obtained in 

50% and 3ry/o yields respectively and none af the pro~ucts 

67 or 68~ was formed (Scheme 27). These results indicate 
- cu.hA.cvl ox c' d..~ C""YJ 

tha~ ~ ~glecular oxygen is responsible for the f8rmation 

':1£ 67 and 68. 

Ba£ed on the above facts, a, plausible 

mechanism for the rearrangement of 64 to· 66 and 65 is 

sh8wn in scheme 28. Thus the resonance forms at ani:::>ns 

70~ and 70b# obtained after proton abstracti8n from 

64~ will abstractJ~roton inturn from 64 to give~stable 
- 1\ - t\ 

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

will yield 66., which on subsequent base induced 1, 3-proton 

~ 
shift yield/'-.therm8dynamically more stable 65 via anion 

72 (Scheme 28) .. 
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The mechanism ~f the f~rmati~n 8£ 67 which 

is ~btained a's maj~r pr~duct ( 7CP!o)' after 8 hrs in the 

absence 8£ nitr~gen a~m~sphere is sh::>wn in the Scheme 29. 

The carbani6h -70a f~rmed by pr~t::>n abstracti8n fr8m 64, 

reacts with m~lecular ::>xygen t:> give the hydr~per~xide 
-· 

intermediate 73, which in the presence ::>£ ba:se·, underg::>es 

cleavage t::> give .the keteri- S,S~acetal .74.- The keten 

s,s.;..acetal 74 underg::>es hydr::>lytic clea~rage in the 

presence ::>f either hydride :>r hydr::>xide i::>n (during 

w::>rk-up) t:> give 67 ana benz::>ic acid, which wa'S is:>lated 

in 2~/o yield as described in the experimental secti8n. 

Similar type ::>f base catalysed aut::>oxidative cleavage 

has been reported in the case of few hydr:>xyflavones46 

H8wever it is n::>t yet clear whether the ::>xygen 

inc::>rp::>rati:>n t::> give hydr~per::>xide intermidiate 73 

inv:>lves radical chain mechanism as suggested f::>r 

::>xygenati::>n of carbani8n ~r a direct ionic mechanism. 

The intermediacy of keten s,.s-acetal 74 'Iivas es~ablished 

by two'experiments. Firstly, when the keten S,S-acetal 

74, which was prepared from dibenz::>ylmethane (75), was 

reacted with s::>dium hydride in dry dimethylf::>rmamide f::>r 
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6 hr under identical reacti'Jn C8nditi8nsr W8rk=up 8f the 

reacti'Jn mixture yielded 67 as the 8nly product in 9~/o 

yield, while the benzoic acid was 8btained in 40% yielc. 

(Scheme 29). In the sec'Jnd experiment~ when the keten 

S,S~acetal 76 (Scheme 30), derived fr8m dihydrJChalc8ne 

having different aryl groups, was reacted_with sJdium 

hydride under similar reacti~ c8nditi8ns, W'Jrk-up 

and column chr8mat8graphy ~ the reaction mixture yielded 

the product which was found t8 be a mixture of keten 

s,s-acetals; 67 and 78 al'Jng with a mixture of benzoic 

acid and p~t'Jluic acid. These results clearly demonstrate 

the intermediacy of dibenz~lmethane s,s-acetals 74 and 

77 in the formation 67 and 78 respectively (Schemes 29 & 30) 

The probable mechanism f::rr the formation o£ 

13-methylthi'Jchal cone ( 68).·~· which is is:::r.ilated aB the minor 

product from 64 is shown in the Scheme 31. The 

rearranged allyl sulfide 66 on proton abstraction by 

baBe gives the carbanion 72, which on reaction with 

molecular 8-xygen f8llowed by subsequent cleavage 8f 

hydroperoxide intermediate 79 yields thioester 80. The 

th~ester 80 undergoes hydrolytic cleavage in the 
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presence of hydr:Jxide i:Jn during w8rk·~up :Jf the 

reacti:Jn mixture t:J give 68. 

of 
It isAinterest t:J n:Jte that in :Jne :J£ the 

clt~~ 
experiments, when allyl sulfide· 65 was 1 reacte& with 

- j-... 

sodium hydride in dry dimethylf:Jrmamide at 35~408 

in the absence of nitrogen atmosphere f:Jr 1 hr, formati:Jn 

:Jx four products c:Jrresponding to 64, 66, 67 and 68 . 
(,-)C~ 
~ :Jbserved along with the starting material 65 (TLC). 

When the same reacti:Jn was all:Jwed to run under similar 

c:Jnditi:Jns f:Jr 6 hr 1 :Jnly tw:J products, 67 and 68 were 

isolated in 65% and 15% yields respectively, after 

work-up and chr:Jmat:Jgraphic separa:tion. These :Jbservati:Jns 

indicate th~t 1,3~methylthio shift in these systems is 

reversible and the rearranged pr:Jduct 65 undergoes 

reversible 1,3-pr:Jt:Jn shift in the presence ::Jf sodium 

hydride to give the intermediate 66, which :Jn subsequent 

1,3~methylthi:J shift gives the intermediate 71 (Scheme 28). 

The 71 on proton abstracti:Jn by base gives the resonating 

carbani::m 70, which :Jn oxidc:..·cive cleavage y-?-elds the 
.. 

keten s,s-acetal 67 (Scheme 29)~ Similarly, the ani:Jn 

72b, generated through pr:Jt:Jn abstracti:Jn from 65 by base, 

als:J underg:Jes :Jxida+:ive cleavage to' yield §...8 (Scheme 31). 



1.4 Studies 8f Base catalysed Rearrangement 8n 

c<. -Methylene-c,( ~Ket 8keten di t hioacetals 

Derived from Cyclic Ket8nes 

., """' v i ;o..;.5 6)_. 
~t=l. a.cc':lrda.nc~··Tith the results and mechanism 

63 

observed during the rearrangements of keten dithioacetals 

12 and 64 derived from propiophen8nes and dihydrochalcone 

respectively, it was considered of interest t~ study 

sJme of the ketendithioacetals derived from cyclic 

ketones. "Thus when keten dithioacetal 82 (Scheme 32) 

derived from indanone (81) was reacted with sodium 

hydride under identical conditions, the expected rearranged 

product 88 was no:t formed a;lthough starting material 
~t -
wa:s- disappeared c:::mpletely and no well defined crystalline 

rnakerial c8Uld be isolated from the reaction mixture. 

When the same reaction was conducted under nitrogen 

blanket, a light orange crystalline substance was isola·.ted 

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 wa£ assigned 

on the basis of its analytical and sr::ectral data:. Thus, 

its mass . spectrum stowed strongest intensity peak at 
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m/e 282 (M+ -94), which was p:>ssibl~ due t8 i8n 89 

(Scheme 33) f8rmed by spontane8US loss of two scH
3 

groups 

(2 x 47). Consequently, the m8lecular ion peak at M+ 376 

was not observed while 87 was analysed for c 22H
16

s
2
o

2
• 

The IR (Nujol) spectrum of 87 showed a strong band at 

-1 
1672 em due to c8njugated carbonyl group. In its NMR 

(CDC13 ) spectrum the singlet at62.20 (3H) was assigned 

3 
to the protons of SC£i3 group on sp carbon and the other 

singlet at b 2.75 (3H) was due to the protons of sc~3 
2 

group on sp carbon. The signal due to two methine 

protons appeared as double d·::mblets at b3. 50 ( 1H,J=6 cps) 

and 6 3.90 (lH, J=6 cps) indicating the presence of a 

mixture of two stereoisomers. The aromatic protons 

65 

appeared as multiplet (8H) between 6 7.40~7.70, which a~Q.. 
'LJ., Gm~~-
in conformity with the assigned structure, 87. 

A 
~ probable mechanism for the f8rmation of 

_A.u..~ ... 
87 is seeellbed· in Scheme 32. Thus, the resonance form 

of anion 83b appears t8 attack the electrophilic 

/2, =carbon 8f the intermediate 84, which is f8nned by 

protonation of 83b, followed by allylic elimination 8f 

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 cyclizati:m with the 

elimination of methyl mercaptan t:J give the dimer, 87 

(Scheme 32). Alternatively 85 can als:J,give a triene 

90 with the elimination of methyl mercaptan, to yield 

87 via electrocyclic ring cl8sure (Scheme 33). 

67 

we next extended our studies ~ base catalysed 

rearrangement to keten dithioacetal 91 derived from 

tetralone (Scheme 34). Thus when 91 was reacted with 

sodium hydride in dimethylformamide under identical 

conditions for 3 hr 1 ·the starting material was recovered· 

unchanged. H~ever when the reactiJn time was prolonged 

far 30 hr 1 two new products were formed which were· 

characterized as di thioester 93 and /3 -ketomonothioester 

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

expected rearranged product 92 was not formed.- The -·' 
structure :~£ ~ was c onf inned by its spectral a.nd analy ... 

tical data: Thus it showed m:Jlecular ion peak at 

M+ 236 (c
12

H
12

os
2

}:· It exhibited absorption bands in 

its IR spectrum {Nujol) at 1600 (weak#YC=C) and 1190 

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

reported data29 and shows that 93 exists in tautomeric 

form 93b. Its NMR spectrum (CDC13 ) exhibited a singlet 
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at [;2 .. 60 (3H) forSCH
3 

protons •. The symmetrical A2B
2 

multiplet (4H) at b 2.80-3;10 was assigned to the f::mr 

ring methylene prot:ms.. The aromatic protons appeared 

between 6 7:12-7 ,;40 (m, 3H) and the multiplet at 6 7 .·ss-
.. 

s.oo (lH) was assigned to B~8~ The enolic OH proton 

appeared as broad singlet ( lH) at 8 15.6 which is in 
•· 

conformity with the tautameric structure 93b. The 

structure ~ 93 was further confirmed by its alternative 

preparati:m.· Thus when tetralone (95) was reacted '\vith 

69 

dimethyltrithiocarbonate (96) (Scheme 34) in the presence 

of sodium hydride., the carresponding dithiaester 93 was 

formed in 24% yield 29 •· The pr':Xluct thus abtained was 

~tai ned vtas- found to be identical with 93 (m.rn.p.: and 

superimposable IR). The {3 -ket~onothioester 94 in its 

mass spectrum exhibited molecular ion peak at M+ 220 

(c
12

H
12

o
2
s). It showed a strong absorption band at 

1620 cm-
1 

which is due to H-bonded carbonyl group in 94b. 

A broad band at 3300 cm-l was due to enolic OH group. 

Its NMR (ccl
4

) spectrum showed a singlet a~ 6 2;40 (3H) 

due to scH
3 

protons and a symmetrical A
2
B

2 
multiplet 

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

aromatic protons (H-5 1 H-6 and H-7) appeared as multiplet 



' 
between 6 7.10-7 ~ 25 and the multiplet between !:: 7. 70-7. 85 

(lH) was attributed to H-8 pr8t8n. 

F8rmation of 93 and 94 from 91 is interesting 

and the same pr8ducts 93 and 94 were formed in 55% and 
d,to.~b:" 

3~/o yields, when 2l was~reActee with sodium hydride in 

the nitr8gen blanket under identical conditions. 

Similarly, when 93 was reacted with sodium hydride f8r 

26 hr under identical c:mditi8ns, n::~ trace ::~f 94 was 

obtained. These experiments show that 94 is not formPd by 
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8Xidation of 93 and both 93 and 94 are formed by independent 

r::~utes. F::~rrnati::m of 93 and 94 appears t':) involve demethy­

lation and hydrolytic cleavage of 91 respectively. 

H':)wever other keten S,S-acetals like 97 45 derived from 

acetophenone did n8t sh8W the formation of the corresponding 

13 -ketomonothioester 98 or /3 -ket::~dithioester 99 8D 

reaction with sodium hydride under identical conditions 

(Scheme 35). It appears that dithioester 93 is formed by 

a.ttack :Jf s:Jme nucleophilic species like hydride :Jr 

methylthio ani:m :m 91 present in the reaction mixture 

A 
(Scheme 36)~ ~~ pr8bable mechanism for the f8rmation of 94 

is shown in the scheme 37. The intermediate lQl formed via 

anion 101 undergoes base catalysed allylic elimination of the 

' .... ~ 
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:) 

methyl mercaptan tJ give intermediate 103. Du~ing WJrk=up 

103 appears tJ be susceptible to nucleophilic attack by 

hydroxiee ion and is converted to 94 th~ough intermediate 

anions: ~05 and 106 (Scheme 3p)~ 

In 8ur earlier studies from our lab8ratory 

it wa1s reported that the keten S 1 S-acetal 107 (Scheme 38) 

derived from benzothiopyran gives pyrimidines 111 and 

112 ::m treatment with guanidine in re£luxing ethanol in 

the presence~ sodium ethoxide
23

• FJrmatiJn ~ 112 

wa:s p::rstulated through the intermediacy of 110, which 

is formed by lr3-methylthio"l shift in 109 (Scheme 38). 

So, it appeared o£ interest to' study whether 110 could 

be isolated from 107 under our standard rearrangement 

conditions Jf 1,3~RS shift. Thus when 107 vJas reacted 

with ro dium hydride in dry dimethylformamide at room 

temperature, it underwent facile rearrangement t~give 

110 in 6rylo yield (Scheme 39) •. The formati~ Jf 110 

from 107 was very facile and it was formed even ..,,,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 sulphinium salt 113, which 8n attack by 

methylthi8 en i8n gives 110 (Scheme 39). 

76 

Thus fr8m these studies it appears that the 

cyclic ketoketen dithioacetals derived from indanone and 

tetral8ne behaved differently, while the keten s,s~acetal 

(107) derived from benz8thi8pyran gave the expected 

product of 1~3-RS shift. 



Table 

Spectral data f:Jr 2~AlkylthiJmethyl-3~Alkylthi:Jacryl:JphenJnes, (3la~g); 
. : --

3~methyl thi :Jmethylene-2-methyl thi:J-2, 3~dihydr:J~l~benz:Jthi:Jpyran~4-:Jne ( 110): 

M.s. 
Pr:Jduct m/e (M+) 

-------------·--------------
31a 238 

3lb 266 

IR (neat) 

V [~m~ 1] 

1635 (C=O) 

1638 (C=O) 

1H-NMR (CC14 ) 

f)[pPTI] 

2~05 (s, 3H 1 CH2Sc~3 )? 2.25 (s, 3H, 
j J I ' 

Vinylic SC,!::! 3 ): 3.50 (s~ 2H,C~2SCH3 }; 

7.04 (s, lH. 1 . ); 7.25-7.53 
. VlOY lC 

(m, 5Har:Jm)a. 

1.25 [tw:J t, 6H~ (SCH2SC!::! 3 )2j; 2.50 

(q, 2H, SC~2cH3 );.2~75 (q, 2H, 

SC!::!2CH3 ); 3.50 (s, 2H, C!::!2ScH2CH3 ); 

6.92 (s, lH . 1 • ); 7.25-7.80 
VlnY~lC 

(m ~ 5Har:Jm). 

......:! 
&>J 



Tabls 

31c 

31d 

(c:mtd.) 

268 

296 

b 1630 (C=O) 

1630 (C=O) 

2.00 (s, 3H, CH2sc~3 ); 2.30 (s, 

3H, vinylic SC£:i
3

); 3.45 (s, 2H, 

CH
2

SCH
3

): 3.75 (s, 3H, OC~3 ); 

6.76 (d, 3H, 2Har~m + 1Hvinylic); 

7 • 52 ( d 1 2H ) • 
ar::>m 

1.30 [tw~ t, 6H~ (SCH2Ct!3 ) 2l; 2.50 

(q, 2H, SC~2cH3 );_2.70 (q, 2H, 
.-. 

SCH
2
CH3 ); 3.50 (s, 2H, Cli 2SCH2CH3 ); 

3-80 {s, 3H, oc~3 ); 6.Bo (d, 3H, 

2H + lH . l . ) ; 7 • 55 
ar~m vJ.ny J.C 

( d, 2H ,_ ) • 
a .... ::>m 

--.1 
00 



TabJ.e (C,mtd.) 

31e 252 1635 (C=O) 

31f 294 1635 (C=O)b 

2~05 (s, 3H, E-c~3 ); 2.30 (s, 3H1 

CH
2

SCH3 ); 2.35 (s1 _3H, Vinylic 

SC.t!
3

); 3~45 (s_, 2H, C,!i
2

SCH
3

); 6.85 

(s, 1H ..... 
1

. ); 7.05-7,55 (do, 
v~ .. y ~c 

4Har')m) • 

1!'25 [d, 6H, (C.!j
3

)
2
]; 1,.30 [g, 6H, 

(Cl!3 ) 2J: 2.80~3~30 (m, 2Hmethine); 

3.57 (s, 2H1 C1:!
2

); 7~12 (s, 

lH . l. ) ; 7. 40-7 • 80 {m, 5H ) • vlny lC · ar')m · 

"'.I 
c..o 



Table (C:J.ntcJ.) 

31g 27 2. 5 16 3 5 ( c :::Q ) --

110 268 1615 (C:::ID)c 

2.10 (s, 3H, CH2sc~3 ); 2.30 (s, 3H, 

vinylic sc~3 ); 3.45 (s, 2H, c~2scH3 ); 

6.90 (s, lH . 
1

. ); 7.30-7.60 (drl, 
v~ny 1c 

4Har:Jm) • 

2.10 [s, 6H, (Sc~3 )~]; 5.40 (s 1 

lH th' ); 7.45-7.55 (m, 3H ); me 1ne ar8m 

8.07 ( s, lH . 
1

. ) ; 8.45-8.60 
v~ny 1c 

( lH )a m, ar:Jm 

------------------------------------------------------------------
ain CDC1

3
; bin nuj81 mull. , 

cin KBr. 

OJ 
0 



EXPERIMENTAL 

Melting p~ints were determined ~n 'Boetius' 

appall:"a:tus (Made in Germany) and are unc~rrected. The IR 

spectra! were rec:>rded ~n "Perkin-Elmer 297" spectr:>ph~t~~ 

meter. The NMR spectra; were recorded on varian EM-390 

spectrometer using TMS a:s an internal standard and the 

chemical shift values are expressed in S (ppm). 

The starting materials 

The commercial samples :>f acet~phenone, 

~rnethylacet~phen~ne, benzaldehyde, cinnarnic acid, 

-y-butyr~lact~ne and methyl benz::>ate were purified bef~re 

use. 

The pr~pi:>phen~ne, bp 105-1108 (8 mm) 49 ; 

~~meth~ypr:>pi::>phen::>ne, bp 145-150~ (15 mm) 50
; 

:) 51 
Jrchl:>r~pr~pi:)phen~ne, bp 115-120 ( 2 mm) -; butyr:>phen~ne, 

bp 125-130
8 

(21 mm)
48 ' 52 : c<..-tetralone (95), bp 140-lSO:J 

53 :)54 
( 10 ·.mm) ; benzalacet~phen:me., mp 5Qc.5 2 ; benza.J.-_p-

55 
methylacet~phen~ne, mp 58~59::1 ; dihydr:>cinnamic acid, 

056 57 
rnp 46-4 7 .i 1-indan::>ne ( 81),. mp 39-40

8 
; 2, 3-di hydr~-1-

::> 58 
benz~thi~pyran-4-:)ne, bp 150-155 (12 mm) were prepared 

by the reported meth~ds. 

81 



The f:::>ll:::>wing previ:::>usly rep:::>rted keten 

s,s-acetals: 3,3-bis(methylthi:::>)-2-methyl~1~phenyl=2-

:J 13 .. 
pr:::>pen-1-:::>ne (12a), bp 168-70 (13 mm) ~ 3 1 3-bis 

(ethylthi~)-2-methyl-1-phenyl-2-pr:::>pen~1~:::>ne (12b), 

bp 180-185:::> (13 mm) 13 ; 3,3~bisrmethylthi:::>)-2-methyl-1-
J 

(~meth~yphenyl)-2-pr:::>pen-1-:::>ne (12c), bp 180~185 

82 

(13 mm) 13 ; 3,3-bis(methylthi:::>)-2-methyl~l-(p-methylphenyl)--
2-pr:::>pen-1-:::>}le (12e), bp 185-90:::> (1 mm) 20 ; 3,3~bis 

(methylthi:::>)-2-methyl~1-(p~chl:::>r:::>phenyl)-2=pr:::>pen~1-:::>ne 
. ' ..... 

(12g), bp 195-200J (1 mm) 20; 3,3-bis(benzylthi:::>)-2-
-.- ' 13 ' 

:) 
methyl-1-phenyl-2-pr:::>pen-1-:::>ne (12h), mp 66 ; 3,3-bis 

(methy],thi:::>)-2-ethyl-1-phenyl-2-pr:::>pen=l~:::>ne (12i), 

bp 190-195:::> (16 mm) 13 ; 2- bis(methylthi:::>)methylene -1-
12 

tetral:::>ne (91), mp 588 
i 3,3-bis(methylthi:::>).,.,1~phenyl-2-

. 45 
pr:::>pen-1-:::>ne ( 97), mp 93:::> ; .3 -bis( methyl t hi:::> )methylene 

:::>23 
2,3-dihydr:::>-1-benz:::>thi:::>pyran-4-:::>ne (107), mp B0-81 

and the unkn:::>wn :::>nes were prepared by the general meth:::>d 

described bel:::>w: 

Generail.. meth:::>d f :::>r the preparati::m :::>£ keten S,S=acetals 

using s:::>dium t-but:::>xide 13 : 

A mixture :::>£ ket:::>ne (0.05 m:::>l) and carb:::>n 

disulfide (0.05 m:::>l) was added t:::> a well stirred and 
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C:J:Jled suspensi:Jn :Jf s:Jdium !-but:Jxide (0.10 m:Jl) in 

dry benzene (35 ml) and dimethylf:Jrmamide (10 ml). The 

reacti:Jn mixture was all:Jwed t::> stand at r::>::>m temperature 

f::>r 4 hr and methyl i:Jdide (0.11 m:Jl) was gradually 

a-dded with C::>:Jling ano stirring. The reacti:Jn mixture 

was further stirred f~.4 hr and left :Jvernight and 

then if was refluxed :m wa,ter bath f:Jr 1-2 hr. The 

reacti:Jn mixture was then p:Jured :Jver crushed ice and 

the benzene la'Yer was separa•ted. The aque:Jus layer 

wa1s extracted with benzene (2 x 50 ml) and the combined 

extract waffi wa;shed with water ( 1 x 100 ml) 4. dried ( Na12so 
4

) 

and c:Jncentrated to give crude keten dithi::>acetalsJwhich weE 

further purified either by column chr:Jmat::>graphy ::>r 

by distillati:Jn under reduced pressure. The physical 

and spectral pr::>perties ~ s::>~e :Jf the unkn:Jwn keten 

· s,s.:.acetals are given ·bel::>~Al: 

3,3-Bis(ethylthi::>)-2-methyl-1-(p-meth::>xyphenyl)~ 

(fi.M.. 

2-pr::>pen-1-::lne ( 12d) was ::>btained as,. :Jrange c:Jl:Jured 
''-

visc::>us liquid after purific3ti::>n by distillati::ln, 

bp 180-185 
8 

( 1 mm); Yield 9. o g ( 60>~); IR (neat) : 1630 em -l 
'- - . 

()/C=O)i NMR (CC1
4

): 1.05 "(-t,· 3H, SCH2C£!3 ); 1.3o· 

(t, 3H, SCH2c~3 }; 2.10 (s 1 3H, cg3 ); 2.60 (q, 2H~ SCH2CH3 ); 
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2.80 (qe 2H, Sc~2cH3 ); 3.80 (s, 3H, OC~3 ); 6~80 (d, 2Har~m); 

7 .. 70 (d, 2H ); M+ 296; (F~und: C, 60.37; H-~ 6.43; 
ar~m 

Calc. f::>r c
15

H
20

o
2
s

2 
(296): C 1 60.81; H 1 6.1-6%)-~ 

3e3-Bis(is::>pr::>pylthi::>)-2-methyl~l-phenyl~2-

Er::>pen-1-::>ne (12f) was yell::>w visc::>us liquid after 

purificati::>n by distillati::>n1_ bp 155-160
8 

( 1 mm), yield 

-1 
7.5 g (50%); IR (nea~t): 1668 em ( ))C=O); NI'1R (CC14 ): 

~,,"05 [d, 6H, (c1:!3 )
2
1; 1.3o(d, 6H"" (CH3 ) 2l; 2.15 

. . 
(s, 3H, CH

3
); 2.80-3.40 (m, 2H th' ); 7.30-7.85 - · -me 1.ne 

(rn, 5H ); M+ 294; (F::>u~d: C, 65.78; H 1 7.83; Calle. f::>r 
ar::>m 

c
16

H
22

os
2 

(294): c, 65.31; H, 7.4cf~;). 

~ ( 64) was ::>btained as light yell::>w prisms after purifica.-

ti-:m by c::>lumn chr~mat::>graphy 'JJ.le.r silica.gel using hexane: 

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

J -1 
mp 66 (~hl~r::>f::>rm:hexane); IR (Nuj::>l): 1660 em <))c=o)i 

NMR (ccl
4

): 2.35 (s, 3H, SCB
3

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

. + 
4~35 (s, 2H, cg

2
); 7.1o-7.75 (m, lOHar::>m); M 314; 

(F8und: c, 68.34; H, 5.37; calc. f~ c
18

H18os
2 

(314): 

C, 68.79; H, 5.73 
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3,3~Bis(methylthi8)-2-benzyl~1~(p=methylphenyl)~ 

2~pr8pen-1-8ne (76) was 8btained as yell8w needles 

=:!.fter purificati8n by C8lumn chr8mat8graphy :JVer silica 

gel using hexane; ethylacetate (9:1) as eluent. Yield 

. J -1 
6.56 g (40%)i mp 74~75 ; IR (Nuj8l): 1640 c~ ( .Vc=c): 

··-
NMR (CC1

4
) 2e00 (s, 3H, £-cg3 ); 2.35 (s, 3H, SC~3 ); 

... 
2.45 (s, 3H.,. SCH3 ); 4.00 (s, 2H, CH

2
); 6.95-7.50 

(m, 9H ); M+ 328; (F8und: c, 69e87; H, 6.46; Calc. ar8m 

2- BisSmethylthi8)mcthylene ~1~indan8ne (82) 

wa£ :lbtained as yell8vv shining needles after purificati8n 

by c8lumn chr8mat8graphy 8ver silica gel using hexar.e: 

ethylacetate ( 1:9) ras eluent~ Yield 8~25 g ( 7 Cf'/o) ; mp 
I 

7G-71 8 ; IR (NUj8l): 1663 
~1 

()) C=O) i N~1R (CC1
4 

).: em 

2.52 ( s, 3H, SC!i3 } i 2.55 ( s, 3H 1 SC_!:!3 ) i 3. 78 ( S 1 2Hr C,!:!
2 

) ; 

+ . 
7.30-7.90 (m, 4H ); M 236; (F8und: C, 61.48·; H,.. 5.37; ar8m 

Dibenz8yl')netha ne ( 75) was prepared by a m8dified 

pr8cedure 3S f8ll8ws: 

T8 a well stirred suspensi8n 8f S8dium hydride 

(6g, 5CJ'/o suspcnsi8n, 0.12 m81) in dry benzene (250 ml) .. 



methyl benz8ate (27 g, 0~2 m8l) waB' added dr8pwise with 

refluxing. A S8luti8n 8f acet8phen::me (12 g, 0.1 mol) 

in 150 ml ::>f benzene was auded dr8p~_,.rise 1..\'ith stirring 

and refluxing ~er a1peri8rl 8f 4 hr and the reacti::>n 

mixture was further refluxea w~~h stirring f8r 3 hr. 

The reacti::>n mixture was left 8~ernight, p::>ured 8ver 

cushed ice and acidified Wl th c ::ncentrated sulfuric 
;\fl-'YYI~ 

a:cid ( 10 ml). The 8rga.nic la>yer was sepe.rated and too 

aque::>us laJyer wa's extracted with benzene ( 3 x 250 ml) 

and the c8mbined extract wa-s wa1shed with 5·% S8dium 

bicarb::>nate s::>luti::m ( 1 x 50 ml) and then with water, .. 

dried (cacl
2

) and c::>ncentrated ::>v'3r water bath~ The 

unreacted methyl benz::>a~e was rem~ed by distillati::>n 

under reduced pressure and the crude dibenz8yl']methane 
.. 

was transferred int::> a1 250 ml beaker while h8t. The 

crude dibenz::>yl'.)nethane was s::>lidified 8n c::>8ling and 

waB purified by recrystalliza~i8fl fr::>m methan::>l, yield 
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. ' J J 59 . 
13.0 g (6~/o),.mp 72~73 C (rep::>rted mp 73 ) ; IR (NUJ::>l): 

. ·. 

1600 cm-1 
< Vc _

0 
) , NMR < cc 1 4 ) : 6 • 7 o ( s, .· ·1H . 

1 
. - , . _ . _ .. v 1 n y 1c , en::>l fr::>m); 

7.3Qc..7.45 (m, 6H ); 7e80-7.95 (m.,.·4H ). · ar8m ar8m · 
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Preparati::ni.'3f 34'3-bis(methylthi'3)-2-benz:::>yl-l-phenyl-2-

pr:::>pen-l-:::>ne (2!) 60
: 

T:::> a soluti:::>n :::>f dibenz:::>yl methane (75) 

'(2.24 g, o.ol mol) in dimethvl sulf:::>xide (10 ml), a 

solution '3f KOH (1.2 g, 0.02 mol) in water (2 ml) and 

carb::m disulfide ( 2.4 g, 0.03 mol) waB added dr:::>pwise 

:wer a peri :::>d '3f 2 hr with stirring and C:::>:Jling. After 

further stirring for 4 hr, dimethyl sulfate (2.6 g, 

·o.02 mol) was added dropwise with ice c:::>:::>ling and it 

was further stirred F.l•t r:::>om temperAture f:::>r 2hr. The 

reacti:m mixture was then. p:rured :::>ver 200 ml ::>f ice 

cold wa,ter 1 extracted with chl:::>r:J£?Tffi, dried ( Na
2
so 4 ) 

--
and c:::>ncentrated to g:i,ve crude 74, which was purified 

by c:::>lumn chr:::>mat:::>graphy JVer silica gel using ethyl 
. 

acetate:hexane (1:4) as eluent. The pr'3duct ::>btained 

as a1 yell:::>w crystals, mp 6·7-68:::> (rep:::>rted 68-69:::>c) 61 ; 

-1 
yield·o.6 g (25%), IR (Nuj:::>l): 1650, l660cm <Vc=a); 

NMR (CC14 ): ·2.10 _s 1 6H, .(SC£i
3

)
2 

·; 7.io-7.50 (m_, 6Har:::>m); 
.. + . 

7.So-7.95 (m,. 4H }; M 328; (F:::>und~ c 1 65.47; 
· . . ar:Jm 

H:-~ 4• 43; cau.'c. f:::>r c
18

H
16 

o
2
s

2 
( 328): c., 65-~ 85; H: 4. 88%). 

·c~..:.-Benz;ylacet:Jphen:::>ne (..§,2) wa'S prepared by slight 

· m:Jdificati:::>h :::>f the rep:::>rted pr:Jcedure62 by hydr:::>genati:::>n 
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Jf benzalacetophenone ~ver Raney Ni instead of Platinum 

catalyst. Thus 20.8 g (0.1 m:Jl) .o£ benzalacetophenone 

was dissolved in 150 ml 'of :hot ethano:iL and 1.vas 
Ct 

hydrogenated in/ ferr hyerogenation apparatus ::rver Ran~y 

Ni ( 15 g) art 50 psi for o. s· hr. The catalyst was CcJLLc.,\-<..J 6d­
¢l~~ 
~ and the solvent was evaporated t~ yield 19.0 g 

:) 
(9ry/o) of 63 as white shining plates, mp 68-69 (reported. 

J 62 mp 70-71 c) • 

d~-Benzyl-p-methylacetophenone was similarly prepared 

by hydrJgenation of 22.2 g of benzal-p-roethylacetophenone• 

The product was obtained as white shinfing plart:es; yield 

J 0 63 
18.0 g (80%)# mp so.;.s2 c (rep:Irted mp 50~51 c) •. 

Attempted isomerisation :J£ 3,.3-bismethylthio-2-me~hyl-1-' 

aryl-2-propen-1-one (12a) with ethanolic sodium ethoxide: 

To a1 soluti:rn of sodium ehoxide (prepared :by 

dissolving sodium, 0.02 a~om, in 30 ml of abs~lute alcohol), 

the keten s,s-acetal 12a; (2.38 g, o.ol mol) wa-s added 

and the solution was stirred ak room temperature for 

10 hr ... · The solvent was distilled off and the residue 

w~s quenched with crushed ice. It was extracted with 

chloroform, washed with water and dried. Evaporation of 



the s8lvent gave the unreacted starting material. 

o..._ 
In an alternate experiment when t.f:le 5ame 

89 

reacti8n mixture was refluxed with stirring f8r 10 hr, 

w8rk-up 8f the reacti8n mixture yielded 8nly intractable 

p8lymeric material and n~ ~s~~~ifiable c~p8und c8uld 

be is8lated. 

Base catalysed rearrangement 8f 3,3-bis(alkylthi8)-2-

methyl-1~aryl-2-pr8pen-l-8nes ( 12a-_t) t8 2~alkylthi8 

methyl~3-alkylthi8acryl8phen8nes (31a-f); General 
--::=-'" 'C:. 

Pr8cedure: 

A s8luti8n 8f 12 (O.Ol m8l) in dry dimethyl 

f8rmamide (20 ml) was added dr8pwise 8ver a peri8d 8f 

15 minutes t8 a well stirred suspensi8n 8f S8dium 

hydride (2g, 5~/c suspensi8n, 0.04 m81) in 20 ml 8~ 

dimethylf8rmamide ~ 50-608 • The reacti8n mixture was 

further stirred at 50-608 f8r 2.5 t8 3.5 hr. It w~s 

then p8ured 8ver crushed ice (100 g), neutralised with 

dilute acetic acid, extr3cted with chl8r8f8rm (3 x 30 ml) 

and the c8mbined extract was washed· with water 

-
(4 x 100 ml), dried (Na

2
so

4
) and evap8rated t8 give a-1 

residue, which was chr8mat8graphed 8ver silica1 gel. 
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Eluti8n with hexane:ethylacetate (9:1) mixture gave first 

the unreacted starting materials 12arf and further 

eluti8n with hexane:ethylacetate (4:1) mixture yielded 

pure rearranged pr8ducts 31a~f, The physical and 

spectral data 8f 3la~! are given bel8W1 while their 

spectral data· are described in table. 

3-Methyl thi 8~2-methyl t hi 8methyl-1-phenyl~2-

pr8pen-l-8ne (3la) was 8btained as yell8w visc8us 8il, 

( TLC single sp8t) ~ yield o. 83 g ( 35%) (55% 8n the basis 

f~ rec8vered starting material); M+ 238; (F8und: c, 60.15; 

3-Ethylthi8~2-ethylthi8methyl~l~phenyl-2~ 

pr8pen-1-8ne (31b) was 8btained as 8range visc8us 8il, 

(TLC single sp8t), yield 1.15 g (43%) (5~/o 8n the basis 

8£ rec8vered starting material); M+ 2667 (F8und: 
. 

c, 63.57; H, 6.34; calc. f8r c
14

H18os
2 

(266)~ c~ 63~16; 

HI 6,77%). 

3-Methylthi8-2-methylthi8methyl-l~ 

(p-meth8xyphenyl)~2=pr8pen-l-8ne (31c) was 8btained as 

8range s8lid, mp 57-588 (hexane), yield 1.3 g (45%) 

(7rylo 8n the basis 8f rec8vered starting material); 



M+ 268; (F:)Und: c_., 58..63·; H 1 5.56; Calc. f:)r c 13H16o2s2 

(268): C, 58.21; R, 5 .• 97%).. 

2-pr::::>pen ... l~::me ( 31d) was ::::>btained as ::>range visc::::>us ::::>il-, 

(TLC single spot); yield 1~2 g (40%) (61% ::::>n the basis 
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o£ rec::::>vered starting material); M+ 296; (Found: c, 60.48; 

3~Methylthio-2-methylthi::::>methyl-1~(p-methylphenyl)~ 

2-propen-1-::::>ne (31e) was obtained as red visc::::>us ::::>il, 

(TLC single spot); yield 1.0 g (36%) (6alo ::::>n the basis 

of recovered starting material); M+ 252 (Found: c, 61.53; 

3~Isopropylthi::::>-2-isopropylthi::::>methyl~l­

phenyl~2-pr::::>pen-1-one (31f) was obtained as light yellow 

prisms, mp 46-47° (hexane); yield 0.9 g (3~/o) (45% on the 

basis o£ rec::::>vered starting material); M+ 294 (F:)und: 

c, 65.67; H, 7.86; calc. f:)r c 16H
22

os
2 

(294): c, 65,31; 

H, 7.48). 

In an another experiment when 12a (1.2 g; 
... 

0.005 m:)l) was treated with s::::>dium hydride (0.02 mol) 
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in dimethylf8rmamide (20 ml) under identical reacti8n 

c8nditi8ns f8r l8nger time (12 hr) 1 the reacti8n mixture 

after w:Jrk-up and pur if ica ti8n as described ab:Jve 

yielded 8nly 120 mg ( 10'/o) 8f 31aJ ( superimp8sable IR and 

NMR) al8ng with intractable p8lymeric material while 

starting material 12a wAs c~nsumed c:Jmpletely. 

:E-1:'1 an alter LEite e:icperimentt~en a s:Jluti8n 8f 

12a (1 • .2 g, o.oo.5 m-:>1) in dimethylf:Jnnamide (20 ml) was - . 

treated with S8dium hydride (0.02 m:Jl) at l:Jwer temperature 

(0-5
8

) f8r 6 hr, the re~cti8n mixture, after w8rk~up 

and purificati8TI as described in the ab:Jve general 

pr:Jcedure yielded unreacted starting material 12a1 

(superimp8sable IR and NMR)~ 

Similarly, when 12a (1.2 g, o.oos m:Jl) was 

treated with catalytic am:Junt ::Jf s:Jdium hydride ( 0,.1 g, 

50% suspensi:Jn) under identical reacti:Jn c:Jnditi:Jns f:Jr 

6 hr, the re.:::~.cti8n mixture after w:Jrk=up and purif·i_cati:Jn 

a-s described ab:JJJe yielded o. 25 g ( 10'/o) 8f 3la (super~ 

imp8sable IR and NMR). In an an:Jther experiment 1 when 

the same reacti:Jn under identical c8nditi:Jns was 

c:Jntinued f:Jr 15 hr with catalytic am8unt :Jf s:Jdium hydride, 



93 

w~rk~up and purific:J.ti~n ~f the re'3.cti:::m mixture :1s 

ab~ve yielded o.6 g ( 25%) ~f 3la ( superimp~sa.blc:: IR c;, N!'1R'. 

The re3.cti~n ~f 12a ( 1. 2 g, o.oos m::Jl) with 

excess ~f NaH (0.04 m~l) under identical reacti~n 

c~nditi~ns yielded after the usual w~rk~up and purificati::Jn 

0.35 g (30'/o) ~£ Jla1 (superimp~sable IR and NMR). 

Similarly in an attempt t~ increase the yield 

~f 31a, when 12a1 (2.38 g, o.ol m~l) was treated under 

identical c~nditi~ns with s:>dium hydride (0.04 m:>l) in 

dimethylf:>rmamide (30 ml) under nitr:>gen atm:>sphere, 

the re3cti:>n mixture after usu~ w~rk~up and purificati:>n 

yielded 0.4 g (35%) :>f 3la (superimp::Jsable IR and NMR) 

and there was n:> increase in the yield :>f 31a. 

Attempted rearrangement :>f 12a t:> 31a in benzene: 

A s:>luti:>n :>£ 12a (1.2 g 1 0.005 m:>l) in 5 ml 

:>f benzene was added t~ a stir.red suspensi ::m :>f s:>dium 

hydride in 20 ml :>f dry benzene at 80~908 and the 

reacti~n mixture was refluxed with stirring f:>r 10 hr. 

The reacti~n mixture after usual w~rk-up and purificati~n 
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yielded the unreacted starting mate:cial 12~: : superimp:>sable 

IR and NMR) and n:> trace :>f 3la ~va.s :E:JrmeC (TLC). 

Rearrangement :>f12a t:> 3la in tetrahedr:>furan: 

T:> a1 stirred suspensi :>n :>f s:>dium hydride 

(0.02 m:>l) in 25 ml :>f dry tetrahydr:>furan at 50~60Jr 

a, s:>luti:>n :>f 12a (1.2 g, o.oo5 m:>l) in 5 ml :::>£ dry 

tetrahedr:>furan was added and the reacti:>n mixture was 

refluxed with stirring f:>r 3 hr. The reacti:>n mixture 

after the usual w:>rk~up and purificati:>n yielded :>nly 

60 mg (5%) :>f 31a (superimp:>sable IR and NMR) a~:>ng with 

0.9 g :>f unreacted starting material. 12a; (superimp:>sable 

IR and NMR). 

In an an:>ther experiment when the same reacti:>n 
':) 

mixture in tetrahydr:>furan wa1s refluxec at 65-70 f:>r 

12 hr, the reacti'Jn mixture a~ter usual w:>rk-up and 

purificati:>n yielded o.35 g (30"/o) :>f 3la1 (superimp:>sable 

IR and NMR) al:>ng with 0.4 g :>f unreacted starting 

material 12a (superimp:>sable IR and NMR) .. 



95 

ReactiJn 8f 12a with s8dium hydride in the presence 8£ 

hydr:::quin::me: 

... 
A mixture 8f hydr8quin8ne (0~1 g, o.ool m8l) 

and 12a' ( L, 2 g, o. 005 m8l) in 10 ml dry dimethylf8rmamide 

was sl8wly added t8 a suspensi8n 8f s8dium hydride 

~1.5 g, 50% suspensi8n, 0.03 m8l) in 15 ml 8f dry 

dimethylf8rmamide at SG-60
8 

and under nitr8gen 

atm8sphere, with stirring., The rea.cti8n mixture was 

stirred f8r further 3 hr. The reacti8n mixture after 

W8rk-up and purificati8n described in the general 

pr8cedure yielded Oo4 g (33%) 8f 3la (superimp8sable 

IR and NMR) o 

Reacti8n 8f 12a with S8dium hydride in the presence Jf 

dibenz8yl per8xide: 

.. 

A mixture 8f 12a (1.2 g, o.oos m8l) and 

dibenz8yl per8xide (100 mg) in 5 ml 8f dry dimethyl-

f8rmamide was added sl8wly (15 min) t8 a well stirred 

suspensi8n 8£ s8dium hydride (1 g, Sry/o suspensiJn, 

o.o2 m8l) in 15 ml 8£ dry dimethylf8rmamide. at 50-60
8 

and the stirring C8ntinued f8r further 3 nr~ The 
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reacti~n mixture after w~rk-up and purific3ti~n.3s 

described in the earlier experiments~ yielded 0.43 g (36~) 

~f 3la ( superimp~sable IR and NHR) ~ 

Attempted equilibr~ti~n ~f 3la t~ 12a: 

A s~luti~n ~f 3la (0.6 g, o.0025 m~l) in 5 ml 

dry dimethylf~rmamide was added t~ a suspensi~n ~f 

s~dium hydride (O.Ol m~l, 50~ suspensi~n) in 5 ml ~f 

dry dimethylf~rmamide and the reacti~n mixture was 

stirred at 50-60~ f~r 4 hr. The reacti~n mixture after 

the usual w~rk~up gave a crude residue, fr~m which n::J, 
I 

'4, 
identiffoable c~mp~und could be is~lated and n~ trace 

Jf 12a was detected (TLC). 

phenyl)~2~pr~pen~l-~ne (~) with sodium ~ydride: 

T~ a1 well stirred suspensi~n ~f s~dium hydride 

(0.04 m~l, 50% suspensi~n) in 2~ ml dry dimcthylf~rmamide 
~ .. 

at 50-60 ~ a s~luti~n ~f 12g (2.73 g, o.ol m~l) in 

15 ml ::Jf dry dimethylf::Jrmamide w~s added sl~wly with 

stirring and the reacti::Jn mixture was stirred at 50-60::J 
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f~r 5 hr. The reacti:Jn mixture after w:Jrk~up as 

described ab::lve gave red visc:Jus liquid/ which was purified 

by c:Jlumn chr:Jmat Jgraphy :Jver silica gel.. Eluti:Jn with 

hexane:ethylacetate (95:5) yielded 0 .. 7 g (25%) :Jf 

3,3=bis(methylthi:J)-2-methyl-1-(p-methylthi:Jphenyl)-2-

pr::lpen-1-Jne (32) as red visc:Jus liquid; (TLC single sp::lt); . -
+ 

M 284 (F:Jund: C, 55.15; H: 5467; Calc~ f::lr c 13H16os 3 (284): 

c., 54 .• 9 3; H, 5. 63%). The spectral data f ::lr 32 ).-5' aAe.-

described in text. 

Further eluti:Jn with ethylacetate:hexane (1:9) 

yielded o .• 6 g ( 22%) :Jf 3~methylthi8~2-methylthi:Jmethyl-1-

(E~chl8r8phenyl)~2=pr8pen~1~::lne (~) as red visc::lus ::lil; 

(TIC single Sp8t); M+ 272.5 (F:Jund: c., 52 .. 48; H, 4 ... 93·; 

Calc. f:Jr c
12

H
13

clos
2 

(272.5): c, 52 .• 84; H, 4 .. 77%) .. The 

spectral data f:Jr 31g is described in table 1~ 

Subsequent eluti::ln with ethylacetate: hexane ( 1:4) 

yielded 0 .• 55 g (200/o) :Jf 3-methylthi8a.2~methylthi::lmethyl-1-

(p~methylthi8phenyl)~2~pr8pen-l-8ne (33) as red visc:Jus - -
liquid (TLC single sp::ltb M+ 284 (F:Jund: C, 54.67; H, 5 .• 38; 

calc .• f:Jr c
13

H
16

os
3 

(284)': c, 54 .• 93; H, 5.63%). The 
())v?.... 

spECtral data f::r 33 ~described in the text. 
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ReactiJn Jf 3,3-bis(benzylthiJ)~2-methyl-l~phenyl~2-p~Jper­

l-Jne (l:l.b) with SJdium hydride; FJrmatiJn Jf 2-ben~y"l'thiJ~ 

3-methyl-4,5=diphenylthiJphene (36): 

A SJlutiJn J£ 12h (1.95 g, 0.005 mJl) in 10 ml 

~~ dry dimethylfJrmamide was added drJpwise tJ_a well 
.. 

stirred suspensiJn Jf SJdium hydride (0.02 mJl, 50% 

suspensiJn) in 15 ml Jf dry dimethylfJrmamide at 50-60J 

and the reactiJn mixture was stirred at 50-60J fJr 6 hr. 

The reactiJn mixture after usual WJrk~up/fJllJwed by 
_A, 

chrJmatJgraphic purificatiJn J~r ~ilica gel CJlumn using 

hexane as eluent yielded 0.95 g (50%) Jf 36 as_white needles, 

mp 91~92J (hexane); M+ 372 (FJund: c, 77.83~ H, 5~71~ 

Calc. fJr c 24H20s
2 

(372): C, 77,42; H, 5.38%). The 

spectral data Jf 36 is described in the text. 

ReactiJn Jf 12b and 12c with SJdium hydride~ A •crJSSJver' 

experiment: 

A mixture Jf 12~ (2.66 g, 0.01 mJl) and 12c 

(2.68 g, 0~01 mJl) in 25 ml Jf dry dimethylfJrmamide was 

added drJpwise tJ a well stirred suspensiJn -Jf SJdium 

hydride ( 0" OR mJl, 50".t suspens iJn) in 40 ml Jf dry 



dimethylf:Jrmam-1_1]e a': 50~55 8 and the reacti:Jn mixture 

was stirred at 50-55-:J f:Jr 3 hr. The reacti:Jn mixture 

after usual w:Jrk-up gave red visc:Jus liquicl, wfuioh W3S 
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purified by c:Jlumn chr:Jmat:Jgraphy :Jver silica gel, Elution 

with hexane:ethylacetate (95:5) gave a1mixture :Jf unreacted 

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

eluti:Jn with the same s:Jlvent mixture yielded a mixture 

(TLC singJ.e sp:Jt) :Jf f:Jur p:lssible pr:lducts, 31a, 3lb, 57 

and 58 (NMR and Mass). Thus its M4R (Ccl4 ) spectrum 

displayed signals due t:l ab:lve menti:lned f:lur pr:lducts. 

The mass spectrum :Jf this mixture gave the f:lll:lwing 

significant peaks; m/e 266 (95%), 252 (100%), 238 (100%) 

223 (85%), 205 (9CYJ,), 191 (95%), 175 (90"/oL, 105 (100'/o) etc.., 

The peaks at m/e 266, 252 and 238 are the m:llecular i:ln 

peaks 3f 31b, (57 :Jr 58), and 31a, thus pr:Jving the presence 

Jf the c:Jrss:lver pr:lducts (particularly 57 and/:lr 58) in 

·the mixture. 

Further eluti:ln with ethy1acetate;he~ane (1:4) 

mixture, gave an :Jrange :Jil, (TLC single Ep:lt), which 

als:l in its NMR spectrum displayed signals due t:J f:Jur 

p:lssible pr:lducts, 3lc, 3ld~ 59 and 60. Its mass spectrum 

displayed the f:lll:lwing significant peaks: m/e 296 (10.3~), 

282 (40,5%), 268 (70%), 253 (20%), 235 (50%), 221 (80%), 

135 (100/c) etco The peaks at m/e 296, 282 and 268 are 
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the m:>lecular i:>n peaks ::>£ 3ld,· (59 and/:>r 60) and 3lc, 

thus pr:>ving the presence :>f the cr:>ss:>ver pr:>ducts 

(particularly 59 and/:>r 60) in the· mixture. 

Reacti:>n :>f 3lc with s:>diur.. hydride in the presence :>f -
ethylmercaptan: 

--
A s:>luti:>n :>f ethyl mercaptan (0~6 g, o.ol m:>l) 

in 2 ml :>f dimethylf:>rmamide was added sl:>wly t:> a1 well 

stirred suspensi:>n :>f s:>dium hydride (lg, 5~/o su~pensi:>n, 

·'· 
0.02 m:>l) in dry dim€thylf:>rmamide (10 ml) under nitrJgen 

blanket at r:>:>m temperature~ A s:>luti:>n ::>£ 3lc (0.8 g, 
.. 

0.003 m:>l) in dry dimethylf:>rmamide (3 ml) was added sl:>wly 

t:> the reacti:>n mixture with stirring and the reacti:>n 

temperature was raised upt:> 50:> ~nd the stirring c:>ntinued 

at this temrerature and under nitr:>gen blanket f:>r further 

30 minutes. After the usuill w:>rk up, the crude pr:>duct 
()._ 

sh:>wedtsingle sp:>t (maj:>r) :>n TLC and it was purified by 

p~ssing thr:>ugh silica gel c:>lumn using ethylacetate; 

hexane (1:4) mixture as eluent. The pure :>range :>il 

(TlC single sp:>t) thus :>btained was als'Jj a mixture Jf 

f:>ur p:>ssible pr:>ducts 1 31c, 31d, 59 and 60 (NMR and Mass). 
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Reacti:>n :>f ~ with s:>dium hydride in the presence :>f 

ethylmercaptan (added alkylthi:J ani:>nl: 

A mixture :>f ethylmercaptan (1.2 g~ 0.02 mJl) 

and 12b (2.66 g~-0.01 m:>l) in 15 ml :Jf dry dimethylf:Jrmamide 
tll~ ~ \llt'Acb.A-

was~reacted with sJdium hydrideAidentical cJnditi:>ns as 

described in the preceding experiment f:>r 2 hr.._ The 

reacti:>n mixture after usual wJrk-up fJllJwed by cJlumn 

chr:>matJgraphic purificati:>n :>ver silica gel gave 1.2 g 

(45%) Jf 31b (superimpJsable IR ~ NMR) al:>ng with o.B g 

{ 30'/o) :>f 12b ( superimpJsable IR and NMR). 

Attempted rearrangement Jf 12i tJ 62: 

when 12i (2.52 g~ 0.01 mJl) waB treated with 

s:ldium hydride (0.04 mJl, 50% suspensiJn) in dry 

dimethylfJrmamide (30 ml) under identical reactiJn 

c:>nditiJnsfJr 10 hr, the reacti:Jn mixture after usual 

wJrk-up fJllJwed by cJlumn chr:>matJgraphic purificatiJn 

yielded 2.30 g (90't) :>f unreacted starting material, 

12i ( superimpJsable IR and NMR ), .. 
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Rearrangement studies 8n 3,3~bis(methylthi8)-2-benzyl~1~ 

phenyl-2-pr8pen-1-8ne (64); Reacti8n 8f ~with S8dium, 

hydride: 

A S8lutiJn 8f 64 (3.14 g, o.ol m8l) in dry 

dimethylf8rmamide (10 ml) was added t8 a stirrGd suspension 

8f s8dium hydride ( o.o3 m8l) in 20 ml :)f dry dimethyl~ 

f8rmamide at 35~408 and the reacti8n mixture was stirred 

at thiSfemperature f8r 2 hr-· The reacti8n mixture after 

usuill W8rk~up as described in the earlier e~periments 

yielded 2G7 g (85%) 8f red visc:)US liquid •. The crude 

reacti:)n mixture thus Jbtained sh:)wecl5 sp:)ts :)h TLC,. 

which were separated by c8lumn chr:)mat:)graphy 8ver 

silica gel. Eluti8n with hexane:ethylacetate (99:1) 

gave fi:t:~!: 160 mg (5%) 8f 64 (superimp:)sable IR, Nlvffi 

and rnmp) 

Further eluti8n with hexane:ethylacetate (95:5) 

gave 1~1 g (35%) 8f 3-methylthi8-2~methylthi:)methylchalc8n2 

(65) as red visc8US Jil; (TLC single sp8t); M+ 314 (F:)und: 

C, 68~43; H-,, 5,.47; Calc; f8r c 18H18os
2 

(314): C, 68~79; 

O)V-

H, 5.73%), The spectral data f8r 65 _;i,-S described in 

the text. 
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Further elutiJn with ethyiacetate:hexane (5:95) 
.. 

gave 0.5 g (15~) Jf 2~Cc{~methylthiJbenzyl)=3-methylthiJ~ 

acrylJphenJne (66) as red viscJus Jil, (TLC single spJt)i 

M+ 314 (FJund: c, 68.53; H, 5.47, calc. fJr c 18H
18

os
2 

(314): c, 68.79; H, 5.73%), .. -'J'he spectral data fJr 66 
(}}.Jf-· 
;v.:( described in the text. 

subsequent elutiJn 'ilvi th ethyi{acetate: hexane 

(1:9) gave 130 mg (5%) J£ 3-methylthiJchalcJne (68) as 

J + light yellJw SJlid, mp 94-95 (hexane): M 254 (FJund: 

c, 75.93; H, 5.87; calc fJr c 16H
14

os (254): c, 75.59; 

H, 5.51%).. The spECtral data fJr 68 is described in 

the text. 

Further elutiJn with ethylacetate:hexane (1:4) 

gave 0.45 g (20'/o) J£ 3-,3-bis(methylthiJ)-1-phenyl~2~prJpen-

1-Jne (67) as light yellJw sJlid, (mp, mmp, superimpJsable 

IR, NMR and Mass). 

()-.. N,c_~ 
In an a±t:ernate experiment·; 6_ (l.o g~ 0.05 rnJl) 

was reacted with SJdium hydride (0•015 mJl) in dry 

dimethylfJrmamide (20 ml) under identical reactiJn 

cJnditiJns fJr 8 hr. The reactiJn mixture was then 

pJured Jver crushed ice, acidified with 20% acetic acid, 
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\1b- C-o>M--6{~ t X-~ u(­

extracted with chl::)r::)f::)rm (2 x 50 ml) and~washed the 

C::)mbined extract with w~er (4 x 50 ml)~ The Jrganic 

layer thus Jbtained was washed with saturated S::)dium 

bicarb:mate S::)lutiJn ( 2 x 50 ml) and then with wa·:ter 

( 2 x 50 ml) •. The chl::)r::)f Jrr.1 l.J.yer was then dried ( Na
2
so 

4
) .· 

C::)ncentrated and purified by C::)lumn chr~mat::)graphy ::)Ver 

silica gel using ethy~cetate:hexane (1:4) as eluent t::) 

give first 130 mg (1~/o) ::)£ 68 (superimpJsable IR, NMR and 

mmp) and o.B g (7ry/c) Jf ·67 (superimp::)sable IR, NMR and 

mmp)• 

AcidificatiJn Jf the S::)dium bicarb::)nate extract 

with dilute hydr::)chl::)ric acid gave a S::)lid SUSpenSi::)0 1 

which was extracted with ether. Evap::)ratiJn ::)£ the ether 

gave 0.12 g ( 20%) ::)£ benz::ric acid (mmp, superimp::)sable 

IR and NMR) 

Similarly, when 64 (1.6g, 6.05 m::)l) was treated 

with S::)dium hydride (0.015 ffi::)l) in dry dimethylf::)rmamide 

under identical reactiJn C::)nditiJn~knd under nitrJgen 

atmJsphere fJr 3 hr, the reacti8n mixture after usual 

w8rk=up fJll::)wed by chr::)mat8graphic purificatiJn yielded 

o.s g (51%) ::)£ . ..§.§. (superimp::)sable IR and NHR) a:1d o.5 g 
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(32%) ::>f 66 (superimp::>sable IR and NMR) ::>n eluti::>n with 

hexane. 

3,5-Dipbenyl-4-methylthi::>methylpyraz::>le (69); Pr::>cedure: 

(ct! 5"'YY1W\JL,z 

A s::>luti::>n ::>f 65 (1.6 g,_ o.oos m:.:>l) and hydrazine 

hydrate (0.5 ml) in ethan::>l (15 ml) was refluxed f::>r 60 hr. 

c::>:.:>ling :.:>f the reacti::>n mixture yielded white S8lid,which 

was recrystallized fr8m ethan:.:>l. Yield ::>f the pyraz::>le 69 

J -1 
was o.s g "(57%); mp 171-173 ; IR (Nuj::>l): 3200 em ( j)NH); 

NMR (CDC1 3 ): 1.65 (.s, 3H1 CH2SC!;!3 ); 3;,35 (s, 2H, CH2ScH3 ); 

. + 
6.70-7.50 (m., 10H }; M 280; (F::>und: C, 72.47; H, 5.34;. ar::>m 

·-
N, 10 • 00'/c, } • 

Reacti::>n :.:>f 3,3-bis(rnethylthi:.:>)-2-benz:.:>yl-1-phenyl-2-

pr:.:>pen-1-:.:>ne (2!) with s:dium hydride: 

A s::>luti::>n ::>f 74 ( 1 •. 64g,, o.oos m::>l) in dry 

dimethylf:.:>rmamide (5 ml) was added sl:.:>wly (10 min).t:.:> 

a well stirred suspensi:.:>n :.:>f s:.:>dium hydride (1 g, 50'/o 

suspensi::>n, 0.02. m::>l) in 15 ml :.:>f dry dimethylf::>rmamide 

at 35-408 with stirring and stirring c:.:>ntinued f:.:>r 
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further 6 hr, when TLC shJwed CJmplete disappearance 

Jf starting material with Jnly Jne majJr prJduct. The 

reactiJn mixture was pJured Jver crushen ice, acidified 

with zry/n acetic acid, extracted with chlJrJfJrm (3 x 30 ml) 

and washed the CJmbined ext~~c~ with water (1x 50 ml). 

The Jrganic layer thusbbta ined was washed with saturated 
I 

SJdium bicarbJnate SJlutiJn (2 x 50 ml) and then with 

water (2 x 50 ml). The chlJrJfJrm layer was then dried 

(Na 2so4 ), CJncentrated and purified by CJlumn chrJmatJ­

graphy Jver silica gel using ethylacetate:hexane (1:4) 

mixture as eluent tJ give 0.9 g (80%) Jf 67 (mp, mmp; 

superimpJsable IR, NMR and Mass). 

AcidificatiJn Jf the sJdium bicarbJnate extract 

with dil. hydrJchlJric acid, g3ve a SJlid suspensiJn~ 

which was extracted with ether. EvapJratiJn ?f the ether 

:r·· 
gave 0.25 g (4rylo) ~f white sJlid, mp 120-121 1 which was 

identified as benzJic acid. {mmp, superimpJsable IR, NMR 

and Mass). 

ReactiJn Jf 3,3-bis(methylthiJ)-2-benzyl-1-(p.methylphenyl)-

2-prJpen-1-Jne (~) with SJdium hydride: 

A SJlutiJn Jf 76 (1.64 g, o.oos mJl) in dry 

dimethylfJrmamide w~s treated with SJdium hydride (0.15 mJl) 



107 

f:::>r 9 hr under identical c:::>nditi:::>ns as described f:::>r 64" 

The :::>rganic extract :::>btained, after usual w:::>rk~up as 

described in the preceding experiments~ was washed with 

saturated s:::>dium bicarb:::>nate s:::>luti:::>n (2 x 50 ml). The 

bicarb:::>nate extract, after acidific~ti:::>n with dilute 

hydr:::>chl8ric acid, gave a white s:::>lid suspensi:::>n, which 

was extracted with ether (3 x 25 ml). Evap:::>rati:::>n :::>f the 

ether gave 0.3 g :::>f white s:::>lid, which was c:::>nfirmed as 

a mixture :::>f benz:::>ic acid and p-t:::>luic a-c-id by NMR, IR 

and melting p:::>ints. Thus a part :::>f the s:::>lid melted at 

119~1208 (rep:::>rted mp :::>f pure benz:::>ic acid is 122.48C) 

and the remaining part :::>f it melted at 176-178:::> (pure 

p-t:::>luic acid melts at 179~1808 ). 

cati:::>n by c:::>lumn chr:::>mat:::>g ~phy :::>ver silica gel using 

ethylacetate:hexane (1:4) rnix-ure as eluent, gave 0.8 g :::>f 

yell:::>w S8lid, The s:::>lid thus :::>e ained was identified as a; 

mixture ~ 3,3-bis(methylthip)-1-~-~yl-2-propen-l~on~ (67) 

and 3J 3-bis(rnethyl thi :::>) -1- ( E-methylphe.~yl) =2~pr:::>pen-l-:::>ne 

(78) (NMR and Mass). Thus, a part :Jf i~~elted at 89-90:::> 
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(rep:>rted mp :>f pure 67 {s 93::>) 45 and the remaining p3.rt 

:>f it melted at 99-101::> (r~orted mp :>f pure 78 is 104~5::>) 45 
(The Rf values :>f 67 and 78 a~alm:>.st s01me) ~-

Rearrangement studies :>n 2- pi~(~ethylthi:>)methylene -

1-indan::>ne (82): Reacti:>n :>f 82 with s:>dium hvdride: 

~~ .-..'11'7YI~ 

When 82 (1.2 g, o.oo5 m:>l) was treated with 

s:>dium hydride (0.02 m:>l, 5ry1c suspensi:>n) in dry 

dimethylf:>rmamide under nitr:>gen atm:>sphere and under 
.. 

standard rearrangement c:>nditi:>ns f:>r 1.5 hr, the reacti:>n 

mixture atfter the usual w:>rk~up yielded red visc:>us 

liquid, which was purified by preparative TLC :>ver silica 

gel plate using ethylacetate as m:>bile phase t::Y give 

J-
Oo4 g (45%) :>f 87 as :>range s:>lid~ mp 194-195 • Its 

analytical and sr:;ectral data are described in the text. 

In an alternate experiment, when 82 (lo2 g, 

0.005 m:>l) was reacted with s:>dium hydride (Oe02 m:>l) 

under identicill reacti:>n c:>nditi:>ns but with:>ut nitr:>gen 

atm:>sphere f:>r 1.5 hr, the reacti:>n mixture after w:>rk-up 

as described a8We yielded a black tar~ fr:>m which n:> 

identifiable sample c:>uld 0e isolatede 



~earrangement studies 8!1 2- bis(rnethylthi8)rnethylene -

1~tetra,l8ne (~); Reacti8n :Jf 91 with S8dium hydride: 

T8 a stirred suspensi8n 8f S8dium hydride 

(0.04 rn8l) in 20 rnl dry dimethylf8rmamide at 5~608 , 

a1 S8luti::m 8f 91 (2.5g, 0.01' m:)l) in 10 ml dry dimethyl~ 

f:)rrnamide was added and the reacti:)n mixture was stirred 

at 50=60
8 

f8r 30 hr. W8rk-up :)f the reacti8n mixture 

as described in thepb8ve experiments· gave bright yell.8W"" 

visc8us liquid which was purified by c:)lumn chrJmat8graphy 
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8ver silicagel. Eluti8n with hexane gave 1.2 g (51%) 8f 

p~ket8dithi8ester 93 as bright yell8w S:)lid, mp 77~78 8 

(rep8rted melting p8int 8f 93 is 78-79:)) 29 • The analytical 

and spectral data 8f 93 are described in the text. 

Further eluti:)n with hexane yielded 0.45 g (20%) 

8f S=methyl~2~tetral:)ne carb~ylthi8ate (94) as light 

yell8w prisms, mp 63-64 8C; M+ 220 (F8und: c, 65.73; H, 5~78; 
... 

Calc. f:)r c12H12o
2
s (220): C, 65.45; H, 5.45%). The 

ON-
spectral data -:)f 94 is described in the text. 

In an alternate experiment, when 91 ( l.fs g, 
.. 

0.005 m:)l) was treated with s8dium hydride (0.02 m8l) in 

15 ml dry dimethylf8rmamide under nitr8gen ~tm8sphere and 
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under identical reacti:::>n c:::>nditi:::>ns f:::>r 30 hr, the reaction 

mixture after usual w:::>rk-up
1

f:::>ll:::>wed by purificati:::>n as 

ab:::> ;:e 1 yielded o. 85 g (54%) :::>f 93 ( superimp:::>sable IR and 

NMR) and 0.65 g (30%) :::>f 94 (superimp:::>sable IR and NMR). 

-ket:::>dithi:::>ester 93 with s:::>dium hydride: 

;l7n 'Yi'l "~ 
A s:::>luti:::>n :::>f 93 (Oo47 g, o.oo2 m:::>l) in 5 ml 

dry dimethylf:::>rmamide was added t:::> ~suspensi:::>n :::>f s:::>dium 

hydride (0.01 m:::>l) in 10 ml :::>f dry dimethylf:::>rmamide at 

50-60:::> and the reacti:::>n mixture was stirred at 50-60:::> 

f:::>r 25 hr. The reacti:::>n mixture after usual w:::>rk-up 

f:::>ll:::>wed by purificati:::>n yieldfthe unch:~nged 93 (mmp 

superimp:::>s3ble IR and NMR) and the f:::>rm3tiJn Jf 94 was 

n:::>t ::>bserved. 

Reacti:::>n Jf 3,3~(bismethylthi:::>)-1-phenyl~2=prJpen~1-:::>ne(~7) 

with s:::>dium hydride: 

When 97 (1.12 g, o.oos m:::>l) was treated with 

s:::>diurn hydride (0.02 m:::>l) under identical reacti:::>n 

c:::>nditi:::>nsf:::>r 26 hr, the w:::>rk-up :::>f the reacti:::>n as 

usual f:::>ll:::>wed by purificati:::>n by c:::>lumn chrJmat:::>graphy 



g~ve 1.0 g (9rylo) of unchanged 97 (superimp8sable IR and 

NMR) and the·.f8rmation 8f 98 8r ~ was n8t 8bserved. 

Rearrangement studies on 3- bis(methylthi8)methylene -

2,3-dihydro-l~benzothiopyran-4-one (107) with sodium 
~ 

hydride: 

(a) In dimethylformamide: 

A solution of 107 (2.68 g, o.ol mol) in 10 ml 

111 

dry dimethylformamide was added to a suspension 8£ sodium 

hydride (0.02 mol) in 20 ml of dry dimethylformamide ~ 

room temperature and the reaction mixture was stirred at 

room temperature for 5 hr. The reacti8n mixture after 

usuill.work-up f8ll8wed by purification by recrystallization 

from ethylacetate:hexane (1:9) yielded 1.6 g (6~/c) of 110 

0 + light yellow needles; mp 109 ; M 268 (Found; c, 53.57; 

_H, 4.,.27; _Calc. f8r c
12

H
12

s
3
o (268): C_, 53.73;. ·I:!, .4;.-4SO!o1. 

·· ~~ etCC~ 
The spectral data :rf 110, which j-5 in csnfsrmity with the 

c::f- . 
assigned structure ~i:l described in table. · 

(b) In benzene: 

When lQ7 (1.34 g, 0.005 mol) was stirred 

similarly with sodium hydride (0.01 mol} in solvent benzene 
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at rJJm temperature fJr 5 hr, the reactiJn mixture after 

usual wJrk-up fJllJwed by purificatiJn gave the unchanged 

starting material 107 (superimp~sable IR and NMR) and 

the fJrmatiJn Jf 110 was nJt Jbserved. 

H~wever 1 when the same reactijn was carried JUt 

in refluxing benzene fJr 5 hr, the reactiJn mixture after 

usual WJrk-up fJllJwed by purificatiJn by recrystallization 

yielded 0.7 g (50%) Jf expected rearranged prJduct 110 

(superimpJsable IR and NMR). 
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CHi\PTER II 

STUDIES ON THE REACTIONS OF 3=ALKYLTHI0-2~ 
ALKYLTHIOMETHYLACRYLOPHENONES i'ITITH 
HYDRAZINE, GUANIDINE AND AMINES : SYNTHESIS 
OF NOVEL PYRAZOLES, PYRIMIDINES NND 
ENAMINOKETONES* 

In the preceding chapter, optimum conditions 

for the preparation of 3-alkylthio~2-alkylthiomethyl-

acrylophenones of the general formula <l) (Scheme 1) 

have been described 
1 

o The mechanism governing the 
... 
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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 1a was reacted \vith hydrazine 

in refluxing et~anol 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 11H12 N
2
s). Its 

=1 
IR(neat) spectrum showed absorption band at 3165 em due 

to NH stretching frequency. The final structural proof 

*S. Apparao, A. Rahman, H. Ila and H. Junjappa, 
Synthesis, 0000 (1982). 

7-9a. 
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for 2a wa's derived from its 1H=N.M.R (CDC1
3

) spectrum. 

It showed signal at ~ 1. 94 ( s, 3H) for scH3 protons, 

while the signal a,t S 3.53 ( s, 2H) was assigned to· the 

methylene protons. The multiplet atb7.,20~7.60 (6H) 

walS accounting for five aromatic protons and H-5 of 

pyrazole ring. A broad signal a1ppeared alt$ 11~ 80 was­

assigned to the NH proton, which disappeared on n
2
o 

exchange. The pyrazoles 2b-f (Scheme 1) were similarly 

obtained in 70-9ry/o over all yields. The physical and 

spectral data for 2b~f are described in tables 4 and 1, 

respectivelyo It is interesting to note that the 

formation of pyrazol e 2 was not observed when the keten 

dithioacetal ~ (Scheme 2) was reacted with hydrazine in 

refluxing ethanolic sodium ethoxide, while the simila-r 

reactions with guanidine and cyanoacetamide yielded the 

corresponding pyrimidines (4) 2 and pyridones (5) 3 

respectively. (Scheme 2). Similarly when 1 reacted 
I -

with guanidine in the presence of sodium ethoxide in 

refl~xing ethanol, pyrimidine 4a was obtained in 7ry/o 
... 

yield. The 4a thus obtaine~ was identical (m.m.p, IR, 

1
H=NMR) with the compound obtained directly from 3 end 

guanidine. The pyrimidines 4b and 4c were similarly 
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obtadned fr8m the corresponding lb 3nd lc in 7~/o and 

75% yield respectively. Apparently,. the yields of 4 

from l are higher than that of i from 3. However, when 

the reaction of 1a with guanidine was carried out in 

the presence of sodium hydride in dimethylformamide, 

the product obtained after chromatographic separati~n 

was identified as 6a (Scheme 3). The structural evidence 

for 6a was derived from its analytical and spectral data. 

Thus, its mass spectrum exhibited molecular ion peak at 

M+421 (c
23

H
23

N
3
os

2
). Its IR (Nujol) spectrum displayed 

-1 a band at 1640 em , which is also·· the region for NH2 
4 5 deformation. Short and Thompson and Brown et al have 

assigned this band t~H-N~H internal deformation on the 

basis :r£ their deuteration experiments. However, this 

band is kn::wn to shift in chloroform t:r: aj l:>wer value of 

1600 Cm- 1.. h t h th t \,\'Y\11. In t e presen case, w en e spec ~r was 

recorded in chloroform, it was observed in the same 

-1 -1 
position i.e. a~ 1640 em • Therefore the 1640 em 

band is assigned to the carbonyl function. This 

observation proves that side chain is attached to the 

2-amino group of the pyrimidine ::6 ·• Further proof for 
·eG-A -

the structure 6a was S:::ixmo.e. by its NMR spectrum (Figure) 
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It sh:>wed tw::> singlets ait '2) 2.00 ( 3H) and S 2.15 ( 3H) 

due t::> tw~ scH3 gr::>ups. The tw~ singlets at b 3.60 (2H) 

and ~ 3. 73 ( 2H) were assigned t~ pr::>t~ns ::>n tw::> methylene 

gr::>ups. The ar::>matic pr~t::>ns appeared as br~ad multiplet 

between 5 7.30-7.65 accJuntina f::>r ten prJt::>ns. The 

vinyl pro±Jn ~n the ex::>cyclic chain and NH prot~n 

appeared t :>get her as brJad singlet at iD B. 30 and a-fter 

n 2o shaking the s h3.rp singlet wa"T5"" integrated fJr :mly 

~ne pr~t::>n. Tl;le l::lW field singlet at S 8.43 wa;s assigned 

t::>) H-6 Jn pyrimidine ring. 

The p~ssibility ~ bicyclic alc~h~l structure 

(A) ~r the dipJlar structure (B) f~r ~were ruled Jut 

1 
~n the basis ::>f spectral data. Its H~N.M.R spectrum 

sh::lWed n~ signa~ due t::> OH pr~tJn, which rules ~t the 

structure A. The dip~laT structure ~ was ruled ~ut ::>n 
~1 

the basis 'J£ its IR band at 1640 em 1 which is assigned 

tJ the carbJnyl functiJn. The further structural pr~Jf 

o:E 6a was derived fr~m its independent preparation fr::>m 

1 and 4. Thus when 1 and 4 were treated in the presence 

Jf sodium hydride and dimethylfJrmamide, 6a was obtained 

in 7~/o yield. Attempts tJ isJlate the intermediate 

pyrimidine~ (!), when 1 and guanidine were reacted in the 
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A D 

presence Jf NaH and dimethylfJrmammide, were n~ 

successful. The Jther pyrimidines, 6b-~ were similarly 
.. 

Jbtained in 56-65% Jver all yields (Scheme 3). The physical 

and s:pqctral data. J£ 6b-e are described in tables 5 and 2 

respectively. 

Incidentally, when l was reacted with aliphatic 

amincs, the CJrresp8nding enaminJket8nes (2) were 

Jbtained in excellent yields. Thus la and methylamine 

in refluxing ethanJl yielded the CJrrespJnding enaminJ-

ketJne 7a in 8~/o yield. The enamin~etJnes 7b-d were 



Ar ....... ./0 

RS, _A. /SR 
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la-d 

Ar~ ('\ 

I 

RNH2 H 
R

1

-N~SR+ > 
EtOH 

H 
7a-sJ.. 

I 1, 7a, Ar::: _p-MeC6 ~; R=Me; R= Me 
I 

b,Ar= p-MeC6 H4; R=Mej R=Cs H11 
I 

£ 1Ar= p-MeOC6 Ht.; R=Me j R=Me 

At 

H~ _,.SR 

NH 
f I 
R 

I 

d,Ar=p-MeO c6 H4, R=Me; R=Cs H11 

Scheme 4 

~ 

N 
c.o 
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similarly 8btained fr8m the respective aminGs in 75-Bry/o 

8Vera~l yields (Scheme 4). The spectral and analytical 

da-ta.J f:Jr 7a-d, which are in agreement with the assigned 

structures, are described in tables 3 and G respectively. 

H8wever, l failed· t 8 ·react.: vJi t h ar8matic amines under 

similar reacti8n c8nditi8ns;:rr at higher tempera'\:ure. 



Spsctra.l data f:>r pr:)ducts 2a-f 

M.E. 
Pr:>duct m/e (M+) 

2a 20"-1 

2b 218 

2c 238.5 

IR (neat) 

-J [?m-lJ 

3165 (NH) 

3160 (NH) 

3150 (NH)a 

Table 1 

1H~NMR (CC14 ) 

f) (!:pmJ 

1.94 (s, 3H 1 CH
2

SCB
3

); 3.53 (s~ 2H, c~2scH3 ): 

7.20~7.60 (m, 5H + H-5)~ 11.80 (brs, . -ar'Jm -

lH, NH) 

.. 

1.20 (t, 3H, SCH2CH3 ); 2.45 (q, 2H, 

SCH
2
cH3 ); 3.65 (s, 2H 1 C~2scH2CH3 ): 

7.3o-7.75 (m, 5H + H-5}; 11.70 -ar'Jm -

brs, lH, NH) 

1.98 (s, 3H, SCH
3

}; 3.50 (s, 2H, c~2scH3 ); 

7.20-7.50 (m, 5H, 4H. + H-5); 12.30 
ar:>m 

(brs, lH, NH) ~ 
c.., 
~ 



Table l (C::mtc.) 

2d 218 3150 (NH) 

2e 234 3150 (Nr-I)a 

2£ 248 3150 (NH)a 

a Nujol mull 

1.95 (s, 3H~ sc~3 ); 2.34 (s, 3H, CH
3

); 
-. 

3.55 (s, 2H 1 CH
2

SCH3 ); 7~03-7.50 (dd, 

4H + H=5); 11.60 (brs, lH, NH) ar8m 

1.95 (s, 3H, CH2SCH3 ); 3.52 (s, 2H, 

CH2SCH3 ); 3.70 (s, 3H, OCH3 ); 6~75 (d, 

2H ); 7.20 (s, lH, H~5); 7.42 (d, ar8m 

2H ); 11.20 (brs, 1H, NH) ar8m 

1.20 (t, 3H, SCH2c~3 )~ 2.45 (q, 2H# 

sc~2cH3 ); 3.60 (s, 2H, C~2scH2CH3 ); 

3.80 (s, 3H, OCH3 ): 6.70 (d, 2H ); - - - arom 

7.40 (s, lH, H-5); 7.50 (d, 2Harom); 

11.70 (brs, lH, ~) 

~ 
c,.., 
(\) 



Table 2 

Spectr~l d3ta f~r p~~ducts 6a=f 

M.s. 
Pr~duct m/e· (M+) 

6a 4-21 

rR.. (Nuj~l) 
~1-

-.,) ~m J 

1640; 1610; 1575 

1550; 1460a. 

1 
H~NMR (CDC1

3
) 

o\YPTI] 

2.00 (s., 3H, SC!;!
3

); 2.15 (s, 3H, 

SCH
3

); 3. 60. ( s, 2H, C!;!
2

SCH
3

) 3. 7 3 

( s, 2H, C!;!
2

ScH
3

); 7 .. 30-7 •. 65 (m, 

10H ) ; B. 30 ( brs 1 2H,.· H?. +NH, ar :)ffi -i~ -

exch::mgea.ble with n
2
o); 8 •. 43 (s, 

1H, H-6) 

~ 

eN 
CY 



Table 2 ·( c :mtd.) 

6b 449 

6c 449 

1638; 16051 1580 

·1sso; 1458a 

1638; 1605; 1580; 

1550; 1460a 

1.17 (t, 3H, SCH
2

_C,!i
3

); 1.30 (t, 3H, 

SCH
2

C£i
3

); 2.43 (q,; 2H, SC!:!
2
CH:3); 2.57 

(q, 1H, Sc~2cH3 ); ~~63 (s, 2H# 

CH
2

ScH
2
cH

3
); 3. 77 ( s" 2H, C~2scH2CH 3 ); 

7. 30=7. 70 (m, 10H ) ; 8. 30 (brs, 
ar:Jm 

. 2H, HA + NH, exch~ngeable with n
2
o); 

8.42 (s, lH, H=6). 

2-.00 ( s, 3H, SCH
3

) i 2 .• -~0 ( s, 3}!~ SCH
3

); 

2.40 [s, 6H, (Cl!3 J2]; 3.60 (s, 2H, 

c~2ScH3 )) 3. 72 ( s, 2H,. C,!:!
2

SCH3 ) i 

7,10-7~.60 (dd, BH ); 8.25 (brs, 
" ar:Jrn · 

2H, ~A+NH, e:x:cha1geable with n 2o); 

8 • 3 8 ( s I lH I' H = 6 ) 

)-I. 

e,., 
~ 



Table 2 (C .)ntd.) 

6d 4:31 1635; 1610; 1570; 2.00 (s, 3H, SC,!i
3

); 2. 08 ( s, 3H, SC!:!
3

); 

1545; l460a 3.60 (s, 2H, c~2SCH3 ); 3~70 (s, 2H, 

CJj
2

ScH3 ); 3. 83 [_s, 6H 1 ( 0Cl!3 )J: 6 .. 86 

(dd 1 4H ); 7.60 (d, 4H ); 8.25 
ar8m ar~m 

(brs, 2H, H +NH, exchangeable with 
-A -

n
2
o); 8·.33 (s, lH, H~6). 

6e 509 1640; 1605; 1583; 1.30 [q, 6H., (SCH2qh) 2J: 2.53[t, 4H1 

1548; 1460a (SC.!j2CH 3 ) 2]: 3.68 ( .s, 2H, C!:!zSCH
2
cH3 ); 

3. 78 ( s, 2H, C~2SCH2CH3 ); 3.87 {:>, 6H, 

(ocH3 t 2} 6.90 (dd·~ 4Har:Jm); 7.65 (dd, 

4H ); 8.25 (br s, 2H 1 HA+NH~ ex~ 
a:r~m - -

changeable with n
2
o); 8.38 (s~ lH, H-6) 

a . -1 
In CHcl

3 
br8~d peak between 3220-3400 em was 8bserved and there was n~ 

•. 

change in the p::>siti:m58f 8tl1er peaks. 

~ 

cv 
Y1 



Spectral rJata f8r Pr8ducts 7a-_2 

Pr8duct 

·---~------· 
M.S 

+ 
m/e (M ) 

I. R. (neat) 

,) fcm-lJ 

Table 3 

1H~NMR (CC1
4

) 

{;[Ppm] 

--------------~--~------------------------·------------------------------

7a 235 

7b 303 

3300; 3275; 

1638; 1575; 

1540 

3265; 3220; 

1625; 1540b 

1.90, 2.05 (2s, 3H, SC!:!3 ) ; 2 • 3 8 ( s, 3H, C!.h); 

2 ... 88, 3.10 (2d, 3H_, NCH
3
); 3.25, 3.55 ~ 2 s, 

2H, CH
2

SCH
3

); 5.75 (m, 1H, N_!::l); 6.80~7.40 

(m, a 
4H + 1H . ) 

ar8m v~nyl 

1.20-1.85 (m, lOH l h 1 ); 2.00 (s~ 3H, eye 8 exy 

sc~ 3 ); 2.33 (s, 3H, c~3 ); 2.93 (m, 

lH l h 
1

); 3.60 (s, 2H, CH 2 ); 5.55 
eye 8 exy · -

(m, lH, NH); 7.00~7.35 (m, 4H ,.... + lH . l)c - ar..Jm v~ny 

~ 

~ ....... 
1.,.,1.,/ 



Table 3 (C::mtd .. ) 

71!! 251 

7d 319 

3310; 3250; 

1640; 1605; 

1580 

3270; 3225; 

1630; 1540b 

1.92, 2.00 (2s, 3H~ sc~3 ); 2.9o, 3.1o (2d, 

3H, NCH3 ); 3.30, 3.55 (2s, 2H,. CH
2

SCH
3

)1 

3.80 (s·, 3H, OCH3 ); 5.65 (m, 1H, N!i)i 

a 
6.85=7.60 (m, 4Har 8 m+ lHvinyl) 

1.15=1.90:· (m, 10H l h 
1
); 1.94 (s, 3H 1 eye 8 exy · 

SCH3 ); 2.95 (m, 1H l h 
1

); 3.50 (s, 2H, 
- eye 8 exy 

CH
2

); 3.75' (s, 3H, OC.!::!
3

); 5.45 (m, 1H, NH); 

e 
6.65=7.40 (m, 4H + 1H . 1 ) ar8m Vlny 

a Both geometrical isomers are present (1:1): b Nujol mull 
- e;;ct.o~ wdl:i J),_v 1J-1-"h7n-&-

c After ~0 _ ah61.~~ -NMR=- spectrum displayed signals due to ther~resence of both 

geometrical isomers ( 4: 1). 

~ 

cv 
-._] 



EXPERIMENTAL 

Melting p~ints were determined ~n 'B~etius• 

apparatu~nd are unc~rrected. The IR spectra were 

rec~rded ::m "Perkin~Elmer 297" spectr:Jph~t~meter. The 

138 

NMR spectra were rec~rded ~n v~rian EM-390 spectr~meter 

using TMS as an internal standard and the chemical 

shift values are expressed inO(ppm),., 

The s!arting materials 

( la=!) v-1ere prepared by the general rneth:Jd~. as described 

in the preceding chapter (I) by t':l<.~ reaction ~= a wr~priate 

keten s~s-acetals with s~dium hydride in dry dimethyl~ 

f~rmamide. 

3~A:r:·yl~4-alkyl thi~methylpyraz~le s ~:-E.; Genera 1 Pr~cedure: 

c;~""" JLz. 
1\. s~luti~n ~f 1 (0.005 m~l) and hydrazine 

hycirate ( 0.5 ml) in ethan~l ( 15 ml) was refluxed f~r 
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1~2 hr. Rern8val 8£ s'Jlvent under reduced pressure gave._; 

the crude pyraz8les 2.-a-!_, which were further purified by 

C8lumn chr8mat8graphy 8ver neutral alumina using benzene 

a1s eluent. The physical.,. analytical and spectral data 

are described in Table 4 and 1 respectively. 

Reacti'Jn 8£ 1 with Guanidine: 

Meth8d A, in S8dium eth8xide/ethan8l; General Pr8cedure: 

T"J a1 S8luti:m "Jf s"Jdium eth'Jxide [Prepared by 

diss:)lving S:)dium, (0.01 at'Jrn) in 20 ml "Jf abs8lute alc8h'J~ 
.;"'l"V\"'WJIJ 

guinidine nitrate (0.6 g, o.oo5 m8l) was added and the 

reacti:)n mixture was stirred f'Jr 10-15 min. The c8mp8unds 
5.-y-(l"YYl {L.; 

1 (o.oos m8l) was then added and ,the reacti8n mixture 

was refluxed f8r 5-6 hr. The S'Jlvent was rem8ved under 

reduced pressure and the residue was quenched JYer crushed 

ice (20 g). It was extracted with chl8r8f8rm (3 x 20 ml), 

the·c'Jmbined extract was washed with water( 1 x 50 ml), dried, 
' 

and evap8rated t~give the crude pyrimidines, 4a-c which were 

further purified by passing thr8ugh a silica gel c8lumn using 

benzene:ethylacetate (7:3) as eluent. The_spectral and 

analytical data 8f 4a-c are rep8rted in Ref~2(mpf mmp, IR, 

1H~i:il.M.R.). 
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Meth~d B, in s~diL~ hydride/dimethylf~rmamide/benzene; 

General Pr~cedure: 

T:J a stirred suspensi~n ~f guanidi~e nitrate 

(0.6 g, o.oos m:Jl) and s~dium hydride (1.5 g, o.o3 m:Jl), 

50>/o suspensi~n) in dimethvlf~rmamide (15 ml) and benzene 

(10 ml), c~mp~und 1 (0.005 m~l) diss~lved in benzene (5 ml) 

was added a1 d the temperature was raised with stirring to 

J 
80-85 c. The reacti~n mixture was further stirred at 

J 
80-85 c f~r 5~8 hr and p~ured :J \er crushed ice ( 200 g). 

The reacti~n mixture was neutralised with acetic acid 

(20%) and the benzene layer was separated •. The aque~us 

layer was further extracted with chl~r~f~rm (2 x 50 ml) 

and the c::mbined ~rganic layer was washed vJith water 

(5 x 50 ml), dried with s~dium sulphate, and evap~rated 

t~ give crude 6a~e, which were further purified by c~lumh _ ...... 

chr~mat~graphy ~ver silica gel using hexane:ethyl acetate 

(7:3) ~s eluen~. The physical, .analytical and spectral 

data are described in tables s~ and 2, respectively. 

Reacti~n ~f 4a with la: 

T:J a well stirred suspensi~n ~f s~dium hydride 

(O.Ol m:Jl, Sry.lo suspensi~n) in 10 ml dry dimethylf~rmamide; 



<?"""-"""-DV 
a mixture :>f la (0.48 g, 0.002 m:>l) and 4a (0.46 g, 

0.002 m:>l) in 10 ml dry dimethylf:>rmamide was added 

dr:>pwise with stirring at Bo-85 8 and the reacti:>n 

mixture vJas stirred at 80-85:> f:>r 3 hr •. iN":>rk~up :>f the 

react~:>n mixture f:>ll:>wed by c:>lumn chr:>mat:>graphic 

purificati:>n as described in the, ab:>ve experiment gave 

0.6 g (71?{,) :>f 6a (mp, mmp, superirnp:>sable IR and NMR). 

3-Alkylamin:>~2-alkylthi:>methyl-1-aryl~2-pr:>pen-1-:>nes 

7a=d; General Pr:>cedure: 

'S'WI'YVI~ 
A s:>luti:>n :>f 1 (0.005 m:>l) and the respective 

amine (0.01 m:>l) in•ethan:>l (15 ml) was refluxed f:>r 
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6~7 hr (2 hr in case :>f methylamine). Rem:>val :>f s:>lvent 

under reduced pressure gave the·~ude enamin:>ket:>nes 

7a-~, which were further purified by c:>lumn chr:>mat:>graphy 

~er neutral alumina using benzene:ethyl acetate (9:1) 

as eluent. The physical, analytical and spectral data :>f 

7a~d are described in tables fi:, and 3 respectively. 



Table ·1 

3-Aryl=4-alkylthi'Jpyraz'Jles 2a-f 

Yi~lda m.p. <'Jc) 
Pr'Jduct ]);c R . 

(%) (s'Jlvent) 

2a C6H5 CH3 85 ViSC'JUS 

liquid 

2b C6H5 C2H5 70 1 TiSC'JUS 

liquid 

2c p-CIC6H4 CH3 76 82-83 

(hexane) 

M'Jlecular 
Cc=:tlc. ·-·c 

f'Jrmula F'Jund: 

C11H12N2S 64 0 71 

{204) 64.32 

c 12Hl4N2S 66.06 

(218) 66.47 

c 11H11clN2s 55.35 

(238.5) 55.83 

.7\n::ilysis(%) 

H 

5.88 

5•43 

6.42 

6e7.9 

4.61 

4.97 

N 

13.73 

13.28 

12.84 

12.43 

11.74 

11.32 

l­
~ 
(\J 



Table 4 (CJntd.) 

2d P-H3cc6H4 CH
3 

80 ViSC8US 

liquid 

2e ~-H3coc6H4 CH3 93 67-68 

(hexane) 

2£ £-H3coc 6H4 C2H5 90 52-53 

(hexane) 

,._ 
a Yielc of pure, isJlated prJduct. 

Cl2H14N2S 66.06 

(218) 66.48 

C12H14N20S 61.54 

(234) 61,.13 

c13H16N2ns 62.90 

(248) 62.52 

6.42 

6.81 

5.98 

5.53 

6.45 

6.89 

12.84 

12.46 

11..97 

12.~3 

11.29 

10.92 

I-I­
A 
c,., 



Table 5 

Physical and analytical data Jf pyrimidines 6a-e 

PrJduct Ar R 

6a C6H5 CH3 

6b ~6H5 C2H5 

6c P""H3cc6H4 CH3 

Yielda m.p. (Je~ MJlecular 

('Yo) 

65 

60 

56 

(sJlvent) fJrmula 
calc. 
FJUnd~· 

143~144 C23H23N3°8 2 

(C 2H50H) (421) 

106-107 C25H27N3°8 2 

(C 2H50H) (449) 

111-112 C25H27N3°8 2 

(C 2H50H) (449) 

'•. 

Analysis(%) 

c H N 

65.56 5.46 9.98 

65.18 5.85 9.47 

66.82 6.01 9.35 

66.36 5.69 9.88 

66.82 6.01 9.35 

66.34 6.44 9.93 

j...-.o. 

~ 
~ 
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Table 5 (C:>ntc'.) 

6d .E-H3toc 6H4 CH3 64 134-135 

(C 2H50H) 

6e .I?-H3coc6H4 C2H5 59 121 

( C 2H5 'lH) 

a vield ~f pure, is~lated prJduct. 

C25H27N303S2 62.37 

(481) 62.03 

C27H31N3°38 2 63.65 

( 509) 63.98 

·--

5.61 

5.14 

6.09 

6.51 

8.73 

9.04 

8.25 

8, 7 3 

~ ·-· .. ·--

~ 

~ 

c.n 



Table 6 

3=Alkylill~inJ=2=alkylthiJmethyl=1=aryl=2=prJpen=1=8nes, 7a=d 

Pr8duct Ar R R1 

7a .r;>=H3cc 6H4 CH3 CH3 

7b ,P=H3cc6H4 CH3 C6Hll 

Yielda 

(%) 

80 

83 

8 m. p. ( c) M8lecular 

(s8lvent) f8rmula 

ViSCJUS c 13H17NOS 

yell8w ( 235) 

liquid 

107=108 c 18H25 NOS 

(hexane) (303) 

----------~A~n~a~l~ysis(%) 
calc. 
F8Und: c 

66.38 

65.93 

71-.29 

70.85 

H 

7.23 

7.64 

8.25 

8.67 

N 

5.96 

6 .. 31 

4.62 

4.17 

1---­
~ 
0) 



~able 6 (c~m'cd.) 

7c p=H3coc 6H
4 

CH3 CH3 
75 ViSC'JUS 

yell 'JW 

liquid 

7d ..r;>=a3coc 6H
4 CH3 C6Hl1 82 89=90 

(hexane) 

a Yield 'Jf pure, is"Jlated pr'Jducts. 

Cl3H17N02S 62.15 

(251) 62.71 

C18H25N02S 67.71 

(319) 67.25 

6;.77 

6.23 

7. 84 

·7.43 

5.58 

5.07 

4.39 

4.84 

,__ 
~ 
".] 
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CHAPTER III 

A NEW GENERAL SYNTHESIS OF l~SUBSTITU~ED 
2=7\MIN0-4~.'\ROYL~S~METHYLTHIOPYRROL"SS 

USING~o(-KETOKETEN S,S=ACETALS* 

149 

The imp~t~nce ~f 2~and 3-amin~pyrroles without 

any substituents in their respective adjacent positions 

has been recently demonstrated by the c~nversi~n of 

l=substituted 2-aminJ-4~cyanJpyrrJles tJ 7-azaindJle 

derivativ.es1·~ This meth::rd prJved tJ be superiJr tJ> the 

c~nventiJnal apprJach ~f cJnstructiJn of the pyrrJle 

·m~iety ~n a suitably substituted pyridine ring. The 

required 2-amino~4-cyanJpyrrole was prepared by reacting 

the succinonitrile (!) with ethy~ormate in the presence 

of base followed by its c~nversion to enamine 2 via its 

enol ether. The enamine 2 was found to underg~ facile 

intram~lecular nucleophilic attack on the nitrile carbon 
.. 

to yield the CJrresponding 2-aminopyrrole 21 ~ 2 , which 

was treated with 1,3~diketones to give 7-azaindoles 12 , 

(Scheme 1). The method suffers from the limitations 

impJBed on the choice ~f structural variation in the 

.. 
*S. Apparao, H. Ila and H. Junjappa, Synthesis, 65 (1981) 
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preparation of the enamines 2. The ~her methods3 for the 

preparation :n: 2 and 3-aminopyrroles inv:Jlve either 

functional group 
lO--

transf:Jrmati:Jns :Jnlpyrr:Jle ring :Jr the 

t:Jtal ring synthesis fr:Jm 2~carb:Jn units. However, the 

amin:Jpyrr:Jles :Jbtaihed by these meth:Jdsf.re n:Jt suitable 

f:Jr further synthetic elab:Jrati:Jn, as they pJSsess 

substituents :Jn all :Jther three p:Jsiti:Jns. Theref:Jre the 

:Jnly meth:Jd suitable f:Jr such synthetic elaborati:Jn 

appears t:J be the one described in Scheme 1. hpparently, 

a general meth:Jd f:Jr the synthesis jf 2-aminopyrr:Jles 

carrying n:J suhstituti:Jn at 3-p:Jsiti:Jn with possible 

liberal structural variati:Jns in the 4 and 5 p:Jsiti:Jns 

is desirable. In c:Jntinuati:Jn. :Jf the synthetic prJgramme 

:Jn~~~ket:Jketen dithioacetals4 , it was c:Jnsidered to 

prepare suitably functi:Jnalised OC-ket:Jketen s,s-acetals, 

which can serve as useful intermediates f:Jr the synthesis 

of 2-amin:Jpyrr:Jles. Thus the keten s,s-acetal lOa was -
c:Jnsidered suitable f:Jr such synthetic approach. The 

keten dithi:Jacetals 1£ were n:Jt rep:Jrted earlier and 

their preparati:Jn was acc:Jmplish3d by suitably m:Jdifying 

5 :Jne :Jf the meth:Jds reported fr:Jm this lab:Jrat:Jry. The 

required {3 -benz:Jyl pr:Jpi:Jnitriles. "Ja-.s, were prepared 
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~ 6 7 by tw;) ill~ternative meth;)ds, empl;)ying rep:)rted pr:)cedures ' • 

In :)ne :)f the meth:)ds, benzaldehyde (~) was treated with 

p:)tassium cyanide in the presence J£ dimethylf:)rmamide, 

f:)ll;)wed by gradual additi:)n ;)f acrylJnitrile (6) 6 • After 

W;)rk-up ;)f the reacti;)n mixture, the ~ -benzJyl-prJpi:)~ 

nitrile ( 7a) was :)btained in 50% yield6 (Scheme 2) • 

7 
Alternat~vely 7a w~s als:) prepared by subjecting 

acet;)phen:)ne (8) t;) nannich reacti;)n tJ give the · 

~ -dimethylamin:) pr;)pi;)phen:)ne hydr:)chl:)ride (9a) in 

85% yield. The hydr;)chl;)ride 9a was treated with p;)tassium 

cyanide t;) give the ~-benz;)yl-propionitrile (7a) in sryla -
yield7 • Similarly t;he p-substituted nitriles~ 7b and 7c 

were als;) prepared, f:)ll;)wing the latter meth:)d, in 75% 

and 85% yields respectively (Scheme 2). When a mixture 
pcJ.> 

:)f 7a and carb:)n disulfide ~ stirred with C;);)ling in 

the presence 8£ S;)dium ter-but:)xide f;)ll:)wed by alkylati:)n 

with two equivalents of methyl i:)dide, after W;)rk-up 

and chr;)mat;)graphic separati;)n, the C;)rresp:)nding 

d" -ket ;)keten d it hi ;)acetal, lOa was ;)bta ined in 45% yield 

(Scheme 3). The structure ;)f ~was C;)nfirmed by its 

analytical and spectral data. Its mass spectrum shJwed 



0 
II R-c-H + ~CN 

6 

0 
II 

KCN ~ R -C-CH2-CH2-CN 
DMF 

5 -

0 
II 

R-C-CHJ 

Sa-c 

-

CH20 . 
> 

Me2NH2Ct 
( Mannich reaction ) 

S,R= CsH5 
7 , s , ~ , R = c sHs 

~ , R = .P - C l C 6 Ht. 
c , R = p - MeO C 6 H4 

Scheme 2 

7a-c 

KCN 

0 
II <t> 

R- C-CH2-CH2 -NHMe2 
Ct6 

9a-c - -

~ 
CJ1 
c.., 



characteristic nitrile band in its IR (Nuj~l) spectrum 

at 2240 cm-
1

• The carb~nyl ba~d appeared at 1648 cm- 1 • 

1 
Its H-N.M.R. _(CDcl 3 ) spectrum displayed tw~ singlets 
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at 6 2.05 (3H) and S 2.40 (3H) f~r tw~ ScH
3 
gr~up pr:Jt:Jns. 

The methylene pr:Jt:Jns appeared as singlet at S 3·~ 7 8 ( 2H). 

The br:Jad multiplet at [; 7. 40-T. 90 wms assigned t :J the 

five ar:Jmatic pr:Jt:Jns. The ket:Jketen dithi:>acetals., lOb 

and 10c were als~ similarly prepared and their physical, 

analytical and spectral Clata, which are in c:Jnf:Jrmity 

with the assignea structures, are describeCl in experimental 

secti:Jn. 

d,~ t, 
The ket:Jketen Clithi:>acetal lOa, when~reactea with 

methylamine in refluxing ethan:Jl, after w:>rk~up and 

chr:Jmat:Jgraphic separati:>n the c:Jrresp:Jnding 1-methyl-2-

amin:J~4-benz:>yl-5~methylthi:>pyrr:>le (12a) was :>btained. 

H~wever~ it was f~und\ that amin~pyrr~lef 12a was unstable 

resulting in tarry mass. It was theref~re is~lated ~nd 

characterizea as its m:>n~benz~yl Clerivative l_3a (Scheme 3). 

The structure~£ 13a was c:>nfirmeCl by its analytical and 

spectral data. Its mass spectrum exhibited m~lecular i:>n 

+ peak at M 350 ana was analysed f:r c 20H18N2o2s. It 

-1 
exhibited in its IR (Nuj~l) spectrum, a band at 3330 em 
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Table 

R 

C :lmp::mnd R Rl 

·----

13a C6H5 CH3 

13b C6H5 C2H5 

13c C6H5 c 6H5CH2 

13d p-Clc6H4 CH3 

13e p-ClC 6H C2H5 t1 

13£ :g-clc6H4 c 6H5CH2 

13c 
-2 .. 

p-MeOC 6H
4 CH3 

llb p-MeOC 6H
4 C2H5 

•.J. . ' 
13i .p-MeOC 6H4, c 6H5CHz 
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f:)r NH stretching vibrati:)n and :the carb:)nyl st'retching 

b d d 1 - 1 b d t 1632 cm~l an appeare at 673 em.~ ~he and appeare a 

was assigned t:) the amide carb:)nyl functi:)n. The clear 

-1 absence Jf a band ar:)und 1660 em 1 characteristic H-N-H 

:)Ut :)f plane def:)rmati:)n ffi:)de# is indicative Jf the 

N-benz:)ylati:)n :)f the ern in:) gr:)up.- Its structure was 

further c:)nfirmed by its 1H-N .. M;,R · (TFA) spectrum-:' Thus 

the singlet at CO 2.,05 ( 3H) was" assigned t:J) the SCH
3 

pr:)t:)ns. The singlet at b 3;.40 ( 3H) was assigned t:y, the 

N-tH
3 

pr:)t:)ns. The H•3 pr:)t~n :)£ the pyrr:)le ring 

appeared as singlet at & 7•12 (lH). The ar:)matic pr8t:)ns 

appeared as multiplet between S 7 • 20~7. 70, acc:)unting 

f:)r ten pr8tjns. The pyrf8les 12b-~ were similarly 

prepared and characterised as their m8n8~benz8yl derivatives 

which are· in agreement with the assigned structures are 

described in tables 2 and ~ respectively .. : 



Table 1 

Spectral data f"Jr the pr"Jducts 13a=_! 

M.s .. 
Pr"Jduct m/e (M+) 

13a 350 

13b 364 

IR (nuj"Jl) 

-y [cm~1] 

3330 (NH); 

1673 (CO); 

1632 (CO) 

3300 (NH); 

1663 (CO); 

1620 (CO) 

1
H=NNR (CDC1 3 ) 

()[ppm] 

2.05 (s, 3H, SCH
3

); 3.40 (? 1 3H.1 SC_!:! 3 ); 3.40 

(s, 3H, NCH
3

); 7.12 (s, lB, B=3); 7.20~7.70 

a (m, lOH ) . 
ar"Jm 

1.23 (t, 3H 1 CH
2

C_!:! 3 ); 2.20 (s, 3H, SC_!:!
3

); 

3.82 (q, 2H 1 CH
2
CH

3
); 6.90 (s, lH, H~3); 

7.40 (m, 6H ); 7.80 (m, 4B ); 8.42 
ar"Jm ar"Jm 

( s, lH, N£:!) 

;...­
G1 
00 



Table 1 (-::!:>ntd.) 

. ~. ~~. 

13c 426 3295 (NH); 2.34 (s, 3H 1 SCH
3

); 5.06 (? 1 2H 1 CH
2

); 7.00 

16'72 (CO); ( s, 1H, H-3); 7.10=9.90 (m, 15H ); ar:>m 

1620 (CO) 7 • 9 0 ( s I 1H I NH ) 

13d 384 3305 (NH)l 2.23 (s, 3H, SCH3 ) i 3.50 (s, 3H, NCH3 ); 

1688 (CO); 6-.93 (s, 1H, H=3); 7.30-8.10 tm, 9H ); ar:Jm 

1620 (CO) 8.44 (s, 1H1 NH) 

l3e 398 3210 (NH); 1.36 (t, 3H, CH2c~3 ); 2.23_(s, 3H, sc~3 ); 
.. -·· 

1685 (CO); 3.84 (q, 2H, CH
2

); 6.97 ( s , 1H I H ~ 3 ) i 

1615 (CO) 7~20=8.00 (m .. 9H ) ; 8.30 (8 1 1H, NH) 
ar:Jm 

13£ 460 3300 (NH); 2.04 ( s, 3H, S~~3 ); 4.95 (s, 2H, CH 2 ); 

a 
1678 (CO); 6.60=7.70 (m, 15H and H~3) ar:>m 

1618 (CO) 

~ 
G., 
(C 



Table 1 (Contd.) 

131 380 3307 (NH): 

1678 ~CO): 

1620 (CO) 

13h 394 3305 ( NH); 

1667 (CO); 

1612 <co) 

13i 456 3260 (NH); 

1670 (CO); 

1615 (CO) 

a in trifluoroacetic acid solution 

1.98 (s, 3H. SCH
3

); 3.22 . . • , . .. 
.. 

(s, 3H 1 NCH 3 ); 3.56 (s, 3H, OCH
3

); 6.70~7.90 

(m, 9H ) ; 8. 6 7 ( s I arom lH, NH) 

1.10 (t, 3H, CH2c~3 ); 2.03 (s, 3H,. SCH
3

); 

3.65 (s, 3H, oc~3 )~ 3.82 (q, 2H, C!i
2

); 

6. 85 ( s, 1H, H~3); 7.00=8.00 (m, 9 )a 
Harom 

2.38 (s, 3H, SCH
3

); 3.90 (s, 3H, oc~3 ); 

.. 

5.12 ( s, 2H, CH
2

); 6.90~7.90 (m, 

16H and NH) 
arom 

~ 
C) 

0 



EXPERH1BNT AL 

. M.P's were determined :>n 'B:>etius' apparatus 

and are unc"Jrrected. The IR spec·tra were rec:>rded :>n 

'Perkin-Elmer 297' spectr:>ph:>t:>meter •. The spectra 

were rec:>rded :>n 'Varian EM-390' spectr:>meter using 

TMS as a~ interncl standard and the chemical shift values 
/ 

are expressed in 'Q (ppm). 

The starting materials: 

The c:>mmcrcial samples :>£ acet:>phen:>ne., 

disulfide, .benzylamine~ benz:>yl chl:>ride were purified 

bef:>re use. 

The 4-aryl-4-:>x:>butanenitriles, 7a=c were 

·6 7 
prepared by the f :>11 :>wing tw:> rep:>rted meth:>ds '· • 

161 

Meth:>d A
6 

A s"Jluti:>n ::>£ acryl::mitrile (7.0 g, ·o.1_3 m:>l) 

in 25 ml ::>£ dry dimethylformamide was added with stirring 

int::> a s:>luti"Jn :>£ the benzaldehyde (10.6 g, o.l m~l) 
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and s~dium cyanide (4.9 g, 0.1 m~l) in dry dimethyl­

f~rmamide (50 ml) at 30-35~C~ .The. reacti~n mixture vlaS 

stirred f~r ~hr at 35~c, it was then p~ured in t~ 

water, extracted with chlorof~rm'(2 x 50 ml), and the 

c~mbined extract was washed with water (1 x 50 ml), dried 

(Na
2
so4 ) and concentrated to give red visc~us liquid, 

which was purified by vacuum distillati~n._ The 4-phenyl-4~ 

oxobutanenitrile (~), was obtained (B.o g,_S~Io) as 

~ ~ 0 6 7 
c~l~ur~less blades, mp 75-76 (Rep~rted mp 76 ) ' 

fr~m benzene-petr~leum ether. 

Meth~d B
7

; Fr~m Mannich base: P-dimethylamin~pr~pi~phen~ne 
8 ·. 

hydr~chl~ride (9a) (2.1.4 g,, ·0.1 m~l) and p~tassium 

cyanide (13.0 g, 0.2 mol) were dis-solved in 250 ml of 

h~t water and the mixture was refluxed for 30 minutes. 

on cooling in ice# the 4-phenyl-4-oxobutanenitrile (~) 

was obtained as colour less plates, yield 12.7 g. ( 80%), 

mp 75-76° (reported mp 76°)
6

' 7 ,· from benzene-light 

petroleum.( ffj..- --=ro" 

The other two nitriles: 4~p-chlorophenyl-4--0 .. 0 7 
oxobutanenitrile (7b), mp 71-72 (reported mp 72.5 ) - . . 

0 
and 4-p-methoxyphenyl~4~oxobutanenitrile (7c), mp 94-95 

0 7 . . 
(reported mp 95 ) were prE;?pared foll o--:·Jing the method B 

in 75% and 85% yields respectively. 



The unkn:Jwn keten s,s~aceta.ls (~-,£) were 

5 prepared acc:Jrding t:J the general meth:Jd given bel:Jw • 

Genera-l meth:Jd f:Jr the preparati:m :Jf keten s.,s-acetals 

( 10a-c) J --
--

163' 

A mixture :Jf 4-aryl-4-ox:Jbutanenitrile 7 (0~1 m:Jl) 

and carbon disulfide (6 ml, 0.1 m:Jl) is added to)a well 

stirred and c:Joled suspensi:Jn :Jf s:Jdium t~but:Jxide 

(19.2 g, 0~2 m:Jl) in dry benzene (150 ml) and dry 

dimethylf:Jrmamide (10 ml). Afte~ stirring of the 

reacti:Jn mixture at 5-1o:Jc f:Jr 5 hr, methyl iodide 

(14.5 ml, 0.22 m:Jl) is gradually added with external 

C:J:Jling. The reacti:Jn mixture is stirred at r:Jom 

temperature f:Jr 5 hr, left :Jvernight! and again stirred 

ak 30-35:Jc for 3 hr. The reacti:Jn mixture was p:Jured :Jn 

crushed~ce and the. benze_ne layer was separate-d. The 

aque:Jus p:Jrti:Jn was extracted with benzene an9 the 

combined extract was washed with water, dried (Na2so4 ) 

and c:Jncentrated t:J give the crude -loa-£1 which VJere 

purified by column chromatography over silica gel 

using benzene:he:x:ane (25:75) aJS eluent. The physical, 

analytical and spectral pr:Jperties o£ these unknown 



keten-s,s-acetals are described bel~w: 

:)X8butaneni trile ~ was 8bta.ined as c8l8urless plates 

::,) + fr8m chl8r:)£8rm-hexane, 18 g (69%); mp 68; M 263; 
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(F:)Und: c,. 58.92; H 1 4 .. 71; N 1 5.02; Calc. f8r c
13

H 13Nos
2 

( 263.4): c, 59.27; H~ 4. 97; N, 5. 32%) T.biF spectral data 

f::,)r lOao is described in the text. 

8X8butanenitrile (~) was :)btained as lig~t yell8w plates 

fr:)m chl8r:)f:rrm., 12.5 g ( 41%) ., 

2250 <v1 )· 1650 ('1'1 ) cm-
1

• 

::_)·--

mp 111-112 ~ IR (NUj8l)~ 

CN I v co .I 

1 
H~N .• M .•. R. (COC1 3 ): 2 •• 02 

... 
(s, 3H, SCH

3
)_; 2 .• 32 (s, 3H,., SC,!i

3
)-; 3.69 (s_, 2H_, C,!i

2
J: 

. . + 
7.,36 (d., 2H :); 7.79 (d, 2H )·; M 297; (F8Und-: - ar8m ar8m 

--
Ci 52 .• 11; H., 3 .• 88; N,; 4 .• 92.; Calc .• f8r c

13
H

12
ciNOS

2 

( 2 9 7 • 8 ) : c I 5 2 ••. 4 3 ; HI 4 .• 06 ; N I 4 .. 7 0'/o ) .• 

4-p-Methy8xyphenyl~3- \J:>is(me~hylthi8)methylene1_-

4-:)X:)butanenitrile (12£) was 8bt~ined as light ye~l8w' 

plates fr::,)m ethan81,., '14 g (48%), mp 98-99
8

; IR (Nuj:)l): 

2243 ( 2) ) ; 1645 ( }_) ) cm-1 ; 1H~N .M.R. (CDC1
3

): 2_. 20 
CN CO -

(s, 3H 1 SCtl
3

); 2.48 (s, 3H 1 SCB
3

); 3.84 (s, 2H, CH2 ); 
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... 
3.96 (sl' 3H., OC.!;:!

3
)·; 7.10 (dl. 2H ); B<iOO (d, 2H ); 

arom arorn 
+ . J • ' 

M 293; (Found: c, 57 •. 93; H~: 5~-53; N, 4.98; Calc. for 
.. ··-

c14H15N02S2 (293.3): C, 57.31; H, 5.15; N, 4.77%). 

General .Procedure for the prcp:1ration of 1-substituted 

2-Amino-4~aroyl-5-~~thylthiopyrroles (~-l) and 

l~substituted 4-aroyl~2-benzoylamino-5~methylthiop)~roles 

A s'Jlution of 10 ( o •. o1 m'Jl) and amine ( o. 011 mol) 
.. 

in ethanol (J5 ml) was refluxed for 1-1.5 hr. Removal 

of solvent under reduced pressure gave the crude amino-

pyrroles 12a-i which were dissolved in dry benzene (SO ml) 

and treated with anhydrous potassium carb:::mate (0.01 mol) 

and benzoyl chlorida (0.015 mol) with vigorous stirring 

and cooling. After stirring for 2 hr at room temperature 
.. 

the mixture was poured over crushed ice (200 g). The 
~'YY)~ . 

benzene layer was s-epaxat:Ed, the aqueous layer further 

extracted with benzene (2 x 100 ml), and the combined 

~ganic layer was dried with sodium sulphate. Evaporation 

of the benzene gave the crude 13a~i which were further 

purified by crystallisation (13b, c & f) or by column 
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chr:)mat:)graphy (13~" d-~} :)Ver silica gel using 

benzene:ethylacetate (95:5) as eluent •. The CJffipJunds 

13a-i·were prepared by this-pr:)cedure and their physical, 

analytical and spectral data are given in tables 2' and 1 

respectively. 



Table 2 

N=Substituted 4=hr:::>yl=2~benz:::>ylamin:::>=5~rnethylthi:::>pyrr:::>les 13a=l 

Rl 
Yielda m .. p. ( oc} M:::>lecular 

Pr:::>duct R calc. 
(%) {s:::>lv.ent) f:::>rmula F:::>und: 

13a C6H5 CH3 46 108~109:) C20H18N202S 

(CHC13/hexane) ( 350.4) 

13b c6r-:5 C2HS 55 146~147 
J 

C21H20N202S 

(C
2

H5 OH) (364.5) 

13c C6H5 c 6H5cH
2 

59 175:) C26H22N202S 

(C 2H5 OH) (426.5) 

Analysis(%) 

c H 

68.55 5.17 

68,.07 5,.65 

69 .• 20 5.53 

68 .. 93 5 .• 17 

73 .• 22 5 .• 20 

73 .• 63 5.53 

N 

7.99 

8.34 

7~68 

7.32 

6.57 
\ 

6. 87 

j.-.. 

en 
-,] 



Table 2 (c:::mtJ.) 

13d p<lC 6H4 CH3 46 15_4:::> c 20H17clN2o 2s 

(CHC1 3/hexane) (384.5) 

13e .p=ClC 6H~ C2H5 41 170:::> c 21H19clN2o2s 

(CHC1 3/hex::tne) (398.5) 

13£ _p=ClC 6Ht.- c_6H5cH2 
54 209:::> C 26H21clN2o 2s 

(C
2
H

5
0H) (460 • .5) 

13g p-=-1'-:eo~ 6 H 4 CH3 
61 154:::> C21H20N203S 

(CHC1 3/hexane) (380.5) 

62.40 4.45 

62.83 4.-07 

63.23 4.80 

63..r71 4 .. 35 

67.74 4~59 

67.97 4.23 

66.29 5.30 

66.67 5.63 

7 .. 28 

7 .. 59 

7.02 

7.47 

6.08 

6.49. 

.. 
7.36 

7.76 

....._ 
m 
~ 



Table 2 ( c :::mtc.J _ ) 

13h :p=MeCC 6H( C2H5 45 185~ 

(CHC1 3/hexane) 

13i p=Meoc 6H, 
L.., 

C6H
5

CH
2 

57 173~ 

( CHC 1
3
/hex;:tne) 

a Yield Jf pure, isJl~ted prJduct 

C22H22N203S 66 .. 98 

(394.5} 66.51 

C27H24N203S 71 .• 03 

( 45 6. 5) 71,.43 

5.61 

5.27 

5.,30 

5.68 

7.10 

7 • .s 3 

6~14 

6.49 

~ 

m 
~ 
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Pl\RT B 

CHAPTER IV 

a: RE \CTION OF AROM?\TIC !\MINES WITH 
~-cHLORO~CRYLONITRILE: A CONVENIENT 
TWO-STEP SYNTHESIS OF N-ARYL-2-
CYANOAZIRIDINES USING A PH~SE-TRANSFER 
Cl\.T!\LYST* 

b: REACTION OF 1-ARYL-2-cYANOi'\ZIRIDINES 
WITH INDOLE: A GENERi\L APPROl\CH FOR 
THE SYNTHESIS OF N-ARYLTRYPTOPHANS 

171 

Aziridines are a1 cla'ss ::::>f c::::>mp::::>unds having three 

membered ring c::::>ntaining tw::::> carb::::>n at::::>ms and ::::>ne nitr::::>gen 
)v.. 

at::::>m& The unsubstituted aziridine (!) is generally refe\ed 

t::::>, in chemical Abstracts, as ethylenimine, where-as its 
MJe..~ 1:£- a... ~ 

~ derivatives are,(:i:-nd~x~d :a£- aziridines as described in 

. . d t 1 rlng ln ex sys em • 

1 

* S e Appara::::>., A. Kumar, H. Ila and H .. Junjappa:, Synthesis, 
623 (1981). 
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Aziridines have drawn c~nside~able attenti'Jn 

because 'Jf fundamental academic interest due t'J their .highly 

strained reactive rings. ~~ ~thylenimine and its 

derivatives have f'Jund use in many br:1nches 'Jf applied 

chemistry such as textiles, plastics, c'Jatings and 

Pharmac'Jl'Jgically active substances1b. As a result 'Jf this 

interest, theye have been many revievvs "Jn vari"Jus aspects 

'Jf these derivatives 2 • 

There have been several meth'Jds f'Jr the synthesis 

'Jf ethylenimine and its derivatives described in the 

literature2f, 'Jf which "Jne 'Jf the widely used meth'Jds 

inv'Jlves the intram'Jlecular nucle'Jphilic displacement 

by amin'J gr"Jup t'J give aziridine ring systems via trans 

. ?. ~ rlng cl 'Jsure. The ref "Jre, the d., ~hal'J~ r::-> -amin'J subst i tutec'i 

aukanes f'Jrm useful starting C'Jmp"Jund~~'Jr the synthesis 

'Jf aziridines by f'Jll'Jwing this meth'Jd. 

A number 'Jf N-aryl-2-cyan"Jaziridines were 

required by us f'Jr further synthetic use. Literature 

survey f'Jr a suitable pr"Jcedure f'Jr the synthesis 'Jf these 

C'Jmp'Junds revealed th~t 'Jnly f'Jur meth'Jds are described. 
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In the first meth~d, the re~cti~n ~f amines with either 

e. 4 
2 1 3~dibr~m~pr~pa~nitrile (l) (Scheme 1) ~r with 2-br~m~=2~ 

pr~penenitrile (4) 5 (Scheme 2) in the presence ~f a suitable 

base t~ yield the c~rresp~nding aziridines, has been 

described. H~wever the re~cti~n ~f amines with 2,3=dibr~m~= 

pr~panenitrile {1) is less satisf·:lCt~ry then vJith 2=br~m~~2= 

pr~penenitrile (i) 5 • on the ~the~hand, the 2=br~m~-2~ 

pr~penenitrile (i) is rep~rted t~ be unst~ble, underg~ing 

p~lymeris1ti~n ~n st-::tnding6 
1 requiring its prepara ti~n in 

small qu"l.ntities f~r each experiment. The ~ther meth~d 

used £ ~r the s 1{1thesis ~f ~nly N~phenyl~2-cyan~-aziridine 

(8) ( h 3) 'I • • !-, d . 7 h t d _ Sc erne was oue t~ SZelmlespn HUlsgcn , w ~ reac e 

phenyl:azide (~) with acryl~nitrile (~) t~ give the 

e~rresp~nding triaz~line (1) inv~lving 1,3-dip~lar 

~ycl~additi::m. The triaz~line (1) ~n snbsequcnt pyr~lysis 

in t~luene gave the desired aziridine _§ in 84% yield. 

Alth~ugh this meth~d is rep~rted t~ gi"c excellent yields, 

the preparati~n ~f substituted azides will remain as the 

limiting fact~r due t~ the difficulties inv~lved during 

their preparati::m·. The meth~d devel~ped by R~danti and 

Brulants8 inv~lves the reacti~n ~f diaz~~cct~nitrile (10) 
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(Seheme 4) as dip8lar spe~ies with benzalanilines 9 to 

yie-ld the c8rresp8nding triaz8lines D, which 8n subsequent 

pyr8l ysis 18set* nitr::lgen t ::l give the 2-cyan::l-3~substi tuted-

l~aryl aziridines 21_. The meth:::>d has been used t:::> prepare 

::lnly 2-cyan0-1,3-disubstituted aziridines ~nd f::lund t0 be 
!A'Yl-

~Asuitable f::lr the synthesis 0f the c0rresp::lnding 2-cy~n8~ 

3-unsubstituted aziridines. Simil~rly~ the 8ther meth0d~ ~~ 

inv::llves the rea.cti:m 0f hal::lncc:t:::mitriles 14 (Scheme 5) 

with benz:~.lanilines 13 in the presence ::lf a base in anhydr::lus 

c::lnditi0ns is kn::lwn t::l give 1=aryl~2~cyan::l-3-substituted 

aziridines in g::l::ld yields. H8wever, the meth0d suffers 

due t ::l th~ack 0f f lexibi.li t y t 0 synthesise the 

c8rresp::lnding 3-unsubst i tuted 2~e yan::lazirid ines, As a 

result there is a lack 0£ gener~l meth0d £0r the synthesis 

::lf 2-cyan8-3-unsubstituted aziridines. These aziridines 

were ~ particular interest as they are excellen~ substrates 

f8r th~synthesis 8£ oC-amin:)nitrile C::lmp8unds by reacting 

them with vari8us ::lrganic nucle::lphiles. It was theref8re 

c::lntemplated t8 undertake preliminary studies t8 devel8p 

the synthesis 8f 2-cyan::l-3-unsubstituted aziridine 

derivatives. 
p 

The results ::lfjpresent investigati8n 8n the 
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synthesis ~f these c~mp~unds and their re~cti~n with ind~le 

are described in this chapter. 

l....:laJ':> 
1\.lth~ugh the preparati~n ~f these c~mp::mnds wei:~ 

initially attempted by reacting ar:JmJ.tic amines with labile 

c<-br:Jm:Jacryl:Jnitrile (1,) (Scheme :2) the yields :Jf 2-cy==m:J~ 

N-aryl2~ziridines were ~~~~tisfact~ry primarily due t:J 

rapicl p':>lymeris3ti:Jn ~f ~ during its prepar=:J.ti:Jn ancl 

subsequent re3cti~ns. Thus, the -'~ -chl~r:Jacryl:Jni trile ( 16), 

which is c:Jmm~rcially ':l.Vailable in quantities at l:Jw~price~ 

was c~nsidered f~r its re.'3.cti:Jn with ;nines,...with a view 

t~ devel:Jping i'gE.neral meth:Jd f:Jr the synthesis :Jf 2-~yan:J-3-

unsubstituted aziridines. 

The reacti:Jn :Jf o(_-chl:Jr:Jacryl:Jnitrile (16) 
\' ... 

with ar:Jm3.tic amrne.s have n:Jt been rep:JrtGd irt the liter-:J.ture. 

10 
The :Jnly reference inv:Jlving the re::1cti~n :Jf 16 with 

c ycl :Jhexylamine <1.2) (Scheme 6) is rep:Jrted t :J have yielned 
19 

the aziridinejin p:J:Jr yield al:Jng with several mixtures. 

~to 
Thus, when a1 iline 20a was;(re".lct~ with 16 in 

ethan:Jl, :Jr benzene, the Michael adduct 21a was :Jbtained 
-VV"A~ 

:Jnly in p:J:Jr yield· ( 40'/o). The yield w::ts n::>t aJ ter~d, 



even in the presence :>f triethyl~minc in the re~cti:>n 

mixture. In an aJtern=J te experiment, when aniline 20u. 

and ~ ( SC!heme 7) were refluxc:d in acetic acid f:>r 6 hr, 

the adduct 2la was :>bt':lined in slightly impr:>vecl yields 

(55%). The best yield Jf 2la (8~/o) was acc:>mplished by 

reacting 20a (Sc:.heme 7) with 16 in the presence 'Jf c:>pper 
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J 
(II)acetate at l00-110 c. These reacti:>n c:>nditi:>ns were 

f·.:>und t:> be :>ptimum and they were empl:>yed further t:> 

prepare the ,~c'Jr<ucts 2lb-f by reacting the c:>rrcsp:>nding 

20b=f with 16 in 65-85% :>verall yields. The structures 

:::>£ these c:>mp:>unds were c::mfirmec'J by their analytical and 

spectral d-=tta, which are described in t-=tbles 4 and 1 

respectively. The adduct 2la was then subjected t:> 

cyclizati:>n under varying c:>nditi:>ns t:> give the c:>rresp:>nc'ling 

1-phenyl-2~cyan:>aziridine ( 22a). Thus, whGn 2la was 

treated with triethylamine in refluxing benzene, the 

c:>rresp:>nding azirioine 22a was n:>t f:>rmed and the 

unreacted 2la was rec:>vered. Simil;;}rly, when 21a was 

treated with s:>dium hydride in refluxing benzene, the 

22a was :>btained in p:>::>r yield ( 30%). The c:>mp:>und after 

chr:>mat:>gra.phic sepa.rati::m gave pure lli as reo oil 
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identical with tha. t rep:Jrted5 ' 7 ( supcrimp:>sable IR and NI'1R). 

H:>wever, when 2la (Scheme 7) was rub jected t:> cyclizati :Jn 

~ 
in the presence :J~phase transfer cat3lyst, benzyl-

triethyl:tmm:Jnium chl:Jride and 50'/o aque:Jus s::x:Hum hydr::>xide 

s::>luti::>n with dichl:>r::>methane as the ::>rganic phase, the 

reacti:>n mixture after w:>rk-up, gave the c:>rresp::>nding 

aziridine 22a in 83% yield. Similarly the 2lb~f were 

cyclized using phase tr::msfer c::J.talyst t:> yield the 

c::>rresp:>rvling N~aryl~2~cy:tn:>~aziridines 22b-f in 73-93% 

::>verall yields. The structures :>f unknYWn c:Jmp::>unds 22b~£ 

were c:Jnfirmed :Jn the b:J.sis :>£ their analytical and spectr::J.l 

d.:J ta, which ::J.re rie scribed in t:tble s 5 and 2 respectively. 

under similar re:tcti::>n c::>nditi::>ns, when this 

meth:Jd was extended t::> prepare N~:tlkyl~2~cyan::>::J.ziridines 

by reacting 16 with aliphatic amines like cycl=>hexyl~, 

benzyl-, and is=>pr=>pylamine a mixture ::>f c:Jmp:>unds n=>t 

is=>l.::J.ble by c:>lumn chr=>mat::>gr-=tphy were :>btained. 

When the 2-amin~hen=>l (23) similarly reacted 

with 16 in refluxing eth:tn:>l, the =>pen ch~in adduct 24 

w:ts :>btained in 70'/o yield (Scheme 8). The structure :>f 
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the :>pen chain c:>mp:>una 24 was c:>nfirmed. by its spcctr.:J.l 

and 3nalytical data, which are described in the experiment~l 

secti:>n. When the c:>mp:>und 24 W3.s subjected t:> cycliz,ti:>n 

in acet::me in the presc:nce :>f anhydr:>us p'Jtassium c.:1rb:::m:3te~ 

the desired aziridine 24A was n:>t f~rmcd. H:>wever~ the 

pr:>duct thus is :>lJ.ted in 80'/o yield wa.s identifiecl as 

2-cyan~1,.4-benzoxazine (12.,) (Scheme 8) by its .::l.nalytic:tl 

and spectr:J.l dCJ.t'3.. ·Thus, it exhibited m:>lecular i :>n 

peak at M+ 160 and was analysed f:>r c
9

H8N
2
o.. Its IR (Nuj:>l) 

spectrum sh:>wed a band 3t ~400 -1 em was ClSsigned t:> 

NH stretching frequency. The ch~ractcristic 2240 cm-
1 

bund w::J.s assigned t:> ... ) gr::mp Its final structure 
Vc=N • 

was c:>nfirmed by .its 1H~NMR(Cocl3 ) spectrum. Thus, the 

signal at fJ 3.40 (d, 2H) W·'lS assigned t:> mc:thylene 

pr:>t:>ns adjacent t:> nitr:>gen. A signcl at 6 3.80 (br s) 
" ' 

acc:>unting f:>r :>ne pr:>t:>n, exchanged with deuterium :>xide 

was assigne~ t:> the NH pr:>t:>n, The triplet at 54.88 

acc:>unting f:>r :>ne pr:>t:>n was assigned t:> the methine 

pr:>t:>n. The signa.l at ,--:)6,75 (4H) w::ts duet:> f:>ur 

ar:>m:ltic pr'Jt:>ns, thus pr:>viding evidence f:>r the 

f:>rmati:>n :>f the c:>mp:>und 25. 
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b: REACTirJN OF 1~.\RYL=2=CY\NO\ZIRIDINES 111JITH INDOlE: 

A GENERi\L APPROACH FOR 'l'HE SYNTHESIS OF N=ARYL'J'RYPTOPHJI.t-TS 

The m~st general meth::>ds described f~r the 

synthesis ~f trypt~ph~n ~nd its derivatives inv~lve the 

. d . t' 11 .. 12 th . h t 1' t' 13 gramlne erlva lVe ~r e Fls er ype eye 1za l~n 

~f a ket~ne ~r aldehyde carrying the desired amin~ and 

carb::>nyl functi::>ns in the chain. There are several 

miscellane~us ~p?r~~ches described in the literature14 f~r 

the syntheses of try-pt::>ph<:ln and :111 these meth::>ds have been 

investigated f::>r the synthesis ::>f amin::>acids carrying n~ 

substitution on the o(-amino· gr~up. Although aziridinium 

15 
fluorob~rate is reported t::> react with inO.~le t~ give one 

step synthesis ~f tryptamine in gooO. yield .. n::> eff~rts 

have been made to utilize this simple a?pr::>ach f~r the 

synthesis of tryptophan and N~substituted try9to~hans. 

Theref::>re it is interesting that the 2~cyan::>aziridine and 

2-c yano=N-substi tuted aziridines should react with indole 

under similar reacti::>n c::>nditi~ns t~ yield the c::>rresp::>nding 

tryptophan s. It was theref::>re c ::>nsidered to react the 

indole with N-aryl=2=cyl.n~aziridines with a vic-1.v to 
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devel:Jping a new general meth:Jd f :Jr the s ynthosis :Jf 

o(-amin:Jnitrile c:Jmp:Junds (27), which are precurss:Jrs f:Jr 

the synthesis :Jf hithert:J unrep:Jrted N=aryltrypt:Jphans. 

Thus when ind:Jle (~) was reacted with 1~phcnyl=2~ 

cyan:Jaziridine (22a), in presence :Jf b:Jr:Jntriflu:Jride~ 

etherate, after w:Jrk~up and chr:Jmat:Jgraphic purificati::m, 

(Scheme 9) was :Jbtained in 6ry/o yield. The structure :Jf 

27a was c:Jnfirmed by its analytical 3nd spectral data. It 

sh:Jwed m:Jlecular i:Jn peak at M+ 261 and was analysed f:Jr 

c 17H15N3 (261). In its IR (Nuj:Jl) spectrum, it exhibited 
~1 

a br:Jad band at 3410 em , which was ~ssigned t:J the 

stretching frequencies :Jf ind:Jle NH and ~ryl NH. The 

-1 characteristic nitrile band ap~Jeared 3t 2240 em • The 

final structure :Jf 27a was c:Jnfirmed by its NMR (CD<;::l 3 ) 

spectrum. A signal at S 3.54 (d, 2H) wa,s ·3.Ssigned t:J the 

methylene pr:Jt:Jns. The signal at 5 3.85 (m, lH) which 

was assigned t:J anilin:J NH exch3nged with deuterium :Jxide. 

The triplet at 8 4.20 (lH) was assigned t:J the methine 

pr:Jt:Jn. The br:Jad multiplet 'between ,b6.40=7.60 (m, lOH) 

was assigned t:J nine ar:Jm3tic pr:Jt:Jns and :Jne 2=H ind:Jle 
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pr:Jt :m. The l:::JW field br:Jad singlet 3. t S 8. 23 ( lH) was 

a.ssigned t:J the\ind"Jle NH, 1,vhich w:OJ.S e:xchmged with 
I 

deuterium :Jxide, thus c:Jnfirming thGjstructure "Jf 27a. 
-~~ [;" ' 

Similarly 26 w'i~ re=:Jcte4 with 22b~:::_ under similar re::1cti:m 

c:Jnditi:Jns t:J give the c"Jrre2f>:Jl1ding ~ -a.rylamin::>-0 -ind::>lyl 

pr:Jpenenitriles 27b-£ in 50-60/e "Jvera~l yields. The 

analytical and spectr~l data f"Jr 27b-~, which are in 

c"Jnf"Jrmity with the assigned structuros~_are described in 

tables 6 and 3 respectively. 

The ab:Jve ::tryl.::J.min:mitriles 27 were subjected 
... 

tJ hydr:Jlysis t:J yielo the c:Jrresp:Jnding dl~(~~N-aryl) 

trypt"Jph"lns. Several hydr:Jlytic c:Jnditi:Jns 'II'Jere studied 

since the hydr:Jlysis :Jf these =tmin:Jni triles did n"Jt give 

c:Jnsist::tntly the desired trypt"Jphans. H:Jwever, when 27a 
el'h.ru ""rJ. .:c 

was subjected t:J hydr:Jlysis using aque"Jus"barium hydr:Jxide 

the c:Jrresp:Jnding trypt:Jphan 28a (Scheme 9) was 'Jbtained 

in 5~/e yield. The structure :Jf trypt:JphJn 28a thus 

:Jbtained w3s c"Jnfirmed by its analytic~l and spectral data. 

It was an::tlysed f:Jr c17H16N2o2 (280) and sh:Jwed IR (KBr) 

peaks .::J.t 3400 cm- 1 ( -JoH) and 1700 cm~ 1 
( 1,.-lco) inclicating 

that it d"Jes· not exist in zwi tteri:J~ic f:Jrm
11

. Its further 
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structur3l proof is obt~ined from its NMR (CDC1
3

) spectrum. 

Thus, the d ::mblet at .& 3. 40 ( 2H) was a.ssignec1 t :::l tw:::l 

methylene prot:::ms. · The sign3.l at 5 3.65 (m, lH_, e:-:ch:1ngc:1ble 

with D
2
o) W·3S due to aryl N!i while the triplet appeaxecl -"l.t 

8i.os (lH) assigned t:::l methiG~ ~roton •. Nine ar:::lm~tic 

pr:::lt:::lns and H-2 :::lf ind:::lle appeared together as multiplet 

between 6 6.40-7.60 • The br:::lad singlet ap~Je-:trecl at b 8.30 

( lH) was assigned to indole NH, Similarly, h·n more 

o(-amin:Jni trilcs, 27b ::J.nd 27e v-1ere hyclr:Jlysed uncer similar 

C:::lnc'liti:::lns t:J give dl=N=·"l.ryltrypt:Jt_:)h:ms, 28b w.ncJ 28c in 

45% and 48% yields res:t_:lecti vely. The physical, an,3.lytical 

and spectral data f:Jr 28b=c are described in the experimental 

secti:::m. 



Table 1 

SpectraJ ~ata f8r PrJducts 21a=i 

-------------------------------------- .. -
M.s. 

PrJduct 
rn/e(M+) 

21a 180.5 

2lb 198.5 

21c 215 

I .R. (neat) 

\) [em ~ 1 J 

3330 (NH); 

2215 (CN) 

3325 (NH); 

2200 (CN) 

3445 ( NH) i 

2250 (CN)a 

1 
H=NMR (CDC 1 3 ~ 

b[ppmJ 

3.96 (br d, 2H, Ctl
2

); 4.26 (br s, 1H, 

NH); 4.66 (t, 1H, CH); 6.80=730 (m, 

5Har8m) 

2.44 (br d, 2H, CB
2

); 3.63 (br s, 1H, 

NH ) ; 4 • 4 6 { t ' 1H I C!i ) : 6 • 3 0= 7 • 00 

(m, 4H ) • ar8m 

3.36 (br d, 2H, CB2 ); 4.02 (br s, 1H, 

NH); 4.18 (t, 1H, C!:!); 6.40 (d, 

2H ) ; 7 • 00 ( d I 2H ) • ar8m ar8m 

~ 

OJ 
cc 



~ (C:Jrtd.) 

2ld 215 

21e 1S'4.5 

2lf 210.5 

3400 (NH); 

2240, 2220 

(CN) 

3378 (NH); 

2208 (CN)a 

3400 (NH); 

2245 (CN) 

--------·-------
a Nuj:Jl HulJ. 

3.58 (br d 1 .2H1 c~2 ); 4.05 (br s, 1H, 
.. 

NH ) ; 4 • 4 3 ( t 1 lH, C H ) ; 6. 4 0= 7 • 1 0 ( m, 

4H ) 
ar:Jm 

2.43 (s, 3H, CH
3

); 3.86 (br d, 2H, 

c~2 ); 4.20 (br s, lH, N~); 4.63 (t, 

lH I CH ) i 6 • 6 3 ( d , 2H ) ; 7 • 13 ( d I 
- ar:Jm 

2H ) 
ar:Jm I' 

3. 33 ( br d 1 2H, Ct!2 ) i 3.66 (s, 3H, oc~3 ) ; 

4.10 (br s 1 lH, NH) I 4.33 (t, lH, CH); 

7.00-7.50 (m, 4H ). 
ar:Jm 

1--­
c.o 
0 



Table 2 

Spectrcl data f~r pr8ducts 22a-f 

----------------.---------------------------------------------------------------------------------------
M.s. I.R (neat) 

Pr8duct 
+ r 1-1 m/e (M ) -0 1~m ~ ...J 

22a 144 2245 (CN); 1599 

1493, 765, 693 

22b 162 2250 (CN); 1550, 

1220, 838,.695 

1
H-NMR ( COC 1 3 ) 

5WpmJ 

2.35 (dd, lH, Hb~ J i =6HZ); 2.55 (d, - c s 

lH, H I Jt = 3HZ); 2.75 (t, lH, H -a rans -c 
J . = 6HZ, Jt = 3HZ); 6.80~7.46 c1s rans 

(m, 5Har~m) 
b 

2.45 (dd,. lH, Hb' J . = 6Hz); 2 .. 62 (q, 
- C1S 

lH~ H , Jt = 3Hz); 2.75 (t, lH, H -a rans -c 

J . =6HZ, Jt = 3HZ); 6.90 (dd, c1s rans 

4Har8m) 

I­
CO 
!--e 



·Table 2 { c ::mto.) 

22c 178.5 

22d 178.5 

22e 158 

2238 (CN); 1595, 

1490. 1375~ 825, 

760, 650a 

2238 (CN); 1595, 

1460, 13751 849 

765, 660a 

2248 (CN); 1610, 

1510, 1275, 820, 

695 

2.46 (dd, 1H, Hb, J . =5HZ); 2.65 (q, - c~s , 

lH, H I Jt = 2.5 HZ); 2.78 (t, lH, -a rans 

H , J , = 5HZ 1 Jt = 2.5 HZ); 6.85--c cls rans 

7.20 (m, 4H ) ar::>m 

2.43 (d, lH, Hb' J . ~ 6HZ); 2.65 (q, 
- ClS 

lH, H , Jt = 3HZ); 2.74 (t, lH, H I -a rans -c 
J . = 6HZ, Jt = 3HZ); 6.80-7.20 
c~s rans 

(m, 4Har::>m). 

2.25 (s, 3H, CH3 ); 2.30 (d, lH, ~b' 

J , =5HZ); 2.48 (q, lH, H , Jt = 
ClS - -a rans 

... 

2.5 HZ); 2.57 (t, lH, H I J . = 5HZ); -c. 'Cl.S 

J = 2.5 Hz); 6.75-7.12 (q, 
trans 

4H ) ar::>m 
~ 

c.o 
l~ 



Table 2 ( c 8ntd. ) 

22fb 17 4- 2243 (CN); 1595, 

1508, 1275, 820, 

695 

a Nuj8l mull 

2.35 (d, 1H 1 Hb 1 J . = 6HZ); 2.55 (q, 
- · C1S 

lH, H 1 Jt = 3H
2

); 2.70 (t, lH, -a rans 

H I J . = 6HZ, Jt = 3HZ); 3.70 -c c1s r3ns 
b (s, 3H, OCH

3
); 6.80-7.35 (m, 4H ) 

- ar8m 

b Kn8~n ,ziridines, see references 7 an0 4c 

1---­
c.o 
"' .. vw 



Table 3 

Spectral data fJr prJducts 27b-~ 

--------------------------------------------------------------------------------------------------------

PrJduct 

27b 

27c 

M.S. IR (NujJl) 

m/e (M+} ~~m-1J 

279 3412 (NH); 

3365 (NH) 

295 

( 
2260 (CN) 

3420 (NH); 

3350 (NH); 

2245 (CN) 

1
H-NMR (CDC1 3 ) 

S [ppmJ 

3.65 (d~ 2H, C~2 ); 3.80 (m, 1H 1 ~1 

exchangeable with n
2
o); 4.28 (t, lH, 

CHCH
2

); 6.40-7.60 (m, 9H, BH + - . arJm 
. . 

H-2. d l ); 8.25 (br s, lH, NH. d l 1n J e -1n J e, 

exchangeable with n
2
o) 

3.75 (d,_ 2H, c~2 ); 4.00 (m, lH, NH, 

exchangeable· with. n
2
o); 4. 33 ( t, lH, 

CHCH
2

); 6.35-7.75 (m, 9H, SH + 
- arJm 

H-2. d l ); 8.25 (br s, lH, NH. d l 
~n J e -~n J e 

exch~ngeable n
2
o) 

~ 

co 
~ 



TablE 2 (c:ntd.) 

27d '275 

27e 291 

3430 (NH); 

3360 (NH); 

2250 (CN) 

3400 (br, NH) 

2240 

2.25 (s, 3H, J2=Cii3): 3. 60 ( d, 2H, CB2); 

3.75 (m, lH, NH, exchangeable with n2o); 

4 e 35 ( t 1 lH, CiiCH
2

); 6.35-7.70 (m, 9H, 

BH + H-2. d l ); 8.30 (br s, ar:Jm ~n :J e 
lH, 

NH. d 1 , exchangeable with n2o) 
~n :J e 

3.45-3.65 (m, 5H, cli2 + ocg3 ); 3.70 

(m, lH, NH, exchangeable with n 2o)1 

3.90 (t, lH, CliCH2 ); 6.30-7.40 (m, 

9H, BH + H-2. d l ); 8.30 (br St ar:Jm ~n :J e 

lH, NH. d 
1 

, exchangeable with n2o). 
-~n :J e 

I­
CD 
CJt 
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EXPERIMENTAL 

Melting p~ints were determined 8U a 'B8etius' 

apparatus and are unc~rrected. The IR spectra were 

rec~rded ~n 1 Perkin-Elmer 297 1 spectr8ph8tome.tei;'. The 

NMR spectra were rec~rded ~n varian EM-390 spectrometer 

using TMS as an internal standard and the values are 

expressed in o(ppm). 

The starting materials: 

The c~mmercial samples of aniline, p-fluoroaniline, 

p~chl~r~aniline, m-chloroaniline, p-methoxyaniline and - - . -
~-chl~roacrylonitrile were purified before use~ 

The ph3se transfer catalyst, triethylbenzylammonium 

chloride (TEBA) was prepared by the foll8wing reported 

16 procedure 

A solution of triethylamine (33.7 g, 0.33 mol) 

and benzyl chloride (50.0 g, 0.40 mol) in 60 ml ~f 
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abs8lute ethan8l was refluxed f8r 64 hr~ The S8luti8n 

was C88led t8 r88m temperature and 300 ml 8f ether was 

added. The precipitated amm8nium salt was rem~ved by 

filtrati8n 1 rediss8lved in the minimum am8unt 8f h8t 

dry acet8ne and reprecipitated with ether; yield 43.7 g 

(58%). 

Preparati8n 8f 3~arylamin8~2-chl8r~pr8panenitriles ll: 

(a) in refluxing ethan81: A mixture 8f aniline (20a) 

(9.3 g, 0.1 m8l) and 2-chl8r8-2-pr8penenitrile (16) 

(9.5 g, 0.11 m8l) in 25 ml ethan8l was refluxed at 80-90
8 

f8r 30-40 hr. The s8lvent vJas rem8ved under reduced 

pressure and the residue was chr8mat8graphed 8Ver silica 

gel c8lumn using benzene/hexane (1:2) as eluent t8 give 

7.2 g (4~/o) 8f pure 21a as yell8w 8il (TLC single sp8t). 

The spectral and analytical data f8r 21a are described in 

tables 1 and 4 respectively. 

(b) in refluxing benzene: When the reacti8n 8f aniline 

(20a) (9.3 g, 0.1 m8l) and o\~chl8r8acryl8nitrile (16) 

(10.5 g, O.l~m8l) was carried 8Ut in refluxing benzene f8r 

20 hr,. the w8rk=up 8f the reacti8n mixture f8ll8wed by 

purificati8n :=J.s ab8vc: yielded 6.3 g (35o/o) 8f 2la 

(superimp8S3ble IR a~d NMR). 
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(c) in refluxing benzene/triethylamine: When the re~cti~n 

~f 20a (9.3 g, 0.1 m~l) a.nd 16 (10.5 _g, 0.1'9~~1) was 

carried ~ut in refluxing benzene in the presence 8f 

triethyl~mine (10.1 g, 0.1 m~l) f~r 24 hr, the w~rk-up 

~f the re~cti8n mixture f8ll8wed by chrJmat~graphic 

purificati8n gave 6.9 g (3~/o) 8f 21a (superimp~sable IR 

and NMR) 

(d) in refluxing acetic acid: A mixture ~f 20a (9.3 g, 

8.1 rn81) and 2-chl8r8-2-pr8penenitrile (16) (10.5 g, o.1~mJ1) 

in glacial ~cetic acid (30 ml) was refluxed at 120-1308C 

f8r 2~6 hr. The s8lvent was then rem8ved under reduced 

pressure and the residue thus 8btained was passed thr8ugh 

a silica gel c8lumn using benzene:hexane as the eluent 

t8 give 1.0 g (55%) 8f 21a (superimp8sable IR and NMR) 

(e) in the presence 8f c8pper (II) acetate: A mixture 

8f 20a (9.3 g, 0.1 m8l) and 16 (10.5 g, o.1'2.,m8l) and - ' 

C8pper (II) acetate (5% by weight 'Jf aniline)· in 10m],. 

J 8f 95% alc8h8l w~s refluxed with stirring at 90-100 

f8r 15 hr. The s8lvent was rem8ved under reduced pressure, 

the residue W3S then diss8lved in chl8rJf8rrn/ethylacetate 

(200 ml), w~shed with w~ter (2 x 100 ml), dried (Na 2so4 ), 
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the s~lvent w3s rem~ved under reduced pressure and the 

crude pr~duct thus ~btained was purified by c~lumn 

chr~mat~gr~phy ~ver silica gel using hexane:benzene (4:1) 

as eluent tJ give 14.5 g (8~/o) Jf 2la (superimp~sable IR 

and NMR). Similarly the c~mpJunds 21£-f were als~ 

prepared f~ll~wing this meth~d in 65-85% ~ver all yield 

(Table 4). The spectral and analytical data fJr 2la-f 

are described in tables 1 and 4 respectively. 

nttempted cyclizatiJn Jf 21a tJ 22a with triethylamine 

in benzene: 

A mixture Jf 2la (1.8 g, o.ol mJl) and triethyl­

amine (2.02 g) in 10 ml dry benzene was stirred at r~:Jm 

temperature f~r 48 hr. The sJlvent was rem~ved and the 

reactiJn mixturG was purified by passing 
ct 

thrJughA CJlumn 
o} . 
9ft- sil:!.ea gel tJ give 1.6 g (9~/o) Jf unreacted st3.rting 

materia 21a (superimpJsable IR and NMR). 

c yc 1 i za t i J n ::£ 2la t ~ 2 2 a : 

(a) with sJdium hydride in refluxing benzene: A s~lutiJn 

Jf 2la (1.8 g, OMOl m~l) in 5 ml ~f dry benzene was added 

tJ a suspensiJn ~f SJdium hydride (0.5 g, 5ry/o suspensiJn) 
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in 5 ml dry benzene and refluxed the reacti~n mixture 

with stirring at 80-90~ f~r 15 hr. The reacti~n mixture 

was p~ured ~ver crushed ice, extracted with chl~r~f~rm 

(3 x 15 ml)., washed with ,,r:tter (2 x 20 rnl)~ dried (N."l. 2so4 ) 

and c~ncentrated t~ give crude reacti~n mixture, which 

was purified by pa;ssing thr~ugh silica gel c~lurnn using 

benzene:hex"l.ne (1:2) a.s eluent t~ give 0.43 g (30'/o) ~f 

22a red ~il identical with th~t rep~rted5 ' 7 (superimp~sable 

IR and NMR). 

(b) with benzyltriethylamm~nium chl~ride: T~ a s~luti~n 

~f the adduct 21a (1.8 g, 0.01 m~l) in dichl~r~methane 

(20 ml), 50'/o aque~us s~dium hydr~xide s~luti~n (10 ml) 

and benzyltriethylamm~nium chl~ride (50 mg) were added and 

the mixture was vig~rJusly stirred at r~~m temper~ture f~r 

3 hr ~JnitJred by TLC Jn silica gel using ethylacetate: 

benzene (1:9)l. The mixture was then diluted with water 

(50 rnl) and dichl~r~methane ( 20 ml). The ~rganic layer was 

separated, washed with w~ter (2 x 50 ml), dried (Na2so4 ) 

and evap~rated Jn water bath t~ give the crude aziridine 

22a, which w~s purified as described ab~ve t~ give 1.2 g 

( 83%) ~f pure 21a ( superimp~s"lble IR and NMR). Similarly 1 
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the adducts 21b-! were also cyclized following this method 

to give the correspOnding 22b-_! in 73-93% over all yields 

(Table 5). The spectral and analytical data f:Jr 22a-f are 

described in tables 2 and 5 respectively. 

Reaction of o( -chloroacryl:>nitrile (16) with 2~aminophenol 

propanenitrile (li) 

A mixture :>f 2~amin:>phen:Jl (23) (10.9 g~ o.l m~l) 

and 2-chl:Jr:>pr:Jpi:>nitrile {16) (10.5 g, 0.12 m:>l) in 

ethanol (60 ml) was refluxed at 100-110° f:Jr 22 hr, when 

the TLC showed the complete disappearance :>f starting 

material. The solvent was removed from the reaction mixture 

under reduced pressure and the residue thus obtained was 

purified by column chr8matography over silica gel using 

benzene as eluent, to give 14 g (70%) of 24 as red viscous 

1 ' 
oil, (TI.C single spot); IR (Neat): 3400 em- (br, '')

0
H+ lJNH); 

2250 cm- 1 
(YeN); 

1
H-NMR (cncl3 ): 3.62 (d, 2H, NCH2 ); 4.45 

(t, 1H, C,!:!CH
2

); 4.60-5 •. 00 (m., 2H., NH + G_£:!, exchangeable 

+ with n
2
o); 6.65 (s, 4H ); M 196.5; (Found, c, 54.53; 

a rom 

H, 4.32; N, 14.67; Calc. f:>r c9H9CIN2o (196.5): C, 54.96; 

H, 4.58; N, 14.25%). 



9Q9 
/.., -

Cyclisati:Jn :Jf 3~(g-hydr:Jxyphenylamin:J)-2-chl:Jr:Jpr:Jpi:J­

nitrile (~) t:J 2~cyan:J-1,4~benz:Jxazine (~): 

The ~ichael ~dduct (~) (1.97 g, o.ol m:Jl) 

diss:Jlved in dry acet:Jne (10 ml) was added tJ anhydr:Jus 

pJta1ssium carbJn::tte in dry acc;tJne ( 30 ml) with stirring 

and the reacti:Jn mixture was stirred further fJr 3.5 hr 

J 
a~ 55-60 • (The reacti:Jn W3.S mJnit:Jred by TLC). Rem:Jved 

the s:Jlvent, the residue diluted with water (20 ml) 

extracted with chl:Jr:Jf:Jrm (2 x 30 ml), dried (Na2so4 ) and 

c:Jncentrated t:J give the crude pr:Jduct, which :Jn c:Jlumn 

chr:Jm:J.t:Jgraphy :Jn silica gel using benzene as eluent 

f:Jll:Jwed by recrystallisati:Jn fr:Jm ethylacetate:hexane 

( 1:9) gave 2~cyan:J~lr 4-benz:Jxazine ( 25J a•s light br:Jwn 

prisms; yield 1.3 g (8rylo); mp 69-70:J; M+ 160; (F:Jund: 

C 1 67.17; H, 5.28; N, 17.86; Calc. f:Jr c9H8N20 (160); 

c, 67.50; H, 5.00; N, 17.Sry/o). The spectral data f:Jr 25 

is described in the text. 

Reacti:Jn :Jf 1-aryl-2=cyan:Jaziridines (22) with ind:Jle (26); 

Synthesis :Jf 3-(3Lind:Jlyl)-2-arylamin:Jpr:Jpanenitrile (27); 

General Pr:Jcedure: 

A mixture :Jf 1.17 (O.Ol m:Jl) ~f ind:Jle (26) 

and 1-aryl~2-cvan:J·::tziridine (22) (O.Ol m:Jl) in 20 ml :Jf - --



2o 'J 
tJ! 

dry ether was pla.ced in a 100 ml r:::mnd b:::>tt:Jmed flask 

fitted with reflux c:::>ndens:Jr. B:Jr:Jn triflu:::>rioe etherate 

( 10 ml) wa1s added sl:::>wly fr:Jm the t:Jp :Jf the· .oondensec 

with stirring (ex:Jthermic). The reacti:::>n mixture was 

::> 
refluxed at 60-70 f:Jr 2.5 hr. The s:Jlid separated 

initially in the re-3.cti:Jn mixture slowly diss:::>lves :m 

he.::tting. The reacti:::>n mixture w.'3.S then p:::>ured int::>) a 

400 ml beaker c::>nt.'3.ining 50 ml :::>f c:Jld water and 

neutralised with s:Jdium bicarb:mate, extracted with 

ethylacetate (3 x 50 ml) and the c:::>mbined extract was 

washed with water (2 x 50 ml), dried {Na2sot1) and 

c:::>ncentr.3.ted. The crude pr:::>duct thus :::>btained was 

purified by c:::>lumn chr:::>mat:::>graphy :Jn silica gel using 

ethyl acet::tte:hexane (1:4) as eluent. The c:::>mp::>unds 

27a-e were prepared by this meth:::>d and their analytical 

and spectral d3ta are described in tables 6 and 3 

respectively. 

I 
Hydr:::>lysis :::>f 3-(3. -ind:::>lyl)-2-arylamin:::>pr:::>panenitriles (27); 

Synthesis :::>f dl-N-aryltrypt:Jph3ns (~): General Pr:Jcedure: 

t5" 'YVl"""' {Le. 
A mixture :::>£ 27 (0.005 m:Jl) and Barium hydr:Jxide 

(0.025 m:::>l) in 10 ml :::>f water ~nd 10 ml :Jf ethan:::>l was 
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distilled 8££ as much as p8ssible~ The reacti'Jn mixture 

was then acidified with 2~/o acetic acid, extr~cted with 

chl8r8£8rm and the cJmbined extract was washed with 

water 2nd c::>ncentrated~. The residue w;:w then diss::>lved in 

200/o s::>dium hydr::>xide s::>luti'Jn, treated with charc::>al ~ nr'1 

filtered h::>t thr::>ugh fluted filter paper and the charc::>al 

was washed with h8t ethan"Jl. The dl-N-aryltrypt~phans 

( 28) were precipit:'lted after acidific':l.ti::m "Jf the filtrate 

with 20% acetic acid as '1.-Jhite S'Jlids. The c!l-N-aryl-

trypt:>ph::ms 28a-£ are prepared by this meth"Jc1 and their 

physical, analytical and spectral data are given bel8w:; 

dl-N-Phenyltrypt8phan (~) was :>btained as white 

s8lid, yield 0.7 g (500/o); mp 133~140"J (F"Jund: c, 73~24; 

H, 6.17; N, 10.43; C3.lc. f:>r c17H16N2o2 (280): C, 72~86; 

H. 5.71; N, lO.OcY/o}. The spectral data is described 

in the text. 

dl-N-(~Flu"Jr:>phenyl)-trypt:>phan¢ (~) was 

:>btained as white s:>lid, yield 0.67 g (45%) mp~ 146-152'J: 

-1 -1 1 IR (KBr): 3400 em ( v0H); 1710 em· ( Vco); H-NMR: 

ins"Jluble; (F8und: c, 68.95; H 1 5.51; N~ 9.89; Calc~ f:>r 
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dl-N-(p-Meth8xyphenyl)~trypt8ph~n C3§s) was 

8btained as white s8lid, yield 0.75 g 
... 8 

(48%), mp. 50=55 

~1 -1 
IR (KBr): 3520 em ( ))0H); 1710 em 

1 
( 'Y CO); H-NMR: 

.. 
ins81Uble; (F8Und: C~ 70.07; H, 5a98; N, 9.47; Calc. f8r 



Table 4 

3=Arylamin~~2= chl~r~pr~panenitrile 21a~f 

Product Ar 

2la C6H5 

2lb 4?~FC 6H4 

21c ,J;2~ClC 6H4 

Yield 8 
m. P• { C) 

(%)~ (s8lvent) 

80 Yell8W 8il 

70 Orange 8il 

79 175 8 

(C 2H5 OAc/ 

hexane) 

M8lecular 

f8rmula 

c
9

H
9

ClN2 

( 180.5) 

c 9H8ClFN2 

(198.5) 

c 9H8cl 2N2 

(215) 

Calc. 
F::mnd ~ 

Analysis(%) 

c H 

59.83 15.51 

59.41 15.15 

54.41 14.11 

54.73 14.52 

50.23 13.02 

50.14 13.&1 

N 

4.99 

4.65 

4.03 

4.44 

3. 72 

4.02 

l\; 
0 
~ 



T-at?_le 4 (c:mtd.) 

2ld ffi=C lc 6 H 4 
65 orange oil 

21e ,9=CF3C6H4 82 72':} 

(c
2

H50Ac/ 

:1exa ne) 

21£ .J;~-Mc:OC 6H4 85 red 'Jil 

a f'Jr c~ppsr (II) acetate meth'Jd 

b Di'JXJ.n was usee"~ as S'Jl vent 

c
9

H
8
cl

2
N

2 50.23 13.02 

(215) so. 55 13.45 

C lOH11ClN2 60.70 14.40 

(194.5) 60.44 14.88 

C 
10

H
11

clN
2

o 57.00 13.30 

(210.5) 57.43 13.71 

3.72 

3.99 

5.66 

5.35 

5.23 

5.61 

l\; 
0 
a.'~] 



Table 5 

l~Aryl=2=cy~nJ2Ziridines, 22a=f ---

Yield m.p. (:>c) M:>lecular 
Pr::>duct fU" 

(%) ( s:Jlvent) f:Jrmula 

22aa C6H5 83 Red oil C9H8N2 

(144) 

22b p-FC H 
6 4 

93 Yell:JW :>il c
9

H
7

N
2

F 

(162) 

22c ,p=elc 6H4 
90 55~56 8 c

9
H

7
N2cl 

(Hexane/ ( 178.5) 

acet:>ne) 

calc. 
F:Jund: 

Analysis(%) 

c H N 

75-.00 19 •. 14 5.56 

75.40 19.63 5.14 

66.67 17.28 4.32 

66.31 17.68 4 .• 72 

60.50 15.69 3.92 

60.88 15.24 3 .• 58 

l\J 
0 
00 



T=tble 5 (C::mtc.) 

22d m-clc 6H4 
82 68=69:> c

9
H

7
N

2
Cl 

(Et:>Ac/ (17Bo5) 

hexane) 

22e :o-"1eC H - 6 4 80 Red Oil ClOH10N2 

( 158) 

22fa J2-Heoc6H4 
73 orange :>il C10HlON20 

( 174) 

a· kn:>wn aziridines, see references 7 and 4a. 

60.50 15.69 

60.79 15~51 

75.95 17.72 

75.61 17.43 

68.97 16.09 

68.56 16.48 

3.92 

3.62 

6.33 

6.73 

5.75 

5.39 

l\; 
0 ........ 
'.J:o,; 



Table 6 

3=(3~indJlyl)=2~arylamin~ pr:Jpanenitriles 27a=~ 

Yield m.p. C ~c) M:Jlecular 
Pr:Jduct Ar 

(%) (s~lvent) f~rmula 
-~ _,...., __ .. ____ . 

27a C6H5 60 106=107 8 
C17H15N3 

(n:J s:Jlvent) ( 261,\ 

27b ,p-F=C H 6 4 
55 98=99 8 

C17H14FN3 

(Et:JAc + (279) 

hexane) 

27c p-Cl-"'C 6 H 4 
60 119=120 C17H14ClN3 

(Et:JAc + (295.5) 

hexane) 

- Analysis (JP 
Calc. c H N F:JUnd! 

78.16 5 • .75 16.09 

78.5 3 5.o47 16.47 

73.12 5.02 15.05 

73.61 s .s1 15.43 

69.04 4.74 14.21 

69.37 4.34 14 .. 63 

ro ..._ 
.::,:) 



Ta.ble 6 ( c::mtc'.) 

27d .p=CH
3
-c 6H4 50 102=103 C 18Hl7N3 

(CHC1 3 + (275) 

hexane) 

27e .p~CH 3o-c 6H4 50 semi s::Jlid C18Hl7N30 

(291) 

78.55 6.18 

78.80 6_56 

74.23 5.84 

74.52 5.57 

15.27 

15.63 

14.43 

14.74 

~ 
~ 

~-""' 
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