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The thesis is divided int~ tw~ parts, the first part 

c~nsisting ~f five chapters,- deals with the studies ~n p~larized 

keten s,s- and s,N-acetals derived fr::>m vari~us active methylene 

comp~unds, particularly ket:mes. 

Earlier w~rk fr~m this lab~rat~ry has successfully 

dem~nstrated p~larized keten s,s-acetals ~ as useful synthetic 

intermediates f~r the c~nstructi~n ~£ a wide variety ~f hetero-

1 cyclic and carb~cyclic systems. These intermediates are easily 

derived in relatively simpler reacti~n c~nditi~ns fr~m a wide 

variety ~f active methylene c~mp~unds l and carb~n disulfide in 

the presence: ~£ two equivalent ~f a suitable base f~llo~Jed by 

alkylati~n in ~ne p~t re3cti~n (Scheme 1). unlike the c~rres-
.. ' ~· . 

ponding o,o-acetals, the S,S=acetals are stable under mild 

hydrolytic conditi~ns and thus form an interesting class of use~ 

ful synthetic intermediates. It has been further sh~wn that 

polarized keten s,s~acetals undergo facile displacement reacti~ns 

with appropriate nucle~philes to give the corresponding sube+itutec 
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acetals in g:>:>d yields. Particularly v1hen the nucle:>phile is an 

amine the displacement can take place either, t:> give the c:>rres~ 

ponding S,N-acetals 1 :>r its N,N-acetals 4 dcpen~ing :>n the 

st:>ichiometry :>f the amines used :>r the reaction conditi:>ns. 

Alternatively these S,N-acetals 3a derived fr:>m primary amines 

can also be synthesized in g:>od yields by reactions of correspond-­

ing active methylene c:>mp:>und s with alkyl/arylis:>thi:>cyanate in 

the presence of base followed by alkylati:>n {Scheme 2). The keten 

S,N-acetals ]E derived from secondary amines are obtained by 

alkylati:>n of the corresponding thioamides 2 (Scheme 2). These 

p:>larized keten S,N- and N,N-acetals are als~ sh:>wn to be useful 

substrates for c:>nstructi:>n of a variety of heterocycles. Synthetic 

applications of p:>larized keten s,s~, s,N- and N,N-acetals are 

dis~ussed in chapter I. 

Lawess:>n and coworkers have extensively studied the thio-

claisen rearrangements of unsymmetrical s-allyl and 

s-pr:>pargylacetals~ In the present investigati:>n, rearrangement 

studies on 8-pr:::>pargyl-N-amin:::>acetals derived from primary and 

secondary amines have been carried out and these rGsults are 

described in the chapter III and IV. Thus it has been shown in 

the chapter III, that S-pr:>pargyl=N-aminoace~Qls Q prepared by the 

r::mte shown in the scheme 3 gave 2~aminou3-a~:>yl=L1-methylthio­
phenes 11 when subjected t:> thi:>elaisen rear~angements (Scheme 3). 2 

I 
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None of the corresponding 5-methylthiophcncs l! or thiopyr~n 12 

could be isolated from the reaction mixture. Thcs€ products 1-vere 

characterized v.Jith the help of spectral and analytic.ll cht'l ~-tlld a 

probable mechanism for the formation of 11 has bc::cn d.::..scussc'i. 

FevJ of the s-propargylthiopyrazoles 14 were prepared according to 

the route shown in the scheme 4. These pyrazoles 14 however failed 

to undergo thioclaisen rearr.'lngements under v"lrying conditions. 

l\ttempted prepar1.t ion of S-propargyl·~N-anilin o/ethyl~ 

aminoacetals 15 resulted in insitu intramolecular cyclization of 

15 to yield the c:::>rresponding 3~alkyl/aryl-4-methyl-2-( substituted 

methylene)thiazolines 1E. in exc~llent yields (Scheme 5). Thus a 

facile generJ.l route for 16 h3.s been developed, 3 which is described 

in the chapter IV. ?\tt empted prepar.:1t ion of s, N-allylacetal 17 

yielded only thioanillide 18, which is formed by thioclaisen 

rearrangement of 12 (Scheme 6). Alkylation of 13 afforded 

S,N-acetal 19 (Scheme 6). 

~llyl 

In the chapter v, preparation and rearrangenent studies 

of novelo(-allylketoketen s,s-acetals 24 have been described 

(Scheme 9). It has been shown 4 earlier in our laborltory that 

ketoketen s,s-acetals 20 derived from either propiophenones (~) 

or dihydrxhalcone (20b) undergo interesting base catalysed 1.3~R3 

shift t:::> give 3-alkylthio-2-alkylthiomethylacrylophcnones (22) 
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(Scheme 7). A det~iled mech~nistic studies :>n this interesting 

1, 3-RS shift which inv:>l ves m:>bile kct 03.llyl int crmedia tc 21 has 

a.lre3dy been published. S In the present investig1tion v.rhcn these 

base CJ.t3lyscd re:1rr:1ngement studies were extended too(='.lllyl~ 

ketoketen S,S-acet3.1S 24 1 f:>rm3.ti:>n :>f Z, _§·1,5-dimcthyltbio=2-

ar oyl-1, 3-pcntad iene s ~ wJ.s observed (Scheme 9) vJhich involves an 

interesting 1,5-MeS shift. The desired ketoketcn s,s-acctals 24 

were prepared by the route sh:>wn in the scheme 8. ~>Jhen the 

dithioacet:1l 24 were re'.lcted \IITith sodium hydride in dimethylforma-

mide ,J.nd benzene the dienes 26 vvcre obt3.ined in g:>od yields ( 

(Scheme 9). A mechanism involving mobile ketopentadienyl inter-

mediate 25 h,:1s been suggested for this re"lrrilngement (Scheme 9). 

The intermediate 25 underg:>es 1,5-McS shift t:> give the rearranged 

dienes 26. All the present evidences indicJ.te ~n intr~molocular 

1,5-MeS shift either via concerted suprafJ.cial 1,5=sigm:1tropic 

shift (path a) or through thiopyrilium intermediate 27 via facile 

6-endotrig process (path b) (Scheme 9) • 
• 

For the prepara.t ion of keten s, s-acet'1ls 24 (,Scheme 8) 

and thi:>amidcs 2 (Sebeme 3)~ -oxodithioesters ~were required as 

initi3.1 precursors. Our literature survey revealed that there is 

no general mcth:>d available for the prep3rati:>n of these ~ithio-

esters 6. Thus a f1cile general method f:>r the synthesis of 

6 
~ -oxodithi:>cstcrs has been developed '.vhich is described in the 
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chapter II. The met h::>d inv::>l ves base catal7sed methylthi::>thi::>~ 

carbonylation of active methylene ket::>nes with dimethyltrithi::>­

carb::>nate 29 (Scheme 10). 

The sec::>nd part of the thesis deals with the generati:m and 

the studies of reacti::>ns of trimethylammoniumcyan::>methylid l! 

(Scb..:mc 11). It is well d::>cumentt.:d th.:tt the nitr::>gcn ylids ::tre 

different in their thermodyanamic stability and their reactivity 

towards electrophilic centres fr::>m the corresponding phosphorous and 

sulfur ylids. Alth::>ugh, the f::>rmati::>n of stable amm::>nium ylids 

have been rep::>rted in the literature, their synthetic applicati::>ns 

like th::>se of imm::>nium; cycl::>immonium, sulfur and ph::>sphorous 

ylids are n::>t much investigated. The reas::>n f::>r this scant studies 

appears to be that in m::>st ::>f their rcacti::>ns, the amm::>nium ylids 

beh~ve like classical carbani::>n, underg::>ing n::>rmal C=C b::>nd 

f::>rmati::>n and n::>t th::>se that appear to be unique t::> ylidic carba­

nions. In the chapter VI ::>f the thesis, a systematic investigati::>n 

::>n the reactions ::>f trimethylammoniumcyanomethylid 11 (Scheme 11) 

with carb::>nyl compound,~J~-unsatur~ted carb::>nyl and thi::>carb::>nyl 

compounds have been carried out. The ylid 31 was gener3.ted _insitu 

by treatment ::>f trimethylamm::>niumcyan::>methyli::>dide with s::>dium 

hydride. The re"lction ::>£ 31 with benz:"l.ldehyde gave J. pr::>duct -,Jhich 

w,~s char:J.cterized as substituted m-di::>xin 36 ::>n the basis ::>f 

spectral and an 'llytic""ll dat 1. (scheme 11). t\ pr-::>bablc mechi1nism f :.:: 

the f::>rmati::>n ::>f 36 vi-:t intermedi,-::tte cxp::>xide 33 has be8n suggested 

(scheme 11). 
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The re·J.cti::m :>f 31 with o\ .... }1-uns'JturJted C3.rb:>nyl c:>mp:>Unds 

7 
37 g3.ve the c::>rresp:>nding cis- and tr1ns- substituted cycl:>pr::>-

P·3.nes 39 in g:>:>d yields (Sch<=me 12), which t:> :>ur kn::>wledgc is the 

first r<=p:>rt ::>f cycl::>pr::>p3.n3.ti::>n ::>f an 'lctiv"l.ted d::>uble b::>nd with 

an amm::>nium ylid. \ mech'lnism f::>r the f ::>rm3.t i::>n ::>f stere:>is:xneric 

cycl::>pr::>pancs has been discussed (Scheme 12). 

ThE: re"lcti:>n :>f ylid with di:tlkyltrithi::>e:lrb::matE:s 29 

resulted in the f:>rma ti :>n ::>f the c:>rresp:>nding 3,3-bis(."3lkylthi:> )­

acryl:>nitriles 118 in g:>:>d yields (Scheme 13). These dithi::>acetals 

42 are apparently f:>rmed via episulfide intermediates 41 which 

underg:> f1cilc sulfur extrusi:>n under the reacti:>n c:>nditi:>ns t:> 

give 42 (Scheme 13). Fr:>m these studies :>n the reJ.cti:>ns :>f 31, 

it W3.S c:>ncluded th3.t nitr:>gen ylid s c:1n als:> behave like their 

sulfur and ph:>sph:>r:>us 3.nal:>g:>us in their reacti::>ns if the ylid 

p:>ssesses pr::>per m:>derately st:1bilizing substituents. 
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PREFACE 

P::>ll.rized ketcn dithi::>3.cet3ls, which are prc9.1n:-'d in ~:-L: 

p"Jt reacti'Jn under relatively simple reilcti"Jn c::>nd1ti:::ms fr::>m 1. 

wide variety 'Jf active methylene c::>mp"Junds have been successfully 

utilized in this lab"JrJt'Jry f"Jr the synthesis 'Jf 1. large number 

'Jf heter"Jcyclic c::>mp"Junds. These dithi::>acetals arc kn::>wn t'J undcr­

g'J facile displ~cement with amines t::> give the c::>rresp::>nding 

s,N-acct,'lls ::>r N,N-acetJ.ls depending "Jn the st::>ichi"Jmstry "Jf the 

amines used ::>r the re3cti"Jn c::>nditi::>ns. These s,N- 1.nd N,N-acetals 

have als::> been sh::>wn t::> be synthetically useful substrates f::>r the 

c"Jnstructi::>n 'Jf a wJ.riety ::>f heter'Jcyclic rings. In the first 

chapter, the synthetic 1pplic~1ti::>ns 'Jf these intermcdi,'ltes f::>r the 

e::>nstructi'Jn ::>£ a wide v:1ricty ::>f hcter::>eyclic systems have been 

discussed. In the sec"Jnd ch:1pter.~ -3. f'lcile general mcth::>d f::>r the 

synthesis ::>f P -::>x::>dithi::>esters by mcthylthi::>thi::>clrb::>nylati::>n 'Jf 

active methylene ket::>nes with dimethyltrithi::>e'".lrb"Jnate in the 

presence ::>£ s"Jdium hydride is described. These dithi"Jesters were 

required f::>r the synthesis ::>f unsymmetric~l keten s, S~'lcet'lls and 

thi"Jamides in the subsequent studies. A brief review ::>n the 

rep::>rted meth::>ds f'Jr the prep'lr'lti::>n 'Jf these dithi::>esters is 31S'J 

described. 

The third ch=tpter 'Jf the thesis de:1ls with the re.J.rr3nge­

ment studies ::>n s-pr::>pl.rgyl-f'r~.l.min::>'J.cctals derived fr::>m cyclic 



in g~~d yields. ,\ mechanism f~r the f~rm:1ti~n ~f thE::sc thi~phencs 

has been discussed. 

i\t tempted prcp:3.r"lt i 'Jn 'Jf S-pr<Jpargyl-N-3nilin 'J/cthyl'J.min~ 

acetals aff~rded the c~rresp~nding 3-alkyl/aryl-4-mcthyl-2~(substi-

tuted mcthylene)thiaz~lines in excellent yields. Thus a f~cile 

general r~ute f'Jr these thiaz~lines h:1s been devel~ped~ which is 

described in the chapter IV. 

In the chJ.pter v ~f the thesis, synthesis and ba.se C·3.talysed 

re3rrJ.ngcment studies 'Jfo( -allyl- Ol-kct~ketcn s, S-;:lcCt::lls h-=J.ve been 

described. ThcseC>\-allylO\.-ket~keten S,S-3cetals underg~ an inter,. 

esting stere~.selective 1,5-MeS shift in the presence 'Jf s~dium 

hydride t ~ aff ~rd 1, 5-dimethyl thi ~-2-ar'Jyl-1, 5~pcntad ienes in g~'Jd 

yields. A mechanism inv'Jlving a m'Jbilc ketopentadienyl itermediate 

has been suggested f~r this rcJ.rr:·mgement, which unclcrg'Jes intrJ.-

m~lecul'1r 1, 5~MeS shift either thr'Jugh c'Jnccrtcd supri1f3.cial sigm-:1~ 

tr~pic shift 'Jr via 6-end'J-trig pr'Jcess. 

The= sixth chapter ~f the thesis (part B) deals with the 

generati~n J.nd rc3cti~ns ~f trimcthylamm~nium cyan'Jmethylid, a 

n~vel c'1mm~nium ylid. The ylid is sh~wn t~ rcJct \'Ti th benzaldc-

hyde t'J give m-di'Jxin deriv"3tive. The rcacti~n 'Jf ylid with 

.. 
\\ 



eo<, (3 =unsaturated carb:myl c:::>mp:mnds aff :::>rd stere:Jis:::>meric cycl::>­

pr:::lpanes by Michael additi:::>n and subsequent ring cl:::>sure. The 

re.:tcti:Jn of ylid with thi:::>carb::myl c:::>mp:::>unds like dialkyltrithi:::>-

carb:::>nates yields bisalkylthioacryl:::>nitriles,which arc f:::>rmed by 

sulfur extrusi:::>n fr:Jm the initially f:::>rmed episulfidc intermediates. 

Fr:::>m these studies it was c:::>ncluded that nitr:Jgen ylids c:1n :1ls:::> 

behave like their sulphur and phosphor:::lus anal:::>gues in their 

reactions, if the ylid p:::>ssesses pr:::>per m:::>derately stabilizing 

substi tueote •. 

,,. 

'" 
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CHAPTER I 

POLARIZED KETOKETEN S,S-, S,N- AND 
N,N-ACETALS : GENERAL INTRODUCTION 

The polarized ketendithiDacetals (J) are among the simplest 

synthetic intermediates, which can be prepared by simple methods1 ' 2 

treating active methylene c:mpounds Df general fDrmula) <_;) with two 

equivalents of base in the presence of carbon disulphide followed 

by alkylation. These acetals (2) are either liquids with well 

defined boiling pDints Dr sDlids with sharp melting points which can 

be purified by conventional purification methods. They are stable 

at room temperature, under mild acidic and alkaline conditions and 

can be stored indefinitely without apparent decomposition. on the 

3 other hand, the corresponding o,o-acetals (]) are generally 

prepared by methods involving more than one step, strictly under 

moisture free conditions since they undergo rapid hydrolytic cleavage. -

Besides, active methylene cDmpounds can nDt be used as starting 

materials to prepare these compounds emplDying the same methods used 
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f~r the c~rresponding s,s-acetals. Similarly, ketene dihalogenides 

4 (4) are prepared in the laboratory by chlorinating directly the -
c~rresp~nding ketene s,s-acetals (2), thus making the acetals (2) - -
as primary precursorso£ ketene dihalogenides 4. Similarly the 

N,N-acetals ~ are useful as potential starting materials, since they 

2 3 

Keten 0,0-acetals 

4 5 

Keten dihalogenides Keten N,N-acetals 

2 - 5 R = H, alkylJaryl,nitrile, carb~nyl 1 nitr~, sulphonyl,etc. 

R'= Nitrile 1 carbonyl~sulphonyl,nitr~,etc. 

R"= Alkyl gr~ups. 

are also derived from either one :>f the anal~ues _£, 3 or 4. 5 

". 
Apparently, the polarized ketene s,s-acetals £, form an important 
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class of 1,3 electrophilic three carbon fragments, which are of 

potential synthetic value. nespi te a larg•3 number of reports in 

I . 6-14 the literature on the(1preparationo..wJ. physical propertl.es, a 

systematic synthetic investigati-on on their synthetic utility was 

not much explored until these studies were initiated in our 

laboratory. 

15-23 
A few of the important synthetic applications of 2 for 

constructing a variety of heter~yclic compounds, and other 

compounds achieved in this laboratory, are described in scheme 2. 

The methods thus developed have been shown to be of general 

synthetic importance, sinoe the choice of structural variants of 

active methylene compounds is quite large. These dithioacetals 2 

have also been shown to undergo facile displacement reac~ionSwith 

primary and secondary amines to give the corresponding S,N,-(6) -
and N,N-acetals24- 29 (5) depending upon the stoichiometry of amines -
used (Scheme 3). The s,N-acetals are best prepared by treating 

active methylene compounds with appropriate isothiocyanates in the 

presence of a base followed by alkylation (Scheme 3), 24
'
30 These 

acetals have been proved to be useful synthetic intermediates. 

i . d 1 d21,31-39 . th' Some of the mportant synthet~c metho s deve ope _ l.n l.S 

.. . .. 
laboratory, by treating them with a variety of reagents, have been 

formulated in scheme 4. It is evident from these two schemes 
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(2 and 4) that the keten s,s-, s,N- and N,IJ-acetals, which can be 

prepared in larger quantities from vJide structural variants of 

active methylene compounds can serve as building blocks for the 

constructiQn of hitherto inaccessible novel heter~yclic systems. 

Larsson and Lawesson40 have extensively studied thio-claisen 

rearrangements of unsymmetrical s-allyl (~), s-crotyl (!Q£) and 

s-propargylacetals 1£ which spontaneously rearrange to products 

like dithioesters 11a, 11b and thiopyran (14) (Scheme 5) respecti--- -
vely during their preparations. In the present investigations, we 

have studied thio-claisen rearrangements on the corresponding 

S,N-propargylacetals !2 which resulted in development of general 

. ~ 41 42 routes for am~no~thiophenes 1§ and methylthiazolines 19 

(Scheme 6). These results have been described in chapter III 

and IV. 

Recent studies from our laboratory have demonstrated 22 ' 43 

that ketoketen s,s-acetals derived from propiophenones (~) a"d 

dihydroehalcone (20b) undergo interesting base catalysed 1,3-RS 

shift to give the eorreep~nding 3-alkylthio-2-alkylthiomethyl 

acryl~phenones !!• The aerylophenone £!£ obtained from dihydro­

chaloone dithio-acetal (~) undergoes base catalysed 

1 1 3-proto~pio shift under reaction conditions to give the thermo­

dynamieally more stable ehaleone 22 as the major product. 
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~ detailed mechanistic study on this rearrangement has been publi-

43 shed recently. In the present investigati8~we have further 

extended these studies to allyl ket8keten s,s-acetals 8f general 

structure 23 which undergo base catalysed 1,5-MeS shift t8 give -, 
diene l! (Scheme 8). These results have been discussed in chapter v. 

For the synthesis 3f s,N-propargylacetals !2 (Scheme 6), and 

dithioacetals 23 (Scheme 8), ~-oxodithioesters ~were required as 

precursors. A survey of the literature revealed that there are n8 

general straightforward synthetic routes available for the prepara­

tion of ~-oxodithioesters. During the course of these investigations, 

a facile general method for the preparation of ~-oxodithioesters was 

developed 44 by methylthiothiocarbonylation of active methylene 

ketones using dimethyltrithiocarbonates. These results and a brief 

review on the methods of preparations of dithioesters are described 

in chapter II. 
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CHAPTER II 

REACTION OF ACTIVE METHYLENE KETONES WITH 
DIMETHYL TRITHIOC ~ONATE : A FACILE ONE 
STEP SYNTHESIS OF ~-OXODITHIOESTERS* 

During the c~urse ~f present investigati~n1a series of dithio­

esters were required for further transformati~ns. These dithioesters 

are important intermediates which can be used to prepare the 

c~rresp~nding symmetrical and unsymmetrical keten s,s-acetals and 

thioamides. Recently1 a series of studies on reacti~ns of Grignard 

1-5 reagents with dithioesters have been published and these reactions 

have been used in the synthesis ~f natural products. Similarly 

Michael addition of dithioesters on o(1 ~ -unsaturated ketones have 

been recently published. 6 The literature survey at this stage ~n 

dithioesters revealed that the methods described f~r their prepara­

tions were not f~und to be particularly useful for ~ur studies and a 

convenient general method f~ the preparation of ~-~xodithioesters 

was successfully developed in our laboratory
1
which is described in 

this chapter. A brief review on the literature meth~ds of prepara-

ti~n ~f dithioesters is also described. 

* G. Singh, s. s. Bhattacharjee, H. Ila and H. Junjappa, Synthesis 
693 ( 1982). 
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II • 2. \ BRIEF REVIE'I!T ON THE METHODS OF' PREP \RATIONS OF DITHIO­
ESTERS 

II.2.1 Dithioesters via monoalkylation of dimetallic salts of 
aithioacids 

httempted monoalkylation of dithiolate anion 3 derived from 

reaction of active methylene compounds with carbon disulfide in the 

presence of two equivalent~£ base have posed some experimental 

difficulties in the past. Direct alkylation of the dianion ~ using 

one equivalent of alkylating agents yielded only the corresponding 

s,s-acetals! and no trace ·Of dithioesters.§. was detected (Scheme 1). 

Gompper and co-workers7 have attempted the dlrect monoalkyla-

tion of the dianion salt 3 by treating it with one equivalent of 

dimethylsulfate. They followed a rapid titration of ~ with one 

equivalent of hydrochloric acid 1 followed by alkylation with one 

eqv. of alkyl halide to yield the corresponding dithi·oester .§. in 

moderate yields. However subsequent experiments of monoalkylation 

8 of 3 (Scheme 1) to give .§. by Lawes son and co-worJ<!ePs have shown 

that a mixture of 4 and 6 are invariably formed. The same authors 
9 have reported the preparation of dithi~esters through dianion 

salt ~ (Scheme 2) derived fr·om acetophen~ne. The dianion salt 3 

was first titrated with one equivalent of hydrochloric acid 

pre~umably to get the monosalt ~~ which was subsequently alkylated 

with dimethylsulfate to give the corresponding dithioester 6 in 

48"/o yield. The various tautomeric forms of dithioesters are shown 

in the scheme 2. 
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rr. 2.2 Preparation o~1 ~unsaturated dithioesters by trithione 
method 

The title compound (3H-1,2-dithiol-3-thione) ~which is 

generally called trithiohe is reported to react with alkylhalide~to 

give the corresp:mding s-alkyltrithionium salt g (Scheme 3) in good 

yields. Smutny and associates10 have studied the reactionsof tri­

thione 8 with primary and secondary amines
1

which gave the unsaturated 

saltS10 and subsequent alkylation of 10 produced 3-aminodithioacrylic -
10 esters 11. The s-alkylthionium salt }1 is reported to react 

with primary and secondary amines to give directly the corresp:mding 

J..1 ~-unsaturated dithioestersll in a similar way. The method is 

useful only for ~-aminoot,p -unsaturated dithioesters. The mechanism 

for the formation of 3-aminodithioacrylic esters 1! from ~ is shown 

in the scheme 3. The adduct 9 formed by the Michael addition of 

amine to trithione ~ suffer~cleavage with sulfur extrusion to form 
.. 

the corresponding salt 10 which is subsequently alkylated. No . _, 
carbon nucleophiles have been used to prepare the~,~ -unsaturated 

dithioestersby this method. 

:r:r. 2. 3 By addition of mercaptans to nitt:lles 

The dithioesters
11 

have also been prepared by reacting 

nitDles l (Scheme 4) with appropriate mercaptans in the presence of 

acid to give initially the immonium saltsl2;which on subsequent 

treatment with hydrogen sulfide gave dithioester&14 in good yields. 

The method requires a cyano group in the active methylene compounds. 
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II.2.4 B~ use ~f phase transfer catalyst: I~n Eair extracti~n 

~chnique 

12 
Larss~n and Lawess~n, in 1972, have devel~ped an alterna~ 

tive meth~d t~ prepare t~-hydr~xydithixinnamicesters 6 (Scheme 5) ,..... -
fr~m dithi~late salts 3. The dithi~late salts were first acidified -
t~ get f?:, -hydr~xydithi:>cinnamic acids ~ which :>n treatment with 

tetra-n-butylamm:>niumhydrogensulfate, a phase transfer catalyst, 

f~ll:>wed by alkylati:>n with methyli:>dide aff~d the desired dithi:>-

esters 6 in high yields. H~wever>the meth~d requires pri~r 

is~lati:>n :>f dithi:>acids 5 which are f~und t~ be unstable
13 

in many - .. 
cases 1 thus limiting the sc~pe ~f the meth~d. They have further 

demonstrated
12 

that the dithi~esters 6 are important intermediates 

f~r the preparati~n :>f unsymmetrical keten s,s-acetals. 

II.2.5 Dithi~esters thr:ugh additi~n ~f ylides and Grignard 

reagents t~ carb~n disulfide 

14 
The ph~sph~rane 15 (Scheme 6) derived fr~m the c~rresp~nd-

ing salt is sh~wn t~ c~ndense with carb~n disulfide t~ give the 

dithi~nate salt which is further alkylated t~ give the c~rresp~nding 

ph~sph~nium salt 16. The salts 16 ~n electr~lysis gave the dithi~-

15 16 
esters17 in 71-75% yield. Krohnke and Gerlach ' have rep~rted 

the reacti:>ns ~f pyridinium phenacylid 18 with carb:>n disulfide t~ 

give ethanedithioacid pyridinium betaine 19 which ~n subsequent 

alkylati~n and cleavage gave the pyridinium salts 20. 
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(Scheme 7). Debenz::>ylati:m ::>f 20 yielded the c:Jrresp::>nding 

0\ -pyrid ... inium dithi::>acetate 21. 

17 Brandsma and c::>-w::>rkers have rep::>rted the synthesis ::>f 

dithi::>esters (Scheme 8) by reacting Grignard reagents22 derived 

fr::>m the c:>rresp::>nding hal::>alkanes with carb::>n disulfide f::>ll::>wed 

by alkylati:>n (Scheme 8). 

Thullier
18 

has rep::>rted synthesis ::>£ saturated dithi::>esters 

by reacting Grignard reagents with phenyl is:>thi:>cyanate f::>ll::>wed 

by treatment :>£ resulting thi:>imidates 26 with hydr:>gen sulfide 

(Scheme 8). 

19 
In an an:>ther rep:>rt, the Grignard reagentswere first 

reacted with cupr:>us halide t:> get the c::>rresponding :>rgan::>cuprates/ 

which were reacted with carb::>n disulfide and methyl i:Jdide subse-

quently to give the c:>rresp:>nding di;hi:Jesters in g::>od yields. 

II. 2.6 Synthesis :>f dithi::>esters fr::>m aliphatic carb::>xylic aeids 

The carb:>xylic acids 27 (Scheme 9) were c::>nverted 20 t::> the 

c::>rresponding dilithium salts~ by treatment with butyl lithium in 

diis:>propylamide and the resulting 28 were condensed with carb::>n 

disulfide to yield the corresponding lithium dithiolate saltf29. 

These salts 29 were then alkylated to give the c::>rresponding 

dithioesters 30 in 77-78% yield. The carboxylic acids 30 \·Jere then 

subjected t:> decarboxylation to yield the corresp:>nding dithi::>esters 

31 in good yields (Scheme 9). -
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II. 2.7 1,1-Dichl~r~-2,2-disubstituted ethenes as precurs~rs f~r 
dithi~esters 

The dichl~roethenes ~ (Scheme 10) have been sh~wn to 

undergo facile displacement with tetraethylammonium thi~ate to give 

the corresponding salts 33. These salts on rapid addition of -
methyl iodide at ro~ temperature yielded the corresponding dithi~-

21 esters ~ in good yields. However when the alkyl halide was 

added slowly at -15°, a mixture of both dithioestersand dithioacetals 

was formed. 

II. 2.8 Dithioesters from dithioacids 

Recently~ 2 dithioesters have been prepared by Markownikoff•s 

addition of dithioacids t~ olefi·ns c~ntaining electr-:>n donating 

groups. It is pertinent to n~te that m~nothi~acids add t~ olefins 

in anti-Markownikoff's m~de (Scheme 11). 

II. 2.9 Trithi~arbonate method 

Dialkyl carbonate ~ has been used extensively in ~rganic 

synthesis to introduce alkoxycarbonyl group in active methylene 

compounds. Despite a large number of references23 found in the 
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literatu~e on alkoxycarbonylation through dialkylcarbonates, the 

corresponding dialkyltrithiocarbonates 37 appears to have not been 

seriously considered for a1ky1thiothiocarbony1ation of active 

methylene compounds under similar reaction conditions. There are 

few sporadic24 ' 25 ' 26 attempts to use this method for the synthesis 

of dithioesters. Thus Hartke and oo-workders26 have successfully 

intr:cluced alkylthiothiocarbonyl group by treating s:dium salt of 

cyclopentadiene 38 (Scheme 12) with 37. Similarly, acetonitrle - -
underwent methylthiothiocarbonylation25 with 11 in the presence of 

butyllithium to give !! (Scheme 12). Recently, Japanese group has 
27 reported that dimethyl sulfoxide underwent condensation with 

trithi~arbonate in the presence of n-butyllithium to give the 

corresponding dithioesters. There is only one method28 described 

in the patent literature having extended this trithiocarbonate 

method to few ketones like acetone, 1-napththylmethyl ketone in the 

presence of base like sodamide to yield the ~-ox~ithioesters in 

unspecified yields. 

II. 3 REhCTIONS OF ACTIVE METHYLENE KETONS WITH DIMETHYLTRITHIO­

ChRBONATES t A FACILE ONE STEP SYNTHESIS OF METHYL 
~ -OXODITHIOC.i\RBOXYLATES 

From the above discussion on the reported methods of 

preparation of dithioesters from various aetive methylene compounds, 

it is apparent, that not a single method described has been shown t~ 

be of general synthetic application. In the present investigation 
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a large number ~f ~~x~dithi~esters were required f~r the prepara­

ti~n ~f thi~amides and unsymmetrical keten s,s-acetals and it was 

c~nsidered appr~priate t~ expl~re the use ~f easily available 

dimethyltrithi~arb~nate f~r intr~ucing methylthi~thi~carb~nyl 

gr~up in active methylene ket~nes. 

II. 4•1 RESULTS AND DISCUSSIONS 

when acet~ne (43a) was reacted with dimethyltrithi~carb~-- .. 
nate in the presence ~f s~dium hydride in refluxing benzene, the 

e~rresp~nding methyl- ~-hydr~xydithi~acrylate (1is) was ~btained in 

40% yield (Scheme 13). The dithi~ester ~was prepared earlier28 

using s~damide in place of s~dium hydride t~ aff~rd ~ in unspeci­

fied yields. The spectral and analytical data ~f ~ were in 

c~nf~rmity with the assigned structure. Thus ~ was analysed f~r 

c5H8os2 and its i.r. spectrum exhibited abs~rpti~n bands at 1215, 

1560 and 1580 cm-1 due t~ thi~arb~nyl gr~up and en~l d~uble b~nd 

respectively. Its NMR spectrum (CDcl 3 ) sh~ed singlet (3H) at 

& 2,0 due t:> methyl gr~up1while an~ther singlet ( 3H) at~ 2·.52 was 

assigned t~ s-Me gr~up. The vinyl pr~t~n ~f ~ appeared as 

singlet (1H) at ~6,18Jwhile the pr~t~n at$ 1s,o
1 

which was exchanged 

with deuterium ~xidj was attributed t~ the en~lie OH pr~t~n. 

similarly, when aeet~phen~ne 43b was reacted with dimethyltrithi~--
earb~nate under identical c~nditi~ns, the c~rresp~nding methyl 

~-hydr~xydithi~innamate (~)was ~btained in 6~~ yield. This 
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dithi~ester 44b was als~ prepared by Larss~n and Lawess~n in 46% 

yield using i~n pair extracti~n meth~d. 12 The present meth~ 

theref~re appears t~ be m~re efficient than i~n pair extracti~n 
12 technique. Similarly the earlier rep~rted dithi~esters 44c and 

44d were prepared in 62% and 65% yields respectively under identi­

cal conditions. The dithioester$1!£ and ~ were obtained by i~n 

pair extracti~n technique in 39% and 72% yields respectively, while 

the yield of 44a is comparable with that of ion pair technique, but -
44c is definitely obtained in much higher yield by the present 

method. The dithioesters 44e-i which were hitherto unknown were --; . 

similarly prepared under identical conditi~ns in 52-57% overall 

yields (Scheme 13). All the dithioesters were characterized with 

the help ~f spectral (Table 1) and analytical data (Table 2). The 

i.r. spectra ~f dithioesters ~-i showed characteristic C=S band 

at 1225-1260 cm-1 , while the absence of absorpti~n band due to 

aromatic carb~nyl group and the presence ~f enolic double bond 

( 1555-1580 cm-1 ) shows that dithi~estem exist c~mpletely in en~l 

taut~meric form i1• The presence of signal due t~ vinyl prot~ns 

at~ 6.1-6~88 and enolic OH pr~t~n at{;14-15 further supp':lrts the 

taot~meric structure ii· No trace ~f the presence of ~-~xostructure 
45 in the N.M.R. spectra ~r ~-~ was detected• When the method 

was extended t::> propiophenone (.1§_), the corresponding ~-:>Xodithio­

ester 47 was obtained (Scheme 14) in 61% yield under similar 

reacti~n c~nditi~ns. It is interesting to note that the dithioester 



<.0 
u 
U) 

:c 

<.0 
:c 
tO 
u 
' :::c 
10 
z 

+ 

Q) 

a=r-~ ~I 
(.0 

u 
L{) 

I 

40 

Q) 

E 
Q) 
.c 
u 

(.f) 



41 

47 exists purely in ket~f~rm since its IR spectrum sh~wed str~ng 

abs~rpti~n band at 1690 cm-1 due t~ ar~matic earb~nyl gr~up 

(Table 1). The presence ~f a quartet (1H) at& 5.15 due t~ metbine 

prot~n (HA) and d~ublet ( 3H) at S 1.55 due methyl pr~t~n further 

confirmed the tautomeric structure fl_, while n~ trace :::>f en·:::>l 

taut:::>mer ~ was detected in its NMR spectrum. The cyclic ket:::>nes 

49a and 49b underwent sm~:::>th methylthi:::>thiocarbonylation under - -
similar conditi~ns t~ yield the c~rresponding dithioesters 50a and 

SOb in 57% and 65% yields respectively (Scheme 15). H~wever7 under 

these c~nditions,l-tetral~ne 51 gave the corresponding dithioester 
~ l'l 2" /. ,. ..... 1'•' -

S2}only and the yield c~uld n~t be increased further under varying 
-A 
c~nditi~ns. The NMR and IR spectra ~f ~-~ and 52 (Table 1) 

indicated that they exist in en~lic f~rms. 

when phenylacet~nitrile was reacted with trithi~arb~nate 

under similar c~nditi~ns the c~rresp~nding methyl~ -cyanophenyldi-

thi~acetate 21 was obtained in l~w yields. H~wever,45% yield of 

54 was ~btained by carrying out the reaction in benzene and - . 

dimethylformamide. The structure of 54 was confirmed with the help 

of spectral and analytical data (Table 1 and 2). l~Then this methyl-

thiothi~carbonylation meth~d was extended to other active methylene 

c~mpounds like nitromethane (55a), diethylmalonate (~), ethyl­

cyan-:>acetate (55c) and malon:mitrile (§.2,2)1 only the p:::>lyrneric 

materials were ~btained1 fr'Jm which no trace of c~responding 

dithi-:>esters 56 (Scheme 16) could be -:>btained. 
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Thus trithi::>earb::mate meth:::>d yields{' -:::>x:::>dithi:::>esters in 

m:::>derate t:::> g:::>:::>d yields. The :::>ther meth:::>d inv:::>lving phase transfer 

catalysed (TBi\H) m:::>n:::>alkylati:::>n :::>f 1'-=>x:Jdithi:::>carb:::>xylic acids 

requires pri:::>r preparati:::>n :::>£ these dithioacids, s:::>me :::>£ which 
13 derived from active methylene compounds are unstable. The lack 

of interest in the chemistry of these dithioesters may primarily be 

due to nonavailability of efficient methods for their synthesis. The 

present meth:::>ds offers a facile one step route for the preparation 

-:::>f ~ -:::>xodi thi ::>esters. 

II.5 EXPERIMENTAL 

M.ps. were determined :::>n a 11 Boetius"(German) apparatus and 

are unc:::>rrected. The IR spectra were rec:::>rded on Perkin-Elmer 297 

spectr:::>ph:::>t:::>meter. The NMR spectra were rec:::>rded :::>n a varian 

EM-390 spectrometer using TMS as an internal standard and the chemi-

cal shifts are expressed in ppm from TMS taken as o.oo (£-units). 

Mass spectra were recorded on a Hitachi RMU-6E mass spectrometer 

fitted with a direct inlet system. 

The starting Materials 

The commercial samples :::>f acetone, acetophen:::>ne, ,E-methyl­

acetophen:::>ne, ~chloroacetophenone, ~methoxy-acetophenone, 

m-meth:::>xyacetophenone, E-ethoxyacetophenone, ~-nitroacetophenone, 

phenylacetonitrile, propiophen:::>ne, cycl:::>pentanone, cycl:::>hexanone, 

2-acetylthiophene, tetral:::>ne, nitromethane, diethylmalonate 



ethylcyan:::>acetate· and mal:m:mitrile were purified bef·::>re use. 

Dimethyl trithi::>carb::>nate was prepared by the m:Jdificati:m 

29 ::>f rep::>rted procedure. T::> a s::>luti::>n of sodium sulfide (232g, 

1.50 m::>l, 55%) in 400 ml of water, 152g (2.0 m::>l) of carb:m disul-
.. 

fide was added slowly with stirring at r::>om temperature. The 

reaction mixture was further stirred for 5 hrs at room temperature 

and the excess of carbondisulfide was removed by evap::>ration at 

reduced pressure to yield a deep red liquid which was cooled at 

10-l5°C. A solution of dimethylsulfate (94g, 0.75 mol) in 200 ml of 

benzene was added slowly with stirring to the cooled deep red liquid 

during 2.5 hr and the stirring was further continued for 1 hr at 

r::>::>m temperature and 5 hrs at 60-70°C. The reacti::>n mixture was 

further diluted with 750 ml of benzene and benzene layer dried 

(Na2so4 ) and evap::>rated to give an :>range residue which was distilled 

under vacuum, yield 120g (87%), bp 82-84°/9 mm (lit. 225/760 mm). 29 

General meth:>d f::>r the preparat i::>n :>f ~ -::>xodithi::>esters 44a-,!, ~' 

~-£and .§l 

To a well stirred suspensi:>n ::>£ sodium hydride (5~~ suspen­

si::>n) 2.5g (o.os m:>l) in 100 ml dry benzene, dimethyl trithio­

carbonate (3.80g, 0.027 m:::>l) was added and the mixture was refluxed 

with stirring f::>r 10 minutes. A solution ::>f the appropriate ket::>ne 

(0.025 m:>l) in SO ml dry benzene was slowly added dropwise to the 



refluxing reacti~n mixture ~ver a peri~d ~f 3.5-4 hrs, it was 

further refluxed f~r 2 hrs, c~~led and p~ured ~ver 250 ml ice-c~ld 

water. The aque~us layer was separated, washed with 200 ml benzene. 

The aque~us layer was c~~led and acidified with 3N hydr~chl~ric 

acid ~r 2~/o acetic acid (SOa-b, 52) and extracted with chl~r~f~rm. ---
The chl~~f~rm extract was dried ~ver anhydr~us s~dium sulfate and 

evap~rated t~ give the ~-ox~dithi~esters (single sp~t on TLC), which 

wsre pure en~ugh ( )95% purity by NMR) f~r further reactions. Further 

purificati~n was achieved by column chr~matography ~n silica gel 

using hexane as eluent. The preparation of c~mpound ~was carried 
... 

~ut at 40-45 °C because :;)£ l':)wer b~iling point of acet·~ne. The 

dithioesters, 44a-i, 47, soa-b, 52, thus prepared by this meth~d ...........,._-- ........ ~ ...... 
have been fully characterised by spectral physical and analytical 

data given with tables 1 and 2, respectively. 

Preparati~n ~f methyl phenylcyan~dithioacetate (2!) 

Dimethyl trit~~arbonate, (4,0g, 0.029 m~l) was added to a 

well stirred suspension of sodium hydride (5~/o) (2,9g, o.o6 mol) 

in 100 rnl dry benzene and the mixture was refluxed with stirring 

for 15 minutes. A solution of phenylaeetonitrile, (2.33g, 0.925 

m~l) in 50 rnl dry dimethylfo~marnide was added dropwise to the 

mixture at 80-90°C ~ver 2 hrs and stirring at 80.90°C was c':)ntinued 

f~r 8 hrs. The mixture was then p~ured into ice-c~ld water and 

extracted with chl':)r':)f~rm. The crude pr~uct ~1 was purified by 

c~lumn chr':)mat':)graphy ':)n silica gel using benzene as eluent. The 

spectral, physical and analytical data given in the table 1 and 2, 

resp&etively. 
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CH~PTER III 

RE~R\NGEMENT STUDIES ON S-PROPARGYL-N-AMINO­
ACET~LS : SYNTHESIS OF NOVEL 3-AROYL-2-(N­
AZACYCLOALKYL)-4-METHYLTHIOPHENES.* 

INTRODUCTION 

1-5 It has been shown that allyl (~r erotyl) aryl sulfides 

and aryl propargyl sulfides undergo thi~laisen rearrangement when 

heated in basic or acidic solutions. These studies have also been 

extended to allyl and propargyl thioethers derived from heterocy­

clie systems like quinoline4 and thiophene
6 

which yield products 

typical of thioclaisen rearrangement. Thus Lawesson and coworkers6 

have described that allyl and crotyl-2-thienylsulfide 1 undergo 

typical thioclaisen rearrangements to give products like ]-5 

{Scheme 1), when heated in quinoline. In a series of investigations 

on synthesis and structures of enethiols derived from active methy­

lene compounds, the same workers7 had alkylated enethiols with 

allyl, crotyl, and propoargyl bromides t~ give the corresponding 

3-alkylthio-crotonates 2 (§- and ~ forms R=Me) and ethyl 

* s.s. Bhattacharjee, H. Ila and H. Junjappa, Synthesis, 410 (1983). 
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3-alkylthi~ cinnammates (Z-f~rm) (7, R=Ph). Theses-allyl and - -
cr~tyl en~l-ethers 7 underg~ facile thi~laisen rearrangement . -
(Scheme 2) in refluxing a~etie anhydride t~ give s-acylenethi~l­

ethers (2), while in refluxing quin~line, dihydr~thi~phcne 10 was 

f~rmed as the ~nly pr~duct (Scheme 2). Similar thi~claisen 
7 rearrangement studies on s-pr~pargyl ether 1! in refl~xing pyri-

dine, quin~line ~r triethylamine gave thiopyran 1l as.the ~ajor 

pr~ucts together with small am~unts ~f thiophenes 13 and 14 
SQ.lts - -

(Scheme 3). Attempts t~ alkylate dithioacidA~ derived fr~ 

various active methylene c~mp~unds with allyl ~r crotyl br~mide 

gave products of thioclaisen rearrangements exclusively in few 

cases, while in others.a mixture ~£ dithi~acetate 17 and s,s-, -
aeetals l£ were obtained. The s,s-acetal ~~ on standing at r~om 

temperature rearranged to .!1 by s -7 c allyl migrati ~n8 (Scheme 4). 

The alkylation ~f the e~rresponding s-methyldithi~esters ~ and 
9 l§g with allyl and crotyl bromide similarly gave the c~rresponding 

rearranged dithioaeetates ~ and 19e; and the c~rresponding 

s-methyl-5-allyl (~) or s-crotyl <12E> acetals could n~t be, 

isolated from the reactions(Scheme 4). The alkylati~n of 20a 

with crotyl br~mide on the ~therhand gave an equilibrium mixture 

~f keten mercaptal 1! and dithi~ester £l which were sh~wn to 

underg~ s 4- c and c ~ s rearrangement respectively with inver si~n 

of cr~tyl gr~up (Scheme 5). 8 c~ntrary t~ this, the keten dicrotyl 
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mercaptal 11 rearranged during distillati~n with retenti~n ~£ 

cr~tyl gr~up t~ give 24 (Scheme 5). 8 The difference in ~rientati~n -
~f allyl gr~up~in the rearrangement ~f symmetrical ketendicr~tyl­

mercaptal ~ and the unsymmetrieal keten s-methyl cr~tylmercaptal 

£1 is explained due t~ multiple series of ~~ncerted and reversible 

thi~claisen rearrangements in 23 leading t~ the therm~dynamically -
m~re stable pr~uct 24 (Scheme 6).8 

-
Attempts t~ prepare s-pr~pargyl s-methylacetal 28 by 

. -
alkylati~n ~£ s-methyldithi~ester 20b gave exclusively the thi~--
pyran 31 and n~ trace ~f thi~phene 32 c~uld be is~lated (Scheme 7). - -
The thi~pyran 1! is apparently f~rmed by sp~ntane~us thioclaisen 

rearrangement of ~ t~ 12 and its subsequent rearrangement via 

intermediate~ (Scheme 7). 

tetrabutylamm~nium sall~l 
with pr~pargyl br~mide and 

on the ~therharrl1alkylati~n ~£ 

dithi~ic acid derived fr~m acetylacet~ne , 
subsequent basic extracti~n gave ring 

cl~sure t~ 1,3-dithi~lane ~1which was c~nverted t~ 36 in the 

presence~£ acid (Scheme 8). 10 

Inspite ~£ the detailed studies carried out ~n thixlaisen 
.. 

rearrangements :>£ thi~enol ethers and keten s,s-acetals, very few 

rearrangements ~n the corresp~nding S,N-acetals have been described. 

Rearrangements of s-alkylated thi~amides and keten-N,o-acetals are 

known. 11- 13 Lawess~n and c:>w~rkers have shown14 that the attempted 

preparati~n ~f 1-allylthi~(38a)-and 1-cr:>tylthi~(38b)-1-amin~-- -
alkanes by alkylati~n ~f the Tl salt of c~rresp~nding thi~mides 
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37 aff~rded ~nly the rearranged thi~amides 12 and s-alkyl amin~­

alkenes 1Q
1
which is f~rmed by further alkylati~n ~£ 12 (Scheme 9). 

on the ~therhand, alkylati~n ~f thi~anilides derived fr~m vari~us 

active methylene c~rnp:mnds with either allyl ~r cr~tyl br~rnide 

yielded a c~rnplex mixture ~f pr~ducts c~ntaining unrearranged 43, -
dialkylated prJduct 44, rearranged product ~ and the cleavage 

prJducts ~and phenylisothiocyanate i2 (Scheme 10). 14a 

In view ~f sp~radic studies carried out ~n thi~laisen 

rearrangements ~f s,N-acetals/we have investigated thi~laisen 

rearrangement of s-pr~pargyl-N-amin~acetals derived fr~m cyclic. 

sec~ndary amines,which led t~ synthesis ~£ novel 3-aroyl-2-amino-
,.. 

4-methyl thi~phenes. These results are presented in this chapter. -
Results ~f attempted thi~laisen rearrangementson propargyl thio-

ethers derived from thiopyraz~les are als~ described. 

III • 2 . REARRANGEMENT STUDIES ON S-PROPJ\RGYL-N-AZACYCLOl\.LKYL­

.!\CETl\.LS : SYNTHESIS OF NOVEL 3-f\ROYL-2-(N-1\Zl\.CYCLOALKYLl-
4-METHYLTHIOPHENES 

III.2,1 Results and Discussi~ns 

The dithioesters 48 prepared according t~ the rneth~d 

rep~rted in the preceding chapter were reacted with cyclic 

sec~ndary amines t~ give the c~rresp~nding thioamides ~-1 

(Table 1) in 75-9~/o over yields. Most ~£ these thi~amides,which 
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Tl',BLE 1 

5o -
N::> R R' R" 

SOa C6HS- -(CH ) -- 2 4 

SOb _E-MeOC6H4- -(CH2)4--
SOc _E-clc6H4- -(CH ) -2 4 

SOd C6HS- -(CH ) -2 s 

SOe p-MeOC 6H
4 -(CH ) -- 2 s 

SOf E-Cl-c6H4 -(CH ) -2 5 

~ C6HS ~(CH ) -0-(CH ) -
2 2 2 2 

SOh _E-MeOC6H4 
-(CH ) -0-(CH )-

2 2 2 

SOi £'"C lC 6 H 4 -(CH ) -0-(CH )-- 2 2 2 

50j C6HS -(CH2)2-r-(CH2)2-

C6HS 

SOk C6HS -(CH ) -N-(CH ) ~ 
2 2 i 2 2 

He 

SOl CH3 -(CH ) -0-(CH ) -2 2 2 2 
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o:nd 
are n~t rep~rted in the literatureAwere characterized with the 

help ~f spectral (Table 3) and anlytical data. The IR and NMR 

spectra ~f these thi~amides indicated that all ~f them exist as an 

equilibrium mixture ~f ket~-(~) and en~l (~) f~rms in varying 

rati~ (Tabl~ 3). Thus IR spectrum ~f ~ sh~wed abs~pti~n bands 
-1 at 1685, 1600 and 3430 em due t~ ar~ma tic co gr~up ~f ket~ f~rm, 

en~lic d~uble b~nd and en~lic OH gr~up respectively. The NMR 

spectrum ~f ~ (cocl3 ) similarly exhibited singlets at S 4.5 and 

5.95 which were assigned t~ methylene pr~t~ns ~f ket~ f~rm and 

vinylic pr~t~ns ~f en~lic f~rm respectively. Presence ~f a l~w 

field singlet at ~14.8 due t~ en~lic OH gr~up further c~nfirmed the 

presence ~f en~l taut~mer. In c~ntras~ the NMR spectrum ~f ~ in 

cc14 rep~rted in the literature1;b there is n~ menti~n ~f particular 

peak at~ 4.50. The thi~amide ~ ~n the ~therhand exists purely 

in ket~ f~rm as supp~rted by its IR and NMR spectra (Table 3). 

htternpts t~ prepare N-pyrr~lidin~-s-pr~pargylacetal ~ 

by alkylati~n ~f ~ with pr~pargyl br~mide in the presence ~f 

s~iurn hydride and dimethylf~rmamide were n~t successful and a 

c~mplex mixture ~f pr~ducts was ~btained. H~ever1 when ~was 

reacted with pr~pargyl br~mide in refluxing acet~ne in the presence 

~f p~tassiurn carb~nate, the c~rresp~nding S,N-acetal ~ was 

~btained in nearly quantitative yield (Ttc single sp~t). TheIR 
-1 speetrum (neat) ~f crude 5la sh~wed abs~rpti~n band at 2200 em 
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duet~ acetylenic gr~up. H:>wever~the acetal~ was f~und to be 

unstable and further attempts t:> purify it resulted in a complex 

mixture :>f several pr~ducts. H:>weve~ when freshly prepared 51a 

was refluxed in benzene f:>r 6-7 hr, after w:>rk-up :>f the reacti:>n 

mixture, a yellow crystalline s:>lid was ~btained in 59% yield 

which was characterized as 2-pyrr~lidin~-3-benz~yl-4-methylthio­

phene (~) :>n the basis ~f spectral and analytical data. Thus 

52a was analysed f~r c16H17Nos and sh~wed m~lecular i:>n peak at 

m/z 271. Its IR spectrum (KBr) exhibited str~ng abs:>rpti~n at 

-1 1655 em due t~ ar~atic carb~nyl gr~up. The final structure ~f 

lli was c:>nfirmed by its NMR spectrum (CDC13 ). The tWJ br~ad 

multiplets at S 1.8-2.2 (4H) and 3.1-3.4 (4R) were assigned to 

pyrr~lidine pr:>t~ns, while the singlet at 6 2.45 ( 3H) was assigned 

t~ thiDphene methyl prot~ns. The thiophene tl-5 proton appeared 

as singlet at 5 5 .69; while the ar:xnat ic prot::>ns were present as 

multiplets at57.2-7.5 (3H) and57.6-7.9 (2H) respectively. The 

alternative 5-methylthi~phene strueture 21 was ruled out on the 

basis of chemical shift positi~ns :>f the H-5 proton in 21 and 21• 

Thus it ha~ been reported7 in the literature that the H-~ pr:>t:>n 

in ethyl 2-~·4-dimethyl-3-thi~phene carboxylate(A)appears atS 6.5 ppm 

while in the c~rresponding 2,5-dimethyl-3-thiophene carboxylate 

(g) the H-4 proton is shifted to. lower field at$ 6.95 due to 

desheilding effeet :>f eth:>xycarbonyl group. 15 The significantly 
\YI 52 A 

high field shift :>f 1:!-5 pr:>t:>n ( ~ 5.69)AaSC"ompared t:e .A ie 
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ascribed t~ +M effect ~f amin~ gr~up by relay ~f charge at 

5-p~sition, while a similar effect is not experienced 16 at 

the 4-positi~n in 5-methylthiophene (53) structure(Structure c) 

Av 

R~Yie 
'-N!~S~H 

~ 

R' c 

The other s-propargyl-N-pyrrolidinoacetals Slb and 21£ 
underwent similar rearrangement to give the corresponding 52b and 

52e in 57% and 64% yields respectively. Similarly the unsymmetri-

c~l S,N-acetals 51d-f, ~-i and Slj derived from piperidine, 

morpholine and N-phenylpiperazine respectively, gave the corres-

ponding thiophenes ~-1 (Table 2) in 42-66% overall yields. The 

structures of these thiophenes were fully confirmed "t-Tith the help 

of spectral (Table 4) and analytical data (Table 5). 
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TABLE 2 

2=aminJ-3-arJyl~4-methylthiJphenes prepared 

R lx rMe, o I \ 
R'-N 5 1-1 

I I I 
R 

NJ R R' R" 

52a C6H5 -(CH ) -2 4 

52b p-l'1cOC 6H,~ -(CH ) -2 4 

52c £""ClC 6H4 -(CH2)4= 

52d r E 
~6 -s -(ci-I2 > s·, 

52e ,E-MeOC 6H"~ ~("f-T ) -
~-·2 5 

52£ _£=-ClC 6H4 -(CF ) = -'2 5 

21.9: C6H5 -(CH ) -0-(CH ) -2 2 2 2 

52h ]2-HeOC 6H4 -(CH ) -0-(CH ) -2 2 . 2 2 

52i _E-ClC 6H4 -(CH ) -0-(CR ) -2 2 2 2 

52j C6H5- -(CH ) -N-(CH ) -
2 2 ' 2 2 

C6H5 
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Of 
Attempted isomerizatio~ 51 in either refluxing pyridine, 

quinoline or triethylamine yielded intractable mixture from which 

none of these expected products like 4- or 5-methylthiophenes 21, 
~ or the dihydropyran 2! could be isolated. 

our survey of the literature revealed that very few 

N,N-disubstituted amino2thiophenes derived from cyclic secondary 

amines are reported in the literature. They are prepared (1) by 

reaction of corresponding mercaptothiophenes ~ with secondary 

amines17 
(2) by condensation of 3-oxotetrahydrothiophenes 21 with 

pyrrolidine and subsequent aromatization of the enamines 58 
-// 

18 19 .. 
(30-Srylo yield) to 3-aminothiophene 22 ' (Scheme 13). The present 

method therefore provides a convenient route to novel 3-aroyl-2 

(N-azacycloalkyl)-4-methylthiophenes (.21) in good yields. 

III.2.2 Mechanism of formation of Thiophene (52) 

The mechanism governing this rearrangement (51? 2) 

appears to be interesting~which shows that S,N-acetal 51 does not 

favour thioclaisen rearrangement~which could have given rise to 

either dihydropyran 54 or 5-methylthiophene 53 (path a and b, - -
scheme 14). It is pertinent to note here that the alkylation of 

thioamide ~ with allyl or crotyl bromide in the presence of 

thallium ethoxide yields exclusively the thioamide 12 and S,N-acetal 

40, 14a which are products of thioclaisen rearrangement of S,..N-aceta: 

38 (Scheme 9). In the present case of S,N-propargyl acetal 51 
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however, it appears that an intram~lecular nucle~philic attack ~f 

~-carbon of enaminone §l to the activated acetylenic bond (§2) or 

t~ allenic double b~nd (,2!) is fav~ured over 3, 3-sigmatopic shift/ 

to give the intermediate ~ which on is~rizati~n yields the 

thiophene g. 

III.3 SYNTHESIS AND ATTEMPTED THIOCLAISEN REARRANGEMENT STUDIES 

OF 3-ARYL-5-PROPARGYLTHIOPYRAZOLES 

In the preceding chapter we have reported a facile general 

route f~r ~-oxodithioesters .§.§_,which are p~tential three carbon 

fragments for mercapt~heter~cycles. It was intended to prepare 

mercaptopyraz~les §1 by reaction ~f 66 with hydrazine and study the 

thioclaisen rearrangement of s-pr~pargyl mercaptopyrazoles 69 

obtained by alkylation ~£ 67 with propargyl bromide (Scheme 15). 

When the dithioester ~ was refluxed with hydrazine in 

methanol for 2 hr the pr~duct obtained was characterized as 

dipyrazolyl sulfide (~) formed by the dimerization ~f unstable 

mercaptopyrazole {~a) (Scheme 15). In an alternate experimen~ 

when the crude pyrazoles 67a-c, generated in situ by reacting 66a-c -- -----
with hydrazine in refluxing methan~l was alkylated with propargyl 

bromide, ,the corresponding s-propargyl pyrazoles ~~ were obtained 

in Bo-85% overall yields (Scheme 15). The structure of ~ was 

confirmed with the help ~f spectral and analytical data, thus 69a 

showed molecular ion peak at M+ 214 (c 12H10sN2 ) in its mass 
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spectrum, while its IR spectrum exhibited weak absorption bands at 

3300 and 2215 cm-1 due to NH and acetylenic gr-:>up. It showed in 

its NMR spectrum a triplet at$2.20 (1H, J = 2.5 HZ -c:--e~H) and a -
doublet at£ 3.52 (2H, J = 2.5 HZ -Sc!:!2C=CH) characteristic of 

propargyl group, while the pyraz-ole t!-4 proton appeared as sharp 

singlet (1Hf) at$ 6.59 along with aromatic proton at 5 7.0-7-~51 
(m, 5H). However our all attempts to subject §2 to thioclaisen 

rearrangement failed. Thus when pyrazole 69a was refluxed in sol-

vents like benzene, toluene, quinoline or N,N-dimethylaniline for 

prolonged time (10-20 hrs) starting material was recovered 

unchanged in all the cases a.nd in no case products of thioclaisen 

rearrangements like 70 or 71 could be isolated. Failure of 69 to -
undergo thioclaisen rearrangement appears to be probably due t-:> 

its fast tautomerism (69 ~ 72) which disturbs the structural 

framework required for 3,3-sigmatropic shift in §2• 

III.4 EXPERIMENTAL 

M.ps were determined on a 'Boetius• (German) apparatus and 

are uncorrected. The IR spectra were recorded on Perkin-Elmer 297 

spectrophotometer. The NMR spectra were recorded on a varian 

EM-390 spectrometer using T.M.S. as an internal standard and the 

chemical shifts are expressed in ppm from T.H.s. taken as o.oo 

(~-units). 



TABLE 3 

Spectral d3ta f:>r the thiJamides, ~-1 

Pr:>duct ~.R.(XBr) 
. )f" -1] r ·s;:m 

50·:'1 

SOb 

.:.6001 

1670 (w) 

3190 (w) 

16051 

1680 (w) 

1210 (w) 

1 
H-NMR(CDC13 ) 

a 
Taut:>meric rati:> (%) 

c:>[ppn]" Ket:> En:>l 

1.9-2.2 (m, 4H l'd' 1 H-3 and H-4): 28.5 pyrr:> 1. 1.ne - - 71.5 

3.5-3.7 (m, 4Hpyrr:>lidinel H-2 and li-S); 

4.52 (s, H th 1 16 sq): 6.00 (s, H i li 1 -me y ene, v ny c 

22 sq): 7.2-7.8 (m, SH ): 14.8 (b~, ar:>m -,-

Hen:>lic' 18 sq, exchangeable with n2o). 

1.95-2.15 (m, 4H l'd~ne' H-3 and H-4); pyrr:> 1. 4 - -
25 75 

3.6-3.85 (m, 4Hpyrr:>lidine' H-2 and ~-5 and 

3H, n-OCH3 ): 4.48 (s, H .th 
1 

, 15 sq); 5.9 ... - me y ene · _ 

( s, Hvinylic, 30 sq); 6. 8-7.65 ( dd, 4Har:>m): 

14.9 (b..ts, H 
1

. , 15 sq). 
~· en:> 1.c 

00 
c,Ao) 



Table 3 ( c :>ntd. ) 

SOc 

SOd 

SOe 

1S90, 

1675 (w) 

3250 (w) 

1560, 

1680 

2980 (w) 

1540, 

1680, 

3050 (w) 

1.9-2.1 (m, 4H l'd' , H-3 and H-4); 3.55-3.8 pyrr:> ~ ~ne - -

(m, 4H, g-2 and g-5}; 4.45 (s, Hmethylene' 12 sq); 

5.9 (s. H . li , 30 sq); 7.3 {d, 2H ); 7.65 (d, 
v~ny c ar:>m 

2H ~ ); 14.92 (s, H l' 1 30 sq). arJm en:> ~c 

1.4-1.9 (m, 6H i 'd' ,H~3, H-4 and H-5); 3.0-3.5 p per~ ~ne - - -
---

(m, 4Hpiperidine' !!-2 and !!-5 ); !:.. 7 (s, Hmethylene' 

10 sq); 6.15 (s, H . 1 . , 12 sq}; 7.2-7.55 (m, . v~ny ~c · 

3H ,_.): 7. 75-7.90 {m, 2H ) ; 14.87 (brjs, H 
1

. 1 ar...... ar::>m en:> ~c 

8 sq, exchangeable with n2o). 

1.5-1.9 fm, 6H i 'di , H-3, H-4 and H-5); 3.1-3.4 
p per~ ne - - -

(m, 4H i id' , H-2 and H-6); 3.72 (s1 3H, n-ocH3 ); p per ~ne - - · £- -

4.62 {s~ Hmethylene' 12 sq); 6.12 (s• Hvinylie'16 sq): 

6.85 (d, 2Har~): 7.8 (d, 2Har:>m); 14.82 (br~, Hen:>lic' 

14 sq). 

16 

33.4 

28.5 

84 

66.6 

71.5 

00 
~ 



Table 3 (C ontd.) 

... 
50f 1585, 1.4-1.85 (ml 6H i 'd' 1 H-3 1 H-4 and H-5); 3.12-3.42 p per~ ~ne - - - 19.8 81.2 

1670, (m, 4H . id' , H-2 and H-6); 4.65 (s, H th 1 1 14 sq); 
p~per ~ne - - me ,y ene · 

3110 (w) 6.18 (s, H. 
1
., 30 sq); 7.38 (d, 2H ): 7.88 (d, 

v~ny ~c · ar:xn 

2H ); 14.90 (s, H 
1

. , 28 sq). arom eno ~c 

50gb 1540, 3.7 (m, 4H h 1 . ) 4.0....4.5 morp o ~no : (m, 4H h li ); 4.65 morp o no 66.6 3,~. 4 

1680, ( s 1 H t h 1 1 2 0 sq ) ; 6 • 05 ( s, H . 1 . 1 me y ene v1ny ~c 5 sq): 

3250 (w) 7.3-7.9 (m, 5Harom); 14.9 (br(s-~ H 1 . , 5 OCI; exchan-
00 
c .. n eno ~c 

geable with n 2o). 

SOh 3.62-3.85 (m, 4H h l' and 3H, ~-OCH3 ); 4.18-4.40 morp o ~no -
1580, 78 22 

1690, (m, 4H h 1 . ); 4.7 (s, H th 1 , 25 sq): 6.10 morp o 1no · me y ene 

(s, H 'n li , 4 sq); 6.88 (d, 2H ); 7.9 (d, 2H ); 
v~ y c arom arom 
I. 

3280 (w) 

14.8 bbqs, Henolic' 3 sq). 



Table 3 (c::mtd.) 

50i 

50j 

50k 

1600, 

1675, 

3290 (w) 

1590, 

1680, 

2900 (w) 

1580, 

1700, 
30 I 0 (t,J) 

3.6-3.8 (m, 4H h li ); 4.0-4.4 (m, 4H h 1 . ): 4.65 mJrp J nJ mJrp J ~nJ 

( s, H th 1 , 40 sq): 6. 05 ( s, H . 1' I 5 sq); 7. 4 ( d, me y ene · v~ny ~c 

2H ); 7.88 (d 1 2H ); 14.9 (br s 1 H li 1 3 sq). arJm arJm enJ c 

3.55-4.2 (m, eH . i ); 4.69 (bris, H th 1 I 10 sq); p1peraz ne I me y ene 

6.22 (s, H. 1 ., 15 sq): 7.18-7.62 (m 1 10H ): 14.82 v1ny ~c arJm 

(br s 1 H 
1

. 1 10 sq1 exchangeable with n
2
o). 

enJ 1c 

(ml 4H . . ) ; 4 • 6 7 ( s I H t h 1 I 2 0 sq ): p1peraz1nJ · me y ene · 

( sl Hi 1 . 1 4 sq): 7.3 (m, 3H ): 7.75-7.95 v ny 1c · arJm 
) . (ml 2HarJm ' 

14.78 (s 1 H 1 . 1 3 sq 1 exchangeable with n
2
o). 

enJ 1c 

83.3 

28.5 

7'1. 

16.7 

71.5 

26 

00 
t;;/') 



Table 3 (C:>ntd.) 

2.2 (s, 4H h 1 . ); 3.55-3.78 (m, 4H h 1 . ): mJrp J ~nJ mJrp J ~nJ 100 SOl 1500, 

1710 4.12-4.35 (m, 2Hmethylene+ 3H1 CB3co). 

a The rltiJ Jf ketJ tJ cnJl fJrms W3.S estim3.ted frJm measurements Jf sign:Jl intensities 

Jf methylene, vinylic and hydrJxylic prJtJns (Ref. 20). 

b Ref. 22, ketJ 61% and enJl 39"/o. 

c . lii=NMR ln TFl-\. 

00 
-..] 



TABLE 4 

Spectr'll da.ta 'Jf the pr:Hilcts lli-..1· 

Pr:>duct 

52:t 

52b 

52c ......... 

1 
I.R. (KBr) H-N.M.R. (CClt.) M.S. 

,..-_ -1-. cep .. + 
'YLQm j l\ pmJ m/e (M ) 

1655 (CO) 

1640 (CO} 

1652 (CO) 

1.81-2.17 (m, 4H, pyrr~lidinemethylene)~ 

2.45 (s, 3H, C!;!3 ); 3.06-3.37 (m, 4H, 

-<:£i2-N-cHi~): 5.69 (s, lH, H-5)1 7.2-7.49 

(m, 3H ); 7.60-7.86 (m, 2H ). 
ar~m ar~m 

1.85-2.10 (m, 4H, pyrrJlidinemethylene); 

2.42 (s~ 3H, C!;!3 ); 3.05-3.28 (m, 4H-c~2-

N-ctl2-); 3.81 (s, 3H, ~eo); 5.60 (s, 1H, g-5); 

6.68-6.71 (d, 2H ) 7.63-7.88 (d, 2H r ). 
ar~m a ~m 

1.88-2.10 (m, 4H, pyrr~lidinemethylene); 

2.42 (s, 3H, cg3 ); 3.05-3.28 (m, 4HT 
t . 

~2-N-cB2-); 5.60 (s, lH, B-5): 7.22-7.41 

(d, 2H ); 7.61-7.80 (d 1 2H ). 
ar~ ar~m 

271 

301 

305.5 

00 
00 



Table 4 (C::)ntd.) 

52d 1650a (CO) 

52e 1648a (CO) 

52£ 16L19 (CO) 

1.42-1.81 (m, 6H, piperidin~ methylene); 2.41 

(s 1 3H, CB3 )1 2.84-3.03 (m, 4H, -cli2-N-cB2 ); 5.91 

(s, 1H, H-5)1 7.12-7.50 (m, 3H ); 7.61-7~79 - ar~rn 

(m, 2Har::>rn) • 

1.33-2.84 (m, 6H, piperidine methylene)1 2.40 

(s, 3H1 CH3 ); 2.79-3.01? (m, 4H
1
-c!!2-N-c!:!,2-) 3,.69 

(s, 3H, OCH 3); 5.95 (s, lH, H-5)1 6.68-6.93 

(d, 2H ); 7.59~7.78 (d, 2H )b. ar::)m ar::)m 

1.51 (m, 6H, piperidinJ methylene); 2.50 (s,3H, 

cg3 ); 2.90-3.11 (m, 4H, -c~~-N-c~2-); 5.91 (s, 
... 

lH, H-5)1 7.28-7.43 (d, 2H ); 7.60-7.78 (d, - ar::)m 

2Har::xn) • 

319.5 

00 
(,Q 



Table 4 (CJntd.) 

~ 1651 (CO) 

52h 1630 (CO) 

52i 1650 (CO) 

ill 1618 (CO) 

a as film. b in CDC13 • 

2.43 (s, 3H, Ctl3 ); 2.90-3.05 (m, 4H, mJrphJlinJmethylene); 

3.61-3.80 (m, 4HjCtl
2
-o-ctl

2
-); 6.02 (s, lH, H-5); 7.30-7.45 

{m, 3H ); 7.61-7.80 {m, 2H ). arJm arJm 

2.42 (s, 3H, Ctl
3
); 2.83-3.12 (m, 4H, -cg2-N-cg2~); 3.65-

3.91 (m, 4H, mJr?hJlinJ-methylene); 3.82 (s, 3H, ocg3 ): 

287 

317 

6.01 {s, 3H 1 H-5); 6.75-6.95 (d, 2H ) 7.68-7.85 (d 1 2H ). ~-arJm arJm ~~ 

2.48 ( s, 3H, CJ:b); 2. 86-3.07 (m, 4H, -cH
2

-N-:-C!:!
2
-) 1 

3.60-3.80 (m, 4H, -cH 2~o~B2 ); 5.98 (s, 1H, !:!-5); 7.25-

7.42 (d, 2H ); 7.59-7.66 (d.t 2H ). arJm arJm 

2.49 (s, 3H, cH3 ); 3.25 (br~, 8H, piperazinJmethylene); 

3.82 (s, 3H, oc~3 ); 6.01 (s, 3B, ~-5)1 6.75-6.95 (d• 

2H ); 7.1-7.5 (m, 6H ); 7.68-7.85 (d, 2H ). 
arJm ar?m arJID 

~ 

321.5 

362 



91. 

The Starting Materials 

The c::mmercial samples of acetophenone, E-mettl.o:x:yaceto.-:­

phenone, _E-chloroacetophenone, acetone, morpholine, piperidine, 

pyrrolidine, N•phenylpiperazine, N-methylpiperazine and propargyl 

bromide were purified before use. 

Dimethyl trithiocarbonate, bp 225° (760 mm) 21 and various 

dithioesters ~ were prepared according to the procedure described 

in the chapter II. 

General Procedures for Preparation of Thioamides 50 : A solution 

of methyl ~-aroyldithioacetate (.1,§) (0.01 mol) and the appropriate 

amines~ (o.012 mol) in ethanol (40 ml) was reflu:x:ed for 4-7 hrs. 

After completion of the reaction (monitored by TLC), ethanol was 

removed on water bath under reduced pressure and the residue tri­

turated with hexane to remove excess of amine. The crude thioamides 

50a-_! thus obtained were purified either by crystallizati':ln or by 

column chromat~raphy over silica gel using hex~ne/benzene (1:1) 

as eluent. The physical and analytical data of the thioamides 

prepared are given below, while their spectral data is given in 

table 3. 

Benzoylthioaceticacidpyrrolidide (~) was purified by crysta­

llization from ethylacetate.hexane to give yellow solid in 88% 

yield: m.p. 122-124°: (reported 124-126°)~~b 
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E-Methoxybenzoylthioaceticacidpyrr~lidide (~) was ~btained as 

light yellow needles (ethylacetat~exane), in 8~/o yield, m.p. 135° 

+ M (mass) : 263; (Found : C, 63.49; H, 6.76; N, 5.08; Calc. for 

E-chlorobenzoylthioaceticacidpyrrolidide (SOc) was purified by 

crystallization from chloroform-hexane to give yellowish brown 

s~lid in 87% yield, m.p. 163°, M+(mass); 267 (Found: c, 58-~69; H, 
. ~ . . ' 

5.05; N, 4.90; Calc. f~r c13H14clNOS (267.5); C, 58.31; H, 5.23; 

N, 5.23%). 

Benzoylthioaceticacidpiperidide (SOd) was obtained as brown yellow 

plates from chloroform~exane in 84% yield, m.p. 95°; M+(mass) : 

247; (F~und: C, 67.73; H, 7.18; N, 5.93; Calc. for c 14H17NOS (247): 

C, 68.01; H, 6.88; N, 5.66%). 

~eth~ybenz~ylthioaceticacidpiperidide (50e) was purified by 

crystallization from chloroform-hexane to give pale yellow need­

less in 77% yield, m.p. 78-79°, M+(mass) : 277; (F::>und: c, 65.37; 

H, 7.08; N, 5.32; calc. for c 15H19No2s (277); c, 64.98; H, 6.85; 

N, 5.05%) • 

£-Chlor~benzoylthioaceticacidpiperidide (SOf) was obtained as 

-+· 
brown needless (ethylacetate-hexane), in 7~/o yield, m.p. 108, M 

(mass) 281; (F~und: c, 60.04; H, 5.28; N, 5.17; Calc. for 

c 14H16clNOS (281.5); C, 59.68; H, 5.68; N, 4.97%). 
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~zoylthioaceticacid m~rpholide (5~) was purified by crysta­

llization from chloroform hexane to give shinning rods in 90/o yield, 

11\b m.p. 131° (reported m.p. 127-129°). 

E-Methoxybenzoylthioaceticacid morpholide (22h) was purified by 

crystallization from chloroform-hexane to give pale yellow plates 

in 75% yield, m.p. 133-134°, M+(mass)J 297; (Found: C,_60.55; H, 

5.81; N, 5.35; Calc. for c 14H17No3s (279): C, 60.21; H1 6.09; N, 
.. 

5 .01%). 

,E-Chlorobenzoylthioaceticacid-morpholide (50i) was crystallized 

as brownish yellow needless from chloroform-hexane in 85% yield, 

m.p. 155-56°, M+(mass) 283; (Found: c, 55.39; H, 4.60; N, 5.22; 

Benzoylthioaceticacid-N-phenylpiperaziJe (22j) was obtained as 

light yellow plates from hot chloroform in 78% yield, m.p. 95-97° 1 

M+(mass) : 324; (Found; c, 69.98; H, 6.35; N, 8.21; Calc. for 

Benzoylthioaceticacid-N-methylpiperazide (50k) was purified by 

crystallization from chloroform-hexane to give dull yellow plates 

in 82% yield1 m.p. 122-123°, M+(mass); 262; (Found: c, ~4.46; H, 

6.71; N, 10.53; Calc. for c 14H18N2os (262)2 C 1 64.12; H, 6.87; 

N, 10.68%). 
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Acetylthioaceti~cid-morphQlide (501) was purified by column 

chromatography on silica gel using benzene:hexane (1:3), crysta-

llized from chloroform-hexane (9:1) to give greenish yellow rods 

in 75% yield, m.p. 98°C, M+(mass); 187; (Founds c, 51.01; H,7.23; 

N, 7.66; Calc. for c8H13No2s (187); C, 51.33; H, 6.95; N, 7.48%). 

3-Aroyl-2-(N-azacycloalkyl)-4-methylthiophenes (~-j): 

General Procedure 

A suspension of thioamide SO (0.01 mol) and anhydrous -
potaesium carbonate (2g, o.1s mol) in dry acetone (40 ml) was 

.. 
refluxed for 2.5 hrs with stirring. The reaction mixture was then 

cooled to room temperature and 1. 2g ( o. 01 mol) of propargyl bromide 

was added slowly and the mixture was stirred at room temperature 

for 3 hrs. The crude product 52 thus obtained after filtration 

and evaporation of acetone under reduced pressure was dissolved in 

dry benzene (40 ml) or in benzene/chloroform mixture (30+10 ml, 

for 52b, 52e and 52h) and the solut i:m was heated at 70-80°C with -- -
stirring for 6-7 hrs. The solvent was removed under reduced 

pressure and the pure thiophenes 52a-j were isolated by column 

ehromatography over silica gel using hexane or hexane/benzene 

(7:3) as eluent and were recrystallized fr~ chloroform/hexane 

mixtures. The spectral, physical and analytical data of thiophenes 

~-1 are given in the table 4 and 5 respectively. 



95 

Reaction of Methyl= f2-hydroxydithiocinn"3.m3.te (66) with hydrazine 

hydrate: Preparation of dipyrazolyl sulfide (68) 

A solution of ~' (0.005 mol) and hydrazine hydrate (2 ml, 

5~/o) in 50 ml methanol was refluxed for 2 hrs. The reaction 

mixture was poured over crushed ice and neutralized with dilute 

acetic acid, and the solid thus obtained was filtered and recry-

stalized from hot chloroform, yield of ~ was o.7g (50%), m.p. 

124o_; IR lJmax (Nujol) 3140 cm-1 ( NH); NMR (TFA) : b 6.90 (s, 2H, 

H-4); 7.4-7.78 (m, 10H t' ), M+ (mass); 350, 175, 143; - · aroma ~c 

(Found: C, 68.35; H, 4.69; N, 17.28; Calc. for c18H14N4S (318) 

C, 67.92; H, 4.40; N, 17.61%). 

General method for p~ration of 3-aryl-5-propargylthio-1H­

J2yrazole 69a-c 

A solution of dithioester ~ (0.01 mol) and hydrazine 

hydrate (95%, 2 ml) was refluxed in ,-±o ml methanol for 1.5 hrs. 

The reaction mixture was cooled to roJm temperature and methanol 

was removed under reduced pressure. The crude viscous residue 

thns obtained was dissolved in 40 ml of tetrahydrofuran and to 
0 

thi~0.015 mol of ~assium carbonate was added and the reaction 

mixture was stirred for two hrs at room temperature. A solution 

of propargyl bromide (0.01 mol) in 5 ml of THF was added to the 

reaction mixture and it was further stirred at 6Q-70°C for 5 hrs. 

Evaporation of the solvent on water bath gave crude pyrazolSS69 

which vJere purified by cryst"J.llizati::m from hot ethanol. 
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3-phenyl-5-pr~pargylthi~-1H-pyraz~le (69a) was ~btained as pale 

yell~w crystalline s~lid, 1.7g (8~/o), m.p. 76-77°C, IR(KBr)l) : max 
-1 r 3290 (NH), 2210 (W,C;C) em , NMR(CDC13)a: 2.20 (t~J=2.5 Hz, 1H, 

-c$-!::!) I 3. 52 ( dl J=2 .s HZ, 2H, -S-c!!2-c;=c-H); 6. 59 ( s, 1H, !::!-4) I 

+ .. 
7 .o-7 .5 (m, 5H ) ; M 214: (F~und : C 1 67 .65; H, 4.38; H, 13.44; ar:xn 
Calc. f~r c 12H10N2s (214) : C 1 67.28; H, 4.67; N 1 13.0~/o). 

3-E-methylphenyl-5-pr~pargylthi~-lH-pyraz~le (~) was ~btained as 

white plates, 1.8g (82%), m.p. 94°C, IR(KBr): 3280 (NH), 2120 (w, 

-1 
c~) em , NMR (CDC13 ); 2.20 (t, J=2.5 Hz, lH, -c~-!::!); 2.35 (s, 

3H·~ C!::!3); 3. s ( d I J=2. 5 HZ, 2H, -S-c£:!2· C=C-H )•; 6. 65 ( s, 1H, ,!:!-4) 

7-7.7 (A2B2, 4H ar~matic); M+, 228; (FJund: c, 68.70; H, 5.46; N, 
.. 

12.53; Calc. f~r c 13H12N2S (228): C, 68.42; H, 5.26; N, 12.28%). 

3-.J2-Chl::>r::>phenyl-5-pr::>pargylthi::>-1H-pyraz~le (§2.S) was ::>btained as 

light yell::>w needle, 2.1g (85~~), m.p .. 96°C, IR(KBr) : 3285 (NH), 

) -1 c 2210 (wl c;c em , NMR (cncl3 );o2.22 (t, J=2.5 ~z 1 1H, -c;c-!::!), 
... 

3.52 (d 1 J=2.5 HZ, 2H 1 -S-c!!2-c~-H); 6.68 (s1 1H, !::!-4), 7.2-7.80 

+ (A_B 2, 4H ); M 1 248; (F::>und : c, 58.29; H, 4 .. 03; N, 11.65; calc. --l ar~m...-

f::>r C 12H9ClN2s ( 248·$): c, 57.94; H, 3. 62; N 1 11. 26%). 

Attempted Thi::>claisen Rearrqngement ~f 69a. The pyraz~le 69a 

(2.l~g,Ol~ol)was refluxed in v~ri~us s~lvents like benzene, t~luene, 

Cluin:>line and N,N-dimethylaniline f:>r 10-20 hrs. ~rJ~rk-up ~f the 

reacti~n mixture in all the experiments yielded ::>nly starting 

material, ~, (m.m.p, superimp::>sable IR ana NMR spectra}. 



TABLE 5 

Physical and analytical data ~f 3~ar~yl-2-(N-azacycl~alkyl)~4~methylthi~phenes (52a-j). 

Pr:xJuct Yield m.p. M~lecul.'1r ?~n.3.1 yses (%) 

[%] ~c] f::>rmula Ci1lc. 
l~::>und 

c H N 

52 -:1p a 59 75 c 16H
17

NOS 70.85 6.26 5.16 

(271) 71.09 6.43 5 .. 22 

52bqd 57 65-67 C17H19N02S 67.78 
C.. C) 

6.30 4.64 ~ 

(301) 67.94 6.11 4.86 

52ca,c 64 106 C 16H16clNOS 62.87 5.23 4.58 

(305.5) 62.60 5.54 ' 1.76 

52dap 46 semi s::>lid c 17H19NOS 71.58 6.66 4.90 -
t285) 71.89 6.36 4.82 

52eb/d 56 semi s~lid C18H21N02S 68.58 6.66 4.44 

(315) 68.31 6.80 4.26 



Table j_(c::mtd.) 

52f o .... , <: 64 110 c 17H18clNOS 63.88 5.60 4.38 

(319) 63.50 5.86 4.57 

~ap 62 81 Cl6Hl7N02S 66.90 5.91 4.87 

(287) 67.22 5.78 5.06 

52hb,d 54 123-124 Cl7H19N03S 64.36 5.98 4.41 -
(317) 64.60 6.27 4.12 

52iap 66 126 c 16H16clN02s 59.75 4.97 4.35 ~ - 00 
(321.5) 59.90 5.18 4.52 

5?:jbp 42 147-148 C22H22N20S 72.94 6.07 7.73 

(362) 72-.61 6.22 8.04 

-
a Re"lcti::~n was carried ::~ut in benzene. 

b ~eacti::~n was carried ~ut in benzene/chl:Jr:Jf:Jrm. 

c Purified by c:Jlumn chr:Jmat:Jgraphy eluting with hexane. 

d Purified by c:Jlumn chr::~mat::>graphy eluting with hexane/benzene (7:3). 
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IV. 1 INTRCDUCTION 

101. 

CHAPTER IV 

REARRANGEMENT STUDIES ON S~-i?ROP \RGYL-N-\NILINO/ 
ETHYLAMINO ACETALS: A FACILE ONE STEP SYNTHESIS 
OF 3-PHENYL OR 3-ETHYL-4-METHYL-2-(SUBSTITUTED­
METHYLENE)-THIAZOLINES* 

In the preceding chapter, thermal rearr~ngements ~£ s-pr~-

pargyl-N-amin~acetals derived fr~m cyclic sec~nd~ry amines were 

studied which led t:::> the synthesis ~£ n~vel 2-cycl~amin:::>-3-ar~yl-

4-methylthi~phenes. In the present chapter, it was intended t~ 

study the sigm'ltr~pic rearr'lngernents :::>f s-pr:::>pargyl-N-amin~3.cet'3.ls 

derived fr:::>m primary 3mines like aniline ~r ethylumine. H~wever, 

attempted prep3r3ti~ns :::>f s-pr~p3rgyl-N-anilin:::>acetals (9) resulted 

in the f~rmati~n ~£ n~vel title thiaz~lines in excellent yields. 

These results 3re described in this ~hapter. 

IV. 2 RESULTS ,\NO DISCUSSIONS 

Lawess~n and c~w~rkers2 h3ve rep~rted alkylati:::>n ~f thi:::>-

anilides 2 derived fr:::>m active methylene c:::>mp~unds with allyl :::>r 

cr:::>tyl br:::>mide which yielded a c:::>mplex mixture :::>£ unrearranged 

s,N-acetal ~, dialkylated pr:::>duct _i, re1.rranged pr:::>duct ~, its 

*s.s. Bhattach3rjee, c.v. \s:::>kan, H. Ila and H. Junj3.ppa, 
Synthesis, 1062 (1982). 
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cle"lv~ge pr:>ducts 6 :1nd phenyl is:>thi:>cy"lnate (Scheme 1). N:> 
. -

·3.t tempts t :> alkyla te these thi =>·:lnilides ( 2) with pr:>pargyl br:>mide 

were made. In an at tempt t:> prep"3re the c:>rresp:::mding s-pr:>p-:J.rgyl-

N-·anilin:>acet11 9a, when the ·'lcet:>phen:>ne (7a) "vns reClctcd with 

phenylis:>thi:>cyanate in the presence :>f s:>dium hydriae in aimethyl-

f:>rmarnide, w::>rk-up of the re.::1cti:>n mixture did n:>t yield the 

desired ~· The product thus obt"lined in 71% yield was 

ch:1racterized as 3-phenyl-4-methyl-2-(benz:>ylmethylene)-thiaz:>line 

lla ::>n the basis of spectr3.l and analytical data (Scheme 2). Thus 

11a sh::>wed m:>lecuL~r i::>n peak at m/z 293 and W3.S analysed f:>r 

c 18H15Nos. Its IR spectrum (Nuj::>l) sh::>wed we:1k and medium inten­

sity bands Clt 1590 and 1560 cm- 1 • The absence :Jf carb:Jnyl peak 

in the IR spectra :>f lla is due t:> the zwitt:Jri::mic f:Jrm i\ which 

A 
makes maj:>r c:>ntributi:>n t:J the res::>n3nce hybrid.

3 
Further 

c:>nfirma.ti:>n f::>r the thL3.Z::>line structure lla 'II<Tas :>btained fr:>rn 

its NMR spectrum (CDcl 3 ) which sh:>wed a sharp d:>ublet (3H, 

J=l.2 HZ) at Sl.92 assigned t:> 4-methyl pr:>t:>ns which c:>uple with 

the H-5 allylic pr:>t:>ns. The quartet (lH, J=l.2 HZ) at 8 5.92 

was assigned t:> H-5 pr:>t:>n, while the :>ther :>lcfinic pr:>t:>n 

appeared as br:>ad singlet '3.t 0 6.14 (lH). The ten z1r:Jmatic pr::>tons 
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were present as br::>ad multiplet at&7.05-7.85 (m, 10H). The 

presence ::>£ tw::> singlets due t::> ::>lefinic pr::>t::>ns rules ::>ut either 

::>f the thi::>phene structures 12 ::>r 12 ::>r dihydr::>pyran 14. The 

reacti::>n ,.,as f :::>und t::> be general and the ::>ther substituted thia­

Z::>lines 11£-~ were :::>btained fr:::>m vari:::>us substituted acet::>phen::>nes 

and phenyl :::>r ethyl is::>thi:::>cyanate in 65-72% ::>verall yields 

(Scheme 3). The structures ::>£ 1!2~ were c:::>nfirmed with the help 

::>f spectral and analytical data (Table 1 and 2). 

When the reacti::>n was extended t::> ::>ther active methylene 

c:::>mp:::>unds like phenylacet::>nitrile, the c:::>rresp::>nding 3-N-phenyl­

<lli> and 3-N-ethyl-(1:..'2.£)-thiaz::>lines \'17ere ::>btained in 83% and 

82% yields respectively. Similarly acGtylacet::>ne yielded the 

thiaz::>line 11£ in 75% yield ::>n treatment with phenyl is::>thi~yanate 

and pr::>pargyl br:::>mide under the identical c:::>nditi::>ns (Scheme 4). 

The structures ::>f lli-.£ were c::>n£ irmed v.,rith the help ::>f spectr;~l 

and analytical data (Table 1 and 2). The ::>thGr active methylene 

c:::>mp:::>unds like acet::>ne, nitr~ethane, ethylacet:::>acetate and 

ethylcyan:::>acetate h::>wever/ yielded intractable c::>mplex reacti::>n 

mixtures under similar c::>nditi:::>ns, fr:::>m which the desired thia­

Z:::>lines c::>uld n:::>t be is::>lated. 

our survey :::>£ the literature revealed that the three meth:::>ds 

f::>r the preparati::>n ::>f thiaz :>lines are rep::>rted. In the first 
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methJd, the cJrrespJnding thiJanilides 18 Jn cJndensatiJn with 

~-halJCarbJnyl CJmpJunds 19 affJrd the c~rrespJnding thiazJlines 

20 (Scheme 5) in varving yields. 3- 5 H~ever this methJd requires - -
priJr preparatiJn Jf thiJanillides and yields are 1~ in the case 

Jf 4-methylderivatives. In the secJnd methJd the CJrrespJnding 

3-alkyl- Jr 3-aryl-4,5-substituted-2-(benzJylmethylene)-thiazo-

lines ~ are obtained in lJw yields (20-4~~) by base catalysed 

elimination Jf sulfur frJm the CJrresp~nding 2-phenacylthi~thia­

z~lium salts 22 6 which are ~btained frJm the respective ketones _, 

in three steps ~ thiaz:::>lines 22 (Scheme 6). The third method 

involves acylati~n of 2-methylthiazolium salts (24) with -
1-Jx:::>alkanephJsph:::>n:3.tes 25 (Scheme 7), which also requires prior 

preparation of 24 and ~· The present mcth:::>d therefore pr:::>vides 

a convenient route to novel 3-aryl- or 3-alkyl-4-methyl-2 

(substituted methylene;. t:hi;3.ZJlines directly frJm active methylene 

c:::>mpounds in excellent yields. 

IV. 3 M:OCHANISM OF THIAZOLINE FORMATION 

The mechanism Jf fJrmation of thiazolines 11 apparently 

invJlves intramolecular attack of nitrJgen lone pair (or anilino 

aniJn) on the activated acetylenic dJUble bond (or allenic double 

bond in the intermediate ]£) in the initially formed S,N-acetals 

9 (Scheme 2). Thus the S,N-propargyl acetals 9 do not undergo 
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thi~claisen rearrangements t~ give either dihydr~pyrans 14 ~r 

5-methylthi~phenes ~· P~rmati~n ~f 4•methylthi~phene !£ by 

nucle~philic attack ~f f-~arb~n ~f enamin~ne m~city ~n allcnic 

d~uble b~nd (in the intermediate 19, path b, sch1:me 2) is als~ 

n~t ~bserved in the present case. The reas~n f~r the f.J.cile 

cyclizati~n ~f 2 t~ give 11 appears t~ be the basic reaction 

c~nditi~ns empl~yed,which enhances the nucle~philicity ~f the 

amine nitr~en. Similar kind ~f cyclizati~ns to give fused 

thiazolines 28 have been observed in mercury (Jar) catalysed 

reacti~ns ~f 2-{ 2-proP3r"gylthi~)benzimid.J.Zoles 2:1. {Scheme 8). 
9 

The corresponding N-pr~pargylthiaz~lium bromide lQ also under­

goes similar base catalysed ring closure t~ give 6-methylimida­

zoles [2,1~~~ thiazole {1!) {Scheme 8).
10 

The thermal rearrangement of 9 under neutral conditi~ns 

could not be studied since all attempts to isolate S,N-acetal 2 
ur.dar varying conditions were unsuccessful. Interestingly, when 

the acetophen~ne 7a was reacted with phenylisothi~yanate and 

allyl bromide in the presence of s~dium hydride, the c~rresp~nding 

~-benzoyl-<X" -allylthi~aeetanilide 11, was ~btained in 72% yield. 

The structure ~f 33 was confirmed with the help of spectral and 

analytical data (experimental). The anilide ]2 is apparently 

f~rmed by sp~ntaneous thioclaisen rearrangement ~f insitu generated 

s-allyl-N-anilinoacetal 21· The alkylation of 22 with methyl 



RI~N~S 
~NH \ 

Rl HC a C- CH2 

27 
( 

' 

~I(NH2 
N 

29 

RIY';TN~ 
Hg2+/ H+ )> ~N~ ~ 

R2 \ 

28 Me 

H - S NH2 S ~N';Y'Me 
C:CCH2Br '> [[_~ NaOEt > o:..=.r __lj 

®'CH2C=CH 
30 ~ --.. 

Scheme 8 

~ ...... 
CJ.,) 



Jlo 
" ' u "" II :C 
zu 
I I 

.t::.:r: 
a..u 
....... II 

:ru 
t'O N z:c . 
.-N 

M :r: 
(_) 

o=~ ~I 
(,0 

u 
£ 

114 

J 



115 

i::)(:lide in the presence ::>f p::>tassium carbonate in refluxing acetone 

gave the corresponding S,N-acetal ~· Thus the cyclization path­

way to give dihydrothiazoline 12, is not operative {path b) in the 

case of S,N-acetal 21, which is apparently due to absence ::>£ 

activated acetylenic or allenic double bond in 32. In the absence 

of such cyclization, thioclaisen rearrangement of ~ to give 12 is 

favoured. 

IV • 4 EXPERIMENTAL 

M.ps were determined on a 'Boetius• (German) apparatus and 

are uncorrected. The IR spectra were recorded on Perkin-Elmer 

297 spectrophotometer. The NMR spectra were recorded on a varian 

EM-390 spectrometer using TMS as an internal standard and the 

chemical shifts a:~;e expressed in ppm ( b -units). 

The Starting Materials 

The c~ercial samples of acetophenone, ~met~ylaceto­

phenone, _E-methoxyacetophenone, ,JC-Chloroacetophen::me, phenylaceto:... 

nitrile, acetylacetone, acetone, nitromethane, propargyl br:>mide, 

allyl bromide were purified before use. 

The ethyl isothi:>eyanate, bp 13Q-l°C (760 mm)
11 and phenyl 

12 . 
isothiocyanate, bp 12o-1 °C ( 35 mm) were prepared by the reported 

procedures. 



TABLE 1 

Spoctr31 data ::>£ the pr::>ducts, 11a~ and lli-.E 

Pr:KJuct IR (Nuj :>1) 

-J ~m-1 J 

llt:l 1590 (w); 

1560 (m) 

llb 1595 (w); 

1585 (w); 

1550 (m) 

1lc 1601 (w); 

1585 (w); 

1550 (m) 

I - -- -- -
H-N.M.R. (CDC13 ) 

~;-[PptiJ 

1.92 (s, 3H, cg3 ); 5.92 (b~, 1H, H-5); 6.14 

(s, 1H 1 f' . ); 7.05-7.85 (m, 
::> e ~n~c. 

10:1 ) • 
:J.r::>m 

1.90 (s, 3H, C¥3 ); 2.32 (s, 3H, p-c~3 ); 5.88 

(s, 1H, H-5); 6,.10 (s, 1H 
1 

f' . ); 6.75-7.80 
- :> e ~n~c 

(m, 9Har:>m) • 

1.87 (s, 3H, ~3 }; 3.72 (s, 3H, ~~3 ); 5.72 

(s, 1H, H-5); 5.98 (s, 1H 1 fi i ); 6.5-7.4 - - ::> G n c 

{dd, A
2

B
2

, 4H ); 7.45-7.70 (m, 5H ). 
ar ::m :1r:>m 

M.s .. 

m/e (M+) 

293 

307 

323 

..... ...... 
Q') 



Table 1 (c::mtd.) 

11d 1601 (w): 1.90 (s, 3H, Ctl
3

); 5.82 (s, 1H, ~~5); 6.15 327
(35 Cl~ 

1584 (w); ( s, 1H l f' i ); 7.05-7.75 (m, 9H ). 
~ e ~n c ar~m 

1552 (m) 

lle:: 1682 (w); 1.35 (t, 3H 1 -NCH2c~3 ); 2.28 (s, 3H, C!i_3 ); 3.39 2t15 

1600 (w): (q, 2H, -NC,!!
2
CH

3
); 5.92 (s 1 lH, !:!·,S); 6.15 (brjs, 

1560 (s)a 1H 1 f' . ); 7.15-7.50 (m, 3H ) ; 7 • 7 -8 • 0 
'J e ~n~c ar~m ..-

(m, 2Har::llTI). ~ 

......:t 

11£ 1600 (w); 1.31 (t, 3H, -NCH 2C£b); 2.18 (s. 3H, CH 3 ); 3.80 275 

1587 (m): (s, 3H, ~OCtl3 ); 3.85 (q, 2H, ~NCli2CH3 ); 5.95 (s, 

1550 (s)a 1H, B-5); 6.20 (s, 1H l f' i ); 6.5-7.5 (m, 4H ). 
~ c ~n c ar"Jm 

..!1.2 1600 (m); 1.22 (t, 3H, -NCH
2
CH

3
); 2~13 (s, 3H, CB:3); 3.60 ~79( 35cl) 

1593 (m): (q, 2H, -cH2CH3 ); 5.95 (s, lH, H-5); 6.15 (s, 

1585 (s)a lH 1 f .. ); 6.65-6.95 and 7.15-7.9 (tw-:J m, 4H ). 
~ e ~n~c ar"Jm 



Table 1 (C :>ntd.) 

17 i'l 2112 OleN); 1.80 (s, 3H, c~3 ); 5.63 (s 1 1H, ~-5); 7.05=7.6 290 

1595 (m) (m, 10H ) • 
ar:Jm 

15-l7; 1520 

17b 2160 ('J.{;N); 1-47 (t, 3H, -NCH
2
cH3 ); 2.15 (s, 3H, c~3 ); 4.21 242 

1610 ( w); (q, 2H, -Nc~2cH3 ); 5.53 (s, 1H, B~5); 7.0-7.5 

1595 (w); (m, 5H ). 
ar:Jm ...... 

1572 (w) ~ 

00 

17c 1695 (m) <Yc 0 ); 1.90 (s, 3H, cH 3 ); 1.98 (s, 3H, Cli3 ); 6.45 273 

1622 (s) ( s, lH l f . i ) ; 7. 09-7 • 55 ( tn, 5H ) • :J c 1.n c ar:Jm 

a IR spectrum in KBr. 
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3-N-Aryl/alkyl-4-methyl-2(benz~yl/cyan~-phenyl/bisacetylmethylene­

thiaz~lines (11a-g) and (7a-g) : General Pr~cedure : 

T~ an.ice c~~led and well stirred suspensi~n ~£ s~ium hydride 
·-· . 

(2.0g, o.041 m~l~ S~lo suspensi~n) in 40 ml ~f dry dimethylf~rmamide, 

0.04 m~l ~f acet~phen~ne ~r ~ther active methylene c~mp~und in 5 ml 

~f dimethylf~rmamide was added f~llowed by subsequent additi~n ~f 

0.04 m~l ~f aryl/alkyl is~hi~cyanate in 8 ml ~f dimethylf~rmamide. 

The ice c~~led reacti~n mixture was further stirred f~r 2 hr and 

4.8g (0.041 m~l) ~f ~~pargyl br~mide in 10 ml ~f dUnethylf~rmarnide 

was sl~wly added during 30 min. After further stirring with c~ling 

fx 1.5 - 2 hr, the reacti~n mixture was p:mred ~ver crushed ice and 

extracted with chl~r~f~rm(3 x 150 ml). The ~rganic layer was washed 

with water (3x150 ml), dried (Na2so4 ) and evap~rated t~ give br~n 

visc~us residue,which gave pure thiaz~lines either by triturati~n 

<lli-.9.' lli-£) with hexane and methylene chl~ride ~r by passing 

silica gel c~lumn (~-g) and eluting with ethylacetate/hexane(3:7) 

mixture. All thiaz~lines 11a~ and ~~ were crystallyzed fr~m 

methylene chl~ride-hex~ne mixture. The spectral and analytical 

data ~f thiaz~lenes ~-g and 122;£ is given in table 1 and 2. 

Preparati~n ~£ o( -allyl- ~-benz~yl-thi~acetanilide ( 33) 

T~ an ice-c~~led and well stirred suspensi~n ~£ s~dium 

hydride(2.0g, o.04 m~l, 5~/o suspensi~n) in 5 ml dry dimethyl 

f~mamide,4.8g (0.04 m~l) ~£ acet~phen~ne was added f~ll~wed by 
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subsequent additi~n 5.40g (0.04 m~l) ~f phenyl is~thi~cyanate. The 

ice-c~~led reacti~n mixture was further stirred f~r 2 hrs and 

allyl br~mide (4.84g1 o.04 m~l) in 10 ml climethylf:>.rmamide wa.s 

sl~wly added during 30 minutes. hfter further stirring with c~~l-

ing f~r 2 hr, the reacti:>n mixture was w:>rked up as described 

ab~vc t~ yield crude 33 which ~n crystallizati~n fr~m benzene/ 

hexane yielded bright yell~ needles ~f ~, yield 8.5g (72%)1 mp. 

115-116°C; IR(I<Br) Pmax 3200 {NH), 1690 (CO) cm-1 ; NMR (CDC13 ); 

2.88 (t, -c!:!2 -cH=eH2 ); 5.0-5.9 (m, 4H, -c!!=Cl:!2 at::~d co-c!:!-); 7 .• 2-
+ ... 

8.2 (m, 100 ); t-1.51 (m/e); M , 295; (F~unc1: c, 73.54; H, 5.42; ar:l'Tl 

N1 4.41; Calc. f~r c 18H17NOS (295.4)1 C, 73.22: H, 5.76; N,4.74%). 

Prepar~ti~n ~fq\-allyl s,N-ac~~al 2i fr~m ]2· 

A suspensi~n ~f 2.95g (0.01 m~l) ~f 33 and 2g (0.015 m~l) :>f 

anhydr~us p~tassium carb~natc in 60 ml ~f dry acet~ne was refluxed 

f~r 3 hr with stirring. The reacti~n mixture w~s c~~led t~ r~~m 

temperature and 1.4g (0.01 m~l) ~f methyl i~dide in 10 ml ~f dry 

benzene was added sl:>wly with stirring. After further stirring f~r 

4 hr at r~~m temperature, the reacti~n mixture was p:>ured ~ver ice 

c~~led water, cxtr.'lcted with chl~r~f~rm, dried (Na
2
so

4
) and ewlp~­

rated t~ give crude 34 as visc~us liquid which was further 

purified by c ~lumn chr~m-"lt ~ra:phy ~ver silioa gel using hexane/ 

benzene (2:1) as eluent. Yield 2.62g (85%), visc~us liquid · 
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(TLC single sp::>t); IR(neat)Y ; 3140 (NH), 1695 (CO) 1600 
max 

-1 (C=C) em ; NMR (CDC1
3
): 2.32 (s, 3H, sc~3 ); 2.89-3.30 (m, 2H, 

-cH
2

-<::H=CH
2
), 5.2-6.1 (m, 3H, -cH=CH

2
); 7.1-7.75 (m, 1CH ): 

- - - ar::>m 

M.s. : (m/e): M+, 309; (F::>und : c, 73.45; H, 6.51: N~ L1.87; calc. 

acetal 34 e)..ist in imin::> f ::>rm B. 

(3 



TABLE 2 

Physical and analytical data ~f 3-alkyl ~r 3~aryl-4-mcthyl-2~(substituted methylene) 

2,3~cihydr~-1,3-thiaz~lincs, (11a-g) and (17a~c). 

Pr:::>duct 
a 

M:::>lecul.~r "\nal:Lsis (%) yield m.p. 

(~) (°C) Jur-rvw.k Culc. 
F:::>unc1 c H N 

lla 71 159-160 c 18H15NOS 73.73 5.11 4.77 

(293) 73.49 5.23 4.90 ..... 
~ 
~ 

11b 68 188-190 c 19H17NOS 74.28 5.53 4.55 

( 307) 74.06 5.38 4.41 

11c 73 154-155 C19H17N02S 70.60 5.25 4.33 

(323) 70.75 5.12 4.57 

11d 65 174-175 C1gH14clNOS 65.98 4.27 4.27 

(327.5) 66.14 4.40 4.09 

11e 67 112 c 14H15NOS 68.57 6.11 5.70 

(245) 68.28 6.30 5.56 



Table 2 (c~ntd.) 

11£ 72 149-150 C15Hl7N02S 65.46 6.17 5.08 

( 275) 65.33 6.05 5.23 

1:1.2 69 145 c 14H14clNOS 60.13 5.00 5.00 

( 279.5) 60.40 5.37 4.86 

17a 83 153 C18H14N2S 74.49 4.82 9.64 

( 290) 74.71 5.o1 9.45 ..... 
1~ 

17b 82 118 Cl4Hl4N2S 69.39 5.77 1l.o55 
<:.A.) 

(242) 69.58 6.03 11.17 

17c 75 146-14'7 Cl5Hl5N02S 65.94 5.49 5.12 

(273) 65.66 5.20 5.36 

a Yields were n~t critically ~ptimized. 
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CHAPTER V 

BA.SE Ct\.Tl\.LYSED REARRi\NGEMENT STUDIES ON 
3,3-BIS-(METHYLTHI0)-2-ALLYL-1-ARYL-2-
PROPEN-1-0NES 

It has been sh:::>1rm 1 rc:cently fr::xn :::>ur lab::>rat:>ry that the 

keten s,s-acetals <.!} derived fr:::>m vari:>us pr:::>pi:::>phen:mes underg:::> 

facile rearrangement in the presence :>f s:>dium hydride in dimethyl­

f:::>rmamide t:> give the c:>rresp:>nding 3-alkylthi:>-2-alkylthi:::>methyl­

aeryl:>phen~nes (l)(Scheme 1). It is further sh:>wn that the 

rearrangement inv:>lves a 1,3-RS shift and that it is stere:>selective 

and yielded :::>nly ~-2 is~er. similarly when the c:::>rresp:::>nding 

keten s,s-acetal (2) derived fr~ dihydr~halc:>ne was subjected t:::> 

this rearrangement a mixture :::>f f:::>ur pr:::>duets was :::>btained, which 

were characterized as 4 (35%}, 5 (15%} 1 6 (5%) and 7 (20/o) - .... - -
(Scheme 2). 2 Am:>ng these, the pr:::>ducts i and 5 have been sh:::>wn t:::> 

be the rearrangement pr:::>ducts :::>£ 21 while 6 ~nd 7 are f:::>rmed via 
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oxidative cleavage ::>f the intermediJ.t<::~ curb::>ni::>ns inv::>lvec in the 

overall transf::>rmati::>ns. This was further pc)vec1 by rGacting 3 

with sodium hydride under nitr::>gcn atm::>sphcrc, when the f::>rmation 

of 6 and 2 was not observed, while 4 (51%) and 5 (32%) were formed 

in improved yields. The absence of formation of 6 and 7 under 

nitr~en blanket confirms the participation of molecular oxygen. 

* A mechanism involving unstable mobile ketoallyl intermediate 2 

was suggested for the rearrangement of l to 1 (Scheme 3}. 1 The 

allyl anions ~ and ~ generated under reversible conditions 

compete with s:>diurn hydride in deprotonation of l to give either 

1 or the rearranged acrylophenone 9. Efforts to isolate 2 were 

unsuccessful, although the intermediacy of 2 appeared to be a 

definite step in arriving at the therm:>dynamically m~e stable 2. 

It is therefore apparant that 2 spontaneously undergoes subsequently 
... 

a facile 1,3-RS shift to give the m~e stable 2. Among the 

possible alternative mechanisms for 1,3-RS shift, the thermal 

eoncerted 1,3-RS shift was ruled out because of ge:>metrical restri-

etions imposed on 1,3-antarafacial sigma tropic shift and unfavourable 

orbital symmetry eonsiderati:>ns to facile 1,3-superafacial shift. 

A sulfur assisted polar concerted mechanism through an antipolar 

transient complex ~ was tentatively suggested earlier for the 

rearrangement of 9 to 2 without ruling out the alternative possibi­

lities.1 However, our subsequent studies :>n the rearrangement :>f 

~hl:>roderivative (12) revealed that there exists a free alkyl­

thioanion in the reaction mixture, which ruled out the intermediacy 

*A detailed mechanistic studies on this rearrangements are 
published in ref. 2 
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'.)f ..} ',)r any :>ther c:mcerted prxess. Thus when ~ derived fr:xn 

E-chl',)r'.)pr'.)pi'.)phen'.)ne was subjected t'.) rearrangement under identical 

c'.)nditi'.)ns the expeoted pr'.)duct ~ was acc'.)mpanied by adoiti'.)nal tw:> 

pr'.)ducts 12 and 11 (Scheme 4). These results dem'.)nstrate that the 

free methylthi'.) ani',)n is generated in the reacti'.)n mixture,which 

participates in nucle'.)philic displacement ',)f active ~hl'.)r',) gr'.)up 

in 12 and £2 t'.) give the C'.)rresp'.)nding 12 and 1l respectively. 

Similarly, the p'.)ssibility ',)f sulfur l'.)ne pair assisted thiatenium 

i'.)n intermediate ~ f'.)r the rearrangement ',)f 2 t'.) 2 was als:> ruled 

'.)Ut, since ~ d'.)es n:>t permit the exist~nce ',)f free alkylthi:> ani'.)n. 

Further the 4-~trig pr:>cess inv'.)lving a strained intermediate 

such as ~ is quite unlikely in view ',)f the f~cile nature ',)f the 

rearrangement. The inter"'m'.)lecularity was further C'.)nfirme:l fr:>m 
'-/ . 

A-v 

11cr:>ss'.)ver 11 experiments carried '.)Ut with J:E and 1c. When 1:1 mixture 

',)f lb and le was treated with s'.)dium hydride in dimethylf:>rmamide 
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under identic~l CJnditiJns, 3 mixture Jf prJducts cJnt~ining ~-d, 

12, _!1, 14 and 15 was Jbt-=1ined, there by prJving that the rearra­

ngement is intermJlecuL'lr. 2 ( Sc.heYV\e ~), 

\n altern.3tive mechanism invJlving radic-:~1 dissxiatiJn and 

CJmbinatiJn prJcess fJr the c~nversiJn ~f 9 t~ l as prJpJsed by 

1Narren and cJw~rkers f~r thermal and phJtxhemical 1,3-PhS-shift 

was 3lSJ ruled ~ut, since the yield ~f 2a remained unaffected when 

la w'ls re'lrranged in the presence ~f radic'3.1 inhibitors(diphenyl­

picrylhydrazyl or hydr~quin~ne). 7\ls~~ the fJrm.3ti~n ~f dimeric 

pr::lducts like diethylsulfide was n~t ~bserved when 1b was re3cted 

with SJdium hydride either in presence ~r ·"lbsence Jf nitr~gen. 2 

on the basis ':)f these results 'lnd Jther studies carried ~ut 

in different s~lvents under varying c:oditiJns, a pr~bable 

2 mechanism f~r 1, 3-RS was suggest(?d which is shJwn in the scheme 6. 

It appears that s~rne nucleJphilic species present in the reacti~n 

mixture initiates the displacement Jf thiJl~te aniJn either in 

9 ~r 16. The thi~late aniJn thus released in turn attacks 9 Jr 16. 

Miohaelwise t~ give the CJrresponding SJlvent equilibriated 

enolate aniJns 17 which eliminates one Jf the thi':)late ani':)ns t~ 

give either l or 5. The prJduct 2 underg':)eS base catalysed 

1,3-prJt':)n shift tJ yield the therrnJdynamically mJre stable chalc':)ne 

4. F~rmatiJn Jf Jnly E-2 geJmetric-=11 isJmer in the case ':)f pr':)­

pi~phenJne series (R'=H) W3.S explained due t~ existance Jf r·'lpidly 
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equilibriating ani~ns· like Z, ~-A and ~~ ~-B in the reacti~n mix­

ture., which rearrange t~ the therm~dynamically m~re stable ~~~~ 

f~rm which ultimately picks up the pr~t~n during w~rk-up t~ give 

exelusively §-2 is~mers {Scheme 7). H~wever when R'=Ph, the c~rres­

p~nding m~re stable ~,_§-£ and ~~~-p ani~ns appear t ~ (:xist in 

equilibrium in 3:1 rati~ which ~n pr~t~nati~n yield either E-5 ~r 

a mixture ~f E and Z-4 in 3tl rati~ (Scheme 7). 

Jn c~ntinuati~n with f~reg~ing detailed mechanistic studies 

~n base catalysed 1,3-RS shift ~bserved in ket~keten s,s-acetals 

derived fr~m pr~pi~phen~nes (l) and dihydr~chalc~ne (2), it was 

intended t~ extend these rearrangement studies t~o{-allylkct~keten 

s,s-acetals 12 {Scheme 9), which are expected t~ underg~ 1,5-Mes 

shift in the presence ~f base t~ give pr~duct like 31 (Scheme 10) 

via m~bile ket~dienyl intermediate 30. The results ~f ~ur investi-

gati~n ~n the synthesis and basecatalysed rearrangE;mcnts ~f :?:2 are 

des@ribed in this chapter. 

v. 2 RESULTS AND DISCUSSION 

3 
Lawess~n has rep~rted that methyl ~-benz~yldithi~acetate 

(~) ~n treatment with p~tassium !-but~xide f~ll~wed by alkylati~n 

with cr~tyl br~mide yields thedl-methylallyaithi~acetate (~) in 

g~~d yields (Scheme 8). The f~rmati~n ~f 20 is rati~nalized t~ 

have been f~rmed by thi~claisen rearrangement ~f s-cr~tyl ket~keten 

s,s-acetals (!2) (Scheme 8). \lkylati~n ~f ~with pr~pargyl 
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br:rnide in the presence :)f base, is simil."lr ly rep:)rted 3 t:) yield 

the dihydr:)pyran (24) via s-pr:)pargyl "1Cet:::1l (21) and its subse­

quent thi:)claisen rearrangement thr:)ugh 22 and 23 (Scheme B). 

H:)wever, similar alkylati:)n :)f 18 with allyl brJmide t:) give the 

rearranged 26 (Scheme 9) is n:)t rep:)rted, alth:)Ugh few :)ther 

dithioesters derived fr~ active methylene compounds are known to 

yield rearranged products on alkylation with allyl br:rnide. 4 we 

have used similar synthetic str3.tegy for the preparation of ket:)-

keten s,s-acetals 27 (Scheme 9). Thus when the dithioester (~) 

was reacted with allyl bromide in the presence of base like 

sodium hydride or potassium 1-butoxid7a complex reaction mixture 

was obtained fr:)m which ~ could not be isolated. H~ever when 

the alkylation of ~ with allyl bromide was carried out in 

presence of weaker b3.se like potassium carbonate in refluxing 

acet:)ne, the product obtained in 79% yield was characterized as 

oG-allyldithioester (~) (Scheme 9). The structure of 26a was -
confirmed by its spectral and analytical data~ Thus 26a sh:)wed 

molecular ion peak at m/z 250 and was analysed for c13H14s 2o. It~ 

IR spectrum ( ne3.t) exhibited strong absorpti:>n bands at 1690 and 

1220 em-1 due to aromatie carb:)nyl and CsS bond respectively. 

-1 The presenee of a strong c3.rbonyl frequency at 1690 em proves 

that 26a exists in keto-f:)rm. Further confirmation for the 

structure ~ was obtained from its NMR spectrum (CDC13 )/which 
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exhibited ·:1 singlet atb2.4R (3H) due t:> .SCH3 pr:>t:>ns, while the 

tw:> methylene pr:>t:>ns appeared as br:>ad d:>uble d:>ublets at 

b 2.62-3.15 (2H). The signal due t:> methine pr:>t:>n and tw:> :>le-

finic pr:>t:>ns :>£ allylic gr:>up w:1s present as br:>ad multiplet (3H) 

at£'4.85-5.48_,while the :>ther :>lefinic pr:>t:>n appe-:1rcd at S 5.51-~ 

5.85 (m, 1H). The multiplets at~ 7.21-7.63 and b 7.82-8.2 (2H) 

were assigned t:> five ar:>matic pr:>t:>ns. hlkylati:>n :>£ :>ther 

dithi:>esters .1.§.2-~ with allyl br:>mide under identical c:>nditi::ms 

similarly yielded the c:>rresp:>nding ol...-allyl-~-benz:>yldithi:>­

a.cetates ~-~ in 69-84% :>verall yields (Scheme 9). The structure 

:>£ 26b-~ were c:>nfirmed with the help :>£ spectral and analytical 

data (Table 1 and 3). 

~ttempted alkyl:1ti:>n :>£ ~ with methyl i:>dide in the 
' 

presence :>£ str:>nger bases like s:>dium hydride and p:>tassium 

!-but:>xide t:> give the c:>rresp:>nding dithi:>acetal ~ yielded 

c:>mplex reacti:>n mixture. H:>wevcr, when methylati:>n :>£~was 

carried :>ut in the presence :>£ p:>tassium carb:>nate in refluxing 

acet:>ne, c:>rresp:>nding o\-allylket:>keten s,s-acetal ~ was 

:>btained in 71% yield and n:> trace :>f is:>meric s,s-acctal like 28 

was :>btained (Scheme 9). The structure :>f 27a was c:>nfirmed with 

the help :>£ spectral and analytical data. Thus 27a exhibited 

m:>lecular i:>n peak at m/z 264 and analysed f:>r c 14H16s 2o. Its 

IR spectrum(neat) exhibited str:>ng and the band at 1660 cm-1 due 

-1 t:> c:>njugated carb:>nyl gr:>up and the band at 1610 em as assigned 

t:> the C=C b:>nd. Final pr:>:>f f:>r the structure 27a was :>btained 

fr:>m its NMR spectrum (C001 3 ). The tw:> singlets at g 2. 0( 3H) and 
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fi 2.30 (3H) were assigned to tw::» scH3 gr::»ups, while the signal due 

t::» tw~ methylene pr::»t~ns appeared as d::»ublct (2H, J'=7HZ) at ~3.35. 

The three olefinic protons ::»f allylic group were present as two 

multiplets at f, 4.81-5.15 (2H) and 6 5.43-5.91 (lH). The signals 

due to ar::xnatic protons appeared as br::»ad multiplets at £7.2-7.51 

(3H) and 7.75-7.90. The othero(_-allyl ketoketen s,s-acetals 

( 27b-e) were similarly obtained by methylation ~f the corresp:mding --
dithiJesters ~-~ in 58-75% overall yields. The spectral and 

analytical data for l2E-~ are given in table 2 and 4. The alkyla­

tion of~-methylallyldithioester 20 similarly yielded the 

corresponding s,s-acetal 12• The spectral and analytical data ~f 

12 and l2 were in eonformity with theffisigned structures 

(experimental) • 

o Me 

_K_2. c_o_3 ---'j1 ~sc, )(!~ 
Me I. MeS SMe 

~9 -

Base c~talysed re3rrangement of ~ was next studied. Thus 

when ~ was reacted with sodium hydride in dimethylformamide a 
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p~lymeric reacti~n mixture was ~btained. However when 27a was 

stirred with catalytic amount ~£ s~ium hydride in benzene and 

dimethylf~rmamide (10:1 ratio) for 3 hr, w~rk-up and c~lumn 

chromatography of the reaction mixture yielded a viscous liquid 

(TLC single spot) in 54% yield along with starting material (35%). 

The compound was characterized as 1·mathylthio-2-benzoyl-4-methyl­

thiomethyl-1,3-butadiene (~) on the basis of spectral and 

analytical data (Scheme 10). Thus it showed in its mass spectrum, 

the molecular ion peak at m/z 264 and was analyzed for c14H16s2o. 

Its IR spectrum exhibited strong band at 1650, 1630 and 1600 cm-1 

due to conjugated carbonyl gr~up and double b~nds respectively. 

Final confirmation of the structure 3la was obtained from its 

NMR spectrum (CDC13 ) (Figure), which exhibited two sharp singlets 

at£ 1.98 (3H) and S 2.35 (3H) due to SCH3 groups attached t'.:> sp3 

2 and sp carbon atoms respeotively. The methylene pr~t~ns appeared 

as doublet at~ 3.15 (2H, J=e Hz) due to coupling with olefinic 

proton (HA), which rules out the isomeric diene structure 32 since 

methylene proton~ would appear as singlet in 32. The three 

olefinic protons of allylic group which were present as multiplet 

at 4.8-5.9 in the NMR spectrum of ~ were absent in 3la. 

Instead a singlet { 1H) present at 56.75 was assigned to :::ief inic 

~ proton. The chemical shift position of He proton confirms the 

~-configuration around 1, 2-double pond. This .3.ssignment is in 
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agreement with ~ur e~rlier observati~ns. 5a The ~lefinic proton 

(Ha) cis to ar~yl gr~ups in olefin ~ appears d~wn field between 

5 7.6-7.9 as compared t~ ~, in which ~lefinic proton (Hu) appears 

between b 6.0-7 .1. 

AY JXR 0 

H<.\. "'-S IV! e 

8 J S \-1 o...-= I · G - 7 · 9 

A-v 
~!~R 0 / ll 

M£S/'-- 1-l~ 

B S~la_-::... 6, o- /.I 
-I 

The olefinic HA proton in 31 appeared as multiplet (1H) 

between 5.68-6.10, while the sharp doublet present at ~6.25 

(J=15 HZ) was assigned to ~ther ~lefinic pr~t~n ~ which demon­

strates the trans- c~nfiguration ar~und 3,4-d~uble b~nd. The uv 

spectrum of _lli showed the band : at ~max 310 (log f:. 3.15 ). which 

shows the presence ~f diene chr~mophore in ~· When the E-methyl 

keten s,s-acetal ~ was subjected to similar rearrangement the 

c~rresp~nding rearranged diene ~ was ~btained in 52% yield. 

The spectral and analytical d:~.ta of .2,!2 (experimental) was in 

agreement with the assigned structure. Interestingly when the 

c~rresp~nding £-Chl~rodithioacetal 2:1£. was subjected to re3rrange­

ment under identic1l c~nditions the corresponding 31c was formed 
. -
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exclusively in 58% yield (Scheme 11) al8ng with recovered 27c and 

no trace of other products like 34 and ~ (f8rmed by nucleophilic 

displacement of active .E-chl8ro gr8up, by methyl mercaptoani8n in 

27c and 1!£ respectively) could be detected (Ttc). Earlier it 

was shown in our laboratory that the displacement products, are 

indeed formed when the ketene-s,s-acetal 1g derived f~8rn ,E-chl8ro­

piophenones (Scheme 4) was treated under similar reaction 

conditions involving a free alkylthio anion in the reaction 
2 

mixture. Further variations in the reaction conditions also 

could not yield 1i and 22, and only 3lc could be isolated in 

varying yields along with c:nsiderable polymeric material. 

When the o(-methylallyldithioacetal 29 was subjected to 

rearrangemoot under identical conditi8ns, ::mly intr::1ctable poly-

meric reaction mixture was obtained from which no identifiable 

product could be isolated. 

v. 3 MECHANISM OF THE RE ARR.~GEMENT 

From the foregoing arguments, it may be inferred that the 

rearrangement of J:1 to ..2_! involves 1,5-MeS shift1 which t :J our 

* kn~ledge is unpreeedented in the literature. The dithioacetal 

(ll) undergoes base catalysed proton abstraction to give the 

res:Jnating pentadienyl ani:Jn ~ (Scheme 12). The stability of 

this anion (2.§_) is greatly enhanced by the two sulfur atoms present 

* A mechnism inv:Jlving 1,5-sigmatr:Jpic shift :Jf sulfide in dithio-
ketal intermediate has been envisaged in 1,2-annelation of 
cycloheptatrienone with dithi:Jls.S 
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in the m:::>lecule giving rise t:::> incrt:~s, d re;s::mance c:::>ntribution 

from 36A. Since the pentadienyl ·'lni:>n ( :)6; is g<:merated under 

reversible conditi:::>ns, it c:::>mpetes with sodium hydride in depro-

t:::>nation of 27 t:::> give either 27, 37 :::>r unstable mobile 

ket:::>pentadieny1 intermediate 30 (Scheme 12). Since n:::> trace :::>f 

l! was isolated fr~ the reacti:::>n mixture, it appears that ]l 

undergoes base eatalysed equilibriati:::>n to give 30 via m:::>re stable 

36A. Alternatively~ c:::>uld undergo 1,5-sigmatropic hydrogen 

shift t:::> give 30. Similarly the ani:::>n 36 does not undergo 1,5-

electrocyclizati:::>n t:::> give cycl:::>pentene derivative (39) via 

cycl:::>pentenyl ani:::>n 38. These 1,5-electrocyclization of penta­

dienyl anions, despite symmetry all:::>wed, have n:::>t been reported to 

*6 be observed. H:::>wever it is still unclear whether this failure ie 

due to thermodyanamic or kinetic reas:::>ns. 6 

It is therefore apparent that mobile ketopentadienyl 
.. 

intermediate (2£) thus f:::>rmed, underg:::>es a facile 1,5-MeS shift 

t:::> the therm:::>dynamically m~e stable rearranged pr:::>duct 31. Efforts 

t:::> is:::>late 30 were unsuccessful and even trace of it c:::>uld not be 

oeteeted after w:::>rk-up :::>f the reacti:::>n mixture. H:::>wcvor the 

intermediacy of 30 appears t:::> be a definite step in arriving at 

11• The intermediate 22 can rearrange to 1! by one of the possible 

mechanisms shown in the scheme 13, Thus 30 can undergo a concerted 

suprafacial 1,5-sigmatr:::>pic MeS shift, which is thermally all:::>wed 

* Few examples :::>f 1,5-electr:::>cyclizati:::>ns are kn:::>wn, but they are 
sh:::>wn to be noneoncerted¥ 
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:::m the basis :::>f :>rbj_tal symmetry c:::msider::lti:::>ns CL"x:tth ::1, d::>tec'l 

arr::>ws). \ltern3tivcly, the surlfur l::>ne pair ::>f methylmercapt::> 

gr::>up can attack ele~tr:::>philic S-c:lrb::>n ::>f }2 t::> give tctr~hydr::>­

thi:::>pyrilium intermediate 40 via 6-~-trig pr::>ccss which is 

quite facile· fr::>m steric c:::>nsiderat i::>ns 7 (path b). The intereme-· 

diatc i2 can subsequently c::>llapse t:::> the rearranged pr::>duct 31 • 

. \ third p::>ssibility f::>r c::>ncerted 1,5-MeS shift may inv::>lvc 

transient c::>mplex 41 via antip::>L3.r mech'3.nism as sug(.::csted by 

8,9 
Kwart. H::>wever 41 is structurelly different fr::>m that ::>f 

K-vJart 's systems in that 41 c::1rries an electr::>n withcr,:lwing benz::>yl 

gr::>up in c::>njugati::>n with d::>uble b::>nd, thus reverting the nucle::>­

philicity ::>f S -carb::>n. 1\.n -3lternative interm::>lecular mechanism 

inv::>lving attack ::>f methylmcrcapt::> ::1ni::>n at 8 -c1.rb:::m ::>f 30 in 

Michael fashi::>n t::> give the s::>lvent equilibri.J.ted ani::>n 42 is 

an::>ther likely p::>ssibility (path d). The intcrmediatG 42 subse-

quently eliminates ::>ne ::>f the methylthi::> gr::>ups t:> give 11:· .\ 

similar interm::>lecular mechanism has been suggested by us f::>r 

1,3-RS shift in keten s,s-acetals l 1 ::>n the b:1sis ::>f evidences 

f::>r e:xistance ;lf free alkylthi::> ani:::>n in the reacti::>n mixture. 2 

H::>'V-Jever 1 as sh::>wn in the scheme _11, ::>ur attempts t::> is::>late any 

::>f the displacement pr::>ducts like 34 and 35 fr::>m rearrangement ::>f 

27c were n::>t successful. Similarly, the rearrangement ::>f 27a in 
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the presence of phenyl is~hiocyanate does not give even traces 

of methyl-N-pheny~ dithiocarh-:1mate 43. ·k These 'Jbscrvati::ms p'Jint 

s 
II 

H5C,- f\11-i -c- 5 Me. 

Ll~ 

to an intramolecular 1,5-MeS shift either thr'Jugh c"Jncerted 

1, 5-suprafacial sigma tropic rearr:mgement ::>r thr'Jugh thiopyrilium 

intermediate 40 formed through 6-endo trig process, both of which 

are energetically f:1vourable. From the f"Jregoing 'Jbservati::>ns it 

is not possible t::> decide between these two pathways (~ and £) 
and further work is in pr~gress in this direction. It should be 

noted that b"Jth mechanisms (path a and b) would yield z,~­

geometrical isomer of diene ,2.! (scheme 13). H'Jwever only 

~~~-isomer of 31 was formed in the reaction and no trace 'Jf 

~~~-isomer could be isolated. It appears that initially f'Jrmed 

~~~-]1 underg~es base c~talysed configurational equilibriation to 

yield the thermodynamically more stable ~~~-1! (Scheme 14). ThG 

pentadienyl anion ~ exists in equilibrium with all u,w and s 

c::>nfigurations which rearrange to more stable W-36 and 

* Rearrangement of 1 in the presence of phenyl isothiocyanate 
under identical c;nditions has been shown to yield considerable 
amount of methyl-N-phenyldithiocarh'3.mate .!2• 
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6 
s•-36 f~rm, which ultimately picks up pr~t~n t~ give the ~bser-

ved ~~~-31 (Scheme 14). Interestingly, n~ trace ~f diene 32 
-t 

which is expected t~ be f~rmed by prot~nation of W-36 at c-1 was 

detected in the reaction mixture. It is not possible t~ give a 

definite explanation f~r these observati~ns at this stage. 

In conclusion, an unprecedented 11 5-MeS shift has been 

observed in base catalysed reaz::rangement ~f keten s,s-acet:1ls 27 
1 

which yields the butadiene 11 as exclusive product. All experi­

mental evidences at the present stage p~int t~ a concerted 

intram~lecular 1,5-MeS shift, however further experiments are need-

ed t~ study the detailed mechanism ~f this rearrangement. 

v. 4 EXPERIMENTAL 

The IR spectra were rec~rded ~n Perkin-Elmer 297 spectro-

photometer. The NMR spectra were rec~rded on a variun EM-390 

spectrometer using TMS as an internal standard and the chemical 

shifts are expressed in ppm fr~m TMS taken as o.oo (~-units). 

Mass spectra were rec~ded ~n a Hitachi RMU•6E mass spectr~meter 

fitted with a direct inlet system. 

The Starting Materials 

The c~mrneroially available samples of acetophen~ne 

E-methyl~acetophenone, E-meth~xyacet~pheoone, E-ethaxyacet~phenone, 
..... 

~hl~r~acet~phenone, allyl bromide and erotyl bromide were 

purified bef~re use. The dimethyl trithi~carb~nute, bp 225° 

(760 mm) and the dithi~esters were prepared acc~rding to procedure 

described in the chapter II. 



T?U3LE 1 

Spectral data Jf the prJducts 26a-~ 

PrJduct 

26a 

26b 

I .R. (neat) 
-1 (em ) 

1690 (C=O) 

1595 (C=C) 

1220 (C=S) 

1685 (C=O) 

1605 (C=C) 

1180 (C=S) 

1 
H-N .t-1. R. ( CDC1 3 ) 

(ppm) 

2.48 (s, 3H, SCH
3
); 2.62-3.15 {dd, 2H, 

c~2-cH=CH2 ); 4.85-5.48 (br m, 3H, c~ 

and CH=C~2 ); 5.51-5.85 (m, 1H, CH=CH
2

) 1 

7.21~7.62 (m, 3H ); 7.82-8.20 (m, arJm 

2Har ::xn) • 

2.42 (s, 3H~ SCH
3

); 2.58 (s, 3H, 

~3); 2.70~3.12 (dd, 2H, C~2-cH=CH2 ); 

4.82-5.32 (m, 3H, c~ and CH=CH2 ); 

5.56-5.90 (m, 1H, CH=CH2 ); 7.15 (d, 

2HurJm); 7.85 (d, 2HarJm). 

M.s. 
m/e(M+) 

250 

........ 
Ul 
U"f 

264 



Table 1 (c~ntd.) 

26c 1680 (C=O) 2.40 (s, 3H, ~3); 2.69-3.20 (dd, 2H, c~2-cH=CH2 ); 284 

1590 (C=C) 4.91-5.22 (m, 3H, CH and CH=Cli2 ); 5.60-5.90 (rn,1H, 

1210 (C=S) CB=CH2); 7.40 (d, 2Har~rn); 7.75 (d, 2Har~rn>• 

26d 1675 (C=O) 2.50 (s, 3H, SCB3 ); 2.7o-3.15 (dd, 2H, CB2-cH=CH
2

); 280 

1600 (C=C) 3.80 (s, 3H, j2-Cg3o); 4.85-5.20 (br.rn, 3H, C!:! and 

1180 (C=S) CH=CH
2

>: 5.5o-5.88 (rn, 1H, CH=CH
2

); 6.80 (d, 2H ); 
- ar::xn ...-

7.90 (d, 2Har~rn). c..n 
r::::J') 

26e 1680 (C=O) 1.44 (t, 3H, ~li3CH2o); 2.55 (s, 3H, sc~3 ); 294 

1600 (C=C) 2.?2-3.22 (dd, 2H, cB2-cH=eH2 ); 4.1o (q, 2~, 

1190 (C=S) E""(!H
3
CH

2
0); 4.90-5.28 (br m, 3H, CHand CH=CH ); . 

- - -2 

5.6o-5.87 (m, 1H, CH=CH
2

); 6.85 (d, 2H ); 7.92 
- ar~ 

( d, 2Har~rn) • 



TABLE 2 

Spectral data Jf the prJducts ~-~ 

-1 
PrJduct I.R.(neat) H-N.M.R.(CDC1 3 ) 

-1 

27a 

27b 

(em ) (ppm) 

1660 (C=O) 

1610 (C=C) 

1665 (C=O) 

1609 (C~) 

2.0 (s, 3H, SCH 3 ); 2.30 (s, 3H, sc~3 ); 3.35 

(d, 2H, ~2-cH=CH2 ); 4.81-5.15 (m, 2H, CH= 

C~2 ); 5.43-5.91 (m, 1H, CH=CH2 ); 7.20~7.51 

(m, 3H ); 7.75-7.90 (m, 2H ). 
ar~ arJm 

2.0 (s, 3H, s~3 ); 2.33 (d, 6H, sc~3 and 

E;Cli3 ); 3.20 (d, 2H, c~2-cH=CH2 ); 4.80-5.10 

(m, 2H1 CH~~2 ): 5.40-5.80 (m, 1H1 CH=CH
2

); 

7.15 (d, 2H ); 7.62 (d, 2H ). arJm arJm 

M.s. 
m/z(M+) 

264 

278 

..... 
c:.rt 
-.} 



Table 2 (c::mtd.) 

27c -

27d 

27e 

1655 (C=O) 

1595 (C=c) 

1680 (C=O) 

1600 (c=c) 

1660 (C=O) 

1600 (c=c) 

--
2.03 (s, 3H, SCH3 ); 2.32 (s, 3H, SCli3 ); 3.56 

(d, 2H, Cll2-cH=CH2 ); 4.90-5.20 (m, 2H, CH=CH
2

); 

5.50-5.82 (m, 1H1 CH~2 ); 7.40 (d, 2H ); 
- ar~m 

7.80 (d, 2Har~m>• 

2.05 (s, 3H, scll3 ); 2.35 (s, 3H, sc~3 ); 3.40 

(d, 2H 1 c~2-cH=CH2 ); 3.83 (s, 3H, E;CH30); 

4.90-5.20 (br m, 2H1 CH=cH
2

); 5.45-5.85 (m, 1H 1 

CH=CH
2

); 6.85 (d, 2H ); 7.78 (d, 2H ). 
- ar~m arom 

1.45 (t, 3H, E;CH3CH
2
o); 2.10 (s, 3H, SCtl3 ); 2.38 

(s, 3H, SCtl3 ); 3.35 (d, 2H 1 cg
2
cH=CH2 ); 4.05 (q, 

2H, E-cH3c~2o); 4.8o-5.18 (br m, 2H, CH=CB2 ); 

5.45-5.85 {m, lH, CH=CH2 }; 6.80 (d, 2H ); 7.69 
- ar~m 

(d, 2Har~m>• 

298 

294 

308 

.... 
Ul 
00 
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General meth8d f8r the preparati8n 8f~-allyl~benz8yldithi8-

acetate (26a-e) 

To a soluti8n 8£ dithioester (~) (0.01 m8l) in 60 ml 8£ 

dry acet8ne, anhydrous p8tassium carbonate (0.015 mol) was added 

and the suspension was refluxed with stirring for 3-4 hr. After 

cooling the reaction mixture to room temperature, allyl bromide 

(0.01 mol) in 10 ml of acetone was slowly added with stirring and 

the reaction mixture was further stirred for 4 hr at room tempe-

rature. It was then poured into cold water and extracted with 

ethylacetate (2xl00 ml). The organic layer was washed with water 

dried (Na2so4 ) and evaporated to give a viscous liquid from which 

pure 26 were isolated by column chromatography on silica gel 

using hexane or benzene (1:1) as eluents. All~-allyldithioesters 

(26a-~) prepared by above method were characterised by spectral 

physical and analytical data given in the table 1 and 3 

respect! vely. 

General method for the preparation of~-allyl ketoketen 

s,s-acetals (~-~) 

A suspension ofo(•allyldithioester (l§,) (0;o1 mol) and 

anhydrous potassium carbonate (0.02 mol) in 50 ml dry acetone 

was refluxed for 4-5 hr with stirring. The reaction mixture was 

cooled to 7-10°C and methyl iodide (0.01 mol) in 10 ml benzene 

was slowly added with stirring. The temperature was then raised 
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t~ 30-35°C and after further stirrir:g f~r 3-4 hr at this tempe-

rature, the reacti~n mixture was p~ured int~ water 1 extracted 

with dichl~r~methane, dried (Na 2so4 ) and evap~rated t~ give a 

deep br~wn visc~us liquid. Chr~mat~graphy ~f this residue ~ver 

silica gel using hexane/benzene (1:1) mixture as eluent gave pure 

E. as visc~us liquids (TI.C single sp:lt). Spectr::1l 1 physical and 

analytical data ~f s,s-acetals l1 prepared by this meth~d are 

given in the table 2 and 4 respectively. 

Preparation ~f~-methxlallyl benzoxldithi~acetate (~) 

The dithioester ~ (2.10g, 0.01 m~l) and 2g (0.015 mol) ~f 

anhydr~us p~tassium carb~nate were taken in 60 ml dry acetone and 

refluxed f~r 3 hr with stirring. The reacti~n mixture was c~oled 

t~ r~~m temperature and 1.47g (0.01 mol) ~f crotyl bromide in 

10 ml ~f benzene was added with stirring. ~ter further stirring 

f~r 5 hr, the mixture was p~ured ~ver water 1 extracted \'lith 

dichl~romethane and dried ~ver s~ium sulfate. Evap~rati~n ~f 

s~lvent yielded a residue which ~n c~lumn chr::xnatography over 

silica gel (hexane as eluent) gave 1.84g (7~/o) of 20 as ycll~w 

visc~us liquid; (TI..C single sp~t) IR(neat) : 1685 (co), 1595 

(C=C), 1225 (CS) cm-l: NMR (CDC1 3): 1.05 (d, 3H, J=6.5 HZ,CmCH3 )i 

2. 36 ( s, 3H-, SC!:f3 ); 2. 82 (d, lH, J=6 HZ); 3.25-3.52 (m, lH, 

f!:!-cH 3 ), 4.78-5.85 (m, 3H, C.!;!=C!;!2 ), 7.15-7.85 (m, 5Harom); H.S. 
•, 

(m/e), M+ : 264; (Found : c, 63.98; H, 6.35; Calc. f~r 
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Preparati:m :::>fe( -methylallylketoketen s, S-:tcetal ( 29) 

A suspension of 2.64g (O.Ol mol) of ~ and anhydr:::>us 

potassium carbonate in 60 ml acetone was refluxed for 6 hr with 

stirring. After cooling to room termperature 1.54g (O.Oll mol) 

of methyl i:::>dide in 10 ml dry benzene was slowly added durino 

10 min with stirring and cooling, and the stirring was then 

continued f:::>r 5 hr at room temperature. The reaction mixture was 

poured :::>ver water~ extracted with chlorxorm, dried (Na
2
so4 ) and 

evaporated to give a viscous liquid, from which pure acetal 29 

was obtained after chr:)I'Tlatogrcp hy on silica gel using hexane-

benzene (65:35) as eluent 1 1.98g (75%) of 29 as yell~w liquid 

-1 IR(neat) : 1665 (CO), 1600, 1570 (C=C) em 1 NMR (CDC13 ) :51.15 

(d, 3H1 J= 6.2 HZ 1 CH-ctl3); 1.98 (s, 3H, SC~), 2.30 (s, 3H, 

scg3 )~ 3.8-4.10 (m, 1H 1 Ctl-cH3), 4.75-5.85 (m, 3H, C~=C~2 ), 7.32 

(br.m, 3H ), 7.60-7.90 (m, 2H )1 M.s. (m/e), M+: 278 arom arom 
(Found : c, 64.23; H, 6.75; calc. for c 15H18os2 (278); c,64.74; 

H, 6.47%) • 

Rearrangement ~f ~~ to lli-£ : General Procedure: 

To a suspension ~f s:::>dium hydride (0.005 mol, 5~/o) in 

40 ml of dry benzene dimethylformarnide (10:1), ketoketen 

s,s-acetal (0.01 mol) in 10 ml same solvent mixture was added and 

the mixture was heated with stirrinq at 7D-80°C :::>r 40°C (27c) for 

2-3 hr. The reaction mixture after eooling was poured over ice 
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c~ld water, extracted with chl~r~~rm. The chl~r~form layer 

after washing with water, drying (Na2so4 ) was evap:)rated tJ give 

a visc:)US residue which was chr :matJgraphed :)ver silica gel. 

Eluti:)n with hexane-benzene (1:1) gave 1!· The physical and 

epectral pr:)perties :)£ dienes are given below. 

1•Meth;tlthio-2-benzoxl-4-methylthi:)methtl'""lt3-butadiene (_lli) 

was obtained as yellow liquid (TLC single spot) yield 1.43g (54%)# 

spectral data given in text; (Found: c, 63-.41, H, 6.29, Calcd • 

.!-Methylthi::>-2-p-methylbenz::>yl•4-methyl_thiomet hyl-1, 3-butadiene 

( 31b) was ~btained as yell:)W visc~us liquid (TLC single Sp:)t) 

yield 1.45g (52%)1 IR(neat: 1660 (CO}; 1610, 1590 (C=C) cm-1
1 

NMR (CDC13): 2.0 (s, 3H, CH2-sc!:!.3 ), 2.40 (s, 6H1 SCH3+,E-<!:!.3C6H4)J 

3.17 (d~- 2H, J=6 Hz, C_!i2-scH3), 5.7-6.12 (m, 1H :)lefinic)7 6.28 

(d, 1H, J=15 HZ ::>lefinic);6.BO (s, 1H :)lefinic); 7.25~7.70 
... + 

(A2B2,dd, 4H )7 M.S. (m/e) M 2787 (F::>und : C, 64.967 H,6.187 ar::>m 

cale. for c 15H17os 2 (278) : c, 64.747 H, 6.47%). 

. .. 

1-Methylthio-2-p-chl:)r~benz:)yl-4-methylthiomethyl-1,3-butadiene 

(~) was ~btained as deep yellow liquid (TlC single spot), 

yield 1.72g (58%); IR (neat) : 1650 (CO), 1590, 1570 (C=C) cm-1 ; 

(d, 2H, J=6 Hz, CB2-scH3 ), 6.0-6.25 (m, lH, olefinic), 6.5 (d, 
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lH, J=15 Hz ~lefinic); 6~85 (s, lE, ~lefinic), 7.4-7.75 (A2B2, 

dd, 4Har:>m); M.s_. (m/e). M+: (298) ; (F~und: ~, 56._28; E, 5.02%. 

Calc. f:>r C14H15ClOS2 (298.5): C, 56.28; H, 5.02). 
Attempted base catalysed rearrangement ~f -methyl 3llyl ket:>-

keten s,s-acetal (~). 

A suspensi:>n :>f s:>dium hydride ( o.oos m:>l, 500/o) and 

s,s-acetal 29 (O.Ol m:>l) in 50 ml dry benzene-dimethyl f::n:mamide 

(10:1) was heated at 70-80°C f:>r 4 hr. After usu~l w:>rk-up a 



TABLE 3 

Physical anc analytical data ':)fc/_-allyl-benz':)yldithi':)acetals (26a-~) 

PrJduct Yield m .. p. MJlecular Analysis(%) 

( o/,) ( oc) f':)rmula calc. 
F':)Und c H 

26a 
a 79 ViSC':)US c13H14°8 2 62.40 5.60 

liquid (250) 62.08 5.92 

26bb 74 ViSC':)US c14H16°5 2 63.63 6.06 ~ 
Cf') 

liquid (264) 
~ 

63.87 6.31 

26ca 84 ViSC':)US c 13H13clos
2 54.83 4.56 

liquid (284.5) 55.12 4.20 

26db 72 ViSC':)US C14H16°25 2 60.00 5.71 

liquid (280) 60.33 6.09 

26eb 69 ViSC':)US C15Hl8°28 2 61.22 6.12 

liquid {294) 
60.95 6.49 

a Eluti':)n with hexane; 
b 

ElutiJn with benzene-hexane (35:65). 



TABLE 4 

Physical and analytical data -:Jf ~1.7allyl ket-:Jketen s,s-acetals (27a-~) 

pr':lduct Yield m.p. M-:Jlecular i\nal :tsi s ( o/o) 

(%) ( oc) f-:Jrmula Calc. 
F-:Jund c H 

27aa 71 visc:>us c14H16°5 2 63.64 6.06 

liquid (264) 63.97 6.35 

27ba 69 ViSC':IUS c15H1a05 2 64.74 6.47 

liquid (278) 65.16 6.88 ..... 
~ 

I!..S..a 75 ViSC-:JUS c 14H15clos2 56.28 5.02 Ul 

liquid (298.5) 56.01 5.36 

27db 65 ViSC':IUS C15H18°25 2 61.22 6e12 

liquid (294) 61.60 5.93 

27eb 58 Vise. JUs C16H20°25 2 62.33 6.49 -
liquid (308) 62.14 6.78 

a Eluti-:Jn with hexane. 

b Eluti:>n with benzene-hexane (45:55). 
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CHAPTER VI 

STUDIES ON REACTIONS OF TRIMETHYLAMMONIUM­
CYANOMETHYLIDr A NOVEL AMMONIUM YLID 

It is well d~cumented 1 ' 2 that the nitr~en ylidS ~£ the 

general f~rmulae 3 are different in their therm~dynamic stability 

and their reactivity t~w~rds electr~philic centres fr~m the 

c~rresp~nding ph~sph~r~us (l) and sulfur (2) ylids • The greater 

stability ~f sulfur and ph~sph~r~us ylides has been attributed t~ 

their ability t::> f~rm d7f- P7! back_b~nding thr::>ugh ~verlap ~f 

d~ubly filled ~rbital ::>f carbani::>n and l~w energy vacant 3d 

~rbitals ~£ sulfur ~r ph~sph~r~us. on the ~therhand, stability 

::>f nitr~en ylidg. inv~lve ~nly electr~static interacti::>n between 

adjacent charges (Scheme 1). Nitr::>gen at~m being a first r::>w 

element with filled 2s and 2p ~rbitals 1 the next available 
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empty 3s ~rbital is at much higher energy and c~nsequently can 

n~t participate in valence shell expansi~n. The nitr~gen ylidS 

are theref~re m~re difficult t~ prepare, as they ·'lre less stable 

than the ph~sph~r~us and sulfur ylidS ..• 

Ev~luti~n ~f the chemistry ~£ nitr~en ylides really began 

with an early attempts t~ dem~nstrate the existance ~£ pentavalent 

nitr~en. 1' 2 Thus schlenk and H~ltz had is~lated a highly c~l~red 

tetramethylamm~nium triphenylmethide 2, by reacti~n ~£ triphenyl­

methyl s~dium with tetramethylamm~nium chl~ride 5, which underwent 

typical carbani':)nic reacti~ns with water and carb~n di~xide 

(Scheme 2). 4 
H~wever subsequent attempts by Hager and Marvell t~ 

prepare expected benzyl tetraethylamm~nium (2) having all gr~ups 

equally attached t~ nitr~en at~m were unsuccessful. Thus they 

c~ncluded that the pr~duct is~lated by schlenk and Ii;)ltz is n~t a 

pentavalent nitr':)gen derivative but actually tetramethylamm~nium 

salt ~f triphenylcarbani~n 7. The existance ':)f such salt is due -
t~ relative stability :::>£ triphenylmethyl carbani:m. Nittig and 

c~w~rkere5 ' 6 re-examined the pentavalent nitr~gen questi~n and by 

treating 9-flu~renyltrimethyl amm:::>nium br':)mide 10 with phenyl 

lithium, they isolated a red pr~duct t~ which the structure .11, 

previ~usly assumed by Ing~ld and Jess~p7 was assigned (Scheme 3). 

Is~lation ~f the stable trimethylamm~niumflu~renylid 1!6 ~pened 
" 

the way t~ the synthesis ~f vari~us nitr~en, ph~sph~r~us, sulfur 
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~.nd arsenic ylidS H~wever, the first rep~rt of nitrJgen ylid 

8 appe:trs to be due to Kronhke who isolated 3. crystalline product 

by elimination of hydr~en bromide from phenacylpyridinium bromide 

11 12 which was assigned the "enol-betain" structure 13 (Schcrr.e ? ) • 

He and his coworkers had continued ·'lCtively to investig:Jte the 

the chemistry of pyridinium ylides and related substances. Since 

then the subsequent work ~n the nitrogen ylid was mainly confined 

t~ the study ~f more stable immonium and cycloimmonium ylidS and 
2 their synthetic applicati:ms. .\lth:mgh, the formati;)n of stable 

ammonium ylids. has been reported in the literature, 9 their 

synthetic applications like those of immonium1 cycloimmonium and 

sulfur ylid$ · are not much investigated. The reason f;)r this 

scanty studies appears to be that in most of their reactions 1 the 

amnonium ylids behave like classical carbanion undergoing normal 

c-c bond formation re'lctions and not those that appear to be 

unique to ylidic carbanions. Thus in their reactions towards car-

bonyl compounds, all ylides initially afford the bet-=1ine interme-

diate 14 (Scheme 4) which subsequently yields different products 

depending on the n"J ture of the heteroatJm in the ylid. In 'the 

ease of phosphorous ylid8 (Z=P), the bet~ine intermediate 11 
decomp;)ses to afford olefin and phosphine oxide (path a) 

through transfer of oxyanion t~ phosphorous (Nittig Rea~tion), 1 

while the corresponding sulfur ylid (Z=S) yields the 

respective epoxide by intramolecular cyclization of 14 and 
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subsequent eliminati~n ~f sulfide (path b). 10 These differences 

in reactivities ~f ph~sph~r~us and sulfur ylids have been atrri­

buted t~ the c~mbinati~n ~f differences in ph~sph~r~us-~xygen 

and sulfur-~xygen b~nd energies c~upled with different leaving 

gr~up abilities ~f sulfide and ph:>sphine gr~ups. Thus methyl 

sulfide gr~up is kn~wn t~ be an excellent leaving gr~up, while the 

f~rmati:>n ~f highly stable ph~sph?r?us-:>xygen b:>nd (D.E. P-o b:>nd, 

128 Kcal/m:>le and D.E.s-o b:>nd, 89 Kcal/m:>le) is the maj:>r driving 

f:>rce f~r Wittig reacti~n. It sh?uld be p?inted ~ut that the 

ars~nium ylid exhibits intermediate behavi:>ur aff~rding b:>th 

ep~xides and :>lefins up:>n reacti:>n with carb:>nyl c:>mp:>unds (path c). 

The nitr~en ylides :>n the :>therhand aff:>rd typical ald:>l c:>nden­

sati:>n pr:>ducts :>n re'lcti:>n with c::1rb:>nyl c:>mp::mnds (path d). 

Similarly in m?st :>ftheir re:1ct i :>n s wi thol,) ~ -unsaturated carb::myl 

c:>mp:>unds (Scheme 5), the ph:>sph:>r:>us ylides reuct n·.)rm;J.lly 

yielding the c:>rresp:>nding dienes 1 while in few stereically cr:>weded 

d 1 ~ -unsaturated ket:>nes, the ph:>sph:>r:>us ylid underg:>es 

1,4-additi:>n yielding cycl:>pr:>pune derivatives1 (Scheme 5). Tne 

sulfur ylides aff:>rd either the ep:>xy c:>mp:>und :>r cycl:>pr:>p0.ne 

derivatives depending ?n the structure :>f ylid as well us the 
10 

J 1 ~-unsaturated carb:>nyl c:>mp:>unds. (Scheme 5) The reacti:>n :>f 

arrm:>nium ylides with ci 1 ~ -unsaturated C·:lrb:>nyl c:>mp:>unds-~ :>n the 

:>therhand, has n:>t been investigated, while the c:>rresp~nding 

phenacylpyridinim ylid 11. is rep:>rted t:> underg? additi:>n with 
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chalc::me t:) give the Michael .. :1dduct £, which in the presence :)f 

aiTUTl:)nium s:1lt ·3ff:)rds11 2,4,6-triphenylpyridine .!§. (Scheme 6). 

The ylid j1 similarly adds t~ dimethylacetylene dicarb:)xylate t:) 

aff:)rd the cycl:)adduct 17 (Scheme 6). 12 

In view :)f the scanty studies available :)n synthetic appli-

cati:)ns :)f amm:)nium ylides, it was intended t:) cqrry ~ut a 

systematic investigati~n :)n the preparati:)n and synthetic 3pplica-

ti~ns ~f n:)vel trimethylamm:)niumcyan~methylid ~· It sh:)uld be 

n:)ted that the m:)st stable amm~nium ylid rep:)rted t:) date appears 

t:) be trimethylarrrn:)nium d icy-3n ~methylid (_!1) :)bt::Jined fr:)m its 

c~njugate acid by treatment with aque~us hydr~xides. 13 The ylid 

19 has a melting p:)int :)f 153° J.nd is stl.l')le at r:):)m temper.::1ture 

in the presence :)f wJ.ter and ~xygen f~r indefinite peri:)d. H~wever 

the chemical char3cteristics ::>f 19 have n~t been rep~rted. The 

st.ability :)f ~ is ::1pparently due t~ del~c-l.lizati:)n :)f the l:)ne 

pair :)f electr:)ns ~n the carbaniJn thr~ugh the tw:) cyan~ 

18 A -

t8 8 19B 
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gr::>ups, in additi::>n t::> electr::>static stJbi]_izA.ti::>n by amm::>nium 

gr::>up. It was theref::>re anticipated thato( -cyJ.n::> gr::>up att1.ched 

t::> the carbani::>n in ylid 1:.§ will pr:>vide extra stabiliz,~t i :>n t::> 

'"' 18, while trimethyl amine being a g.J.s, w:>uld functi:>n .J.S a g:>:x3 
-- v 

leaving gr:>up in its reacti::>ns with c.:1rb::>nyl c::>mp::>unds. The 

results :>f ::>ur studies ::>n the re~cti::>ns ::>£ ylid 18 with benzalde­

hyde~~-unsaturated carb::>nyl c:mp::>unds and trithi::>earb::>nates 

( ;c=S b::>nd) are rep::>rted in the f:>ll::>wing disC!ussi·on 

VI. 2 

VI.2.1 

RESULTS hND DISCUSSIONS 

Re~cti::>n ::>f trimethylamm::>niumcyan::>methylid (1§) with 

carb:>nyl c ::mp::>unds 

The ylid 18 was generated i~~ by reecti:>n :>f tri­

methylamm::>nium-cyan::>methyl i::>dide 20 with s:>dium hydride in 
......... -

tetrahydr::>furan. The required amm::>nium salt 20 w'ls .t;repared in 

14 
9~/o yield by kn~n pr::>cedure thr::>ugh alkylati:>n ::>f N,N-dimethyl-

amin::>acet ::>nitrle with methyl i::>dide. tt>Then the ylid 18 vms rcJ.cted 

insitu with benzaldehyde under varying c::>nditi::>ns~ ev:>luti:>n :>f 

trimethylamine was :>bserved. W:>rk-up ::>f the reacti:>n mixture 

h::>wever yielded p::>lymeric pr::>ducts fr::>m which ::>nly benz:>ic aci.c~ 

c::>uld be is:>lated. ~rhen the rcacti:>n :>f 18 with benzaldehyde wJ.s 

carried ::>ut at r:>::>m temperature f::>r 2 hr under c::>ntr::>llea c::>ndi--

ti::>ns, a visc::>Us liquid was ::>btained after w::>rk-up, in 54% yield. 
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The pr~duct h~wever was n~t the expected ep~xide 22, 15 and it was 

assigned the pr~bable ~-di~xin structure 25 ~n the basis ~f spectrql 

and analytical data. Thus 25 was analysed f~r c 17H13No 2, while 

its infra-red spectrum (neat) sh~wed str:)ng abs:)rpti:)n bands at 

1620 and 1230 cm-l due t~ vinyl ether gr~up, while a band at 

-1 2210 em was assigned t:) nitrUe stretching frequency. The str~ng 

bands at 1025, 1080 and 1130 cm-1 indicated the presence ~f acetal 

m:)iety in the pr~uct ~· The NMR spectrum -:Jf .£2. (eDcl 3 ) sh-:Jwed a 
.. 

br-:Jad singlet* (1H) at £4.80 which was assigned t~ HA pr~t~n, 

while the Jther singlet at b 5. 45 ( 1H) was designated t -:J HB pr~t:::m. 

The assignments were based ~n the chemical shift p~siti~n -:Jf 

methine pr-:Jt~n in m-di~xin fi, which is rep-:Jrted t:) appear at 

~5.32. 
16 The d~'WO field shift ~f HB pr~t~n ~bserved in 25 is pr~ba-

b.J.y due t::> c::mjugati-:Jn ~f l~ne pair :>n :)ne :)f the -:Jxygen at :xns 

with d :)Uble b:)nd (structure D). The ~t her br:)<3d singlet at & 5.15 

was assigned t~ ·~lefinic He pr~t~n. It sh::mld be n~ted that the 

signal due t:) ~lefinic pr~t-:Jn in 1-phenylcycl~hexene 

at& 5.38,
17 

while in pyran g, the -:Jlefinic H,\ pr~t~n 

(£) appears 

appears at 

~4 3 18 b •• The higher field shift ~f :)lefinic He pr~t:)n in 25 as 

e:)mpared t:) 1-phenyleycl:)hexene (£) is pr:)bably due t:) 

* The br-:Jadening ~f signals due t:) HA and He pr~t~ns were pr~bably 

due t:) C:)Upling between HA and He (JAB = 3 cps) which was n::>t 

res:)lved in the spectrum. 
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del~calizati~n ~f l~ne pair ~f ~xygen as shJWn (D) 1 which incrca-

ses the electron density at c-5. Further pro~£ f~r the structure 

25 will be ~btained from its c 13 NMR. spectrum. 

rn/Hp. 
~Ph 

-

The pr :bable mechism for the f~rmation of 25 is sh~vm in 
.. 

the scheme 7. It appears that the ep~xide ~ formed thr~ugh 

betaine intermediate 21 undergoes further ring opening by the 

ylid ~ to give the betaine intermediate ~, which on subsequent 

reaction with another molecule of benzaldehyde and further cycli­

zation and eliminati~n of trimethylamine affords 24. The 

intermediate 1± after elimin~tion of HCN yields either 25 or 26. 

However the structure 12 was preferred over 26 due to chemical 

shift position ~f olefinic proton (He) (b 5.15),which will appear 

further d~wn field in the structure ~ due to str~nger desheilcing 

effect of nitrle group. The olefinic proton in 1-cyanocyclohexene 
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t8 yield .!!}-di8xin derivatives have been :JbservecJ in the rel.cti:Jns 

:Jf dimethyl-2-butynylsulf:Jnium ylidss witb bezaldehy~c in 

s:Jdium hydride. 20 

-
VI.2.2 

-unsaturated 

panati:Jn with an ~:Jnium 

r:J-

when the ylid 18 was reacted insitu with chalc:Jne ~, 

w:Jrk-up and c:Jlumn chr:Jmat8graphy :Jf the reacti:Jn mixture yielded 

tw~ white s:Jlids in l~h and 51% yields1 which were characterized 

as ~- 1-benz:Jyl-2-cyan:J-trans-3-phenylcycl:Jpr:Jpane and trans-

1-benz:Jyl-2-cyan:J-3-phenylcycl:J~:Jpane respectively by c:Jmparis:Jn 

8f their physical and spectral data with that 8£ the authentic 

+ samples. (Scheme 8) The reacti:Jn was f:Jund t8 be general and the 

stere8is:Jmeric cycl8pr:Jpanes ~ and ~ were similarly :Jbtained 

by the reacti:Jns :Jf 18 with the respective chalc:Jnes 27b 3nd 27c. 

The reacti:Jn :Jf chalc:Jne 27d with 18 gave :Jnly the trans­

cycl8pr:Jpane 28d in 34% yield, while the ~- 1§3 c:Juld n:Jt be 

* s.s. Bhattacharjee, H. Ila and H. Junjappa, Synthesis, 301 (1982). 
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is:Jlated fr:Jm the reacti:Jn mixture. The reacti:>n :>f ylid ]-8 with 

ethyl cinnamate 27e gave :mly the trans- ~ in 65% yield (Scheme 8) 

while ethylacryl:Jte (27f) yielded the inseparable mixture :J:f cis 

and trans~ ~ in 21% yield. The structures :Jf all 28b-f were CJn-

firmed with the help :>f spectral and analytical d:tta (Tu.blc 1 and 2). 

The stereochGmistry of ~-~ was assigned by c:Jmparis:Jn :>f 1\f.M.R. 

•hemical shifts and viccinal coupling constants with th:>se of known 

* cis- and trans- ~· The reaction :)f ylid .!.§ with 2-cycl:>hcxen-1-

:me did n::>t give any identifiable pr::>duct. SimilJ.rly the reacti::>ns 

of 18 with acrylamide, cinnamaldehyde and nitr::>styrene yielded ::>nly 

p::>lyme ric mixtures. 

The mechanism ::>f the f~mati::>n ::>f cis- and trans~ cycl::>pr::>­

panes 28 is sh::>wn in the scheme 9. Nucle:Jphili~ adoiti:Jn :Jf the 

ani::>nic center ::>f the ylid 18 t::> ch3lc::>ne 27 in Michael fQshi::>n - -
yield$ the zwi tter i:mic intermediate 29, which ::m 1, 3-elir.linat i:Jn, 

aff::>rds the sterei:Jis::>meric mixtures ::>f cycl:>pr:Jp3.nes 28. An alter-

nate mechanism thr::mgh dec::::>mp::>siti::>n ::>f 18 thr::>ugh a cyan ::>c3rbene 

intermediate f::>llowed by its additi::>n t::> the d::>uble b:Jnd is ruled 

~ut since 18 d::>es n::>t add t::> unactivated d::>uble b::>nds such as th:Jse 

of cyclohexene ::>r stilbe~e 3nd n:) tra~e :)f 1,2,3-tricyan:)propane 

was :)btained in any ::>f the react i:)ns. The pred:)minant f ::>rmati:)n 

:)f trans- 1-benz::>yl-2-cyan::>cycl:)pr::>panes in these reacti::>ns can be 

reati::>nalized in terms ::>f relative thermJdyanamic stabilities ::>f 

d · t · · t · · · d · 21a f th f t · ~as ere::>mer~c zw~ ter~::>n~~ ~nterme 1ates ::>r e :Jrmu 1::>n 

::>f cis and tr,Jns- cycl::>pr::>panes. The l!'!::>nf ::>rmati:)ns 

* . We are thankful t:J Pr:Jfess::>r Barry M. Tr:)st f::>r send~ng us the 
physical and spectral data f::>r eis- and trans- 28a. 
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12£ and 29d require eclipsing ~f the en~late and the bulky phenyl 

gr~up f~r attainment ~f the desired c~nforrnati~n f~ 1~3-eliminQ-

ti~n and need n~t be c~nsidered further. Of the remaining cJnfJr-

mati~ns 29a and 29b f~r 1, 3-eliminati~n, c:mf~rmatiJn 29a minimizes 

unfav~urable eclipsing interacti~ns which w~uld be expected tJ 

c~llapse t~ cis cycl~pr~pane at a faster rate than the diastereJ­

is~er ~ resulting in the pred~nant f~rmati~n ~£ ~1-benzJyl-

2-cyan~-3-phenyl cycl~r~pane ~ as a maj~r pr:duct. H~wevor, the 

~-28 is f~rmed as a min~r pr~duct in the present reacti~n 

c:::>nditi~ns. It sh:::>uld bo n~ted h~wever that alth~ugh the depicted 

c~nfJrmati~ns 29a and 29b f~r the tw~ diastere~mers are best fJr 

1,3-eliminati~n, the m~st stable c~nf~rmati~ns f~r these diastere~-

is~mers 29a' and 29b' place the en~late gr~ups cl~se t~ amm~nium 

centers t:::> minimize charge separati~n, ~£ which the diastere~is~mer 

29b'inv~lves least unfav~ur~ble eclipsing interactiJn. Thus the 

relative therm:::>dynamic stability ~£ tw~ diastere~isJmers 29a and 

12£ is reversed, which determines the pr~duct stere~hemistry 

(therm:::>dynamic c:::>ntr~l). Interestingly, the reacti~n ~f dimethyl-

cyan~sulf~nium methylid with chalc~e als~ yields the c~rresp~nding 

trans- l-benz~yl-2-cyan:::>-3-phenyl cycl~pr~pane 28a as~th@ ~aj~r 

21b* pr :duct ( Scheme 11 ). 

* Full experimental details ~f this reacti~n were :::>btained by 
pers~nal c~mmunicati~n with Pr~£. Barry M. Tr~st. 
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VI. 2.3 Reacti:::m :>f trimethylamm:>niumcyan:>methylid ( 18) with 

dialkyltrithi:>carb:>nate: ~ F~cile Synthesis :>f 3,3~ 

Bis(alkylthi:>)acryl:>nitriles thr:>u~h sulfur extrusj_:>n* 

Alth:>ugh the reacti:>ns :>f a few heter:>cyclic and nitrile 

ylides with thi:>carb:>nyl c:>mp:>unds have been rep:>rted t:> yield 

the c~rresp:>nding cycl:>adducts, 2 the reacti~n ~f amm:>nium ylides 

with thi:>carb:>nyl c:>mp:>unds have n:>t been investig~ted. In 

c:>ntinuati:>n with :>ur studies :>n the reacti:>ns :>f trimethylammonium 

cyan:>methylid (18) we have studied the reacti:>n :>f 18 with dialkyl­

trithi:>carb:>nate (31) and the results are rep:lrted here. 

1.-Jhen the ylid ( 18) generated insitu was reacted with 

dimethyl trithi:>earb:>nate (~) at 35°, w:>rk-up :>f the reacti:>n 

mixture yielded a l:>w melting s:>lid in 55% yield, which was 

char.acterized as 3, 3-bis(methylthi::>}acryl:mitrle ~ (Scheme 12) 

by c:>mparis:>n :>f its physical and spectral data with that :>f 
22 authentic sample. The dithi:>aeetal (33a) is apparently f:>rmed -

by nucle:>philic add i ti:>n :>f ylid ( 18) :>n C=S b:>nd :>f 31a f:>ll :>wed 

by subsequent eliminati:>n :>f trimethylamine t:> give episulfide 

intermediate (]1~~whieh :>n sulfur extrusi:>n under reacti:>n c:>ndi-

ti:>ns yields~ (scheme 12). Similar sulfur extrusi:>n reacti:>ns 

via episulfide intermediates t:> give :>lefinic c:>mp:>unds have als:> 

been rep:>rted in the reacti:>n :>f diphenyldiaz:>methane (34) with 

* s.s. Bhattacharjee, H. Ila and H. Junjappa, Synthesis,(acceptcd 
f :>r public at i :>n). 
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thi~benz~phen~ne, 23 diphenyltrithiocarb~nate24 and carb~n disul-

fide (Scheme 13). It is pertinent t~ n~te that the reacti~n ~f 

dimethyl ~x~sulf~nium ylid 38 with thi~ben·z~phen~ne vields 25 the - ~ 

o~rresp~nding 1,1-diphenylthiirane 39 in g~~d yields (Scheme 14). 

The reacti~n ~f a few stable ph~sph~r~us ylides like diphenyl-

methylenes and flu~renylidenetriphenylphosph~rane with carb~n 

disulfide ~n the ~ther hand aff~rds p~lymeric ~r dimeric thi~ke­

tenes 41,
26 

while a few ~f the basic phosphine~alkylenes 42 - -....,; 

interact with carb~n disulfide giving ph~sph~nium salts ~f 

ol-(triphenylphosphoranylidene)-dithiocarb~xylic acids 43 

26 (Scheme 14). 

The reacti~n ~f !§ with 31 was found t~ be general and 

~ther trithi~carb~nates 3lb-f similarly gave the c~rresp~nding 

dithi~acetals ~-f in 56-58% ~verall yields. The reacti::m 

pr~vides a facile r~ute f~r 3,3-bis(alkylthi~)acryl~nitriles in 

m~derate t~ g~~d yields. The dithi~acetal 33a has been earlier 

prepared22 in 4~/o yield by c~ndensati~n of lithium salt ~f 

acetonitrile with dimethyltrithiocarbonate f~ll~wed by alkylati~n 

~f resulting lithium salt of (thi~acyl)acet~nitrile 45 (Scheme 15). 

The acetal l2 has also been prepared in unspecified yields by 

s~p~nificati~n ~f 2-(bismethylthio)-2-eth~xycarb~nylacryl~nitrile 

(46) and subsequent decarb~xylati~n ~f the resulting acid 47 - -
( Scheme 15) ~7 
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In the light of current activities in carbon-carbon bond 

forming reaction via sulfur extrusion, the reacti:::m :>f 18 \·Tith 

trithiocarb:::mate is :>f particular interest. Further \'r:>rk :>n the 

reaction :>f 18 with :>ther thion:>c:>mp:>unds like thi:>benz:>phen:>ne 

and carb:>n disulfide is in pr:>gress in :>ur lab:>rat:>ry. 

VI. 3 CONCLUSION 

Fr:>m the foregoing studies it is apparent that the reacti:>n 

:>f trimethylamm:>niumoyanomethylid (18) with benzaldehyde gives a 

product f:>rmed by further reacti:>n :>f 18 with the intermediate 

epoxide 22. The reaction definitely requires further investigation. 

The ylid 18 underg:>es conjugate additi:>n toe/1 ~-unsaturated carb:>nyl 

c~pounds t:> yield stereois~eric cyclopropanes in moderate to 

g:>od yields, To our kn:>wledge this is the first report of cycle-

propanati:>n :>f an activated d:>uble b:>nd with an amm:>nium ylid 

(or nitrogen ylid), Only one referenc~28 has reported the forma-

tion of tribenzoylcyclopr:>pane as one :>f the min:>r pr:>ducts, when 

phenacylpyridinium methylid was reacted with phenacyl br:>mide. 

Thus the ylid 1:.§ in it? reaction with J., ~-unsaturated carb::myl 

c:>mpounds behaves like stabilized sulf:>nium ylidcs, vvhich arc 

known to undergo generally cyclopropanation. The reaction of 18 

with dialkyltrithiocarb:>nate _ll t:> give dithi:>acetals 33 vi<J. 
u.. 

sulfur extrusti:>n in the res~ting thiiranes 11 is similar to the 

reaction of diphenyldiaz:>alkanes with thi~arbonyl compounds. 



These results confirm that the stabilized nitrogen ylides 

can also behave like their sulphur and phosphorQus analogoues in 

their reactio~if the ylid possesses proper moderatly stabilising 

substituent s. 

VI. 4 EXPERIME~ 

M.p& were determined on a "Boetius"(German) apparatus and 

are uncorrected. The IR spectra were recorded on a Perkin-Elrnc:, 

297 spectrophotometer. The NMR spectra were recorded on a varian 

EM-390 spectrometer using TMS as an internal standard and the 

chemical shiftsare expressed in ppm from TMS taken as o.oo <S units). 

Mass spectra were recorded on a Hitachi RMU-6E mass spectrometer 

fitted with a direct inlet system. 

The Starting Materials 

The commercial samples of acetopheone, E-chloroacetophenone, 

~methoxyacetophenone, benzaldehyde, E-methoxybenzaldehyde, 
... 

piperonal, ethylcinnamates, acrylamide, 2-cyclobe:Xena.-l"""ne, 

cinnamaldehyde and ethyl acrylate were purified bef~re use. 

The N,N-dimethylaminoacetonitrile1 bp 138° (760 mm)
14 

and 

trimethylammoniuracJaDomethyli-odide, 14 m.p. 210• (d), were prepared 

by the reported procedure. 



Tt\BLE 1 

Spectr~l d3ta ~f the products, 28a-f 

?r~ducts 

cis-28a 

tr"Jns-28a 

cis~28b 

I.R.(nuj~l) 
-1 (em ) 

2240 (CN) 

1675 (CO) 

2240 (CN) 

1672 (CO) 

2240 (CN) 

1670 (CO) 

1 
H~N.f'1.R. (CDC1

3
) 

(ppm) 

2 .. 30 (t, lH, J~7 Hz); 3.45 (d~ 2H1 

J=7 HZ); 7.0-7.8 (m, 8Har~m) 1 8.05 

(m, 2Har~m) • 

2.62 ( dd, 1H, J=8.5 HZ and 4.5 HZ); 

3.01 (dd, 1H, J=8.5 HZ and 6.0 HZ); 

3.61 (dd, lH, J=6.0 HZ and 4.5 HZ); 

7.0-7.8 (m, 8Harom); 8.05 (m, 2Har~m). 

2.36 (t, 1H1 J=7 HZ); 3.36 (d, 2H, 

J=1 HZ); 6.8~7.7 (m, 8H )1 8.0 
ar~ 

( m, 2Har~m) • 

M.s. 
m/e(M+) 

247 

247 

~ 281.5 

...... 
CD 
~ 



Table 1 (c::mtd.) 

tr:1ns-28b 

ci s·,28c 
-~--

2236 (CN) 

1670 (CO) 

2238 (CN) 

1668 (CO) 

2.75 (dd, lH, J =9HZ ctnd 4.5 ~z); 3.02 

(dd, lH, J =9HZ and 6 HZ); 3.58 (dd, lH, 

J = 6 HZ and 4.5 HZ); 6.9-7.7 ( m, 7H ) 1 Jr::>m 

8.1 (m, 2H ). .::tr:::>m 

2.26 (t, lH, J = 7 T~z); 3.32 (d, 2H, J=7 HZ)J 

3.76 (s, 3H1 ~~3o); 7.01 (dd, 4H ) ; 7.6 
ar:::>m 

( m, 3H'.lr:::>m); 8. 0 ( m, 2H ) • 
::tr:::>m 

281.5 

277. 

...,.., 
CJ:J .· 

00 



Ja.ble_l(c::mtd.) 

tr"lns~28c 22,10 (CN) 2.60 (dd 1 1H, J=8.5 HZ and 4.5 HZ); 2.92 277 

1670 (CO) (dd, 1H, J=B.5 HZ and 6 HZ)T 3.50 (dd 1 lH, 

J=6 HZ and 1.5 HZ); 3.72 (s, 3H, p-CH 30); 

7.04 (dd, 4H ); 7.5 (m, 3H ); 8.0 ar8m ar8m 

( m, 2H"lr8m) • 

tr=ms-2se 2240 (CN) 2.60 (dd, 1H, J=9 HZ and 4.5 Hz); 2.95 291 ...... 
fD 

1665 (CO) (dd; 1H, J=9 HZ und 6Hz); 3.52 (dd,r J=6 HZ toO 

and 4.5 Hz); 5.93 (s, 2H,-o-c~2-o-); 6.so 

(s, 3H ); 7.2-7.65 (m, 
ar~m 

3H ) ; a. 02 
ar~m 

(dd, 2H ). 
:1r::>m 

'?rans-28e 2210 (CN) 1.30 (t, 3H, OCH 2CE.i3 ); 2.~0 (dd, lH, 215 

1730 (CO)a J=8.5 HZ and 6Hz); 2.73 (t, 1H1 J=6 HZ); 

2.98 (dd, J=8.5 HZ and 6Hz); 4.25 (q, 

2H, OCH 2CH 3 ); 7 ... ~0 (brs, 5H )' 
- ar::>m 



Table 1 (c:mtd.) 

.eis~~~2.~.~.-28f 22i~O (CN) 

1738 (C0)
3 

1.1~1.8 (m, 5H, OCH
2
CH

3 
,-me 2H l 

1
); 

- eye :>pr:>py 

L 8~2.55 (m, 2H l 
1

); 4.18 (q, 2H 1 eye :>pr:>py 

OC!:f
2
CH3 ). 

---··- ·----· 

l. I.R. "18 film. 

139 

~· 
c::::> 
c=:> 
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201. 

Dimethyl trithi~carb~nate, bp 225°(760 mm)t 9 diethyltri~ 

thi~carb~nate, bp 102~104° (7mm); diis~pr~pyl trithi~carbJnat~, 30 

mp 32°; di~E-pr~pyltrithi~carb~nate; 30 bp 98° (7.5 mm); dibenzyl~ 

trithi~carb~nate~0 mp 28° and ethylene trithi~carb~nate31 ~P 37° 

were prepared by the pr~cedure described in the chapter 2. 

32 
Benzalacet~phen~ne (27a), mp 55-57°; 4'-chl~r~benzalacet~~ 

phen~ne, mp 101°; 33 4-meth~xybenzalacet~phen~ne, mp 79° 34 and 

34 
3,~4-rnethylenedioxybenzalacet ~phen~ne 1 rnp 122 o ,.,ere prepared by 

the rep~rted rneth~ds. 32 

GeneratiJn ~f trirneth~larnm~niurncyanomethylid and its reacti~n with 

benzaldehxde: F~rrnati~n ~f 2,4-diphen~l-6-cyan~-1,3-m-dioxin 

A suspensi~n ~f s~diurn hydride (0.022 mol, 5~/o suspensi~n) 

and cyan~rnethyltrimethylamm~nium i~dide (4.5g, .02 mol) in dry 

tetrahydrofuran (30 ml) was stirred at r~~m temperature f~r 2 hr 

till evolution of hydrJgen was c~mplete. A s~luti~n of benzaldehyde 

(2.4g, 0.02 rn~l) in dry THF (20 ml) was added dr~pwise t~ the 

reacti~n mixture \vith stirring and stirring was c~ntinued further 

f~r 5 hr at r~~m temperature and then at 40°C f~r 2 hr. The reacti~n 

mixture was p~ured intJ 200 ml ~f CJld water after CJoling and 

extracted with dichlor~rnethane (2x50 ml). The CJrnbined extracts 

were washed ~nee with 50 ml of water, dried (Na2so4 ), and evap~ratcd 

t~ give a visc~us residue which was chr~matographed on silica gel 
I 
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column. Elution with benzene-hexane (3:1) gave 2.8g (54%} of~; 

NMR and IR data are described in the text, H.S. (m/s) .t1+ : 263 

(Found: C, 77.92; H 1 5.20; N 1 5.49; Calc. for c 17H13No2 (263): C, 

77.56; H, 4.94; N, 5.32%). 

Reactions of trimethylammoniumcyanomethylid (18) wit~ 6·-unsuturatc.:d 

carbonyl compounds : Formation of W,: and trans-1,2,3-trisubstitu·~ 

ted cyclopropanes ( 28) : General Procedure 

A suspension of sodium hydride (0.025 mol, 5~/o suspension) 

and cyan~rnethyltrimethylammonium iodide (20; 0.02 mol) in dry tetra-

hydrofuran (25 ml) was stirred at room temperature for 1.5 hr till 

the evolution of hydrog~n was complete. A s~lution of 27a-f 

(0.02 mol) in dry tetrahydrofuran (25 ml) was slowly added to the 

reaction mixture during 15 minutes with stirring and then temperature 

was slowly raised to 40-50°C, till the evolution of trimethylamine 

started. The reaction mixture was stirred at 40-50°C for 12-16 hr 

and the reaction was monitored frequently by checking the evolution 

of trimethylamine. When the evolution of trimethylamine was comple-

ted, the mixture was worked by removing the solvent under reduced 

pressure, diluting with water, neutralizing with dilute acetic acid 

(3N), and extracting with ether (3xl00 ml). The ether extracts 

were washed twice with \'later, dried (Na2so4 ) and evaporated to give 

a thick viscous residue which was chromatographed on silica gel 



c~lumn. Eluti~n with benzene I hexane (1:1) g~ve first the trans-

is~mers :£28a-£_1 while further elut i~n with benzene: hex:1nE: ( 4: 1) 

yielded the cis-is~mers ~f 28a-~. In the case :)f 27d, Jnly trans-

28d was ~btained ~n eluti~n with benzene/hexane mixture ( 3:1) ,Jnd 

n~ trace ~f cis-28d c~uld be is~lated. c~lumn chnmat~gr3.phy :Jf the 

reacti~n mixture ~btained fr~m 27e and 18, first yielded unrea.cted 

ethyl cinnamate (5%) ~n elutiJn with benzene/hexane (:1); while 

further elutiJn with benzene/hexane (4:1) yielded trans-28e. 

c~lumn chr~mat~raphy ~f the reacti~n mixture ~btained fr~m 

the reacti~n ~f 27f and 18 g:tve a crude mixture ~f ~-1§!, and 

trans-~, which ~n distillati~n (Vigreus C:)lumn, 3 inch) under 

reduced pressure gave a mixture ~f pure cis dnd trans~28f. The 

spectr31, physical and analytical data ~f cis and trans-~-f 

prepared by this pr~edure are given in the table 1 ~nd 2 respect!-

vely. 

Attempted cycl~pr:)panati~n :)£ 2-cysl~hexene-1~:)no, ~crylamide, 

cinnamaldehyde and nitr~styrene with ylid 18 

A S:)luti~n :)f the ylid W'lS prepared as previ:)usly described 

fr:)m S:)dium hydride (0.025 m~l) and cyan:)methyltrimethylamm:)nium 

i:)dide (0.02 m:)l) in tetrahydr:)furan (25 ml). A S:)luti:)n :)f freshly 

distilled 2~yc1Jhexane-1-:)ne (0.02 mol) was added sl:)wly with 

stirring. The stirring was cor.tir~u.:.d f~r 10 hr at 40-45°C. After 
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usual work-up, neither cyclopropane nor a.ny identifiable product 

could be isolated and only polymeric mixture was obtained·. Simi~ 

larly, acrylamide, cinnamanilide, cinnamaldehyde and nitrostyrene 

when reacted with ylid 18 under identical conditions, yielded only 

polymeric mixtures, while starting materials were completely 

consumed. 

Reactions of trimethylammoniumcyanomethylid (18) with dialkylt~i~ 

thiocarbonate: Preparation of 3,3-bis(alkylthio)acrylonitriles 

(33a-f) : General Procedure 

A suspension of sodium hydride (0.024 mol~ Srylo suspension) 

and cyanomethyltrimethylammonium iodide (20: 0.021 mol) in dry 

tetrahydrofuran (40 mol) was stirred at room temperature for 1.5 hr. 

A solution of .21 (0.02 mol) in dry dimethyl formamide (10 ml) was 

added to the reaction mixture with stirring and the temperature was 

slowly raised to 3G-35°C. The stirring was continued for 6~10 hr 

at room temperature and the reaction was monitored by frequently 

checking the evolution of trimethylamine. When the evolution of 

trimethylamine was stopped, the mixture was poured into ice colo 

water and the produet extracted with ethylacetate (3x60 ml). The 

combined extracts were washed once with water, dried (Na2so4 ), 

and evaporated to give 21. as thick viscous liquids which were 

further purified by passing through a silica gel column; using 
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hexane/benzene (1:1) as eluent. The physical, spectral and analy= 

tical data ~f the c~mp~unds ~-f prepared by this methJd are given 

bel~w:-

3,3-Bis(methylthi::>)acryl:mitrile (33a) was :>btainc::cJ as li!]'ht 

22 yell:>w crystals (benzene-hexane), 1.6g (55%); mp 35° (rep~rted 

-1 37°)1 IR(KBr): 2205 (CN) em ; NMR (CDC1 3 ): 2.50 (s, 3H, 8~3 ), 

+ 2.55 (s, 3H, 8~3 ), 5.10 (s, 1H, :>lefinic); M.8.(m/e)M : 145;(F~und: 

C, 41.52; H, 5.09; N, 9.48; Calc. f:>r c 5H7 Ns2 (145.2): C, 41.35; H, 

4.82; N, 9.64%). 

3 1 3-Bis(ethylthi~)acryl~nitrile (~) was :>btaincd as deep 

yell:>w liquid (TLC single sp:>t) yield 1.9g (5~/o); IR(neat): 2205 

(CN) cm-1; NMR (CDC1 3): 1.35 (t, 6H, SCH2C!i3 ), 2.88 (q~ 2H, 8C!i2 

CH3), 3.08 (q, 2H, CH3C!:!28); 5.23 (s, 1H, :>lefinic); Ili.8.(m/e).M+: 

173; {F:>und:C, 48.31 H, 6.52, N1 7.91 Calc. f:>r C7H11N8 2 (173.3); 

C, 48.53; H, 6.35, N; 8.08%). 

'YI-
3,3-Bis'Lpr::>pylthi:::>)acryl::>nitrile (1.2.£) was :>btaincd after 

I 

e:>lumn chr:>mat:::>graphy :>n silica gel using benzene/hexane (1:4) as 
-1 

yell:::>w viscous liquid, yield 2.2g (55%); IR(neat): 2205 (CN), em 

NMR ~ {Cocl3) : 1. 02 ( t, 6H, 8CH2CH2C!;!3 ); 1. 65 ( q, 4H, SCH2C!i2CH3 ) i 

2.80 (m, 4H, SC!:!2CH2CH 3 ); 5.20 (s, 1H, :::>lefinic); M.8.(m/e) M+; 

201; (F:::>ugd: C, 53.94; H, 7.33; N, 6.12'Calc. f:>r c 9H15N82 ./ 
(201.2): C, 53.72 H, 7.45, N, 6.95%). 
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3,3-Bis(is:)pr:)pylthio)acrylonitrile (~) was obtained after 

column chrom::ttogr~phy :m silica gel using benzene/hexane (1:3) :1s 
Vt:J:CJL-1 $ 

rf "' 1 
deep yellowf-..liquid, yield 2.5g, (58%); IR(neat) : 2203 (er-n en-; 

(C=C); NMR (CDC1 3 ): 1.35 (d~ 12H, SCH(C!:!
3

)
2

); 3.35 (h~pt, :..~-1 1 

SC!i(CH3 ) 2 ; 3.65 (hept, 1H,(CH
3

)
2

C!;!S); 2.28 (s, 1H, olefinic); ·:.s. 

+ (m/e) M : 201; (Found: c, 53.50; H, 7.61; N, 7.24; calc. for 

c 9H15Ns 2 (201.2) : C, 53.72; H 1 7.45; H, 6.95%). 

3 1 3-Bis ( benzylthi o) acryl::mi trile ( 33e) was obtained .J.ft' . ..:r 

column chromatngraphy on silica gel using benzene/hexane (1:1) ~s 

brown semi solic1, yield 2.5g (42%); IR(nujol): 2203 (CN), cm-1 ; 

~~R (CDC1 3 ): 4.10 (br· S, 4H, C!:!2-c6H5 ), 5.18 (S, lH, olefinic), 

+ 7.25 (br.s, lQ~, arom); M.S.(m/e).M ; 297 (Found: c, 69.02 H, 

5.18; N1 4.46; Calc. for c 17H15Ns
2 

(297.3): C, 68.67; H, 5.04; N, 

4. 70'/o). 

3, 3-Bis ( ethylenethio )acrylonitrile ( 33f) was obtaincJ 7)_ftcr 

column chromatrography on silica gel using benzene/hexane (1:2) 

~1 
as br-:Jwn liquid, yield 1.4g,(50%); IR(nujol): 2200 (CN) em ; 

3.53 (s, 4H, -(C~) 2-s), 5.27 (s, lH, olefinic); 

+ M.S.(m/e) M: 143; (Found: C 1 42.21; H, 3.70; N, 9.54; Calc. for 

C5H5Ns
2 

(143.2) : C, 41.93; H, 3.49; N 1 9.77%). 


