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The thesis is divided into two parts~ the first 

part consisting, of four ch8pters~ deals with the 

synthetic studies on polarized Keten S, S~acetals derived 

from various Active methylene k-etones of the general 

formul:=1. J.. 
• 

It has been welL documented that a wide variety 

of active methylene compounds undergo facile condensation 

with CHrbon disu'.lrfide in the presence of two equivalents 
• 

of bASe followed by subsequent alkylatior to yield the 

corresponding polarised.keteridithioacetals in good to 
..... ...., 

excellent yields...,_ l!!!-l~ke the corresponding 0 7 0-acetals, 
. '.r 

the s, S-A.cetals,._aF~- stable under mild hydrolytic 

conditions and thus form an interesting class of useful 

synthetic intermediates. The synthetic applications of 

these R.cet::tls as useful intermediates for the construc­

tion of~ wide variety of heterocyclic systems1 have been 

discussed in the first chapter. 

In the chapter II, .a. new general method for the 

synthesis of alkyl thiomethylene ketones 2 by partial 

reductive demethylthiolation of~ with sodium borohydride 

and nickel ch~oride2 has been described. The yields of 

these methylthiomethylene ketones are generally in the 

range betwe~n 42-75%.. The sco-pe and generality of the 
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method hr.tve been shown by choosing 6_ with wide structura.l 

VRri<=ltions. The structural :-1ssit;nments and the 

stereoelectronic features of the thiomethylene ketones 

have been fully est8blished on the basis of their spectr::1,l 

and Bnalytic8l data • 
• 

In chapter III~ a new general method for the 

conversion of ~etones of the general formula 1 to the 

0( , ~ -rmsaturat~ci esters .§ (Scheme 3) has been developed, 

using .?. as intermediates. 3 Thus, the eli thioaceta.ls ~ were 

subjected to 19 2-reduction using sodium borohydride to 

give the corresponding carbinols ~ in quanti ta.ti ve yields? 

which were shown to undergo f8cile methanolysis in the 

presence of boron trifluoride etherate to give the 

correspondingc{ , ~ -unsaturAted methyl esters §.~ in 

excellent Yields. The esters§ thus obtained exhibited 

high stereoselectivity and regiospecificity as assigned by 

their NMR spectral data. The dithioacetal carbinols 4 

were further shown to undergo p8.rtial hydrolysis in the 

presence of boron trifluoride etherate ru1d water to give 

the corresponding S-methyl esters 1 (Scheme 3) in high 

Y1elds. These experiments were also extended to the 

alkylthiomethylene ketones 3 ~mllowed by hydrolysis to 

yield the corresponding o<, 0 -unsaturated aldehydes .2 

(Scheme 3). A probable mechanism involving cyclic twist-
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boat intermediate 2. has been suggested for the conversion 

of 4 to the esters 6 or 1· 

In Scheme 4 9 an application of th.:i.s method for the 

prep::tr8tion of 12. and .1§. which are used as intermediat'=sin 

the synthesis of anthracyclinones has been presented. The 
• 

cyclic ketones of general formula 11 and~ (Scheme 5) have 

been similarly converted to the corresponding 0-and S•methyl 

esters under identical conditions • . .. 
• 

The method has also been extended in chapter IV~ to 

the synthesis of methyl 5-:::tryl 2»4-pentadienoates 21 

(Scheme 6). Thus various substituted benzaldehydes were 

condensed with the mercaptals G8a and ~8b, when the 

corresponding ketones 29 were obtained in exce-llent yields. 

The ketones ~ were subsequently subjected to 1:; 2-reduction 

to give the corresponding carbinols ~ in nearly quanti te.ot; 

tive yields. The carbinols jQ were subjected to methane­

lysis-in presence of boron trifluoride etherate, without 

isolation, to yield the diene esters ~~j in 60-75% over­

all yields. 

The second part of the thesis deals with the 

synthetic 8pplication of lead (IV) a¥etate oxidation. Thus 

in chapter V:; a facile method for the conversion of the 

acetophenones ,E to the corresponding methyl arylacetate 
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~in high yields hRs been developed4 (Scheme 7). The 

conversion is achieved by treating 2,g with lead (IV) 

acetate in the presence of boron trifluoride ether::~te 

R.nd methanol Bt room temperature. Extension of this 

method to desoxybenzoin34P methyl naphthyl ketone (.3§) 

and methylthienylketone (2§) yielded the corresponding 
• 

esters~' XJ.. and .:22 in excellent yields (Scheme 8). The 

r1dv8.Iltages of this method over that of Willgerodt<-· 

Kindler reaction as well as thBt of the.lli.um (III) ni trr1.te 

method is disc~~sed. 

The lead. (IV) acetate oxidation studies l:1;:ive 

r1.lso been successfully extended for the synthesis of 

alkynoic and allenic esters 1+.1 and ~ (Scheme 9 Emd 10) 

starting from the appropriate pyrazolones ~ and ft.5~ 

respectively.5 The scope and generality of the method 

hRs been described by using pyrazolones with different 

substituents (Scheme 9 Rnd 10). 
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PREFACE 
-.,.,;. ---------

In the first four chapters~ a systematic investi-

gational study was undertaken to exploit the polarized 

keten S,S-acetals as useful intermediates for the 

development of newer synthetic methods leading to the 

synthesis of e.lkyl'ZthiomethylP.n.P ketones~ o<_ ~ (2 -unsaturated 

esters and . aldehydes and alkadienoic esters • 

• 
n:n the first chapter, the synthetic applications 

of the9e acetals as useful intermediates for the 

construction of a \dde variety of heterocyclic systems have 

been discussed. 

In the second chapter7 a new general method for 

the synthesis of a.lkyl thiomethylene ketones by partial 

reductive demethyl thiola.tion of -the acetals with sodium 

borohydride and nickel chloride is described. The method 

is general and can be extended for the synthesis of a 

number of alkylthiomethylene ketones with wide structural 

variations. 

In the third chapter these ketoketen S,S-acetals 

have been successfully used as intermediates for the 

synthesis of C( s ~-unsaturated 0-methyl and s-methyl esters 

and aldehydes. An application of this method for the 



ii 

preparation of intermediates used in the synthesis of 

anthracyclinones ha.s been presented. 

In the next .chapter, the above method has been 

extended to the synthesis of 5-aryl 2,4-pentadieno~tes. 

The generality of the method has been described. 

The last two Jhapters deal with the synthetic 

~pplication of lead (IV) acetate oxidation. 

In the fifth chapter, a facile method for the 

conversion of the a.cetop henones to the corresponding 

methyl arylacetates has been developed. The method has 

been shown to be quite useful and general. 

J In the last chapter 9 the method has been success­

fully extended for the synthesis of alkynoic and allenic 

esters starting from appropriate pyrazolones respectively. 

The scope and generality of the method has been described 

by using pyrazolones with different substituents. 



CHAPTER I 

POLARISED KETEN-S,S-ACETALS: 
GENERAL INTRODUCTION 

The Ketoketendithioacetals ~ are among the simplest 
• 

synthet~c intermediates, which can be prepare.d by simple 

pr~parative routes using wide range of active methylene 

ketones. 1- 3 They are either liquids with well defined 

boiling .. points or s~lids with sharp melting points1 which can 

0 SMe 

-----4) R ·~l__ SMe 

1 

R = alkyl, aryl~ etc 

R'= H~ alkyl, aryl 

RR'= -(CH ) -2 n 

Scheme 1 

R' 

be purified by conventional purification methods. They are 

stable at room temperature and can be stored indefinitely, 

which will remain unchanged under both mild acidic and 

alkaline conditions. On the other hand, the corresponding 

O,O-acetals4 are prepared by methods involving more than 

one step and are moisture- sensitive. Consequently1 they can 
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not be prepared and stored under ordinary conditions, since 

they suffer rapid hydrolytic cleavage in the presence of 

moisture. Therefore,the methods using active methylene 

compounds as starting materials cannot be extended to the 

preparation of o, 0-acetals, as is follov1ed for the 

CC'rresponding ~· On the other hand, ~ can be easily 

synthesized in one pot reaction by treating .1 with t\'10 equi­

valents of base, carbon disulphide and an alkyl halide 
• 

sequentially in good to excellent yields. In principle 

any organic molecule having two replaceable hydrogen atoms 

adjacent to an electron withdrawing group can be converted 

to the correspondingpOlarized ketendithioacetals using the 

above method. The simple ketendithioacetals have been 

prepared by reacting Grignard4 and other organometallic 

reagents4 with carbon disulphide followed by alkylation, 

which are not considered in the present studies. Much of 

the chemistry of ~ was largely confined to their synthesis 

and the study of their physical properties5, when a 

systematic investigation of their synthetic applications 

was initiated in our laboratory. 

Among the structural variants of ~' the 

ketendithioacetals carrying the oZ.-keto and c{. -cyano groups 

constitute an important group of 3-carbon fragmen~with 

pronou.nced 1,3-electrophilic centres. This property has 
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been successfully exploited to construct a variety of 

important class of heterocyclic compounds by reacting them 

'th . t db' 1 hil 6- 12 s f w~ approprl.a e mono- an J.-nuc eop es.- orne o 

the most important transformations achieved in this 

laboratory have been formulated in Scheme 2~ using . 
polarized ketendithioacetals derived from various active 

methylene compounds. 6- 14 These methods have been shown to 

be general for the construction of the corresponding 

heterocycles with.1iberal structural variations. The 

generality and the scope of these methods have been well 

established, chasing appropriate substrates. 

The acetals ~ are known to undergo a facile 

displacement reaction with appropriate nucleophiles to give 

the corresponding mixed acetals ~ (Scheme 3) in good yields. 

Particularly 51 when the nucleophile is an aminei the 

Nu: = amines 

=active methylene compounds15 

Scheme 3 

displacement can take place either to give the correspondin~ 
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S,N-acetal or its N,N-acetal depending on the stoichiometry 

of the amine used or the reaction conditions. Here again 

the s,N- and N,N-acetals have b~en proved to be 

synthetically useful substrates £or the construction of a 

variety o£ heteropyclic rings. 12, 16-24 Some of the 

important general methods developed in this laboratory have 

been formulated in Scheme 4. It is evident that the 

keten-8, s- and S,N-. and N,N-acetals have great synthetic 
• potentials for the·construction of wide variety of novel 

heterocycles. 

Recently, reductive studies on ketoketendithio­

acetals have been reported in the literature. The only 

reference on the partial reductive dealkylthiolation of ~ 

to the corresponding alkylthiomethylene:ketones.invo1~es 

electrolytic reduction25 of 1 (R=C6H5; R'=H). Although 

a variety of reagents have been developed in recent years 

which add~'\ exclusively in 1, 4-manner (Chapter II) to 

oC , ~ -unsaturated ketones, there is no systematic study 

on similar transformationSof g to the corresponding 

alkylthiomethylene ketones~ (Scheme 5). Recently Corey26 

has observed that dimethylcopper lithium reagents undergo 

1,4-addition to ketoketen S,S-acetal g (R=R'= -(CH2)4-) to 

give i and£ respectively (Scheme 6). It was contemplated 

in the present studies to develop a convenient preparative 
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method for the conversion of~ to i (R'=H). Several attempts 

using a mixture of sodium borohydride and transition metal 

halides were made to affect the conversion of~ to ~ (R'=H) 

and it was found that the sodium borohydride/nickel chlor1d,_ 

mixture was the ~ost satisfactory combination~ The 

importance of these compounds~ (R'=H) in organic synthesis, 

the generality and the scope of the present method is 

discussed in the following chapter • 
.. 

Thuillier and co-workers27 have reported sodium 

borohydride reduction of fevJ ketoketen s, s-acetals g. to the 

respective carb±nols 'L. which on subsequent treatment with 
...... 

2-toluene~sulfonic acid in refluxing benzene
1
yielded a 

mixture of several products including S-methyl c<.P S· -
1 

unsaturated thioesters ~ (Scheme 7) in low yields. However 

their studies were not intended with a view to developing 

preparative routes for any of the products isolated under 

experimental conditions.. The present investigation was 

therefore aimed at utilizing ~ via 1 for the synthesis of 

OL 1. {) -nnsatura.ted o .. methyl (§) and S-methyl ( 9) esters. 

The results of these investigations have led to a new 

general highly st~elective and regiospecific method for 

homologation of easily available ketones 1 to §, ~ and 1Q 

via~ in excellent yields (Scheme 7). The scope and the 

generality of the method is presented in Chapter III. 
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Further, a novel general route for methyl 5-aryl-2,4-

pentad.ienoates 13 via sodi'UIIl borohydri.de reduction of 11 and 

subsequent transformation of 12 has been develoned (Scheme 8). -
These results are described in Chapter IV. 
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CHAPTER II 

PARTIAL REDUCTIVE DEMETHYLTHIOLATION 
OF KETOKETEN-S,S-ACETALS WITH SODIUM 
BOROHYDRIDE/NICKEL CHLORIDE : A NEW 
GENERAL METHOD FOR 2-METHYLTHI0-1-
ALKENYL KETONES* 

II. 1. INTRODUCTION 

The thioalkyl group in the ~~ketoketendithioacetals 

1 and the alkylthiomethylene ketones g provide unique 

opportunity for de~ising new reactions leading to the 

synthetically useful organic intermediates. Both structures 

1 and ~ (Scheme 1) possess 1~3-electrophilic centres as shown 

by the broken arrows~ The thioalkyl groups in these compounds 

are activated by the electron withdrawing group in the 

~-position and can thus undergo facile displacement reactions 

with a wide variety of nucleopbiles resulting in the formation 

of the corresponding mixed acetals. Similarly, if 1 or ~ is 

reacted with a suitable binucleophile, they behave like 

efficient 3-carbon fragments yielding the corresponding 

heterocyclic systems (Chapter I). The thiomethylene ketones 

~ are useful synthetic intermediates in organic synthesis, 

besides being used as effective protecting groups. 1- 9 There 

have been many publications in recent years concerning their 

synthetic utility rather than methods o£ their preparation. 

* B. Myrboh~ L. v.J. Singh, H. Ila and H. Junjappa, Synthesis, 
307 t 1982). 
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In the course of our studies on ketoketendithioacetals, 

it was aimed at developing a method for the conversion 

of 1 to 2 (R' =H) by devising a route involving displaceme;1t - -
of one of the thiomethyl groups by hydrogen. Such a method 

would provide a convenient synthetic entry to ~ :from a wid...: 

variety of easily available active methylene compounds. 

The reported methods for the preparation of 

alkylthiomethylene ketones are briefly discussed as follows~ 

11.1.1. Through Ireland's Formylation Method1, 10- 12 

Ireland ro1d co-workers have prepared the alkyl­

thiomethylene ketones by reacting the active methylene 

ketones with ethyl formate to yield the corresponding formyl 

derivatives, which are subsequently converted into the 

corresponding thiomethylene ketones 5 either directly by -
reaction with ~-butylmercaptan or through their tosylates 

(Scheme 2). This method has been used by these authors for 

the subsequent conversion of 2 to the corresponding 

(X , $ -unsaturated aldehydes. 

II.1.2. Through_1,4-Addition of Alkyl/arvlmercaptans to 
, -Ketoacetylenes 13- 17 

~ -Aroyl/acylacecylcnes §undergo Michael addition 

with aryl/alkyl mu:'capta''1S in the p.:..~esence of a mild base 
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like Triton B (Scheme 3) to give the corresponding ~-alkyl/ 

aryl thiornethylene ketones § in excellent yields. The method 

is quite frequently used for the preparation of§. 

II.1.3. Through Displacement Reaction of ~ -ChJ.:.Q£QY,.i,nyl 
Ketones with Aryl Mercaptans13, 18 

The {3 •chlorovinyl ketones 2 undergo displacement 

reaction with aryl mercaptans to give § (R'=Ar) in good 

yields. On the oth~ hand the reaction of~ with alkyl~ 

mercaptan is reported to give tht:: 0 -di thioacetals jQ 

(Scheme 4). 18 However9 Akiyama13 and co-workers have 

recently reported the preparation of B -t-butyl thiornethylene-
' -

acetone § (R=Me; R'=t-Bu) by displacement reaction of 9 with 

t-butylrnercaptan (Scheme 4). 

II.1,4 Through Electrolytic Reduction of o< -Ketolg:ten 
SaS-Acetals19 

e a 

Rudorf and co-workers have reported the partial 

cleavage of the thLomethylene group under elect~olytic 

reduction of 11~ when the corresponding thiomethylene 

ketone §s was formed in 64% yield (Scheme 5) through 

protonation of the intermediate carbanion ~· The authors 

however have not studied the generality of the reaction. 

The thiomethylene ketone §£ lli~derwent further reduction to 
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give the corresponding saturated ketone .12. as well as the 

saturated di thioacetal .J.!±. through Michael addi.ticn of the 

methylmercaptan on §§_. They further extended thr::s2 reduction 

studies to 15. when they obtained 1Z and .1§. as :~::>.':"T.t.~J..---l,:;r-;d :~r 

Scheme 6. 

Although the sulphides and thioacetals are not 

generally attacked by sodium borohydride20 or lithium 

alluminium hydride, the application of these hydrides in 
• 

combination with transition metal halides have been frequently 

used in organic synthesis to cleave the carbon sulphur bond 

selectively in recent years. Thus the saturated sulphide 12 

(Scheme 7) is reported to undergo facile carbon-sulphur bond 

cleavage21 in the presence of lithium aluminium hydride and 

copper (II) chloride to give the corresponding hydrocarbon ~ 

(Scheme 7) in 94% yield. Similarly 21 underwent complete -
reduction in the presence of lithiu~ aluminium hydride and 

either copper (II) chloride or zinc (II) chloride to give the 

corresponding hydrocarbon 22 in 8~% yield. 21 It has been -
suggested that the coordination of sulphur in 12 &~d ~with 

copper (II) ion pGlarises the C-S bond and thus making it 

more susceptible to nucleophilic attack by hydride ion. 22 

' . ~ 

Similarly the course of reduction of ~ and 2.1 with sodium 

borohydride is changed in the presence of transition metal 

halides. Thus~ undergoes 1,2-reduction with sodium 
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borohydride to give the carbinols ?l.±. wcich on acid hydrolysisp 

were subsequently converted to t!1.e c>;, 8 -unsaturated 
9-13 23 24 aldehydes or ketones .s2_. ' ll On ti1e other hand, ~ 

yields products g§. via 1,4-reduction, regioselectively in 

the presence; of sodium borohyclricie a:1.d cobe1t (III) chloride 

or nickel (II) chloride25 (Scheme 8). Similarly the 

~ -dialkylarninoenone ~ also undergoes 1,4-reduction 

together with 1,2-reduction in the presence of sodium 

borohydride and ferric chloride (Scheme 9). 26- 28 Brown29 has 

studied the catalytic role of these transition metal halides 

in combination with sodium borohydride. These halides are 

shown to react rapidly with sodium borohydride in solution to 

give dark suspensions or precipitates, which are considered to 

be probably borides. Among the borides thus studied, the 

nickel boride has been extensively used for selective 

hydrogen~tion, 29- 35 and as desulphurisation36-40 catalyst, 

which has been found to be as active as Raney-nickel. Although 

the composition of the black material obtained by the reaction 

of borohydride with nickel (II) salts corresponds closely to 

Ni2B, the X-ray powder defraction have shown it to be 

amorphous. 41 It has been suggested36 that borohydride reduces 

the nickel (II) ion, which catalyses the hydrolysis of 

borohydride thus generating a large amount of hydrogen gas inihe 

presence of finely divided nickel. The nickel so obtained has 

fiydrogen adsorbed on its surface which is capable o~ reducing 
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carbon-sulphur bonds. Its first use as desulphurising agent w~s 

reported in 196336 through the reduction of the mercaptan ~ 
to give~ and~ (Scheme 10). By varying the amount of 

nickel chloride it was possible to replace either one or both 

sulphur atoms in ~ by hydrogen to get exclusively .29. and 2.1 

respectively. It has also been shown to be an effective 

reagent for desulphurisation of mercaptans, 37 sulphides37 and 

sulphoxides37 in yields comparable ·to those obtained by Raney 

nickel methods. It nas been further shown that it is 

ineffective to cause desulphurisation of sulphones?7 thus 

indicating a high degree of selectivity over Raney-nickel9 

which is knovm to cleave sulphones in high yields. In addition 

nickel boride37 offers further advantages over Raney-nickel for 

efficient desulphurisation since9 (1) it is more easily prepared 

than Raney-nickelj (2) it is completely non-pyrophoric and is 

less hazardous than Raney-nickel, ( 3) i-:; cs.n be generated in 

exact stoichiometric amounts by taking the correct weight of 

sodium borohydride and nickel chloride9 thus ensuring control 

on the selectivity which is not otherwise the case when 

Raney-niokel is used in similar reactions. 

It is therefore apparent that the nickel boride is much 

more efficient, selective and safe as compared to Raney-nickel 

and should be a suitable choice as a reagent in undertru~ing 

selective demethylthiolation of ketoketendithioacetals where 

such selectivity can be used to the advantage. 
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II.2. RESULTS AND DISCUSSIONS 

In principle, a large variety of ketoketend.ithioacetals 

can be subjected to selective desulphurisation under one of the 

optimised cond.i tions using a mixture of sodium borohydride and 

transition metal halides, preferably nickel (II) chloridej 

A few ketoketen S,S-acetals were selected to study the scope 

and generality of the method and they were prepared as 

described. They were fully characterized by spectroscopic and 

analytical methods for their structural authenticity. Since 

the sodium borohydride/nickel chloride combination was proved 

to be an efficient and selective desulphurisation agent, the 

same combination was studied under different conditions by 

varying the concentrations of nickel chloride,so that the 

conditions for maximum yields of the demethylthiolated products 

were achieved. It is apparent (Table 1) that a maximum yield 

of fu! ( 62%) was obtained when the nickel chloride and sodium 

borohydride were used in a 1:1 ratio, using ethanol as the 

solvent. Thus in one of the experiments when .l§.JR=C6H5 , R' =H, 

R'=Me) was refluxed with a mixture of 1~1 of sodium borohydrid~ 

and nickel chloride in ethanol for 24 hr, work up of the 

reaction mixture showed three spots (TLC) with one major 

product while the other two were in traces. The first fraction 

which was obtained in 3% yield was identified as corresponding 

to propj_o??henone (.l2,) ~ The second fract.:Lon which was obtained 
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in 5% yield was identified as !@ -methyl thiopropiophenone ~' . 
the structure of which was confirmed by its analytical and 

spectral data. Both the compounds ~ and ~ were found to have 

identical values of analytical and spectral data with those 

reported in the literature (IR, NMR~ Mass). The m~jor fraction 

which vvas obtained in 62% yield was identified as 

.~-3-methylthio-1-~~.enYl-2-propE"ns-1-one (~). It showed a 

molecular ion peaks at M+ 178 and was analysed for c10H10os. 

Its IR spectrum showed a strong band at 1643 cm- 1 due to 

conjugated carbonyl group. Its structure was further confirmed 

by its ,H-NMR spectrum (CDCl,). The singlet at 6 2.32(3H) was 
-' 

assigned to the S-methyl protons and the doublet at 0 6. 70 ( 1H, 

J=15 Hz) was assigned to the vinylic protons £i2- to the 

methyl thio group, while the other. olefinic proton appeared buried 

with the aromatic protons at S 7.4 (3H) and 7.7-7.9 (3H). Thus 

the geometry of ~ was assigned as §-isomer on the basis of its 

coupling constant (15 Hz). Similarly under identical reaction 

conditions the mercaptals .12.-~ (Scheme 12), derived from the 

corresponding acetophenones gave the respective thiomethylene 

ketones §£-~ in 45-64% overall yields. A few higher homologs of 

the acetophenone di thioacelals (1£-h) also gave the correspond­

ing thiomethylene ketones §!-h in 56-66% overall yields. The 

physical and analytical data of these compounds were in 

conformity with their structures. The geometry of these 

compounds (~-.§) was found to be exclusively in favour of one 
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or sbl"eo i~ome"l's 
isomer and no mixture.~ was obtained in any of the 

experiments. Thus the reduction is not only regi~spec~fic but 

also highly stereoselective (see table for geometry). Also 

the 8Cetal 1i gave the corresponding thiomethylene keto~e ~ 

(Scheme 13) exclusively as the §.-isomer (IR~Nl<'iR;IVIass) in 85% 

yield. The analogous compound ~ (Scheme 4) which is used in 

polyolefinic synthesis7• 13 was previously prepared by the 

f-1ichael addition of ]-butyl mercaptan with acetylacetylene . 
involving difficult starting materials with comparatively low 

yields. BesidesJthe compound §2 was formed as a mixture of 

~-and trans-isomer. 13 The vinylchloride method, although 

it gave exclusively the trans-isomer, the preparation of the 

acetylvinyl chloride itself is not so easy as for the 

preparation of li• The compound §i being an important 

intermediate in olefinic synthesis~ the present method for its 

preparation therefore, should be the method of choice. 

Besides the method is further extendable to the preparation of 

the thiomethylene ketone ~ obtained from the mercaptan ~· 

It may be noted here that the preparation of .{3.4 cannot be so 

easily achieved by extending the methods adapted by other 

workers.7, 13 The present method is therefore superior for it 

provides liberal structural flexibility for the synthesis of 

these important intermediates. 

When the method was extended to the cyclic keten 

s,s-a.cetals .l!i-.1 derived from the respective tetralone and 
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benzsuberone, they also yielded the corresponding ,_tm.omethy­

lene ketones Bk and 81 in 58% and 69% yields respectively - -
(Scheme 14). Their analytical and spectral data are in 

conformity with the assigned structures §(Table). Also, under 

similar reaction conditions, 1m gave §!!l with Z- geometry a.s 

confirmed from its analytic~l and spectDal data (Table). 

Similarly the cyclopentanone and cyclohexanone acetals 1n and 

1£ gave the correspGnding thiomethylene ketones §ll ru1d §£ 

(Scheme 16) exolus~vely as their ~-isomers in 66% and 75% 

yields respectively, Their analytical and spectral data are 

described in the Table, 

The method is shown to Qe general and stereoselective. 

In each case the product is either ~or Z-isomer and a mixture -
of both was not observed in any of the experiments. The 

mechanism governing these highly stereoselective transformation 

is yet to be cleared although desulphurisation appears to be 

due to -Rick~l£hctid.e formation rather than hydride attack. The 

geometry of all the compounds were asqigned on the basis of 

their NMR coupling constants of the vinyl protons as described 

in the table. 

II.3. CONCLUSION 

In conclusion it may be summarised that (1) a method of 

preparative importance for methylthiornethyleno ketones (§) has 
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been formulated from the easilY available ketones via the 

ex -ketoketen s, s-acetals { 2) the method is shown to be 

flexible for the liberal structural variations~ where other 

methods either fail or result in poor yields of the desired 

products (3) the readtion is stereoselective and (4) the 

method is suitable for the synthesis of both s-methyl and its 

higher homologs,whereas the existing methods use only high 

boiling mercaptan~ since the methylmercaptan is a gas which 

is difficult to handle. 

I I. 4. EXPERIMENT PL 

Melting points 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, 90 MHz spectrometer using TMS 

as internal standard and the chemical shifts are recorded as 

~(ppm). Mass spectra were recorded on Hitachi RMU-6e mass 

spectrometer fitted with a direct inlet system. 

The Starting Materials 
0 z 

· The-·.:.coinfuercial samples of acetophenone, 

£-methylacetophenone, ri~chloroacetophenone, 2-methoxyaceto-

P he none, ll ... ethoxyac etop he none, E.-met hylp ropiop henone, 

butyrophenone, valerophenone, acetone, tetralone, cyclopentanone 
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and cyclohexanone were purified before usen 

mm) 42 4 Benzsuberone, b.p. 138-39° ( 12 and 3~ "-dihydro= 

1-benzoxepin-5(2H)-onei b.p. 106°(2 mm) 43 were prepared 

according to the reported proceduces~ 

The following previously reported keten S,S-acetal~ 

3,3-bis(methylthio)-1-phenyl-2-propen· (1g), , m.p. 93°~44 

3, 3-bis (methyl thio) -1-(Q-methylphenyl) -2-propen-1-one(1J;?.) ,. 

m.p. 104-5°14 3,3-bis(methylthio)~1-(~-chlorophenyl)-2-propen-
1-one(1£), m.p. 109~10°9 44 3,3-bis(methylthio)-1-(Q-ethoxYPhe­

nyl)-2-propen-1-one(jg), m.p. 135-36°; 45 3,3-bis(ethylthio)-1-

(£-methoxyphenyl)-2-propen-1-one (~) m.p. 65-66°; 45 3,3-bis 

(methylthio)-1-(£-methylphenyl)-2-methyl-2-propen-1-one (lf) 

b.p. 185-90° ( 1 mm) ; 46 3,3-bis(methylthio)-1-phenyl~2-ethyl-2-
propen-1-one (lg) b.p. 192° (16 mm); 47 3j3-bis(methylthio)·1-

phenyl-2-(u-propyl)-2-propen-1-one (lh) b.p. 184° (10 mm); 47 

4,4~bis(methylthio)-3-buten-2-one (1i), m.p. 66-67°; 46 4,4~bis 
(methyl thio)-3-methyl-3-buten-2-one~ 1-one ( 1.d2 b. p. 68° 

( 0.1 mm); 48 2-L-bis(methyl thio) methylen~7-:-tetralone (Jjf) m .. :0 .. 

58°; 47 2-Lbis(methylthio) methyleng?-1-benzsuberone (11) m.p. 

61-62; 49 4-Lbis(methylthio) methylen~?-3~4-dihydro-1-benzoxepin 
-5-(2 H)one (lm) m.p.78°; 49 2-Lbis(methylthio) methylen~ 
-cyclopentanone, b.p. 118° (1 mm)~ 50 2-Lbis(methylthio) 

methylene]-cyclohexanone (lll) b.p. 123-24° (1 mm) 50 were 

prepared by the general method descr1 bed below. 
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General method for the preJLa£...E1.lli.n Qj_~et_~n S!..§;:.§p_eJ~ .. al_~ 
~sing sodium t-butoxide~ 

A mixture of the ketone (0.2 mol) and carbon 

disul:Q.hi;~e ( o. 2 mol) was added to a well stirred and 

suspension of sodi lJ.ffi t-butoxide ( 0 .4 mol) in dry benzene 

(170 ml) and the reaction mixture was allowed to stand 

at room temperature for 5-6 hr. Methyl iodide (o.4 mol) 

or ethyl iodide (0.4 mol) (!g) was gradually added with 

stirring and external cooling (exothermic reaction) and 

the reaction mixture was allowed to stand (5 hr) at room 

temperature with occasional shaking and then refluxed on a 

water bath for 0.5-1 hr. The mixture was poured on 

crushed ice and the bezene layer was separated. The 

aqueous portion was extracted with benzene and the 

combined extract was washed with water, dried (Na2so4) 

and concentrated. The products -Ghus obtained were 

purified by crystallisation or by column chromatography. 

General method for the preparation of 2-met~l!L~-o-~ 
plkenyl ketones (Method A): 

To a stirring suspension of nickel chlor.ide 

hexahydrate\0.16 mol) in ethanol (15Q ~1), sodium borohy­

dri.de ( o-. 2 mol)' was slowly added ( 15 min). Fresh 

addition was made only when effervescence due to evolution 
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of hydrogen had stopped. The mixture was further stirred 

for 10 min and a solution of the keten S,S-acetal 1 (0.06 

mol) in ethanol (50 ml) was added to the black suspension 

and the mixture was further stirred at room temperature 

for 10 min. It was then heated under reflux in an oil 

bath with stirring (9-36 hr, Table II), until the starting 

material has disappeared completely ( TLC). The mixture 

was then filtered hot through a sintered funnel and the 

black residue was washed with boiling chloroform 

(3 x 200 ml). The combined filtrate was washed with water 

(2 x 300 ml), the organic layer dried with aodium sulphate 

and evaporated to give a dark brmvn viscous liquid which 

vfas then purified by column chromatography. Elution vii th 

hexane/benzene (9:1) for ~-g, §a-£ or hexane/ethylacetate 

( 99: 1) for §..Q-u yielded yellow viscous liquids or pale 

yellow crystalline solids. In a few cases (~, §!-j and 

§£), the liquids were further purified by distillation 

under vacuum for microanalysis. 

In some cases(§£~ §i, §g-£), ethanol from the 

reaction mixture after refluxing -v·ias removed under reduced 

pressure and the slurry was directly charged into a 

chromatography column (Method B). Elution with hexane/ 

ethylacetate (95:5) gave the corresponding§£, ~' ~ 

and §2 in higher yields (Table) (TLC single spot, N.M.R. 



42 

showed 99% purity), although the products were darker in 

colour. 

Various experiments to get the optimum yields of ~ 

were also carried out according to the above general 

procedure by changing the proportions of sodium borohydride 

and nickel chloride (Table 1). The spectral and analytical 

data of various alkyl thiometh.y;Lene ketones (~-.b) prepared 

by the above general procedure is given in Table 2 and 3 

respectively. The data for other compounds (~-~) are 

given belO'Irl: 

E·4-methylthio-3-buten-2-one (§1): was prepared similarly 

by the above general method (refluxing time 11 hr). Work 

up of the reaction mixture yielded §! as pale yellow oil• 

yield 3.5 g (85%) (TLC single pot); distillation under 

vacuum gave 65% of §1 b.p. 56°/1 mm. IR(Nujol): 1690 (c~o) 

em-\ I'1+(Mass): 116; NMR (CC14); J 2.15 (s, 3H, -£!!3); 2.33 

(s, 3H, -SCti3); 5.90 (d, 1H, J=15Hz), olefinic); 7.50 

(d1 1H, J~ 15Hz, olefinic); (Found: C, 51.43; H. 6.45; 

Calc. for c5H8os (116.2): c, 51.63, H. 6.ss. The viscous 

liquid solidifies on cooling, m.p. 22°. 

Z-4-methylthio-3-methxl-3-buten-2-one (§j) was similarly 

obtained a.s pale yellow needles (alcohol), {reflux time 

9 hr); yield 3. 7 g ( 67%), m.p. 21°, w:-(Mass): 204; IR(Nujol) 1 
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1685 (C=O) cm-1; NMR (CC14): c§z.13 (s~ 3H, -cg3); 2~.30 
( s, 3H, -scg3); 2. 28 ( s, 3H, -cg3); 6.15 ( s, 1H, olefinic); 

(Found: c, 55 .• 03; H, 7,48; Calc. for c6H10os ( 130) : 

C, 55.38, H, 7,69·, 

E-2-(MethyltQlqmeth~lejte) ~et;alon~ (~) was obtained as 

pale yellow solids (reflux time 9 hr), yield 2.3 g (58%), 

m.p, 68°; M=lo:(Mass): 204; IR(Nujol): 1660 (C::O) cm- 1; NMR 

(CC14): C 2.48 (s, 3H, scg3)~ 2.80 ~A2B2 , qg 4H, -(Cfi2) 2~7; 
7 .o - 7.4 (m, 3H, arom) ; 1.51 ( s, 1H, olefinic); 7.9 (m, 

1H, e.rom); (Found~ C~ 70.72; H11 5.91, Calc. forc 12H12os 

( 204.3); C, 70.48; H, 5.8?. 

E-2(Methyl.1_b:i,omethylene) benzosuberone (§1) was isolated as 

pale yellow thick viscous liquid (reflux time 10 hr); yield 

1.2 g (5796); M*{Mass): 218; IR (neat): 1675 (C=O) cm- 1; NMR 

(CC14) ~ Q 1.88 £"~B2, 2H -(C£!2)- _7; 2.25 {or t, 2H, 

-( C£!2)- _7; 2.40 ( s, 3H11 -SC!;!
3
); 2. 71 .{1; 11 2H, -( cg2) :J ; 

6•9 - 7.6 (m, 5H, arom + olefinic)·. 

E-4(Methylthiomethylene)-3-4-dihydro-1-benzoxepin-5(H)one 

(8m) was isolated as a pale yellow thick viscous oil 

(reflux time 12 hr); yield 2.5 g (57%); ~(Mass) 220; 

IR (neat)~ 1650 (C=O) cm· 1 ~ ~Wffi (CC14),d 2.45 (s, 3H, 

-scg3 ) ~ 2. 60 .["t, 2H, -( CH2)- J; L~.15 [t, 2H, -( cg2)- ~7; 

6.7- 7.1 (m, 2H11 arom); 7.5- 7.8 (m, 2H 11 arom); (Found; 
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C, 65.78; H, 5.35; Calc. for C,
12

H.12o2s (220~3); C, 65.,369 

H, 5.44. 

E .. 2-(Methyl thiomethylene) cyclopentanone (§B) was isolated 

as pale yellow soids (reflux time 15.5 hr); m.p. 47-8°; 

yield 2.8 g ( 66%); .4. 3 g ( 75%) by method B ; K*"(T:1ass) 142; 

IR(Nujol); 1705 (C=O) cm- 19 NMR (CC14): 0 1.6-2.5 [ffi, 6H, 

-(cg2) 3-~7; 2.45 (s, 3H, -scg3); 7.10 (t~ 1H, J=1.5 Hz, 

olefinic); (Found: C1 60.10; H, 7.54; Calc. for c7H10os 

(142.2)~ C, 59.07; H, 7.3. 

E-2-(Mythylthiomethvlene) cyclohexanone (§Q) was isolated ~s 

A. pale yellow oil (reflux time 10 hr), b.p. 65-97°/1 mm; 

yield 2. 8 g ( 62%); L3. 2 g ( 72%) by method fj}; Ivr*" (IVlass) 156; 

IR (neat)g 1712 (C=O) cm- 1; NMR (CC14); 6 1.5-2.0 Lm, 4H, 

-(cg2) 2~7; 2.0-2.6 Lm, 4H, -(cg2) 2~7; 2.45 (s, 3H, - scg3)p 

7.25 (br, t, 1H, olefinic) (Found: C, 61.71; H~ 7.92~ CAlc. 

for c8H12os (156.2): c, 61.45; H, 7.68. 
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Spectral data for products ~-h 

~~,----------------~----------------------~~~~~--~ 

\r-NMR( d /ppm) b Configuration .._.. ________ _., ________________ ~------.,.--=--
8a ._.,. 1643- (\)CO) 

8b 1645 ( ~CO) -

Be 1632 (~CO) 

2.32 (s, 3H, -scg3); 6.70 

(d~ 1H, J=15 Hz~ olefinic); 

7.4 (m9 3H, arom); 7•7-7•9 

(m, 3H arom + olefinic) 

2. 32 ( s, 3H, -SCH )· -3 9 
2.38 

( s, 3Hp -CH ) · -3 ~ 6.91 (dll 1H, 

J=9 Hz, olefinic) 7.-o - 7.3 

(m, 3H, arom); 7.50 - 7.B5 

(dll 2H, arom + olefinic) 

2.42 ( s, 3H, -scg
3
); 6.60 

(d, 1H, J=15 Hz, olefinic); 

7.32 (d$) 2H~ arom); 7.7- 7.79 

(m, 3H, arom + olefinic) 

§.£! 1625 (~CO) 1-.40 (t, 3H, -cg3); 2.37 

(s, 3H, -scg3); 4.07 (q, 2H, 

-ocg2); 6.85 (d, 2H, arom)~ 

6.93 (d, 1H, J=9 Hz9 

olefinic); 7.85 (d~ 2H) arom) 

~ 

E -
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Table 2 (contd.) 

~ 1640 (')CO) 1. 28 ( t, 3H~ -Cfi3); 2.68 z 
( q, 2H, -SC!:f2); 3. 75 

( s, 3H, -OCH )· -3 9 
6. 71 

( d, 2H, arom); 6.82 ( d~ 

1.HSJ J=9 Hz 9 olefinic)~ 

7.12 ( d, 1H, J=9 Hz~ 

olefinic); 7.80 (d, 2H, 

arom) 

8f 1635 (~CO) 1.90 ( s, 3H, -scg
3
); z ._.,. 

2.30 ( s, 3H~ -CH )· -3 9 

2.35 ( s? 3H9 -cg3); 

6.81 ( s~ 1H51 olefinic) 

7 ,.0-7. 6 ( A2B29 m, 4H, 

a.rom) 

§E. 1635(VCO) 1.05 (t~ 3H9 ·-CH ) • 
3 ' 

2.30 z 
( s, 3H9 -SCH ) • -3 9 

2.45 

(q, 2H, -CH )· -2 9 
6.80 ( s, 1H9 

olefinic) 7.2-7. 7 (m,. 5H» 

arom) 

8h 1620 ( V CO) 0.95 (t, 3H, -cg3); 1.4 z --- ..,., 

(m, 2H~ -C£i2)~ 2.25 ( s, 3H, 

-scg3); 2. 35 ( t, 2H9 -CH )· -2 ~ 

6.82 ( s, 1H, olefinic) 9 

7.3-7.6 (m9 5H9 a.rom) 

a in nujol; b in CC14 
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CHAPTER III 

A NEW GENERAL HIGHLY STEREOSELECTIVE 
AND REGIOSPECIFIC METHOD FOR 
HOMOLOGATION OF KETONES TO 
01, f-3-UNSATURATED ESTERS VIA;_)fKETO­
KETEN SgS-ACETALS* 

III. 1. INTRODUCTION 

In the precedi.ilg-.: chapter a convenient new general 

method for demethylthiolation of·~-ketoketen s,s-acetals to 

the corre~onding alkylthiomethylene ketones has been 

formulated by partial reductive desulphurisation using a 

mixture of sodium borohydride and nickel chloride. The 

method has been shown to be general and of preparative 

importance for the synthesis of useful synthons. 

In the present chapter it has been shown that the 

ketoketen s,s-acetals (1), which have been reported to 

undergo 1,2-reduction to the corresponding carbinols ~. can 

be converted into the corresponding 0(, (3 -unsaturated esters 

.2 in excellent yields (Scheme 1). The~' p -unsaturated 

esters of the general formula 2 and 2 (Scheme 2) are widely 

used intermediates in organic synthesis. The structural 

features of 2 and~ are different as shown by the positions 

of R and R' and their methods of preparation from the ketone 

~ should, therefore, be based on different synthetic 

strategies. The most general approach for the preparation 

of ~ from ± is to subject the ketone ~ under one of the 

~t--

B. Myrboh, H. Ila and H. Junjappa~ accepted for publication 
in J. Org. Chern., 1983. 
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variants of aldol condensation, 1 \vhich is considered to 

involve a two carbon homologation on carbonyl carbon. On 

the other hand~ methods for the preparation of ~ from ~ 

are rarely described in the literature and can be 

considered as one carbon homologation of the ketone ~ 

at the C\1'-carbon followed by reductive elimination of the 

carbonyl function. Other metho~s besides aldol 

condensation have also been used for the transformation 

of~ to 2 which include (1) reaction of~ with appropriate 

witting reagents; 2 (2) addition of lithium ethoxyacetylide 

to i followed by rearrangement involving 1,3-carbonyl 

transposition. 1 Methods which do not use the ketones as 

substrates, some of which are common for the preparation 

of both .:2, and 2. include (a) carbonation of vinylmetallics 1 ~ 3a 

(b) ca.rbonylation/methoxycarbonylation of vinyl halides, 

acetylenes and organopalladium compounds3b-3g (c) conjugate 

addition of dialkylcopper lithium to unsaturated acetylenic 

esters and enolacetates3h-3j (d) dehydrohalogenation of 

saturated~-haloesters 1 (e) sulfenylation/selenylation and 
3k 3n dehydrosulfenylation/selenylation of saturated esters. -

Surprisingly, there is only one method reported in 

the li tera.ture for the conversion of ~ to ~· Thus the 

P-ketoester §prepared from~ was reduced with .sodium 

borohydride to give the alcohol 1 along with Q (Scheme 3} 
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ar~.s~ng from 1, 4:.;,;·reduction. · ···T·h.e alco hol-1· was· subf).ec·t~d 
' .·. 4 
to dehydration to give 2· The method ·apparently--· suffers 

from disadvantages due to lack of selectivity in the 

reduction step ( 6- 77), since the ester group is 

concomitantly reduced with the formation of the undesira­

ble § and giving rise to problems of separation of products 

. . f 8 4e 
ar~ s~ng rom • · - Besides, the isomeric (3 , ] -unsaturated 

esters .1Q are reported to be formed during dehydration of 1 

derived from cyclic ketones. 4e Therefore a preparative 

method for the conversion of ~ to 2 is desirable. 

Consequently, it was decided to examine the keten 

s,s-acetals 1 derived from ketones of the general formula~ 

as potential intermediates for the conversion of ~ to 2 via 

~· The preparation of ketoketen S, S-acetals 1 from ~ have beevt. 

been well established and they are obtained in one pot 

reaction in good to excellent yields.5 They offer addi-

tional advantages over the {~-ketoesters as starting 

materials for the synthesis of esters ~ in more than one way~ 

1. The dithioacetal group in 1 can be treated as a masked 

carboalkoxy group which is resistant to 1,4-reduction6 under 

normal conditions'of metal hydride reductions, yielding the 

carbinol dithioacetals ~ exclusively in excellent yields. 

2. They provide larger structural flexibility through'. ·. 

further modification of t~1e· bi8(methyl thio)methylene group 
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which are known to undergo partial demethylthiolation or 

substitution by either alkyl or aryl groups, thereby 

ensuring wider choice of substrates. 7 

From the literature survey,it was revealed that 

Thuillier and co-workers8 have reported sodium borohydride 

reductions of several ketoketen S,S-acetals to the 

corresponding carbinols in excellent yields. These 

carbinols ,g on subsequent treatment with p-toluene­

sulphonic acid in refluxing benzene have been shown to 

yield a mixture of several products like 11, ~ and 12 in 

varying yields. Besides, products like 1± and 12 were 

also isolated from carbinol~ (R=He; R=H). Under these 

conditions the 0(, (~-unsaturated esters were not formed and 

apparently these studies were not intended for the 

preparation of these esters. Interestingly the idea of 

using this approach for the synthesis of q, {3 -unsaturated 

aldehydes 19 (Scheme 5) has been elegantly accomplished by 

Ireland and Marshall.9 However, they obtained the 

thiomethylene ketones 11 by reacting the hydroxymethylene 

ketones .1.§.§. or their tosylates .1§12 with n-butylmercaptan. 

The ketones .11 after 1, 2-reduction with sodium borohydride 

follo·wed by hydrolytic treatment gave the desired 

ex, ~-unsaturated aldehydes 12... The method is reported to 

be efficient and identical \rith the present ester synthesis. 
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10 Similarly1 Omote and co-workers have reported the 

reduction of thiomethylene ketones ,gQ to give the 

o<, ~-unsaturated ketones ~ via their c;:;.rbinols _ll. In 

some cases, however 7 the saturated ~ -hydroxysul£ides (~) 

were obtained in high yields, which are a.ppare:rrc:ly £ormecl by­

concomitant 1~4-reduction of the ketone~ (Scheme 6). The 

authors have not, howeverg described the preparation of ~. 

It is therefore apparent from the literature that 

the isolated studies governing the synthesis of()(, (3-unsatu­

rated aldehydes and ketones have been accomplished starting 

from alkyljarylthio:methylene ketones. The only method 

usingCX-Ketoketen S,S-acetals as studied by Thuillier and 

co-workers8 has not been investigated with a view to 

developing a general synthetic route for the preparation of 

0: g ~-unsaturated aldehydes, ketones and esters. In the 

present investigation,it was intended to develop a general 

method for the synthesis of C)(, $-unsaturated esters:~ 

S-methylesters, aldehydes and ketones starting fromCX-keto­

keten S,S-acetals derived from easily available ketones. 

III.2. RESULTS AND DISCUSSION 

For the present studies, representative examples of 

linear, cyclic alipatic and aromatic ketones were selected. 

These ketones were conveniently converted to the corresponding 
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ketoketen s,s-acetals by the reported methods in excellent 

yields. The structures of all the known acetals 1 were 

confirmed by their spectroscopic and analytical data. 

Similarly~ the acetals whieh were not reported in ·the 

literature were assigned their correct structures by their 

analytical and spectral data. These acetals were then 

subjected to sodium borohydride reduction in refluxing 

absolute ethanol and the progress of the reaction '"as 

monitored by TLC. The reductions were generally completed 

in 2-3 hr and the corresponding carbinols were obtained in 

more than 90% yields. No trace of compounds arising from 

1,4~reduction were observed. These carbinols were not 

isolated in all the cases_, while the known carbinols 2a:»~h ilm 

were found to be in conformity as regards their structural 

assignments ( IR, NMR)·. The other carbinols were directly 

subjected to hydrolytic or so~lytic reactions~when the 

corresponding()(, ·g,-unsaturated-0-rnethyl, and s-methyl 

esters were obtained. 

III.2.1. Pr~aration ofC(1 ~ -Unsaturated-0-methyl esters 

Several pilot experiments under acid catalysed 

hydrolytic conditions revealed that the carbinol acetals 

underwent rearrangement with the formation of a mixture of 

several products a.s observed by Thuillier and co-workers~ 
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and no sulphur free products were found to be formed in any 

of these experiments. The resistance of the s,s~acetals to 

undergo hydrolysis to the sulphur free compounds under these 

conditions is well documented. 11 Thus in one of the pilot 

experiments, when the carbinol ~ was stirred at room 

temperature with 10% hydrochloric acid in methanol, a 

mixture of several products ( TLC) was formed, from which only 

the rearranged S-methyl-3-methylthio-3-phenyl propanthioate 

11a (Scheme 7) was formed in 45% yield. The structure of -
this compound was proved to be identical with that reported 

by Thuillier (IR, NMR, Mass). However, when~ was refluxed 

in 80% aqueous trifluoroacetic acid, the product 11a was 

obtained in improved yields (65%). 12 Similarly, ~in 

refluxing methanol and concentrated sulfuric acid yielded only 

methyl 3-methylthio-3-phenylpropionate ~ (Scheme 7) isolate 

in 43% yield along with several unisolable products (TLC). 

The mechanism governing these trans~ormations have been 

studied by Thuillier and co-workers, who suggested the 

formation of~ by Michael addition of methyl-mercaptan to 
(Sc.hel'neS). 

C¥ , B -unsaturated thioest.er 12a~ However~ aJ.1 alternate 

mechanism involving the thiatenium ion intermediate ~ formed 

by R2s-4 interaction of bivalent sulfur with developing 

cationic center can not be ruled out. 12 A similar 1p2-MeS 

shift via episulfonium ion intermediate ~ has been reported 

in the hydration of'~-hydroxydithioacetals ~to give the 
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13 14 
rearranged product~ (Scheme 9). ' 

In view of the failure to get ~ under various 

solvolytic and hydrolytic conditions, further experiments 

were carried out with a view to achieving the dc.sired .solvo­

lytic displacement to yield the ex·, (3 -unsaturated esters. 

Thus when 2a was refluxed with borontriflv:oride etherate in -
methanol, the reaction was found to be proceeding towards 

only one compound identified as the corresponding cinnamate 

~ (R=C6H5 ; R=H) in 70% yield~ Thus the borontrifluoride/ 

methanol combination yielded the desired unsaturated 0-methyl 

esters in satisfactory preparative yields. The method was 

extended successfully to convert a wide variety of carbinol­

acetals to the corresponding 0(, 0 -unsaturated 0-methyl esters. 

No efforts were made to further improve the yields of these 

esters. The structure of~ was identical with the reported 

cinnamate and found to be formed exclusively as its E-isomer. -
Similarly~ ~-~were solvolysed under the same conditions and 

the corresponding cinnamates 2.12.-,9; were formed in 68-75% overall 

yields. 15 (Scheme 10). All the cinnamates were found to be 

formed as ~isomersp their structural assignments were fully 

in conformity with their spectral data (Experimental). Thus a 

new general method has been developed to convert acetophenones 

to the corresponding ~cinnamates in excellent yields. The 

gener~lity of the method was further extended to higher 
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homologs of acetophenone. Thus when the carbinol ~ 

derived from propiophenone s,s~acetals was subjected to 

methanolysis in the presence of borontrifluorid~ ethera.te, 

the corresponding methyl.O( -methyl ~cinna!:lab; (,2,£}-(Schcme 11) 

was formed in 67% yield. The analytical and spectral data 

of 3e, was in conformity with the reported values. Its NrflR. 

data showed to be formed exclusively as ~isomer. Similarly» 

the carbinoldithioacetals ~ and~ gave the corresponding 

<X -alkylcinnamates ji and ~ in 75% yield. No trace of the 

~-isomer, or the isomeric f), i-unsaturated ester 3...~-g 

(Scheme 11) were formed in any of these experiments. 

The method was also extended to the carbinols 

derived from S»S-acetals of the aliphatic ketones. Thus the 

carbinol derived from the a.cetone mercaptal 1h underwent 

facile methanolysis in the presence of borontrifluoride 

etherate to give the corresponding ~methylcrotonate (2h) in 

50% yield. Interestingly51 the solvolysis yielded only one 

isomer, while no trace of its ~, J ... unsaturated ester vvas 

detected. 4a Further the mercaptals ~-!s. (Scheme 12) derived 

from other aliphatic ketones also, under identical reaction 

conditions gave the corresponding ~methyl~-alkylcrotonates 

2i-~ in 54-80% overall yields. 16 Here again the reaction 

was stereoselective and regiospecific. The possible 

e '(Y-unsat\l!'ated esters as well as the other geometrical 
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isomers were not detected.4a 

ltlhen the method was extended to the cyclic ketones 

the reaction was found to be equally efficient. Thus the 

mercaptal 1i derived from cyclopentanone after reduction 

with sodiurn borohydride underwent smooth methanolysis to 

give exclusively the (X, /g -unsaturated ester 2! (Scheme 13) 

in 70% yield. It is interesting to note that 2! is an 

intermediate in the synthesis of normepatillinic acid, 4b 

\'lhich has previously been prepared through the dehalogena­

tion, and d.ecarbonylation 17 of 1-chloro- 2 -ketocyclohexane-

1-carboxylate 22 (Scheme 14) and by the cyanohydrin method. 18 

The present method provides en alternate shorter route for 

ll• Similarly, the ene-ester jm was prepared in 75% yield 

from the corresponding~ (Scheme 13). 

Under the same reaction conditions, the carbinol 

dithioacetals ~-£ derived from the corresponding tetralones 

and benzosuberone underwent smooth methanolysis to yield the 

corresponding ene-esters ~-£ in 67-73% overall yields 

(Scheme 15). The structuresof thse compounds were determined 

from their IRP NMR and mass spectal data and were found to 

agree with their assigned structures. As an example of the 

synthetic application of the present method the preparations 

o.fO(, {!.>-unsaturated acid _;±.1 and the aldehyde i2. .from the s81Ile 

mercaptal 2§ (Scheme 16) were conveniently accomplished. It 
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is to be noted here thRt these are key intermediates in the 

a.nthracyclinones synthesis. 19 Thus the mercaptal .:2§. which was 

previously not reported was prepared from the corresponding 

tetralone 21 in one pot reaction in 70% yield. The structure 

of~ was ~onfirmed from its analytical and spectral data. 

The ketendithioacetal 2§ underwent smooth 1p2-reduction with 

sodium bor,ohyd.ride in methanol to give~ in quantitative 

yields ( 95%) , The carbinol 39 underwent smooth methanolysis -
in the presence of borontrifluoride etherate/methanol to give 

the ene-ester ~ in 72% yield, which on hydrolysis afforded 

the desired acid in 95% yield. It may be noted that the 

formation of ~ was accomplished from the same 2§ by first 

subjecting i± to partial reductive demethylthiolation with a 

mxture of sodium borohydride and nickel chloride in ethanol 

as described in Chapter II 9 to yield the methylthiomethylene 

ketone ~ in 62% yield. After 1 ~ 2-reduction -1oJi th sodil...Uil 

borohydride followed by acidic hydrolysis~ ~~ gave the desired 

aldehyde ~ in 60% yield. Thus the common intermediate 2§ was 

suitably converted into both the ester ~ and the aldehyde ~ 

making the overall transformation a versatile preparative 

route. The inter~ate ~ and ~ have been recently prepared 

from 2Z through Vielsmeier reactionJ9~hile ~ has also been 

prepared by cyclocondensation of ethyl-4-(2 9 5-dimethoxyphenyl)-

2-formylbutyrate.19b 
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III. 2. 2. Preparation of O:.S?~::Unsaturated Aldehydes 

The formation of ~ from ~ described in scheme 16 

is identical with that reported by Ireland and co-workers9 

who have utilized this method for the preparation of 

several alicyclicO(,~-unsaturated aldehydes (Scheme 5). ·With 

a variety of methylthiomethylene ketones~ readily availa­

ble from 1 by the method described in chapter II, it was 

further decided to test the generality of the metl:lod_.for the 

conversion of methylthiomethylene ketones 44a-d derived from 

acetophenone ;;md its higher homologues to the corresponding 

cinnamaldehydes (Scheme 17). Thus~ was converted to~ as 

described in the second chApter and subsequently reduced to 

the carbinol 45a which on ACid hydrolyses yielded the 

§._-cinnamaldehyde 46a in 60% yield. Similarly~ ~-sl were 

converted to the corresponding §-cinnamaldehydes in 55-65% 

overall yields. Thus the keten S,S-acetals 1 are shown to be 

common intermediates for the synthesis of()(, {?>-unsaturated 

esters and aldehydes. 

III. 2, 3. Preparation of s~Methyl D(,_,6 -Unsaturated Thioesters 

It was considered appropriate to study whether ~ could 

be converted under partial hydrolytic conditions to the 

corresponding S-methyl0{9 ~ -unsA.turated thioesters ll (Scheme 

18). Thus when 2a was treAted with borontrifl~oride etherate -
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and water, the corresponding S-methyl cinnammate ~ was 

obtained in 55% yield. The corresponding thiocinnamate8 

12b-d were similarly obtained in 60-75% overall yields - _, 

(Scheme 18). All the thioci1mr.unmates showed .§-geometry in 

conformity with the previous observations~* The cyclic 

carbinol dithioacetals ~' ~and~ similarly gave the 

corresponding S-methylenethioesters ~-~ in 55-70% overall 

yields (Scheme 19). The earlier reports for the synthesis 

of S-alkylthioesters employ condensation of lithiotrimethyl-
-th1o 20 

silYl{acetate or{/(-halogena.ted theioester (under 

Reformatsky conditions) 21 with aldehydes and ketones. 

Apparently the present method offers and efficient route to 

the 8-methyl-G(, ~ -unsatur:.1ted esters in good yields from the 

easily available ketones. 

III. 2.L~. Mechanism 

The mechanism governing the formation of highly 

stereoselective and regiospecific cxll ~ -uns8turated esters 

appears to be interesting although not very unusual. The 

fact that the ca?Binols ~ failed to yield the desired esters 

either in the presence of mineral acids or under the reaction 

conditions of Thuillier 1 s experiments, indicates that the 

* Interestingly, while 12a-b ru1d 12d are ~isomers, 12c WFI.S 
found to be exclusivelyZ:-isomer:- The r'eason for Ws 
stereoselectivity is7 however 7 not clear and requires 
further study. 
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carbonium ion appears to have been formed in the initial 

step directing the course of reaction to each of the several 

products described. However, when the carbinol acetals ~ 

were treated with borontrifluoride ether.qte in meth.qnol, it 

appears that the formation of the carboniun ion is not 

involved. Instead, a six membered boat-like transition st8te 

~as proposed by Katzenllenbogen4a is formed (Scheme 20), 

wherein the bulkier substituent Rat C1 preferentially 

occupies the ~position in ~yielding only the corresponding 

~-isomer, while the substituent R' at c2 occupies sterically 

neutral· position. The ketendi thioacetal group appears to 

function, through the participation of divalent sulphur, more 

efficiently than the corresponding ester group in directing 

the stereoelectronic feature le.qding to a highly stereo-

selective cyclic elimination via! with concomitant addition 

of methanol to form the orthoester 47, which on solvolysis 

affords the corresponding E-isomer of the()(, rd -unsaturated - ' 

esters 3. 

III. 3. SUIVID~ARY AND CONCLUSION 

In conclusion, a new general method for the 

conversion of easi·ly available ketones to the corresponding 

stereo selective and regiospecific cy, ~-unsaturated esters/ 

s-methylesters and aldehydes has been £ormulated through the 

easily available ketoketen S, S-acetals. The method provides 
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a direct ester synthesis, which is advantageous in many 

instances, since they are more often preferred to their free 

acids in many synthetic applications. The only known method 

for the transformation ~2 involves reduction of 

~ -ketoester and subsequent dehydration of the resulting 

~-hydroxyester. However, the dehydration of hydroxyesters 

with various reagents are known to yield thecx,0-unsaturated 

esters contaminated with several side products. 49 In the 

present method, the carbinol thioacetal, ~ can under suitable 

solvolytic conditions be converted into the corresponding 

q, ~-unsaturated esters without any unwanted contaminants. 

2. The overall transformation can be viewed as homologation 

of ketones atOf.-position through intermolecular 1,3-carbonyl 

transposition ( 4~ 1---+ 2 ~ 3) (Scheme 21) • 22 

3. The ketoketendithioacetals are shown to be excellent 

precursors as masked carboalkoxy groups with better 

selectivity during the reduction as well as solvalysis than 

the corresponding carboalkoxy group. 

4. The ketoketendithioacetals derived from a variety of 

ketones can be common intermediates for the preparation of 

the corresponding 0(9 p -unsaturated esters, thioesters and 

aldehydes and the corresponding ketones11 e as shown in Scheme 

21, thus making them versatile intermediates useful for the 
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preparation of syntheticallY important series of 

0( , !3 -unsaturated aldehydes, ketones and esters. 

III.4. EXPERIMENTAL 

General Methods~ Melting points were determined on Boetius 

(German) apparatus and are uncorrected. Infrared Spectra 

were recorded on Perkin~Elmer Model 297 instrument. 1 H-M~R 

spectra were taken on a varian EM-390, 90 MHz spectrometer 

using Me4Si as internal reference and the mass spectra were 

recorded on Hitachi RHU-6e mass spectrometer. 

Starting material~~ All the acetophenones~ acetone, ethyl­

methyl ketone, cyclo::;:>etanon?1 cyclohexanone~q'-tetralone and 

6-methoxy-.?(-tra.tralone were available commercially and were 

purified before use, while propiophenone~ b.p. 125-130° (21 

mm)f3, 24 butyrophenone b.p. 125-130 (21 mm)~ 1 valerophenone 

b.p. 135-140° (25 mm); 2~ valerophenone b.p. 135-140° (25 mm)~ 21 

methyl-n-butylketone b.p. 126-128°f5 5P8-dimethoxytetralone 

m.p. 58-62° 26 and benzosuberone 90-93°/1mm27 were prepared 

according to the reported procedures. 

All the known keten S, S-acetals .lll,-!,U, were prepared 

by the known method as described in chapter II, while the 

known mercaptals .l.U-:12. and the unknown .2.2, were prepared by the 

method described below~ 
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To a suspension of the ketone (0,1 mol), 80% sodium 

hydride (6g) carbon disulphide (0.15 mol) and methyl iodide 

(0,25 mol) taken .in 160 ml of dry benzene, dirnethylacetamde 

(20 ml) was added in portions. After stirring the reaction 

mixture for 1-5 hr, it was poured over ice cold \'later ( 350 

ml) and the organic layer separated. The aqueous extract is 

further washed with benzene and the combined extracts washed 

twice with water, dried over Na2so4 and concentrated. The 

products thus obtained were purified by colwnn chromatography 

on silica gel using hexane-benzene (4~1) as eluent. The 

physical and spectral properties of the unknovm keten 

s,s~acetal are given below: 

f...~2-Bis(IVIethyl thio)methylene-5, 8-dimethoxy-1-tet@._lone (.2§.) 

was obtained in 70% yields; yellow crystals (hexane/benzene), 

m.p. 56°C IR(KBr)~ 1670 (C=O); 1620 (C=C) cm- 1; NMR (CDC1
3
): 

b 2.33 (s, 6Hp two -scg3): 2_.55-3.10 jJfi, 4H, -(CJi2) 2::.7~ 
3.73 (s, 6H, two -ocg3); 6.70 (d, 2H, arom). Analysis 

(Found: C, 58.10; H, 5.78; Calc. for c 15H18o3s 2: C, 5B.06P H, 

5.80). 

All the known methylthioalkenyl ketones~~-~ and the 

unknown 42 were prepared by the reduction of the corre~onding -
ketoketen s,s-acetals with sodium borohydride and 

nickelchloride as reported in Chapter II. 
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2-Methyl thiomethylene-5 .~I],_etJ±2f£L....:t~£ill-..Q.U.g (~) was 

obtained as a yellowish solid in 70% yield~ m.p. 61 oc; IR 

( Nujol) ~ 1667 ( C=O) ; 1618 ( C=C) em-\ 1\uviR ( CC14) ; 6 2.47 

( s~ 3H~ scg
3
); 2. 81 .LA2B2~ LJ.H, -( CH2) 2=7; 3. 75 ( s, 6H, 

two-OCR ... )~ 6,. 75 (m, 2H, Hrom); 7.86 ( s, 1rl, vinylic). -:;; , 

Analysis (Found: C, 63.95; H, 6.32; Calc. for C 1 4H1 6o3s~ 
C1 63.63~ H, 6.32%). 

Reduction ofcX-ketoketen S~gcetals (1) to the carbino1s {~): 

General pr~cedur_g: 

3.3-Bis(methylthio)-1-phenyl-2-propen-1-ol (~) 

To a well stirred suspension of keten S,S-acetal 12 
(6.72 g, 0.03 mol) in absolut~ ethanol (70 ml), excess sodium 

borohydride (3.8 g, 0.1 mol) was added and the mixture was 

refluxed with stirring for 1 hr. The reaction mixture was 

then cooled and poured into water (150 ml) and extracted with 

chloroform \. 2. x 35 ml). The chloroform extract was washed 

twice with saturated salt solution (100 ml) and dried over 

N~2so4 • Evaporation of the solvent under vacuum yielded the 

carbinol ~ (6.8 gg 100%) as an undistillable thick viscous 

liquid, IR (neat)~ 3100-3600 (1) 0H) cm- 1; NMR (CC14); d 2.08 

(s, 3H, -scg3); 2.21 (s, 3H, -scll3); 4.07 (s, 1H, -og); 5.80 

(brS~ 2H, olefinic and C£0H) 7.0-7.5 (m, 5H, arom). 
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The keten 8 9 3-~cetals 1£-~~ lll-~ and~ were reduced 

by the same procedure and the carbinols ~-£, ~-12. and 2_2 

were all obtained as tm.stable thick viscous liquids in .. 

nearly quantitative yields, which were directly used for the 

preparation ofo(~J3 -unsaturated esters without further 
' 

purification and characterization. 

The keten s,s-acetals ~-m which were liquids and 

soluble in methanol were reduced by a slightly different 

method. To a stirring solution of the keten S1 S-acetal ~ 

(7.14 g~ 0.03 mol) in absolute methanol (70 ml), excess 

sodium borohydride (5o 7 g, 0.15 mol) was added in small lots. 

Fresh addition was made only when evolution of hydrogen has 

subsided. The mixture was further stirred for 0.5 hr at 

room temperature after complete addition of the sodium 

borohydride and worked up as described above. 

The infra-red spectra of all the carbinols ~12. and 

~ showed strong band between 3100-3600 cm- 1 due to O-R 

stretching. 

SolvolYsis of 2a in 10% methanolic HCl~ A solution of 2a -
(4g, 0.015 mol) in methanol (75 ml) and 10% HCl (15 ml) was 

stirred at room temperature for 24 hr. It was then poured 

into water ( 150 ml), extracted with chloroform ( 2 x 35. rp.l) ~ 

washed with saturated sodium bicarb0nate and £inally with 
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water. It was then dried over Na2so4 and concentrated .to 

give a dark brovm. liquid~ which when passed through a column 

of silica gel and eluted with hexane gaves S-methyl-3-

methylthio-3-phenyl propanethioate ~' 1.75 g (45%) as a 

colorless viscous liquid (TLC single spot). IR (neat): 

1675 (C=O) cm- 1 ~ NMR (CC14): b 1.27 (d, 3H9 -C£!3); 2.,07 

( s, 3H, -SC!;!3); 2., 28 ( s, 3li~ -scg3); 2. 4 - 3.4 (m,. 3H, CJi­

and -cg2~; Analysis (Found~ C9 43.63; H, 7.,60; Calc. for 

C6H12os2 (164): C, 43.90; H, 7.31. 

Solvolysis of 2a in refluxing methanol and cone, H2so4 ~ 

Methyl-3-methylthio-3-phenylpropionate ~: A solution of 2a -,. ' 

(3.89 g, 0.,015 mol) in absolute methanol (35 ml) and cone. 

H2so4 ( 3 ml) was refluxed for 14 hr. work-up of the reaction 

mixture as described ~n the above exp~riment yielded a dark 

viscous residue which was column chromatographed over silica 

gel., Elution with hexane yielded~ as a colorless viscous 

liquid, 1.55 g (43%) (TLC single spot); IR (neat)~ 1740 (C=O) 

em - 1; NMR ( CC14): 0 1.8 ( s, .. 3H~ SC,li3) ; 2., 75 ( d, 2H, -CH2-); 

3,5 (s, 3H, -ocg3); 4.07 (t, 1H1 -Qtl); 7.2 <brS~ 5H, arom); 
+ ' 

Mass: M 210; Analysis: (Found, C, 62.58; H, 6.85; Calc. for 

c11H14so2 (210)~ C, 62.,85; H, 6.66 ••. 

Solvolysis of ~ in aqueous ·trifluoroacetic acid: To 4 g 

(0.,015 ml) of ~' 10 ml of trifluoroacetic acid was added and 
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the mixture was stirred for 5 mino The reaction mixture was 

diluted with 3 ml of water a'J.d t~1.e stirring was continued 

for another 5 min. The mixture was then refluxed in an oil 

bath for 8 hr and worked-up as described above. Purification 

by column chromatography yielded 11a, ( superim1_Josable IR and --
Nl\1R) 2.3 g (65%). 

Preparation of 0-plethyl 0(, ~-unsaturated esters (~). 
General procedure~ 

Preparation of Methyl Cinnamate (~) 

To the crude carbinol 2a (6.80 g, 0.03 mol) obtained -
by reduction of 6.72 g (0.03 mol) of 1a, 17 ml of borontri--
fluoride etherate was added and the reaction mixture was 

stirred at room temperature for 5 min, It was then diluted 

with 70 ml of absolute methanol and the solution was 

refluxed for 8-24 hr (Table III)e The cooled reaction 

mixture was poured over water (200 ml) and extracted with 

chloroform (2 x 50 ml). The combined chloroform extract was 

washed successively with saturated sodium hydrogen carbonate 

solution (200 ml) and saturated salt solution (100 ml) and 

dried over Na2so4 • Evaporation of solvent gave the crude 

cinnamate (~) which was further purified by passing through 

a short column of silica gel and eluted with hexane. The IR 

and NMR spectra of 3a were id~~tical with the reported values. 

The esters ..2,.s-g, .2!!-E. and i2 were ptlrified by passing through 
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a silica gel column, using hexane as eluent, while the 

esters 2h-m were purified by distillation under reduced 

pressure. All the known esters were characterised by 

comparison of their b.p./m.p. and IR/NTIIR spectral dat:;~. 

(Table I and III) with those of reported datn rmd Wl th 

authentic samples. The spectral and analyticnl data of 

the unknown esters and of those esters whose spectral 

data are not reported in the literature are given in 

Tables I and III. 

Hydrolysis of 4o : The ester 4o (2.5 g~ 0.01 mol) was 
~------------~--~· --
refluxed with 10% NaOH ( 10 ml) in 50 ml ethanol for 5 hr. 

The ethanol WF:J.s removed under reduced pressure ~d the 

reaction mixture diluted with 50 ml water. The wnter 

extract was washed ones with ether (30 ml) and acidified 

with cone. HCl (1.5 ml). The white solids obtained were 

filtered off and wr:1.shed 2-3 times \vi th water and dried in 

vacuum. The acid ~ is obtained as a white solid, yield 

2.2 g (96%), m.p. :>230°C (lit.:> 220°C)J 9a TheIR and 

NMR spectra of U were identical with those of reported. 19a 

Preparation of S-methyl Cf t #-unsaturated thiocarboxylate (..1,g) 

General procedure: 

Preparation of S-methyl thiocinnamate ~: 

The carbinol ~ (6.80 g, 0103 mol) obtained by reduction 

of 6.72 g (0.03 mol) of~ was dissolved in 100 ml of dry ether 
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R.nd. 25 ml of borontriflu.oride etherate was added and stirred 

at room temperature for 5 min. The reaction mixture "V·Ta.s then 

diluted with 20 ml of water and after refluxing for 12 - 16 

hr (Table IV) it was poured into 150 ml of water and extracted 

with benzene ( 2 x 75 ml) • The benzene layer was washed with 

saturated bicarbonate solution (250 ml) and finally with water~ 

dried over sodium sulphate and evaporated to give a dark 

coloured residuei which on column chromatography over silica 

gel using hexane as eluent gave 12a (2.94 g7 55%) as a low 

melting solid~ m.p6 48°C (lit. 49-9°). 21 IR (Nujol)~ 1660 (C=O) 

cm- 1p NMR (CC14); S 2.35 (s, 3H, -SCtl3); 6.6 (d, J=15 Hz, 1H, 

olefinic); 7.1 - 7.65 (m, 6H~ arom+olefinic). Analysis 

(Found~ C~ 67~72; H~ 5.93; Calc. for c10H10os: C, 67.41, H, 

5.61%). 

The S-methylesters jg£-g were prepared by the above 

general method and their spectral and analytical data are 

given in Tables II and IV. 

Preparation of substituted connamaldehydes ~-~ and~ 

Preparation of 43~ 
~ ---

To a stirring suspension of 42 (6.6 g, 0.025 mol) in -
100 ml of absolute ethanol, 3.09 (0.78 mol) of sodium 

borohydride was added ~~d the reaction mixture was refluxed 

for 2 ru~. Work up of the reaction mixture as described in 
\ 

the gen~~ral procedure for the reduction of keten S, 8-a.cetal 
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1a yielded the crude carbinol (6.60 g~ 99%) as thick viscous -
liquid; IR (neat): 3100-3600 (0-H) cm- 1• The car·binol was 

then dissolved in 150 ml of ethanol and 22 ml of 10% HCl and 

the solution was stirred at room temperature for 48 hr~ It 

was then poured over 1·vater ( 150 ml), extracted vvi th benzene 

( 3 x 50 ml), vJashed with sodium bicarbonate solution ( 2 x 1JO 

ml) and water (2 x 100 ml), dried (N2so4) and evaporated to 

yield the crude aldehyde 42 which was further purified by 

passing through silica gel column. Elution with hexane gave 

3.24 g (60%) of~' m.p.-91.5- 92.8 {lit. 91-92°C). 19d Its 

IR and NMR spectra vmre identical with the reported values. 

The following cinnamaldehydes were also prepared 

according to the above general procedure. The IR and NMR 

spectra of 46a-£ were identical with those of the authentic 

samples. Cinnamaldehyde {46a) b.p. 130°/20 mm;35a 

£-methylcirulrunaldehyde (~), m.p. 42°;35b 2-chlorocinnamal­

dehyde (~) 9 62-63°C; 35c 2-methylcinnamaldehyde (46d), b.p. 

131°/16 mm. 35d 
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Table 1 

Spectral data of products (ji-g), (~-~), 
( .2£-]2) and ( ~) 

1715 (C=O) 
1640 (C=C) 

1720 (C=O) 
1635 (C=C) 

1730 ( C=O) 
1600 ( C=C) 

1731 ( C=O) 
1600 (C=C) 

1715 ( C=O) b 

1640 (C=C) 

1.15 (t, 3H, cg3cH2); 2.45 (q, 2li, 
oH3cg2-); 3.72 (s9 3H, -ocg3); 7.28 
(s, 5H 11 arom); 7.52 (s, 1H, olefinic). 

0.92 [t, 3H, cg3 (CH2)~;1.1-1.6 (m, 
2H, CH3cg2cH2); 2.40 (t, 2H, CH3C02Cg2)~ 
3.72 (s~ 3H, -ocg3); 7.25 (brs, 5H, 
arom); 7.52 (s~ 1H, olefinic). 

0.91 Lfbrt, 3H, cg3(cH2) 2CH2l7; 1.20-
1.55 Lrbrm, 4H, cH3(cg2) 2cH2l7; 1.79 
(d, 3H, J=6Hz, cg3cH~); 2.18-2.40 

L1brt, 2H, CH3(cH2) 2cg2l7; 3.61 (s1 3H~ 
-OCB3)9 6.71 (q, J=EHz, 1H9 olefinic). 

o.9 Lrbrt, 3H, cg3(cH2) 3cH2l7; 1.15-
1.55 L(brm, 6H, CH3(cg2)3CH2l7; 1,8 
(d~ 3H, cli..2~H=); 2.28 L{brt, 2H11 CH3 
(CH2) 3cg2l/; 3.65 (s, 3H, -ocg3); 
6.70 (q, J=6Hz, olefinic). 

2.42-2.90 L(m, 4H, -(CH2) 2_7; 3.71 (s1 

3H, -ocg3); 3.76 (s, 3H, -0Ctl3); 6.56-
7.15 (m, 3H, arom); 7.35 (s, 1H, 
ole.finic). 



Table I (contd.) 

4o -

1715 ( C=O) 

1640 ( C=C) 

98 

o.ao (:m~ :2H, -c,tl2); 1.so-2.15 C t, 2H, 
-cg2); 2.55 (t, 2H, -CH2); 3.70 (s, 3H, 
-OCH3); 7.20 (m, 4H, arom); 7.55 (s~ 18~ 

olefinic). 

2.25-2.80 (m, 4H, -(Ctl2) 2-; 3.70 (s, 3H~ 

-OC.ti3); 3,73 (s, 3H, -OC,tl3); 3.77 (s, 
3H, ocg

3
); 6. 72 ( d, 2H, arom); 7. 78 

(s, 1H, olefinic). 
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Table II 

Spectral data. of S-Methyl C¥, 0 -Unsaturated 
Thioesters (~-g) 

-·-------~----------------~--------------------------~---~----1 
Product IR ( } ) em·· 1 max 

12c - 1660 (C=O)b 

12e 
~---.. 

12f 
~ 

2.32 ( S:r 3H, -SCB3); 6,55 (d, J == 16Hz~ 

1H, olefinic); 7.1-7.65 (m, 5H, aroma.~ 

tic+o lefinic) • 

1.35 (t, 3H, C,tl
3

CH20); 2.28 (s, 3H, 
-scg3); 3.93 (q, 2H, CH3cg20); 5.05 
(d, J ~ 9Hz, 1H, olefinic); 5.93 
( d, J = 9Hz, 1H11 olefinic)~ 6.55-7.31 . 
( dd, A2B 2 , 4H, aromatic) • 

2e15 (s, 3H, -scg3); 2.20 (s, 3H, 
-C,tl3); 2.22 (s:r 3H, -C!i3); 7.0.1-7.32 
( q» A2B 2, 4H, arom); 7. 51 ( brs, 1H, 
olefinic). 

1.70-2.72 Lffi, 6H, -(CH2)~7; 2.28 
(s, 3H, -SCli3); 6.85 (brs, 1H, 
olefinic). · 

1.61-1.84 Lffi, 4H, -(CH2) 2~7; 2.05-2.41 
Lffi, 4H, -(cg2) 2=7; 6.85 (brs, 1H, 
olefinic). 

2.30 (s~ 3H~ -scg3); 2.40-2.92 
Lffi, 4H,L=(cg2) 2-7;.6~85~7;15 (m, 
arom)~ 7.36 (s, 1H, olefinic). 

aneat~ 

b . 1 nUJ9. 
c,r.B . ~ 

.a..· r 

4H '} 
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Product 

12b -
12c -
12d -
12e .............. 

ill 

12g 
""""'=-* 

Table IV 

S-Methyl o( , 8 -Unsaturated Thiocarboxylate 9 

Jg£-g 

~$-:·w·-......~::-..a;.,. 

Reaction Isolated m.p./b,p. Molecular J.VIa.ss 
time yield(%) formula (M+) 

16 60 95-96 (m.p.) c10H8Cl0S 211 

14 75 Viscous liquid C12H302S 221 

15 75 150-152 (b.p.) c11H11os 191 

15 55 71-73 (b.p.) c
7
H10os 142 

16 70 51/10 mm C8H12os 153 

18 65 160 (b.p.) C12H120S 204 

A-n.a..1/ttc al Cla.ia fov c.~v-bon.. a.,_a hyd.Yo<a_ eM.­

.·Ne.Ve -f-oUI'td ...cat,~ f ac tc l)t. 
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IV.1. INTRODUCTION 

CHAPTER IV 

A NOVEL GENERAL METHOD FOR 5-ARYL 
-2,4-PENTADIENOATES 

In the preceding chapter a new general metho..i fo.[' 

. the conversion of easily available ketones to the corres­

ponding()(, ~ -unsatura~ed esters has been devised. These 

esters have been shown to be formed with high stereo- and 

regioselectivity. The scope of the method has been 
0 

demonstrated by cho~ing substrates of wide structural 

variations. The further a.pplicabili ty of this method was 

contemplated with a view to extending it to the synthesis 

of diene-: and polyene esters. In the present chapter a 

few selected experiments have been presentedJwherein the 

method was extended for the synthesis of methyl 5-aryl-2, 

4-pentadienoates, which are known to exhibit marked 

biological activity. For example~ a number of 5-aryl-2, 

4-pentadienoic acids 1 and their esters are known to exhibit 

activity similar to that of abscisic acid, 1- 4 which is known 

to enable plants to cope up with water deprivation arising 

from draught conditions. Inspi te of the fact that these 

synthetic acids and their esters exh.Dbit lower activity than 

abscisic acid itself, their easy accessibility synthetically 

should prove useful in the studies regarding adaptability of 
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plants under draught conditions. Similarly pipervatine (.g), 

a naturally occurring amide, having structural features 

similar to 1 has been shown to possess marked physiological 

activity like nerve depressant 1 heart poison local 

anesthetics and powerful silagogue 2· The 5-(£-chlorophenyl)­

N-:lrsopropyl-2, 4-pentadieneamide ,2 (Scheme 1) exhibit potential 

antimalarial activities more potent than quinine itsel£. 6 Some 

of the 5-aryl-2,4-penta.dienoic acids are also shown to have 

marked antibacterial and antifungal activities. 7 In view of 

the· marked and diverse physiological activities exhibited by 

these dienoic acids and esters, it was of interest to extend 

our method of ene-ester synthesis for the preparation of these 

1,J.dienoic esters 2 (Scheme 5). 

IV.2. RESULTS AND DISCUSSIONS 

Our literature survey at this stage revealed that the 

methods described for the synthesis of these acids are not 

always satisfactory due to one reason or the other. One of 

the methods for such compounds (1) involves the 

condensation of substituted cinnamaldehyde with malonic 

acid £ollowed by decarboxylation of the intermediate 

product.8- 42 The difficulties encountered in the synthesis 

of both subst1tuted cinnamaldehydes and the malonic acids 

make the method less attractive besides overall poor yields 
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of the desired products. The Reformatsky reaction has also 

been used for the preparation of these compounds. Thus 

~-chlorobenzaldehyde and ethyl- ~-iodocrotonate gave the 

corresponding pentadienoic acid through its ethyl ester. 13 

Under similar conditions, 3~4,5-trimethoxybenzaldehyde and 

methyl-t-bromocrotonate afforded the corresponding methyl 

ester 14 in low yields. This method was not further 

exp.~.ored due to the reported abnormal reaction on the 

carbon atom in the Reformatsky reaction. 15 

Bohlmann15 extended the method developed by Wittig 

and Hagg16 to successfully convert a series of aromatic 

aldehydes to the corresponding 5-phenyl-2,4-pentadienoic 

acid methyl esters by treatment with appropriate triphenyl 

phosphonium salts of methyl"" i -bromocrotonate and sodium 

methoxide. Subsequent modification of this reaction 

involved use of cinnamaldehyde for the synthesis of 

5-aryl-2,4-pentadienoic acid esters. 19-23 Elslager6 has 

synthesized a series of the ethyl esters 2 of 1 by reacting 

substituted benzaldehydes with 4-diethylphosphonocrotonate 

anions ~ (Scheme 2) which are known to give improved yields 

over the corresponding phosphoranes. 25 

Recently Reddy and Krishna Rao25 have reported the 

synthesis of 5-aryl-2,4-pentadienoic acids (1) by using 

Vilsmeier reaction with styryl alcohol 1Q to give the 
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corresponding aldehyde 11 which were subsequently oxidized 

to the desired acids 1 (Scheme 3). 

Another novel approach has been described by Ghera. and 

k 26 . 1 . lk 1 t. 1' . t. d . co-wor ers ~nvo v~ng a y a. ~ve e ~rru.na ~on an r~ng 

opening of cyclopropylcarbinyl anions j2, derived from 

cyclopropane sulphonates 12 (Scheme 4). There are other less 
' -

important methods for the synthesis of 1 or 2 which are not 

of general synthetic utility, have also been described in the 

literature. 

In the present investigation it was considered of 

interest to use the condensation product 12 (Scheme 5) which 

are easily obtained from the corresponding benzaldehyde and 

the keten s,s-acetal 1§ derived from acetone 0Ba)or ethyl 

methyl ketone 0Bb), in excellent yields. These condensation 

products ~ underwent smooth 1, 2- reduction ex.clusJ...v-ely 'l'!.i. th 

sodium borohydride to give the corresponding carbinols in 

quantitative yields. These carbinols underwent smooth 

so'hlolytic rearrangement to give the corresponding dieneerlers 

2 in excellent yields. 

A similar approach was reported by Nakagawa and 

co-workers27- 28 for the synthesis of polyene aldehydes using 

condensation product of benzaldehyde and thiomethylene ketones 

21· tscheme 6). However, their method of preparation of the 
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thiomethylene ketones ~ involved the use of n-butylemercaptan 

and acetylacetylene~ where the latter is not so easily 

available as starting material. On the other hand the 

ketoketendithioacetals 12 derived from acetone or 

ethylmethylketone can be prepared in lar~e quantj_ ties vvi th 

easy starting materials and should therefore 1 be an ~ttractive 

method for the synthesis of dienes and polyene esters. 

When the condensation product j2s obtained from 

acetone mercaptal~ and benzaldehyde was reduced with sodium 

borohydride in refluxing methanol, the corresponding carbinol 

acetal 20~ was obtained in quantitative yield. The carbinol 

acetal ~ on solvolytic rearrangement with boron trifluoride 

etherate in methanol gave diene ester ~ in 75% yield. The 

structure of~ was confirmed by its spectral and_ analytical 

data (Table II). The other arylidene derivatives J.2!1-j 

similarly yielded the corresponding esters 2£-~ in 55-7~~ 

overall yields. It is pertinent to note that methyl piperate 

(~) has been isolated from some species of Piper29 and is 

the starting material for the synthesis of ~iperine (gz) and 

related pepper alkaloids.trichostachine (~) and Piperlongumine 

(_~).30 - R 

<O~CHsCH-CH=CH-N < R 

o~V-
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IV. 3. STEREOCHEMICAL ASSIGNMENTS 

The melting points of the esters ~-~ were found to 

be identical with the earlier reported values for these esters 

which were arbitrarily assigned o{ -trans i-trans ( 2-!£, 4-§) 

configurations. 15,31,32 However, our studies of M1R spectra 

of the esters ~-~ (Table II) showed them to possess o( -trans­

~-cis (2-~,4-~) configuration. The infra-red spectra of~-£ 
exhibited medium to strong intensity band between 995-1015 cm- 1 

(Table II) and were inconclusive in deciding the configuration. 

The hydrolysis of the ester~ yielded an acid m.p. 163-164°, 

which was earlier assigned 0(-trans-/-trans configuration6' 25 , 

33,34 but later shown to possesso(. -trans- -j ·-cis configuration 

on the basis of NMR spectra •. 35 

The physical and the spectral data for the 2-methyl 

ester 2! were found to be in agreement with the reported values 

for the 0(-trans-c<-trans isomer. 37, 38 Thus 5f melted at 84° -
(reported 86°) and on hydrolyses yielded an acid m.p. 162-163° 

which is identical with that reported for0'-trans- q -trans 

isomer. The olefinic protons in the NMR spectrum of 2£ were 

merged with aromatic protons,which appeared a.s broad 

multiplet between 5 6.8•7 .4. The NMR data is in agreement 'With 

the rep~rted values for ~-trans-i-trans isomer. The ester 

~-~ also showed similar pattern for olefinic and aromatic 

protons signals (Table II). 
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Thus it is apparent from -the above data tte.t the 

unsubstituted esters 2g-~ are formed in ~-trans~ ?{-cis 

configuration while the 2-methyl esters ~-g are obtained 

in 0( -trans- -J -trans configuration. The reason for this 

stereoselectivity is not clear. 

EXPERIMENT ilL 

The keten S,S-acetals 1§s and 1§£ were prepared from 

the acetone and ethylmethyl ketone respectively according to 

the procedure described in chapter II. 

~~~paration of 5-aryl 121-bis(methylthio)-1,4-Hentadiene-3-ones 

(.12) ~ 

general procedure~~,9 

Preparation of 19a : 

Sodium ( 1.4g, 0.06 mol) was dissolved with cooling in 

50 ml of 95% ethanol. Keten-s,s~acetal (4~8g~ 0.03 mol) in 

35 ml of 95% ethanol and benzaldehyde (3~2g 9 0.03 mol) were 

then added to the sodium ethoxide solution and the mixture was 

stirred at room temperature for 4 hr. The precipitate was 

filtered, washed with water and dried and was used as such in 

the subsequent reaction. 

All the petadienone (12,£-j) 9 were prepared by the 

above general method and their physical and spectral data are 
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given in Table I. 

Reduction of the 12 to the carbinols ~: 

Qren_e_ral procedure: 

5-phenyl 1, 1-bis~methyl thio) -2, 4-pentadiene-3-ol (.?.Q,_.?): 

To a well stirred suspension of ~ (5.2g, 0.02 mol) 

in absolute ethanol (70 ml), excess sodium borohydride (2.5g, 

e.07 mol) was added and the mixture was refluxed for 2 hr. The 

cooled reaction mixture was poured into water (150 ml) and 

extracted with chloroform (2 x 35 ml). The chloroform extract 

was washed twice with saturated salt solution (100 ml), dried 

(Na2so4) and evaporated under vacuum 

(5g, 100%) as an undistillable thick 

3100-3600 (\)0H) cm- 1• 

to give the carbinol 20a .._ 

liquid, IR(neat); 

The pentadienones 12£-j were reduced by similar 

procedure and the resulting carbinols ~j obtained as 

unstable thick viscous liquids in nearby quantitative yields 

were used as such without further purification. 

Preparation of 5-aryl-2,4-pentadienoates (1). 

General procedure: 

Preparation of Methyl 5-phenyl 2, 4-pentadienoate 5a. ---
To the crude carbinol ~ (5g~ Oa02 mol) obtained as 

above, 15 ml of borontrifl~oride etherate was added and the 



123 

reRction mixture was stirred at room temperature for 5 min. 

It vias then diluted with 50 ml absolute methanol and the 

solution was refluxed for 12-24 hr. (Table II). The cooled 

reaction mixture was poured into water (200 ml), extracted 

vli th chloroform ( 2 x 50 ml) s the c hloroforn. extract washed 

successively with bicarbonate solution (200 ml), dried 

(Na2so4) and evaporated to give the crude diene ester ~' which 

was further purified by passing through a short column of 

salica gel and eluted with hexane. 

All the diene esters 2£-j were prepared by the above 

general procedure and purified by passing through silica gel 

column using hexane as eluent. Their physical and spectral 

data are given in Table II. 

Hydrolysis of the diene esters ~ and 2! : General Procedure : 

To a solution of diene ester 2s (3g, 0.01 mol) in 15 ml 

of methanol, 1.4g (0.05mol) of sodium hydroxide was added and 

the solution was refluxed for 3 hr. The precipitate obtained 

was filtered, washed with ether and dried in vacuum. It was 

then dissolved in 35 ml water and acidified with 0.5 ml con~. 

HCl, filtered, washed with water and dried. Yield 2.0g (80%), 

m.p, 163w164°C (lit, 165°).33 

The ester 5e was hydrolysed similarly to yield the -
corresponding acid; yield, 25g (78%); m.p. 163-164 (lit. 164-

t)So).24 
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Table III -----
.Product Molecular Analysis(%) 

Formula 
Calc. 

c H 

Found 
--

5a 0 12H12°2 76.59 6.38 

(188) 76.88 6.57 

5b 0 13H14 °2 77.23 6. 93 

( 202) 77.54 7.15 

5c 013H14 °3 71,56 6.42 

(218) 71.85 6.71 

5d c1~11Clo2 64 0 72 4, 94 

(222.5) 64.97 5.25 

5e 013H14°4 67.24 5.17 

(232) 67.53 5.48 

5f 0 13H14°2 77.23 6.93 

(202) 77.52 7.21 

..Qg 014,H16°2 77.78 7,41 

(216) 78.03 7.72 

.§h 014H16°3 ?2.41 6.90 

(232) 72.72 7.23 

5i C13H14Cl02 65.68 5.89 

(237,5) 65.97 6,17 

~ 014H14°2 78.50 6.54 

(214) 78.85 6.87 

---
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V.1. INTRODUCTION 

CHAPTER V 

SYNTHETIC STUDIES ON LEAD (IV) ACETATE 
OXIDATIONS ~ ONE STEP SYNTHESIS OF 
METniL ARYLACETATES FROM ACETOPHENONES 
USING LEAD (IV) ACETATE* 

Lead tetraacetate (LTA) is a versatile oxidising 

agent widely used in organic synthesis. Its reaction with 

organic molecules generally involve the reduction of lead 

(IV) to lead (II) either through ionic or radical mechanisms. 

Synthetic applications of this reagent as it is now 

commercially available, has since been increased in recent 

years. These results have been published in a number of 

reviews highlighting its synthetic applications. For 

instance, they include the reaction of lead (IV) acetate with 

olefins, 1 oxidative decarboxylation with lead (IV) acetate, 2 

oxidation of alcohols by LTA~ 3 reaction of LTA with 

azomethines 4 and the LTA oxidation of sugars with emphasis on 

glycol cleavage.5 Also a number of useful general reviews on 

LTA have appeared. Fieser and Fieser6 have discussed the 

uses of LTA for a broad range of synthetic proce'sses, while 

Aylward7 has reviewed the general behaviour of LTA towards 

organic nitrogen compounds. The reactions of LTA with 

steroids8 and intramolecular cyclization of alcohOls \dth 

LTAB,9 have also been discussed. 

~~~-------------------------B. Myrboh, H. Ila, H. Junjappa, Synthesis, 126 (1981). 
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A general review by Criegee10 on the behaviour of LTA 

towards OH, C-H and single Rnd multiple caTbon~carbon 

bonds as well as some reactions involving organic 

compounds of sulfur~ nitrogen and phosphorus has also 

appeared. The ini tia.l work developed by Crj_egee laid 

the foundations for the development and growth of LTA 

as a.n important synthetic reagent. 11 The mechanistic 

aspects of LTA reactions have been included in the 

general reviews of oxidation~ 12 ~ 1 3 

It is interesting to note that despite an array 

of diverse synthetic ~pplications of lead (IV) acetate 

in organic synthesisJthere are only a few synthetically 

useful processes based on oxyplumbation in contrast to 

oxymercuration14, 15 and oxythallation16 studies, which 

have lead to the development of a series of reactions 

of irrunense synthetic utility in recent years. 

Metallation and oxymetallation reactions have 

been observed with the salts of only a few metals, 

namely mercury (II)» thallium (III)~ lead (IV)~ palladium 

(II), gold (III) and platinum (II) which are known to 

possess "soft acid" character. 17 Lead (IV) is isoelec-

tronic with mercury (II) and thallium (III) • The redox 

potential of Pb (IV) is lowest in the series 18 and 

consequently the relative oxidizir..; ability of the three 



138 

metal ions is in the order Hg (II) ( Tl (III)< Pb (IV). 

A comparative study of oxymetallation of olefins with 

the acetates of the three metals have shown that while 

stable oxymercuration adducts14 are formed with Hg (II) 

acetate, oxythallation adducts have been isolated only 

occasionally11 ~ 19 while the treatment of olefins with 
10 lead (IV) acetate gives complex mixture of products, 

which often renders these reactions of little synthetic 

value. Although oxyplumbation adducts have been 

postulated as intermediates in these reactions, direct 

evidence for the key organole8d intermediate has not 

been obtained.* Attempts have been made in recent years 

to direct these oxidations towards products formed 

through electrophilic oxyplumbation by employing more 

electrophilj_c lead (IV) salts. Thus~ although styrene 

gives very low yield of phenylacetaldehyde (a product of 

oxyplumbation reaction) by oxidation with Pb (IV) acetate 

under vigorous condition, however excellent yields of 

arylacetaldehyde (~) m1d other ketones are obtained when 

(1) are oxidized with lead (IV) acetate in trifluoroacetic 

acid, which contains lead (IV) with four trifluoroacetate 

ligands 21 (Scheme 1). Similarly~ several oxidations 

':'< 

Recently an organic derivative of lead from the reaction 
of pregnenolene r-:md diacetate-difluorolead (IV)~ 
Pb(OAc)?F? has been isolated20 which is particularly 
significant. 
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involving LTA in hydrofluoric acid and lead (IV) clia,cetate 

difluoride9 which has been shown to be highly useful 

fluorination agent, have been reported. 22, 23 

Ketones containing an 0( -methine moiety readily Yield 

~ -acetoxyketones on oxidation with lead (IV) acetate. 24 The 

enol form is considered to be the reactive species in these 

reactions. Boron trifluoride is shown to have a strong 

catalysing effect on the acetoxylation and this has been 

explained in terms of accelration of keto-enol tautomerism, 

though its effect could also arise from interaction with the 

reagent. Although()/.. -a.cetoxylation is the predominant pathway 

in the oxidation of ketones with lead (IV) acetate, products 

resulting through oxida.ti ve rearrangement have also been 

reported in some cases. Thus Henbest and co-workers25 

observed that 5- ex -chalestane-3-one (2) on treatment wi tb. 

lead (IV) acetate in benzene/methanol in the presence of boron 

trifluoride etherate yielded~ besides the normal acetoxylation 

product !.±. ( 4 T/o) , a ring contracted product, methyl 

~-norcholestane-2()( -carboxylate (2) in low yields ( '?/o) 

(Scheme 2). Recently Fujimoto and co-workers26 accomplished 

ring contraction ofc< -santonin in preparative yield using 

lead tetraacetate/boron trifluoride etherate in benzene/ 

methanol. Thus (§) on oxidation yielded (1) as major 

product (57%), while the corresponding Q.'-acetoxy. compounds 

§:1 and §12. were formed as minor products (Scheme 3). These 
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authors have postulated formation of 1 via enol ether .2 , 

which on oxyplumbation followed by subsequent rearrangement 

of the adduct 10 - yields 1 (Scheme 4). 

Thus~ from the above studies it is apparent that 

it is possible to achieve significant measure of product 

control in lead (IV) oxidations 9 by carefully manipulating 

proper reagents and reaction conditions and through 

knowledge of competing pathways. Apparently the oxyplum-

bation studies have been sporadic and require systematic 

investigation. Consequently, two systems were chosen for 

the present investigation which are of practical importance~ 

(1) conversion of the arylmethyl ketones to the arylmethyl 

acetates and ( 2) conversion of 3-monosubsti tuted and .. ' 

3,4-disubstituted-5-pyrazolones to the corresponding 

2•alkynoic esters and 2,3-alkanedienoic esters respectively 

(Chapter VI). 

V.2. fLne Step sxnthesis of Methyl Arylacetatesfrom 

Acetophenones using Lead (IV) acetate. 

V.2.1 INTRODUCTION 

Willgerodt developed in 188~ a method for the 

preparation of phenylacetic acids by reacting ammonium 

sulphide and the a.cetophenones under pressure at about 

200°C, which later became kno1m as the Willgerodt reaction. 27 
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Extension of this reaction was-~hampered by modest yields of 

the carboxylic acids. Several modifications were subsequently 

extended to improve upon the yields of the products. Since 

the conversion of the aryl alkyl ketones to the corresponding 

phenylacetic acids was of synthetic use~ substru1tial 

modification of this reaction was first introduced by 

Kindler28' 29 in 1923, wherein the use of pressure vla.s avoided 

and by introducing anhydrous aliphatic amines at a maximum 

temperature of 180°C, he was able to considerably improve the 

yield. This method was continued to be used although it could 

not be extended to the acetophenones which undergo polimerisa­

tion under those condi tionsa Ho·wever an excellent modification 

of'·- this reaction was introduced by Taylor and rvicKillop30 in 

1971, when they were A.ble to convert acetophenones to the 

corresponding methylarylacetates at room temperature in modest 

to excellent yields. Their method involves the oxidation of 

the acetophenone .11 using thallium (III) :n.:Ltrate ( TTN) in 

presence of perchloric acid and methanol~ when they obtained 

the corresponding phenylacetate ~ in excellent yield (Scheme 

5). A mechanism involving oxythallation adduct 1± via enol 12 
has been suggested for this rearrangement·(Scheme 5). Thallium 

and its compounds are not only expansive, but alSo extremely 

toxic requiring handling precautions to be strictly observed. 

As discussed earlier lea-i (IV) acetate has been used for 

· 0(-acetoxylation and Favorskii-typR ring contraction (Scheme 4), 
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while its application in the rearrangement of acetophenones 

to the corresponding phenylacetates has received no attention 

at all. It was therefore decided to undertake the study of 

these transformations involving oxyplumbation. 

V.2.2 RESULTS AND DISCUSSIONS 

When a sc~ution of acetophenone (1!2) in methanol and 

borontrifluoride etherate was added to a stirring suspension 

of lead (IV) acetate in dry benzene at room temperature, work­

up of the reaction mixture e.fter 5 hr gave methyl phenylacetate 

( 12a) in 86% yield (Scheme 6). The pu.ri ty of the phenylacetate 
~ . 

was determined by GLC and the structure by IR spectral data~ 

wh\ch was found to be exactly superimposable with that of 

authentic sample. The ester was also hydrolysed to the free 

' acid,which was also found to be identical with the authentic 

sample (superimposable IR and mixed m.p.). Similarly the 

acetophenones 11£-h were converted to the corresponding 

ph~bylacetates ~-h in 54-95% overall yields. It may be noted 

here that only p-nitroacetophenone gave lower yields (54%) of -
the corresponding phenylacetate ~pwhile all the other substie 

tuted acetophenones gave above 80% yield of ~· The structure 

of all these esters was confirmed by their superimposable IR 

spectra as well as by the mixed melting points of the 

corresponding free acids. It is interesting to note that 

dtsoxybenzoin 12, under identical reaction conditions underwent 
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similar transformation to give the 2~ 2.-diphenyl substituted 

methylacetate 16 in 85% yield (Scheme 7). The structure of 

.1.§. was again determined by its superimposable IR as vJell ::J.s 

the mixed melting of its free acid. Similarly 2-acetylnaph~ 

thalene 11 gave the corresponding rearranged acetate 1§ in 

excellent yield (88%) (Scheme 7). TheIR spectral d~ta and 

the mixed melting point of the free acid confirmed its 

structure. The method WRS further found to be applicable to 

heterocyclic methyl ketones such RS 2-acetylthiophene j2,which 

gave under similar reaction conditions the corresponding 

methyl-2-thienylacetate 20 in overall 83% yield (Scheme 7). -
However, acetone gave a mixture of several products in which 

methylpropanoate could not be detected. Apparently, the method 

is general for the coversion of aromatic methyl ketone to the 

corresponding methylarylacetates in high yields involving 

simple reaction conditions and procedures. 

The plausible mech;mism appears to involve initial 

enolization of the ketones11 assisted by boron trifluoride -
etherate followed by oxyplumbation to give ~ which by 

subsequent aryl group migration 1 rearranges to jg with 

precipitation of lead (II) acetate (Scheme 8). The mechanism 

is ruu~logous to the oxythallation of the acetophenones3° in 

the presence of perchloric acid and methanol as reported by 

McKillop and co-workers (Scheme 5). 
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When the same reaction was extended to propiophenone 

~ in order to prepare methyl C\-methylphenylacetate 25e; a 

majority of the starting material was recovered unch~nged 

while GLC showed presence of ~ as minor product (5%) along 

with several other products. However~ a Japanese group31 

has achieved this transformation (after publication of our 

work) by reacting~ ~dth lead (IV) acetate in presence of 

perchloric acid and trimethylorthoformate9 when the 

corresponding~ was obtained in 78% yield (Scheme 9). Thus 

lead (IV) acetate is the reagent of choice for the conversion 

of alkylaryl ketones to methylarylacetates in preference to 

thallium (III) nitrate9since lead (IV) acetate is much less 

toxic and cheap. 

When this work was sent for publication a paper by 

CeKovic and co-workers32 appeared in which LTA was used under 

similar conditions to convert tt1e enamines derived from 

acetophenones to the corresponding phenylacetates in comparable 

yields. However, the additional step involving the formation 

of moisture sensitive enamines becomes redundant in the light 

or our observations when our method provides direct conversion 

of the acetophenones to the corresponding phenylacetates. It 

may be noted that the enamine derived from ~-nitroacetophenone 

failed to undergo the rearrangement. However ·their method has 

been shmrm to be of practical importance for ring contraction; 
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of the enamines derived from cycloalkanones analogous to the 

Favorskii-type of rearrangement (Scheme 10) ~ while the reaction 

of cyclohexanone and tetralone with lead (IV) acetate and 

boron trifluoride etherate yielded mixture of several products, 

from which the desired carboxylates could not be isolated. 

V.3.1 &XfERIMENTAL 

Melting points were determined on a 'Boetius 1 (German) 

apparatus and are uncorrected. The IR spectra were recorded on 

a Perkin-Elmer model 297 spectr.ophotometer. 

The commercial samples of acetophenone, 

2-methylacetophenone, ~-chloroacetophenone~ 2,4-dichloroaceto­

phenone, 2-acetylnaphthalene, 2-acetyl thiphene were purified 

before use. 

The £-methoxyacetophenonep b.p.100° (1 mm), 33 

£-bromoacetophenone, b.p. 137-40° (2 mm); 34 2-nitroacetophenone$ 

m.p. 80-81 o;.35 desoxybenzoin, m.p. 6oo 36 were prepared by the 

r~ported methods. 

Lead tetraacetate, m.p. 175°, 37 was prepared fresh for 

each reaction and carefully dired in a vacuum dessicator over 

potassium hydroxide. 
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V .3.2 General Method for the Preparation of Methyl Arylr.tcetate. 

To a well stirred suspension of lead tetraacetate 

(17.17g, 0.04 mol) in dry benzene (100 ml), the ketone (0.38) in 

25 ml of benzene was added in one lot followed by the addition 

of absolute methanol (10 ml) and boron trifluoride etherate 

( 22g, 0.15 mol, 20 ml) sequentially. The reaction mixture vvas 

further stirred at room temperature for 3-14 hr (Table I), 

diluted with cold water (500 ml) and extracted with benzene 

(600 ml). The benzene extract was washed sequentially with 

saturated sodium bicarbonate solution (150 ml) and sat"Ll!'ated 

sodium chloride solution (200 ml) 9 dried over sodium sulphate 

and the sol v~nt distilled off. The products thus obtained were 

further purified by distillation or by column chromatography 

(l~.b). The esters lli-h, .1.§., .1§. and gQ were all prepared by ·:, 

the above general method. 

Attempted oxidation of Propiophenone 

Propiophenone was oxidized under the identical 

conditions reported above. Work~up of the reaction yielded a 

residue which on GLC analysis (condition: 10% SE-30 on 60/80 

mesh chromosorb W, 6 ft x 1/8 in column, 200°C) showed 68% of 

propi.ophenone, 5% of 0( -methyl phenylacetate and several other 

products. 
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Hydrolysis of Me~hyl Arylacetates 

A mixture of methyl arylacetate (0.016 mol) and 2 N 

sodium hydroxide solution (10 ml) is heated ~~der reflux for 

2 hr. The free acid is subsequently precipitated by addition 

of concentrated hydrochloric acid ( 3 ml) (Table 2). The 

2-nitrophenylacetate is obtained by refluxing the ester~ 

(0.025 mol) in 4% sulphuric acid (20 ml) for 2 hr. 
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Table 2 

Physical Data for Aryl Acetic Acids 

R-CH2-co2H 

R Yield 
(%) . m.p. ( °C) Lit. m.p. ( °C) 

A c6H5 92 76-76.5 76-76.546a 

B ,P.-MeC6H4 92 93 9446b 

C J2,-MeOC6H4 93 86-86.5 85-8746c 

D .m-l\1eOC6H4 96 69-69.5 6847 

E 12,-C1C6H4 92 105-106 105-10646d 

F u~BrC6H4 93 112-1•13 11446e 

G 2,r4-d.iClC6H3 91 131-132 132-13348 

H i?,-No2c6H4 96 149-150 151-15242 

I 2-napthyl 82 143 143.1~143.446f 

J 2-thienyl 94 63-64 63-6445 

K (C6H5 )2CHC02H 92 145-146 14649 
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CHAPTER VI 

LEAD (IV) ACETATE OXIDATIONS OF 
3-SUBSTITUTED AND 3~4-DISUBSTITUTEJ 
2-PYRAZOLINE-5-0NES : A FACILE 
SYNTHESIS OF 2-ALKYNOIC AND 2,3-
ALKANEDIENOIC ( ALLENIC) ESTERS·::-

In the previous chapter, we have described a facile 

method for the conversion of acetophenones to methyl 

arylacetates with lead· tetraacetate in the presence of boron 

trifluoride etherate in methanol and benzene. In the present 

chapter~ we report the oxidations of 2-substituted and 

2,3-disubstituted-5-pyrazolones with lead (IV) acetate in 

methanol which affords 2-alkynoic and 2·,.3 alkadi.cnoic ( allcnic) 

esters respcctiYe.lY in mo.derat~ to high yields. 

VI~1. INTRODUCTION 

Previously it was reported that 3, 4 .. di substi tuted-5-

pyrazolones (l) underwent dehydrogenation with lead (IV) 

acetate in chloroform to give the uns4able pyrazol-3~one (~) 

"Vvhich have been trapped in the presence of dienes through the 

Diels-Alder reaction (Scheme 1), 1 Taylor and McKillop have 

recently reported2 the conversion of 5-pyrazolones (j), which 

are readily prepared in quantitative yield from ~ -ketoesters 

(~)~ to the esters of ~ -alkynoic acids (1) by thallium (III) 

nitrate in methanol (Soheme 2), A mechanism involving initial 

thalla·c.i.on of enamine tautomer of 5-pyrazolone (1) followed by 

~ - a . r 
" B. Myrboh, H. Ila and H. Junjappa, Synthesis, 1100 ( 1982) • 
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a sequence of reactions as depicted in Scheme 2, has been 

suggested for this transformation. The ~ -keto esters (§) 

"~tJhich are alkylated on the o< -carbon atom are converted under 

the similar conditions (by initial treatment with hydrazine 

follovJed by addition of Tl (III) nitrate) to the allenic 

esters 1Q (Scheme 3).3 Since the 4-position is now blocked 

by an alkyl substituent, deprotonation occurs from the 

3-substituent of the pyrazolone thus leading to the observed 

allenic esters 1Q. 

It was therefore contemplated that under the oxyplum-

bation conditions similar to those .. ~employed in the conversion 

of acetophenones to methyl phenylacetates, these pyrazolones 1 

and 2 should yield the corresponding alkynoic 1 and allenic 

esters 1Q respectively. 

VI. 2. RESULTS AL\JD DISCUSSIONS 

When 5-oxo-3-phenylpyrazole (1a) was reacted with lead 

tetraacetate in methanol, the corresponding methyl phenylpro~ 

piolate (~) was obtained in 40% yield (Scheme 4). The 

structure of~ was confirmed by comparison of its spectral and 

analytical data with that of authentic sample. Similarly the 

pyrazolones 1£-! (Scheme 4) were converted to the corresponding 

acetylenic esters .7b-h in 35-50% yield. The analytical and --
spectral data of these compounds are described in the 
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experimental section (Table 1). Further efforts to improve 

the yields of 1 by carrying out the reactions in the presence 

of boron trifluoride etherate were not successful. Simil~rly 

~ was obtained in lower yields (30%) when la was generated 

insitu by treatment of~ -keto ester~~ (~ = c6H5) with 

hydrazine. 

When the reaction was extended to 3,4-disubstituted-5-

oxo-4,5-dihydropyrazoles, the expected 2,3-alkanedienoic 

(allenic) esters 10 were formed in excellent yields. Thus when 

~ was treated with lead (IV) acetate in methanol, evolution of 

nitrogen was not observed. However, evolution of nitrogen sets 

in immediately when boron trifluoride etherate was added and 

work-up afforded 10a in 60% yield. Similarly the pyrazolones 

2£-~ were converted to the corresponding 2,3-alkadienoic esters 

12£-i in 70-76% yields. The structures of 2£-i were confirmed 

with the help of spectral and analytical data (Table 2). 

The mechanism of the formation of 7 and 10 is shown in - -
Scheme 6 and 7 respectively. The intermediate adduct ~ formed 

by electrophilic plumbation of enamine ta.utomer 112. undergoes 

subsequent oxidation with a second molecule of lead (IV) 

acetate to give the oxopyrazole 12.• Solvolysis by methanol with 

concomitant elimination of nitrogen and lead (II) acetate yields 

the 2-alkynoic esters 1 directly. When the 4-position in~ is 

blocked by an alkyl group, deprotonation occurs from 
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3-substituent of intermediate pyrazolone adduct~ affording 

1i (Scheme 7). The intermediate 1~ on subsequent dehydrogena­

tion followed by methanolysis yields the allenic esters ~· 

The role of boron trifluoride etherate in the formation of .1Q. 

apparently is to fe.cili tate in deprotonetion-isomerization of 

intermediate 12 (Scheme 7), 

It is apparent that for the synthesis of 2-alkynoic 

esters 1, the yields are lower than those obtained by Tl (III) 

nitrate oxidation of 1• However the yields of 21 3-alkadienoic 

esters (~-~) are either comparable or superior to those 

obtained by Tl (III) oxidation. In view of the easy 

accessibility of lead (IV) acetate and the simplicity of the 

method including its less hazardous nature~ the conversion of 

the pyrazolones to the synthetically useful 2-alkynoic and 

2,3-alkadienoic esters by lead (IV) acetate should be 

considered the method of choice, 

VI.3. EXPERIMENTAL 

Preparation of 3-substituted 5-oxo-4,5-dihydropyrazoles (l): 

General Procedure : 5-oxo-3-phenylpyrazole (~: 

To a solution of ethyl benzoylacetate (9.6g, 0.05 mol) 

in 5 ml of 55% ethanol, hydrazine hydrate (2.75g, 0.05 mol) in 

5 ml of 95% ethanol was added slowly with stirring at room 

temperature. Stirring was continued for one hour after the 

0 



~ 
. 

R"
-c
~/
Pb
(O
AC
)J
 

R"
-C
H~
~b
(O
AC
) 3

 
rN

' 
~
·
 

B
F

3.
E

t2
o 

HN
 .. 

.>:
: R' 

N..
. N

 
O

 
R

' =
 al

ky
l 

>
 

'N
 

0 
H

 
. 

H
 

JJ
(R

 =
 R

';C
H

2)
 

14
 

. R
'=

 a
lk

yl
 

-

. 
R'

 
R(

,,· 
-

, 

>=
c-

c'c
o2

M
e 

H
 

10
 

LT
A "-9

Ac
 

R'
!.

..
.C

H=
C~

~.
Pb

(O
Ac

 )2
 

I 
R'

 
~
-
-
-
-
-
-
-
-
-
-

N
~
~
 

0 
N
~
 

M
eO

H 
15

 
S

ch
e

m
e

?
 

,_. ~
 
~
 



175 

a.ddi tion vias completed. Cooling in an ice bath caused 

precipitation of 7g (90%) of the pyrazolone, m.p. 245°C 

(lit. m.p. 244-245°C) 4 which was used 'Without further 

purification. 

The :followingpyrazolones .:J..£-! were prP.pared by the above 

general method and their melting points were compared \~th 

those reported in the literature. 

3-methyl-2~pyrazoline-5~orie (1£)~ yield: 6g (75%); 

m.p. 215-216°C (lit. 215°); 45 n-butyl-2-pyrazoline-5-one (~), 
yield~ 7.5g (85%)~ ffioP• 210° (lit~ m.p. 210°); 5 n-pentyl-2-

pyrazoline~5-one (lf)? yield~ 9g (83%); m.p. 197-198° (lit. 

m.p. 198°) ;5 3,4-d.imethyl-2-pyrc..=tzoline-5-one (2s), yield, 10g 

(73%); m.p. 272° (lit. ffioP• 272°)~ 5 3-methyl-4-ethyl-2-

pyrazoline-5-one(2£), yield:~ 11.6g (79%).~ m.p. 22$-230° (lit. 

m.p. 229°); 5 3-methyl-4-(u~propyl)-?-pyrazo~in~?-one (~), 
~if7ld, }2g (69%); :m._p. 210-211° (lit. rn.p~ .211°) 5 ; 3-methyl-4-

(n-butyl)~2-~yrazoline-5-one (~)~ yield~ 15g (85%)~ m.p. 196-

1970 (lit. m.p. 197°) 5 ; 3-methyl-4-(u-pentyl)-2-pyrazoline-5-

one (;~.~>, yield~ 10g ( 77%); m.p •. 197;_198° (lit •. m.p. 198° )-; 5 

3~ethyl-4-methyl-2-pyrazoline-5-one (2tV, yield~ 9g (72%); m.p. 

230-232° (lit. m.p. 232°) 5• 

e 

• 
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preparation of r1iethyl 2-alkynoates (1) 
~-~-~------------

General Procedure : 

Methyl 2-phenylpropiolate (~): 

To a well stirred and ice-cooled suspension of lead (IV) 

acetate (18g, o.o4 mol) in absolute methanol (70 ml), 10 rnl of 

boron tritluoride etherate was added and the pyrazolone 1s 
(31 2g, 0,02 mol) was added portionwise when ·an immediate 

evolution of nitrogen was observed. Fresh addition was made 

only when the nttrogen evolution had ceased. The reaction 

mixture was then stirred for a further 15 nun, poured into water 

(100 ml) and extracted with chloroform (3 x 50 ml). The 

chloroform extract was dried with so:liurn sulphate and concentra­

ted to give the crude ester ].§. as a. dark brown liquid which was 

purified by passing through Florisil. Elution -v.d. th hexane 

yielded the pure ester 7a which was further purified by 

distillation under reduced pressure. Yield, 1.3g (40%): b.p. 

95-96°C/1 mm (lit. b.p. 128°C/4) 6; IR (neat) : 1720 ( j) C=O); 

2222 ( .Y cgc) cm·1. NMR (CC14) : fJ 3.64 (s~ 3H,-ocg
3

); 7.42 

( s, 5H, arom). 

M~thyl 2-(~-methylphenyl) propiolate(l£); yield, 1.7g (45%); 

m.p, 68°r, (lit. m.p, 68-70°C); 6 IR (nujol) : 1720 (YC=O), 2224 

CVq•c) cm- 1; MtJ:R(CC14): d2.31 (s, 3H, -C!;!3)~ 3.77 (s, 3H, 

~oca3); 7,30 (q,A2B2, 4H~ arom). 

Methyl 2-\J?.-chlorophenyl)propiolate Cz.s) ~ yield" 2g (50%); m.p. 

0 
0 
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90-91°C, (lit. m.p. 90-94°C) ; 6 IR (nujol) ~ 1720 ( Jc=O); 2225 

( YC=C) cm- 1; NMR ( cc14) : b 3. 76 ( s, 3H, -ocg3); 7. 25-760 

( 1, A
2
B2, 4H, arom). 

Methyl 2-methylpropiolate (,Zg)? yield1 1.,4g (35%); b.p 85-88°C/ 

go' mm, cii"t:-b.p. 80-82°/85 mm) 7; IR (neat); 1720 ( YC=O); 2240 

( V C=C) Cm-t; NMR ( CC14) : ~ 2. 25 ( s, 3H, -cg
3
); 3. 62 ( s, 3H, 

-ocg3), 

Methyl 2-n-butylpropiolate (1~)~ yield, 1g (35%)p b,p. 45-46°C 

(lit. b.p. 72-74°/10 mm) 8 r IR (neat); 1720 ( YC=O); 2240 ( YC=C) 

Cm- 11 NlVIR (CC14): S 0.95 (t, 3H, -cg
3
); 1~4-18 [ill, 4H, -(C,tl2) 2-J; 

2.32 (t, 2H, -cg2); 3.65 (s~ 3H, -ocg3). 

Methyl 2-n-pentylpropiolate (1!)~ yield? 1g (38%); b.p. 50-51°C/ 

3 mm (lit. b,p. 94-96°C/100mm); 8 IR (neat) : 1720 ( Yc=O); 2240 

( VC==C) cm- 1; NMR (cc14); ~ o.go (br.tq 3H, -C,ti3); 1.15-1.72 

J:Or.m., 

VI.3.3. Preparation of Methyl 2,3-Alkadienoate 10 : General 
. --- . 

Procedure : Methyl ( 2-Methyl)-2, 3-propadienoate ( 10a.) ~ -. . -=-

To a well stirred and ice-cold slurry of lead(IV) acetate 

(45g, Oa1mol) and boron trifluoride etherate (15 ml) in absolute 

methanol (100 ml) 1 the 3,4-dissubstituted pyrazolone ~ (5.6g~ 

0,05mol) was added in portions. After evolution of nitrogericeaseC5 

0 
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the mixture was stirred for a further 15 min, poured into 

water (250 ml), and extracted with chloroform (3 x 150 ml). 

The chloroform extract was dried over Na2so4 and concentra+ed 

to give the crude ester jQs,which was then passed through a 

colunm of Florisil~ using hexane as eluent. The product 

obtained was purified by distillation under pressure. The 

yields, melting points and spectral data of the products ~-1 

are given in the Table. 

0 
0 
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I\·l.olec ulu.:r­
_b'orill:J.12' 

.Analysis (;lo) 

Calc. 
C H 

Found 
---· -· -------------

lOf --

10h --

C8H12°2 
(140.2) 

CgH14°2 
(154.2) 

clon16°2 
(168.2) 

C7H10°2 
(126.15) 

C9H14 °2 
(15<±.2) 

---------------------------

68.47 8.56 
68.76 8.77 

70.03 9.08 
70.35 9.42 

71.34 9.51 
71.65 9.82 

72.41 9.87 
72.71 9.98 

75.50 10.90 
75.81 11.22 

66.59 7.93 
66.88 8.24 

70.04 9. 08 
70.35 9.42 



182 

REFERENCES 

1. B.T. Gillis and R. Weinkeam, J. Org. Chern. ~' 3321 (1967). 

2. E.C. Taylor, R.L. Robey and A. McKillop, Angew. Chern,, ~' 

60 (1972); Angew. Chern. Int. End. Eng~. 11? 48 (1972). 

3. E.G. Taylor, R.L. Robey and A. McKillop, J, Org. Chern.~ 21~ 

2797 ( 1972). 

4, C.D. Gutsche and M. Hillman, J. Am. Chern, Soc., 1§, 2236 

(1954). 

5. R,H, Wiley and P. Wiley, 11Heterocyclic Compounds: Pyrazolones 

and Pyrazolidonesr Inter Science Publishers, New York, 

London, Sydney, pp. 161-163. 

6. I, Benghiat, E.I. Becker, J. Org. Chern. 23, 885 (1958), 

7. I.N. Nazarov, S.N. Ananchenko~ I.V. Torgov, Izv. Akad. Nauk 

SSSR 1959, 95, C,A, 22, 16085 (1959). 

8. A.O. Zoss, G.F. Hennion, J. Am. Chern. Soc. £2, 1151 (1941). 

9. H. Scheldhorn, H. Frischleder, s. Hauptmann, Tet, Lett, 

1970, 4315. 

. .. 
.. • ~ .. (! ... ~ 

0 
(l 

-. 




