
SYNTHETIC STUDIES ON OXOKETENE S,S- AND S,N-ACETALS : 
DEVELOPMENT OF NEW METHODS FOR NOVEL HETEROCYCLES 

ABSTRACT 

By 

DINAH.E. POORAIMCHAISID 

DEPARTMENT OF CHEMISTRY 
SCHOOL OF PHYSICAL SCIENCES 

\ . - » T - " ^ 

A THESIS 
SUBMITTED IN FULFILMENT OF THE REQUIREMENT 

FOR THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

To 

NORTH-EASTERN HILL UNIVERSITY 
SHILLONG-793001 

MEGHALAYA ( INDIA ) 

1989 



i-s 

Poo 

^%^^ 

l^f 

. . ^ • < 



ThecO-bxoketene dithioacetals 1_ have been knovm since the first report 

by Kelber in 1910 . This class of compounds can be easily prepared by 

the reaction of active methylene ketones with carbon disulphide in the 

presence of a suitable base, followed by alkylation. Many efficient 

methods, essentially using this procedure, have been developed and 

these substrates (JJ are now available from a large variety of active 

methylene ketones. -

The 06-oxoketene dithioacetals have been shown to be an excellent three 

carbon synthon possessing 1,,3-electrophilic centres with differing 

electrophilicty, which has been extensively exploited for the regio-

selective construction of new bonds via 1,2- or 1,4-nucleophilic 

2 
additions leading to a number of organic synthesis . For example, the 

06-oxoketene dithioacetals 1_ (Scheme 1) have been shown to uWergo 

exclusive 1,2-addition with allylmagnesium bromide to yield the corres­

ponding carbinol acetals which on BF~.Et„0 assisted cationic cyclization 

3 
yield the substituted and fused benzene derivatives 2_ . The approach 

4-6 
is extended for the synthesis of other benzenoids ̂ -^ . The method 

is further shown to be extremely versatile and found general applica-

7 8 
tion for synthesizing pyridines 6_ , quinolizinium salts 7_ and thiazolo 

pyridinium compounds ̂ . 

In the light of all these studies and as a part of our ongoing research, 

it was proposed to study the reaction of 50-oxoketene dithioacetals to 

develop further new methodologies to construct various biologically 

important heterocycles. It was therefore considered of interest to 
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study the reaction of nitrosyl chloride with corresponding S,N-acetals 

9_ (Scheme 2) derived from alkylamines and cyclic alkylamines and these 

S,N-acetals were prepared by our earlier reported procedure . The 

corresponding hydroxiiminoimines 22. were obtained by reacting S,N-

acetals with nitrosyl chloride and these oximino compounds underwent 

smooth thermal cyclization to yield the 2,2-substituted 2H;-imidazoles 

11 in quantitative yields . However the attempts to rearrange the 

disubstituted 2H-imidazoles to yield the corresponding lll-imidazole 

12 were not successful. Our literature retrieval reveals that the 

preparation and properties of carbon^imidodithioates though well explo­

red, their synthetic applications specially for the construction of 

five membered heterocycles are not much explored. Therefore it was 

considered of interest.to study the reaction of carbonimidodithioates 

13 with aminoacetaldehyde diethylacetal 14. Thus when 1-N-aryl/alkyl 

carbonimidodithioates ^3. were reacted with J^ in the presence of reflu-

xing acetic acid the corresponding 1-N-aryl/alkyl imidazoles j ^ were 

obtained in high yields . When R was isopropyl group in j3 the 

initially formed imidazole undergoes rapid demethylation to yield the 

corresponding l-isopropyl imidazole-2(3H)-thione ^6. 1^ good yields 

(Scheme 3). The scope and limitations of these above described trans­

formations along with the analytical and spectral data of the products, 

leading to the structural assignments, have been discussed in details 

in Chapter 2 of the thesis. 

In continuation of our interest in exploring the reaction of 1_ with 

various allyl and azaallylanions it was considered of interest to extend 
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the aromatic annelation approach for the synthesis of heteroaromatics. 

Therefore in the present investigation 3-raethyl-5-lithiomethyl isoxazole 

17 was selected as an allylanion system to extend the aromatic annelation 

approach for the synthesis of benzisoxazoles 20. Thus the 3-methyl-5-

lithioraethyl isoxazole JĴ  underwent exclusive 1,2-addition with 1_ at 

-78°C to yield quantitatively the carbinol acetal 28. which on BF^.Et^O 

assisted cyclization afford the corresponding benzisoxazoles ̂  in high 

yields (Scheme 4). TheP-methylthio-oO-^-enones ^ prepared from our 

12 earlier reported method from 1_ also reacted with jJ to yield the 

corresponding sulfur free benzisoxazoles 22^ in identical yields, 

In order to generalize the reaction it has been extended to cinnamoyl-

ketene dithioacetals. Thus cinnamoylketene dithioacetals 23_ under similar 

13 reaction conditions yielded benz isoxazoles ̂  in good yields (Scheme 5) 

Scope and limitations of these synthetic methods and the analytical and 

spectral data of the products formed have been described in Chapter 3 of 

the thesis. 

TheoO-oxoketene dithioacetals 2. were then reacted with ethylbromoacetate 

under Darzen's reaction conditions. Thus when the bromoacetate anion 

which was generated by reacting ethylbromoacetate with hexamethyldisilazane 

at -78°C in presence of n-butyllithiura, was reacted with 2. ̂t -78°C in 

tetrahydrofuran the furan carboxylates 26. were obtained in quantitative 

yields. The structures of ̂  were established by spectral data as well 

as by subjecting them to Raney Nickel desulfurization to the known furan 

14 
derivatives ̂  in some cases (Scheme 6) . Interestingly when the reaction 

was extended to cinnaraoylketenedithioacetals ^ the products 23_ and 29 

were obtained (Scheme 7). The results of these reactions and the analytical 

and spectral data of the compounds are discussed in details in Chapter 4 

of the thesis. 
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P R E F A C E 

Polarized ketene dithioacetals, which are easily available from wide 

structural variants of active methylene compounds have been extensively 

explored in this laboratory for the development of several new synthetic 

methods for a variety of heterocyclic and carbocyclic compounds. The 

work described in this thesis has also been carried out as a part of 

this continuing research programme and highlights new transformations 

of oxoketene S,S- and S,N-acetals. 

The thesis consists of four chapters. The first chapter gives a general 

introduction of polarized ketene dithioacetals and some of the recent 

transformations reported from this laboratory. The second chapter is 

divided into two parts. Part one deals with the reaction of S,N-acetals 

with nitrosyl chloride and the. thermal cyclization of the resulting 

hydroxiiminoimines for the synthesis of novel 2,2-disubstituted 211-

imidazoles. In part two reaction of 1-N-aryl/alkyl carbonimidodithioates 

for the synthesis of 1-N-substituted imidazoles is described. 

In the third chapter, a novel heteroaroraatic annelation approach for 

the synthesis of 1,2-benzisoxazoles is discussed. Darzen's condensa­

tion on cCi-oxoketene dithioacetals for versatile synthesis of substituted 

and annelated furoates has been described in the last chapter. 

All the compounds synthesized have been characterized with the help of 

their spectral data. The entire documentation in the thesis is supported 

by appropriate references; The references of the published work of the 

present investigation are cited in the respective chapter. 



CHAPTER I 

INTRODUCTION 

The (X>-oxok:etene dithioacetals were first reported by Kelber and 

1-3 
coworkers in 1910 . The earlier work on oxoketene dithioacetals 

was confined to their preparation and properties and little atten­

tion was paid for their synthetic utility. The chemistry of these 

compounds remained unexplored till Thuillier and coworkers in the 

early sixties reinvestigated the preparation of oxoketene dithioacetals 

and obtained them in high yields by reacting the active methylene 

ketones with carbondisulfide in the presence of sodium amylate followed 

4-7 
by alkylation . Subsequently these reaction conditions have been 

8—12 
greatly improved by using different bases and reaction conditions 



A large number of o6-oxoketene dithioacetals have been reported and 

13 their chemistry has been reviewed by Dieter. 

These o£»-oxoketene dithioacetals 1_ exhibit well defined physical proper­

ties either as crystalline solids or distillable liquids, and can be 

purified by conventional purification methods. They are stable at 

room temperature and can withstand mild acidic and alkaline conditions 

and can be stored indefinitely without apparent decomposition. The 

oxoketene dithioacetal is essentially a masked fi-keto ester in which 

the ester functionality is protected as a ketene dithioacetal. Alter­

natively it may be viewed as an eo, /5 -unsaturated ketone containing a 

highly functionalized /3-carbon. They are versatile three carbon 

fragments with 1,3-electrophilic centres of differing electrophilicity. 

These intermediates possess considerable potential in the stereo and 

regioselective construction of new bonds either by 1,2-nucleophilic 

addition to carbonyl group or by 1,4-conjugate addition to the/3-carbon 

of the enone system. Some of these transformations are described in 

(Scheme 1). The oxoketene dithioacetals are primary precursors for 

the corresponding 0,S-, N,S- and N,N-acetals. The preparation of 0,S-

acetal is accomplished through the displacement by an oxygen nucleophile 

14 

of the sulfonium salt . The N,S-acetal can be prepared by the displace­

ment of one of the thioraethyl groups by a suitable amine in refluxing 

ethanol ' or directly from active methylene ketones by reacting 

their enolate anions with alkyl and arylisothiocyanates followed by 

alkylation . The oxoketene S,S- and N,S-acetals have been extensively 

used in this laboratory while the chemistry of 0,S-acetals remains 
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unexplored. The corresponding S,0-acetals are now being reported by 

replacing one of the thiomethyl groups of oxoketene dithioacetals with 

alkoxide nucleophiles. The 0,S-acetals can also be prepared directly 

by reacting enolate anions of active methylene ketones with alkyl xanthates 

followed by alkylation. Hydrides and organometallic reagents give 1,2-

18 
addition products typical of carbonyl function reactivity . These 

additions can be directed in a l,4̂ iianner by suitably manipulating the 

18—20 
reagent and reaction conditions . Further transformations after the 

initial 1,2- or 1,4-additions are also reported. The oxoketene dithio­

acetals can further be utilized to introduce polyene functionality if 

4 21 
R̂  in 1_ is an alkyl group ' 

Extensive research has been done in the last twenty years to find out 

synthetic applications of 1_ and a substantial amount of work has been 

published from our laboratory (Scheme 2). Thus the oxoketene dithio­

acetals 1_ were shown to undergo facile 1,2-reduction with sodium boro-

hydride to give the intermediate allylic alcohol which undergo facile 

solvolysis in the presence of boron trifluoride etherate to yield the 

corresponding highly regio and stereoselective ene esters 2_ ^^'^ J. iii 

22 23 
high yields ' . The ene ester synthesis was further extended to the 

addition of alkyl and aryl magnesium halides to study the scope of the 

method. They undergo either regioselective 1,2-addition to give the 

* -hydroxyketene dithioacetals or a sequential 1,4- and 1,2-additions 

to afford the |9-hydroxyvinylsulfides. The boron trifluoride etherate 

catalyzed solvolysis or the hydrolysis of these carbinols yield oO , j3 -

unsaturated esters 3^ or the corresponding ketone U_ (Scheme 2) in good 

18 
yields . During the hydrolysis of the addition products of grignard 



5 



6 

reagents the systems with favourable cis geometry underwent intramolecular 

18 
cyclization to yield 2,3-disubstituted indenones _5 . Similarly the 

oxoketene dithioacetals reacted with phenylmagnesium bromide followed 

by BFg.Et^O treatment yielded the corresponding 1-methylthio-l-phenyl 

24 
indane 6_ . The Reformatsky reaction on dithioacetal Ĵ  is reported to 

25 
give the diene ester 7_ and the J3, Y -unsaturated ester 8_ . Dieter and 

coworkers have shown that the dithioacetal 1_ undergo chemo- and stereose­

lective conjugate additions with organocuprates to give the corresponding 

/B-alkylthio-oO, |3-unsaturated ketones 9̂  ' . The oxoketene dithioacetals 

were also shown to undergo nickel boride (NaBH./NiCl-) reduction to the 

corresponding fi -methylthio-alkenylketones 22. • These intermediates are 

hydrolysed to the o6, [3 -unsaturated aldehydes 13. In another study from 

this laboratory, base catalyzed rearrangement offlO-oxoketene dithioacetals 

derived from propiophenones are reported. The 2-alkylthiomethylacrylo-

phenones 22. are formed by a 1,3-RS shift. A base assisted 1,5-RS shift 

27 
to the diene 22. ̂ ^ also reported 

The o^-oxoketene dithioacetals 1_ have been extensively used as three carbon 

fragments and some times two carbon three atom units (N-C-C bond) in the 

construction of various heterocyclics. Thus the reaction of arylisothio-

cyanates with 2. or methyl benzoate is reported to yield the corresponding 

2-arylamino-6-raethylthio-thiopyran-4-one 2^ and 2-methylthio-pyran-2-one 

28 29 15 respectively ' . The oxoketene dithioacetals have also been converted 

30 31 
to the corresponding butyrolactones 2^. and 2Z. * ^^^ their reaction with 

hydroxylamine has been shown to be pH dependent yielding the regioisomers 

32 18 and 22. in high yields . The oxoketene dithioacetals were shown to 

undergo broraination (R =H) and the corresponding bromo oxoketene dithioacetals 



reacted with hydrazine hydrate to yield pyrazoles 20̂  and 21"̂ "'. The 

reaction of 1_ with MAD initially underwent 2+2 cycloaddition followed 

by ring opening to yield the corresponding dienes. The oxoketene dithio-

acetals with tetralone however yielded ^2. as one of the products invol-

34 
ving interesting sequence of rearrangement . The reaction of 1 with 

35 sodium azide and cyanoacetamide yield triazoles ̂  and pyridines 

24 respectively. Similarly the synthesis of heterocycles ^6. > ̂  , 

39 28 and 29^ were obtained by reacting 1_ with appropriate reagents 

(Scheme 3). 

The most important synthetic applications of _1. have been demonstrated 

by utilizing them in the development of new method of aromatic annela-

tion. Some of these transformations are described in (Scheme 4). Allyl-

magnesium bromide has been shown to undergo exclusive 1,2-addition to 

yield the corresponding carbinol acetals in high yield, which on 

BF-.Et„0 assisted cationic cyclization yield the substituted and fused 

40 
benzene derivatives ̂  • The approach is extended for the synthesis 

41-43 
of other benzenoids ̂ , ^ and ̂  . The method is further shown to 

be extremely versatile and found general application for the synthesis 

of pyridines, quinolizinium salts and fused thiazolo pyridinium compounds. 

Thus when lithioacetonitrile was reacted with _1_ the intermediate acetals 

underwent smooth ritter type intramolecular annelation with a new C-N 

44 
bond formation to yield 3^ in high yields. The 2-picollyllithium and 

45 
2-lithioraethylthiazole also reacted with _1. ̂ nd yielded 35_ and ̂  in 

high yields. From these transformations it is apparent that oxoketene 

dithioacetals are versatile open-chain precursors with liberal structural 
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flexibility for the construction of both the aromatic and heteroaromatic 

systems (Scheme 4). 

The oxoketene dithioacetals have also been used for the construction of 

a variety of heterocyclic compounds in our laboratory and these trans-

c ^- u • c u .11.35b,46-49 
formations are shown xn Scheme 5 

A brief survey of the important synthetic applications of oxoketene 

dithioacetals has been described and it is apparent that there is a 

potential still unexplored to develop further new methodologies to 

construct various biologically important heterocycles. It was therefore 

considered of interest to study the reaction of nitrosyl chloride with 

corresponding S,N-acetals ^ (Scheme 6) derived from alkylamines and 

cyclic alkylamines. The S,N-acetals yielded the corresponding hydro-

xiimino compounds h6_ which were obtained in almost quantitative yields. 

These oximino compounds ̂  underwent thermal cyclization to yield the 

2,2-disubstituted 211 imidazoles 47^ in good yields . However attempts 

to rearrange the disubstituted 211 imidazoles to yield corresponding III 

imidazoles ̂  were not successful. It was also considered of interest 

to study the reaction of aminoacetaldehyde diethylacetal _50̂  with various 

carbonimidoCdithioates 49. The preparation and properties of carbonimido-

dithioates though well explored their synthetic applications especially 

for the construction of five merabered heterocyclics are not much 

explored. Thus when 1-N-aryl/alkyl carbonimido^dithioates 4£ were reacted 

with ̂  in the presence of refluxing acetic acid the corresponding 1-N-

aryl/alkyl imidazoles 5\_ were obtained in high yields . The scope and 

limitations of this simple and facile methodology from easily accessible 
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carbonimidodithioates have been described in Chapter II. When R was 

isopropyl group in ̂  the methylthio group underwent rapid deraethylation 

to yield the corresponding l-isopropylimidazole-2(3H)-thione ^ (Scheme 7). 

In continuation of our interest in exploring the reaction of 1^ with various 

allyl and azaallylanions it was considered of interest to extend the 

methodology for the synthesis of 5-membered hetero aromatics. It is 

reported in the literature that the five membered heterocyclic ring is 

generally constructed on a preconstructed benzene ring. The approach 

for the synthesis of these heteroaromatics starting from preconstructed 

five membered heterocycles to yield the corresponding benzoheterocycles 

is not extensively investigated. Therefore 5-lithiomethylisoxazole was 

selected as an allylanion system to extend the aromatic annelation 

approach for the synthesis of benzisoxazoles 56. These results involve 

the first report of a new method for the synthesis of benzisoxazoles by 

constructing benzene ring from open-chain precursors on the preconstru-

52 
cted isoxazole ring (Scheme 8) 

The results of this method are described in Chapter III. The 3-methyl-

5-lithiomethylisoxa2ole 53̂  underwent smooth 1,2-addition at -78°C to 

quantitatively yield the carbinolacetal 54̂  followed by Lewis acid assisted 

annelation to afford the corresponding benzisoxazoles ̂  in high yields. 

The p-methylthio-c6,^ -enones 57 obtained by our earlier reported method 

from 1_ also reacted with ̂  to yield the corresponding sulfur free benz­

isoxazoles 58̂  in identical yields. The cinnamoylketene dithioacetals 59 

similarly reacted with ̂  to yield the corresponding benzisoxazoles 61 

(Scheme 9). The detailed investigation of this reaction has been 

described in Chapter III. 
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In the last Chapter the reaction of 1^ with ethylbromoacetate under 

Darzen reaction conditions has been investigated. Thus when lithio-

broraoacetate anion was reacted with 1_ at -78°C in tetrahydrofuran the 

furan carboxylates ̂  were obtained in quantitative yields. The 

structures of ̂  were established by spectral data as well as by 

subjecting them to Raney Nickel desulphuriaztion 62 to the known furan 

53 

derivatives in some cases (Scheme 10) . The reaction has been genera­

lized by extending to cinnamoylketene dithioacetals 5£ and the corres­

ponding 6^ and ̂  were obtained in quantitative yields (Scheme 11). 

The scope and mechanism of these transformations have been discussed 

in the last Chapter of the thesis. 
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CHAPTER II 

A. REACTION OF [3-METHYLTHIO-/^-ISOPROPYL-
AMINO/CYCLOHEXYLAMINO/CcO -PHENYL)ETHYL-
AMINO ACRYLOPHENONE S,N-ACETALS WITH 
NITROSYL CHLORIDE: A FACILE GENERAL ROUTE 
TO 2,2-DISUBSTITUTED 4-AR0YL-5-ALKYLTHI0-
2H-IMIDAZ0LES* 

B. . REACTION OF DIMETHYL-N-ARYL-N-ALKYL 
CARBONIMIDODITHIOATES WITH AMINOACETAL-
DEHYDE DIETHYL ACETAL: ONE POT SYNTHESIS 
OF l-N-ARYL/ALKYL-2-METHYLTHIO IMIDAZOLES** 

II.1 INTRODUCTION 

The synthetic applications of various o6 -oxoketene S,N and N,N-

acetals for the construction of a number of heterocyclic systems 

1—8 
have been extensively investigated in this laboratory . They 

have been shown to function as versatile three-carbon fragments 

* D. Pooranchand, H. Ila, H. Junjappa, Synthesis, 547, 1987. 

** D. Pooranchand, H. Ila, H. Junjappa, Synthesis. 1136, 1987. 



24 

towards various bifunctional nucleophiles to afford a variety of 

amino heterocycles, whereas in many of the reactions the enaminone 

functionality in these systems react with a variety of electrophiles 

9-11 
to yield novel heterocyclic systems after subsequent transformations 

As a part of synthetic programme, these intermediates were recently 

shown to react with nitrosyl chloride to yield the corresponding 

nitroso derivatives in high yields. These nitroso compounds were 

shown to exist in their oximinoform and underwent thermal cyclo-

condensation to yield the corresponding lll-imidazoles in good yields. 

The reaction was found to be general and could be extended, to 

construct, the corresponding thiazoles and the quinoxalines, when 

12 
the substituent on nitrogen was aryl group . It was further 

considered of interest that if the substrate S,N-acetals carry the 

isopropyl, cyclohexyl or^-phenylethyl substituent in the amino 

functionality, the reaction of such S,N-acetal with nitrosyl chloride 

should lead to the formation of 2,2-disubstituted 4-aroyl-5-alkylthio-

2H-imidazoles. In the present investigation, a general method for 

the synthesis of this class of imidazoles has been investigated and 

the results of these studies are the main subject of this chapter. 

The current developments on the chemistry of these group of imidazoles 

13 
though not extensively investigated are described in the literature , 

with varying degrees of success. Some of these selected methods have 

been briefly reviewed so that the efficacy of the present methodology 

is better appreciated. Although imidazole ring on pyriraidine nucleus 

has been constructed by condensation of 5-nitroso-4-alkylamino 
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, . . 14-16 . ., ^ . 

derivatives , similar synthetic operations based on open-chain 

nitroso enamines or enaminones (or hydroxyiminoimines) to yield the 

corresponding imidazoles were not known in the literature. The scant 

literature on such transformations was primarily due to lack of appro­

priate open-chain nitroso enamine/enaminone precursors. This gap was 
12 

successfully filled by Rahman, Ila and Junjappa and they showed that 

the o6-oxoketene S,N-acetals of the general formula _!. undergo facile 

nitrosation to yield the corresponding oximino acetals 2^ in high yields, 

which were then cyclocondensed under thermal conditions to yield the 

corresponding 2,4,5-trisubstituted imidazoles 3_ in high yields. The 

imidazoles 3^ could also be obtained directly when _1_ was reacted with 

nitrosyl chloride at elevated temperature (Scheme 1). When the substi-

tuent on the nitrogen was aryl group the corresponding hydroxyiminoimines 

_5̂  underwent ring closure through the participation of the aryl group to 

yield the quinoxalines 7_ i" high yields (Scheme 2). However when the 

S-alkyl group in 5̂  was replaced by benzyl group the reaction was 

deviated to yield the corresponding thiazoles 9_. The S,N-acetals 1^ 

also reacted with nitrosobenzene in the presence of acetic anhydride 

to yield the corresponding N-aryl imidazoles _14_ . The probable 

mechanism for the formation of J^ has been described in Scheme 3. 

Thus the intermediate _10. formed by nucleophilic attack of p-carbon 

of S,N-acetal _1. to nitroso benzene undergoes dehydration in the acetic 

anhydride medium to give the diiraine intermediate 11. Thermal 1,5-

proton shift in Vl_ gives monoimine 12, which is ideally disposed for 

intramolecular cyclization to dihydroiraidazole 23. which on subsequent 

dehydrogenation leads to 1-N-aryl imidazole _1A. The construction of 
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2H-imidazole ring on the pyrimidine nucleus has been reported through 

l,3-dimethyl-5-nitroso-4-secondary alkylamino uracil _15 which under 

thermal conditions yielded the corresponding 8,8-disubstituted xanthines 

1 o 

16 in high yields . These intermediates undergo facile thermal rearran­

gement to 7,8-disubstituted xanthines 17. Dehydrogenation of _15. under 

mild conditions is reported to afford 8H-xanthine 7-N-oxide _19. via 

intermediate anil _18.. The xanthine-N-oxide 2£ isomerizes to fused 

oxadiazines _20 under thermal conditions (Scheme 4). One of the approaches 

for the synthesis of alkoxy or alkylthio 2II-imidazoles employs the 

reaction of acylnitrile _21_ (Scheme 5) with hydrogen sulfide in the 

presence of ammonia and triethylamine to yield the corresponding hydroxy-

thionaraide ̂  which on reaction with ketones yielded the corresponding 

2H;-imidazole-5-thione 23. These thiones were subsequently converted 

to the corresponding alkoxy imidazole 2A_ or acylthio ^5. and thioalkyl 

26 2H7-imidazoles 

In another approach the 2H;-iraidazole thione ̂  was converted to the 

corresponding imino chloride 2Z ^Y ^^^ reaction of ̂ 3. with sulfonyl 

chloride and the chlorine in Z7_ was subsequently replaced by thiophenol 
19 

to yield the 2H;-iraidazole 28̂  (Scheme 6) 

The 2E-imidazoles, carrying substituents at, 4 and 5 positions have been 

shown to undergo thermal rearrangement involving the migration of one of 

the substituents at 2-position to the adjacent nitrogen atom to yield 

the corresponding l-N-substituted-2,4,5-trisubstituted imidazoles 30_ 

20 
m moderate yields 

Similarly the 4,5-dicyano isoimidazole _31_ underwent thermal rearrangement 

21 
at 180°C to give 2-methyl-4,5-dicyano imidazole _32̂  . For thermal 
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rearrangement the migratory aptitude of various groups were in the 

order Me<Et4nPr *« iPr. The spiroimidazoline ̂  also underwent 

thermal rearrangement to yield the corresponding bicyclic imidazoles 

34 (Scheme 7)^^. 

It is apparent from the foregoing references, that the methods for 

the synthesis of 2H;-imidazoles are few in number, particularly the 

approaches from the open-chain precursors (Scheme 5) involves many 

steps with poor overall yields of the product 2H;-imidazoles. 

Interestingly, the construction of 2E-imidazoles on the appropriately 

substituted uracil _L5 (Scheme 4) to yield the corresponding xanthine 

16 appears to have not been extended to the open-chain precursors to 

construct the corresponding 2H-imidazoles, The lack of studies in 

these directions seems to be due to the non-availability of appropriate 

open-chain precursors. Therefore the present investigation considered 

these approaches appropriate so that a new general and efficient route 

for the synthesis of 2H-iraidazoles may be developed. Also such an 

approach would provide opportunities to introduce substituents at all 

the possible three atoms of the product 2JH-imidazoles. The results of 

the present investigation are described as follows. 

II.2 RESULTS AND DISCUSSION 

The S,N-acetals yi_ required in the present investigation were conveni­

ently prepared by reacting acetophenone _35_ with the appropriate alkyl-

isothiocyanate ̂  in the presence of sodiumhydride in dimethylformamide 

in excellent yields (Scheme 8). The S,N-acetal 37a was obtained by 

reacting acetophenone with isopropylisothiocyanate. The compound 37a 
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was analyzed for C,„H,^NOS (235.2) and showed in its i.r. spectrum 

(CCl,) peaks at 3240, 1620, 1542 cm" . The 3240 cm" band was assigned 

to NH stretching vibrations while the 1623 cm band was due to the 

carbonyl stretching frequency. The lower frequency of carbonyl group 

is attributed to the presence of p -amino group which interacts with 

the carbonyl group through lone pair of electrons. Further structural 

elucidation for 37a was obtained from its H n.m.r. spectrum (CCl,). 

The signal at 51.30(d,6H,J=7Hz) was due to six isopropyl methyl protons 

and the signal atc52.35(s,3H) was assigned to methylthio protons. The 

broad multiplet at 63.82 integrating for one proton was assigned to 

Gil methine proton. The olefinic proton appeared as a singlet at 6 5.60 

and the multiplet between ̂ 7.40-7.41(3H) andS7.80-7.85(2H) were attri­

buted to five aromatic protons. The secondary amino proton appeared 

as broad doublet atSll«90 which was exchangeable with D„0. Thus the 

structure of 37a was fully established. The other S,N-acetals 37b-l 

required in the present investigation were not reported in the literature 

and were essentially prepared by extending the described method, in 

80-90% overall yields. The analytical and spectral data of 37b-l 

were in full agreement with the assigned structures and the data are 

reported in the experimental section. 

II.2.1 REACTION OFoO-OXOKETENE S.N-ACETALS WITH NITROSYL CHLORIDE; SYNTHESIS 

OF OO-HYDROXYIMINO- (3 -ALKYLIMINOKETONES (38a-l): 

The S,N-acetal 37a was reacted with nitrosyl chloride in the presence 

of pyridine in chloroform when the corresponding hydroxyiminoimine 38a 

was obtained in 75% yield. The structure of the hydroxyiminoimine 38a 

(Scheme 8) was confirmed from its analytical and spectral data. It was 
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analyzed for C^oH,,N O2S confirming the molecular weight 26A.3. In 

its i.r. spectrum (KBr) it exhibited broad band at 3150 cm which 

was assigned to the iminohydroxy group with intramolecular hydrogen 

23 
bonding as shown in 39. In the earlier assignment also it has been 

observed that the nitroso derivatives of enaminones exist in the 

tautomeric form with intramolecular hydrogen bonding. This structural 

assignment was further confirmed by shift in carbonyl frequency 1650 cm 

where the nitrogen lone pair is in conjugation with the nitroso group, 

resulting in the higher carbonyl frequency. The hydroximino (tautomeric) 

structure of 38a was further confirmed by its H n.m.r. spectrum 

(CDCl„/DMSO-d,) (experimental). Thus the signal due to methine proton 

which appeared as broad band in ̂  exhibited sharp septets at(S'3.45 

(0.5H, J=7Hz) and (J3.95 (0.5H, J=7Hz) indicating the absence of coupling 

24 
between methine and NH protons , which exist in the tautomeric form 39. 

The chemical shift of hydroxyimino proton signal which appears between 

r 1 
010.5-11,8 ppm in the H n.m.r. spectrum of 38a supports the intra-

23 
molecular hydrogen bonded structure . The other signals confirmed the 

structural assignment of 38a which exists in hydrogen bonded form 39. 

The isopropyl methyl protons appears as two sharp doublets at 81.50 

(3H, J=7Hz) and 6 2.48(3H, J=7Hz). Similarly the signal due to methylthio 

protons also appeared as two singlets at S2.30(1.5H) and6 2.50(1.5H), 

showing the presence of two equivalent tautomeric forms of hydroxyimino-

iraine in DMSO-d^*. The multiplet between 67.28-7.80(3H) and6 7.80-8.2O(2H) 

* H n.m.r. spectra of other hydroxyiminoiraines which are soluble in CDClo 

show only one signal for methylthio, isopropylmethyl and methine protons. 
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was assigned to aromatic protons. Apparently the nitroso derivatives 

of oxoketene S,N-acetals with a mobile hydrogen on the nitrogen atom 

exist in the hydroxyiminoimine tautomeric form. Similarly 38b-e were 

obtained in 82-86% overall yields, and their analytical and spectral 

data are described in the experimental section. The hydroxyimino 

ketones 38f-.i' derived from cyclohexylamine were also obtained in 

81-89% overall yields. They were characterized by their H n.ra.r. 

spectrum (CDC1„) which showed broad singlet with coupling(W^=16Hz) 

24 
indicating the absence of coupling between methine and NH protons 

A comparison of solid (Or) and solution (CHClo) i.r. spectra of ^ 

did not show any shift of carbonyl and OH stretching frequency in the 

solution spectra, which points to an intramolecular hydrogen bonded 

structure 32 for 38. This is further supported by the chemical shift 

of hydroxyimino proton signal which appears between 510.5-11.8 ppm 

1 23 
in H n.m.r . spectra 

Ar-V^H 
RSs-^N-^pa) •R2. 

39 

In conclusion the oG-hydroxyimino- P-alkyliraino ketones 38a-k thus 

prepared were ful ly characterized and shown to ex i s t in the i r tautomeric 

hydroxyimino form. 
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II.2.2 THERMAL CYCLODEHYPRATION OF HYDROXYIMINOIMINES; SYNTHESIS OF NOVEL 

2,2-DISUBSTITUTED-4-AROYL-5-ALKYLTHIO-2H-IMIDAZOLES (403-1); 

The hydroxyiminoimine 38a was heated at 200°C in a sealed tube for 

1 hour and the reaction mixture after work up and purification yielded 

a product (in.p. 44-45°C) which was characterized as 2,2-dimethyl-4-

benzoyl-5-methylthio-2H-imidazole in 50% yield (Scheme 9). The structure 

of 40a was elucidated from its analytical and spectral data. The 

compound was analyzed for C,„H-,N^0S and its mass spectrum exhibited 

molecular ion peak m/z 246(M ,45%), and also showed characteristic mass 

fragmentation pattern and is given in the experimental section. The i.r. 

spectrum (KBr) displayed benzoyl carbonyl group at 0 = 1660 cm . The 

structure was elucidated from its H n.m.r. spectrum (CDC1„). Thus the 

signal at Si.50 (s,6H) was assigned to the gemdimethyl protons and the 

methylthio protons appeared as singlet at S2.48(3H). The two multiplets 

6 7.20-7.55(3H) and g'8.15-8.30(2H) represent the aromatic protons. The 

structure of 211-imidazole 40a was thus confirmed. The imidazoles 40b-l 

were prepared in the analogous manner and were obtained in 50-60% 

overall yields. Their structures were fully confirmed by their analytical 

and spectral data (experimental). 

The 2H;-imidazoles 40 were subjected to thermal rearrangement with a view 

to study the possible migration of one of the substituents at 2-position. 

when 40a and _b were heated at 300-500°C the expected rearranged products 

1-N-alkyl/aryl-lH-imidazoles 41a or 41b were not detected (Scheme 10). 

In most of the cases either the unreacted starting materials were 

recovered or the reaction ended up in intractable tarry mixture. The 

rearrangements of this nature have been previously observed though in 
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moderate yields . The compound 40a was also treated with primary 

amines to see whether raethylthio groups could be displaced by the 

corresponding amino group. The unreacted 40a was recovered and no 

displacement by amine was observed. 

11.3 CONCLUSION 

Thus from these results it is obvious that the hydroxyiminoimines 

prepared from substituted acetophenone derivatives constitute an 

important class of functionalized synthons, which provides an effi­

cient versatile route for 2H-imidazoles from easily available starting 

materials. 

11.4 REACTION OF DIMETHYL N-ARYL/N-ALKYL CARBONIMIDODITHIOATES WITH AMINO-

ACETALDEHYDE DIETHYL ACETAL; ONE POT SYNTHESIS OF 1-N-ARYL AND 1-N-

ALKYL-2-METHYLTHIOIMIDAZOLES; 

II.4.1 INTRODUCTION 

The preparation of dimethyl-N-aryl/N-alkyl carbonimidodithioates and 
25—28 

their properties have been extensively reported in the literature 

However their synthetic applications for the construction of five 

raembered heterocycles is relatively not much attended. On the other 

hand, their structural analogs with electron withdrawing groups on 

29 30 31 
nitrogen such as h3^ , 44 , and ̂  (Scheme 11) have been extensively 

investigated. It was considered of special interest to explore the 

synthetic potential of this class of synthons for the construction of 

imidazoles through its reaction with aminoacetaldehyde diethylacetal 

in the presence of activating solvent such as acetic acid. In the 

present section reaction of carbonimidodithioates with aminoacetal­

dehyde diethyl acetal to yield the corresponding N-substituted-
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2-methylthioimidazoles is presented. There appears to be no review 

on the synthesis and synthetic applications of these compounds and 

an attempt has been made to review the important synthetic methodo­

logies for these compounds and their reported applications for the 

synthesis of heterocycles. The various methods for the preparation 

of carbonimidodithioates are described. The most general method for 

the synthesis of N-arylcarbonimidodithioates involves the reaction 

of various arylamines A8̂  (Scheme 12) with carbondisulfide and ammonia 

to give the ammonium dithiocarbamates 49. These were diraethylated 

in two steps to the immonium salts _51_ and deprotonated to give 47_ 

27 
in excellent yields . Similarly the alkylamines _52̂  undergo facile 

addition to carbon disulfide in the presence of sodiumhydroxide to 

yield the sodium salt of dithioates ̂  which can be alkylated insitu 

to obtain the corresponding alkyl carbonimidodithioate 47. The cyclic 

carbon^imidodithioates, 2-alkylimino-l,3-dithiolane 54 can be prepared 

by the reaction of 1,2-dichloroethane with the corresponding sodium 

N-alkyldithiocarbamate at 60°C in the presence of potassium carbonate. 

The 2-phenylimino-l,3-dithiolane ^ was prepared in 73% yield by the 

reaction of 2-dimethylamino-l,3-dithiol anylinium perchlorate with 

32 aniline 

The carbonimidodithioates can be an excellent source of one electro-

philic carbon and accordingly undergo interesting cyclization reactions 

with appropriate binucleophiles. Thus dimethyl-N-alkyl-carboniraido-

dithioate 47̂  (Scheme 13) condensed with N-methyl-1,3-diaminopropane 

57 in the presence of absolute ethanol and concentrated hydrochloric 

acid under reflux to give l-methyl-2-(methylamino)-l,4,5,6-tetrahydro-
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pyrimidine hydrochloride 58̂  in high yields. Similarly an interesting 

bicyclic heterocycle 2-(methylamino)-l,3-diazabicyclo[3.3.1]non-2-en-

6-one hydrochloride 61̂  was reported to be formed by reacting i£J_ with 

3-(aminomethyl)-4,4-ethylenedioxypiperidine 59_ to yield initially 

33 
ketal bO_ which on hydrolysis yielded 61_ . 

Carl and Wegler have reported the addition of compounds with acidic 

carbon hydrogen to 4̂7_ to give the corresponding S,N-acetals. Thus 

the active methylene compounds like malononitrile, anthrone and 

1,2-diphenyl, pyrazolidine 3,5-dione gave the S,N-acetals, 3-methylamino-

3-methylthio-2-cyano-methyl acrylate 62_f 10-[methylamino-methylthio-

methylene}9-anthrone b3_ and l,2-diphenyl-4-(methylamino-methylthio-

methylene)pyrazolidine, 3,5-dione ̂  respectively in good yields 

(Scheme lA) . Similarly the carbonimidoCdithioate (^ derived from 

2-aminopyridine reacts with haloacetate and haloketones to yield the 

corresponding 1-azaindolizines ^ in high yields (Scheme 15). Oxidation 

of ̂  (R=CO^Et; R =H,Me) by perphthalic acid gave the 2-methylsulfonyl 

derivatives. Bromination of 65^ with N-broraosuccinimide followed by 

35 
cyclization with ammonia and methylamine gave 66_ in good yields. 

Similarly 47_ also reacts with trichloroacetic acid where the trichloro 

carbanion generated after decarboxylation adds to the electrophilic 

carbon to yield the intermediate §J_ which on loss of methanethiol 

yields the corresponding compound ̂  (Scheme 16) 

The carbonimidodithioates are known to act as dienophiles in the 

37 
cycloadditions of heterocuraulenes . Thus aroyl isothiocyanate 69_ 

undergoes 4+2 cycloaddition with A7_ to give oxadiazines 1Q_ (Scheme 16). 
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The iminodithiocarbonate ester 21 derived from substituted glycinate 

undergoes 2+2 cycloaddition with azidoketene _72. to yield the corres­

ponding p-lactams 13_ which are subsequently transformed to 74 

(Scheme 17)^^'-^^. 

The carbonimidodithioates carrying N-arylmethylthio or alkyl group 

side-chain undergo deprotonation in the presence of potassium tertiary 

butoxide to give the corresponding ambident anions lb_ which react with 

alkyliodides or benzylbromides with chain-extension to form the 

carbonic acid derivatives T7_ and the isomeric orthocarboxylic acid 

40 
derivative _78_ . Dieter Hoppe has reported that the (jO-amino carbanions 

79 obtained by the reaction of glycine ethyl esters with potassium 

tert-butoxide at -70°C afford chain-extended esters 80 on treatment 

with alkyliodides or benzylbromide between -60 and 0°C. Renewed 

metallation (without isolation of 80) and alkylation permits intro­

duction of a second alkyl group to form the oO-branched-o6-amino acid 

derivatives 81. The ̂  undergoes oxidative hydrolytic desulfuration 

41 
with aqueous performic acid to the amino acid esters S2_ (Scheme 18) . 

Another interesting reaction of N-alkyl-irainodithiocarbamates is the 

metallation of S-alkylthio proton. Thus lithium diisopropylamide 

in tetrahydrofuran at -70°C preferentially abstracts an «6-proton of 

the S-alkyl group from the irainocarbonic ester 83^ to give [alkylimino 

(alkylthio)methylthio]alkyl lithium 84_ which readily adds to aldehydes 

and ketones to yield the intermediate 85̂  which cyclize with the elimi­

nation of methanethiol to form 1,3-oxathiolanes 86̂  in good yields 

(Scheme 19)^^. 
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From the above brief survey it is evident that the synthetic appli­

cations of carbon^imidodithioates are explored in a limited way, the 

applications still largely remain unexplored. 

In the present investigation, the reactivity of carbonimidodithioates 

with aminoacetaldehyde diethyl acetal with a nucleophilic centre at 

one end and electrophilic centre on the other end has been studied 

so that the initial displacement reaction should yield an intermediate 

thiomethylene urea derivative which is likely to undergo intramolecular 

electrophilic ring closure followed by elimination of ethanol to yield 

the corresponding imidazole (Scheme 20), 

II.4.2 RESULTS AND DISCUSSION 

The required carbonimidodithiocarbonates 47a-i were prepared essentially 

27 
by the reported method , and their structures were fully confirmed 

before they were reacted with 87. 

In one of the typical experiments 47a was reacted with 87̂  in refluxing 

acetic acid to yield the product which was identified as l-phenyl-2-

methylthio imidazole 88a in 80% yield (Scheme 20). The imidazole has 

been reported earlier and it is found to be identical with that of the 

reported imidazole (mixed m.p. superiraposable i.r. and n.ra.r. (see 

experimental section). It is of interest to note that 88a has been 

prepared earlier by treating N-phenylaminoacetaldehydeacetal W^ with 

potassiumthiocyanide ^ in the presence of dilute hydrochloric acid 

to yield the corresponding N-phenyl-2-mercapto-imidazole ^ in 54% 

yield, which on alkylation gave the thiomethyl imidazole 88a. The 

overall yield of 88a was 67%. The present method therefore provides 
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improved yields of 88a in one pot reaction from easily accessable 

carbonimidodithioates (Scheme 21). 

The reaction was found to be general for the other N-aryl-carbon-

imidodithioates 47b-i under similar reaction conditions and the overall 

yields of the corresponding N-aryl-iraidazoles were around 80-90%. The 

analytical and spectral data are described in the experimental section. 

When the reaction was extended to the N-alkyl-carbonimidodithioates, 

l-N-alkyl-2-methylthio imidazoles 88j-l, were obtained in good yields. 

However, the analogous reaction with the N-isopropyl derivative 47m 

afforded only l-isopropylimidazole-2(3H)-thione 91. The desired 

imidazole 88m which was formed in low yield during the initial period 

(Ih) of the reaction was found to undergo rapid demethylation to the 

thione ̂  (monitored by TLC) probably due to steric hindrance . This 

was further confirmed by refluxing 88m (prepared by a known procedure) 

in acetic acid for one hr, the thione ̂ l. being obtained in nearly 95% 

yield (Scheme 22). 

II.A.3 CONCLUSION 

In summary, dimethyl N-aryl-and N-alkylcarbonimidodithioates are useful 

precursors of 1-aryl-, 1-methyl-, 1-ethyl- and l-aralkyl-2-methylthio-

imidazoles (88a,.1,k,l)which were earlier obtained by a two-step procedure 

involving synthesis of the corresponding imidazole-2(3H)thiones and their 

45-49 
methylation , The active methylthio group at position 2^ of the 

imidazole ring can be replaced by carbon, nitrogen and oxygen nucleophiles 

thus widening the synthetic scope of the present method. 
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II.5 EXPERIMEffTAL 

Melting points were determined on a Thomas Hoover melting point 

(capillary method) apparatus and are uncorrected. Infrared spectra 

were recorded on a 'Perkin-Elmer 297 spectrometer and i.r. frequencies 

—1 1 have been reported in cm . The H n.m.r. spectra were recorded on 

a Varian EM-390, 90 MHz spectrometer and are reported in S units 

downfield from Me/Si. The mass spectra were recorded on Jeol D-300 

spectrometer.and relative intensities are expressed in percentage. 

13 

C n.m.r. spectra were obtained on a Brucker WH-270 spectrometer. 

Carbon, hydrogen and nitrogen elemental analysis were done at RSIC, 

Central Drug Research Institute, Lucknow, India. 

Starting Materials 

The commercial samples of acetophenone, 4-chloroacetophenone, 4-methoxy-

acetophenone, 4-methylacetophenone, amines, acetonitrile, dimethyl-

formamide, pyridine chloroform, various anilines, carbondisulfide, 

aminoacetaldehydediethylacetal and acetic acid were purified before 

use, Isopropylisothiocyanate, cyclohexylisothiocyanate and (o6-phenyl) 

ethylisothiocyanate were prepared according to the reported procedure ' 

The oO-oxoketene S,N-acetals 37b-l were prepared according to the earlier 

52 
reported procedure which is given below. 

General method for the preparation of S,N-acetals (37b-l): 

To an ice cooled and well stirred suspension of sodium hydride (2.4g, 

0.15 mol) (washed 2-3 times with dry benzene) in dry dimethylformamide 

(DMF) (50 ml), a solution of acetophenone (0.05 mol) in dry DMF (15ml) 

was added dropwise during 0.5 hr. A solution of isothiocyanate (0.05 mol) 
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in dry DMF (25 ml) was then added and the reaction mixture was further 

stirred for 1.5-2 hr followed by subsequent addition of alkyl halide 

(0.05 raol) in DMF (15 ml). After further stirring for 2 hr. the 

reaction mixture was poured over crushed ice, neutralized with 20% 

acetic acid, extracted with chloroform (3x75 ml). The chloroform 

layer was washed with water (3x200 ml), dried (Na2S0,) and concentrated 

to give crude, S,N-acetals (37b-l) which were purified either by 

crystallization from benzene/hexane (1:1) or by passing through silica 

gel column using hexane/benzene (A:l) as eluent. The structures of 

these S,N-acetals were confirmed by their analytical and spectral data 

given below. 

3-Isopropylamino-3-methylthio-l-phenyl-2-propen-l-one (37a); viscous 

liquid (TLC single spot); yield 91%; i.r. (KBr):0 = 3240, 1623, 

1542 cm"^; ^H n.m.r. (CCl^):^ 1.30[d, J=7Hz,6H, (^2)2^]; 2.35(s,3H, 

SCHo); 3.82(brm,lH(CH„)^CH); 5.60(s,lH , . . . ) ; 7.04-7.41(m,3H ); — 3 " ^ ^ 3 2 —' olefmic arora" 

7.80-7.85(m,2H ); 11.90(brs,lH,NH,exchangeable with D2O). (Found: 

C,66.21; H,7.24; N,6.00. Calc. for Cj2H^^N0S(235.2): C,66.33; H,7.23; 

N,5.95%). 

3-Isopropylamino-3-methylthio-l-(4-methylphenyl)-2-propen-l-one(37b); 

viscous liquid (TLC single spot); yield 92%; i.r,(KBr):\) = 3240, 
nicix 

1623, 1542 cm"-̂ ; % n.m.r.(CCl^): 6l.25[d, J=7Hz,6H(CH3)2CH]; 2.35(s, 

3H,CH3); 2.33(s,3H,SCHg); 3.85[brm,lH(CH3)2CH]; 5.45(s,lH^^^^^^^^); 

7.10(d,J=7Hz,A„B„,2H ); 7.75(d,J=7Hz,A^B_,2H );11.89(d,J=6Hz,lH,NH, 2 2 arom ' 2 2 arom • » » » 

exchangeable with D2O. (Found: C,67.31; H,7.62; N,5.59. Calc. for 

C^^HjgN0S(249.35): C,67.43; H,7.67, N,5.61%). 
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3-Isopropylamino-3-methylthio-l-(4-methoxyphenyl)-2-propen-l-one (37c); 

viscous liquid (TLC single spot); yield 95%;i.r.(KBr): >0 = 3239, 
II13.X 

1613, 1522 cm"-̂ ; "̂ H n.m.r. (CCl^): ̂  1.30[d, J=7Hz,6H(CH2)2CH]; 2.35(s, 

3H,SCH2); 3.65(s,3H,0CH2); 3.82(brm,lH(CH3)2CH]; 5.54(s,lH^-,^^^^^^ ); 
6.75(d,J=7Hz,A„B„,2H ); 7.85(d,J=7Hz,A^B„,2H ); 11.85(d,J=6Hz, ^ ' 2 2 arom' 2 2 arom ^ ' ' 

1H,NH,exchangeable with D^O. (Found: C,63.20; H,7.25; N,5.20. Calc. 

for Cj^H^gNO^S (265.35): C,63.36; H,7.21; N,5.27%). 

3-Isopropylamino-3-methylthio-l-(4-chlorophenyl)-2-propen-l-one (37d); 

viscous liquid (TLC single spot); yield 89%; i.r.(KBr):-0 = 3100, 
insx 

1610, 1620, 1490 cm~^; ^H n.m.r.(CCl^) :Sl.22[d,J=7Hz,6H(CH;3)2CIi]; 2.32 

(s,3H,SCT2); 3.82[brra,J=7Hz,lH(CH2)2CH]; 5.42(s,lH^^g^^^^^); 7.10-7.49 

(m,2H^^^^); 7.72-8.10(in,2H ); 11.80(brs,lH,N]l,exchangeable with 

D^O). (Found: C,57.81; H,5.99; N,5.14. Calc. for C-^^^^^CINOS (269.82): 

C,57.86; H,5.97; N,5.18%). 

3-Isopropylamino-3-ethylthio-l-phenyl-2-propen-l-one (37e); viscous 

liquid (TLC single spot); yield 72%; i.r.(KBr):-g = 3200, 1600, 1620, 

1542 cm"^ ^H n.m.r.(CCl^): ̂ 1.17(t,J=7Hz,3H,,CH2CH2);1.20[d,J=7Hz,6H(CH ) 

CH] ; 2.78(q,J=7Hz,2H,CH2C]l2); 3.90(brm, J=7Hz,lH(CH3)2CH); 5.45(s, 

•^^olefinic)- 7.12-7.52(m,3H^^^ ); 11.88(brs,lH,Nil,exchangeable with 

D2O). (Found: C,67.39; H,7.62; N,5.60. Calc. for C^^H-^gNOS (249.36): 

C,67.42; H,7.67; N,5.61%). 

3-Cyclohexylamino-3-methylthio-l-phenyl-2-propen-l-one (37f); yellow 

solid; yield 83%; m.p. 79-80°C; i.r.(KBr):v) = 3400, 1540, 1470 cm~S 
'̂  ^ •' ^ max ' ' 

^H n.m.r.(CCl^): <5l.15-2.15(m,10H,ring CH^); 2.45(s,3H,SC]l2); 3.60(brin, 

IH.NCH); 5.51(s,lH ^ .. . ); 7.21-7.47(m,3H ); 7,68-7.90(m,2H ); 
— olefmic arom ' ^ ' arora 
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10.05(brs,lH,NH,exchangeable with D^O). (Found: C,69,51; H,7.83; N,4.97. 

Calc. for C^gH^^NOS (275.3): C,69.80; H,7.63;N,5.09%).in/z 275(M'^,25%). 

3-Cyclohexylamino-3-methylthio-l-(A-methylphenyl)-2-propen-l-one (37g); 

pale yellow solid; yield 92%; m.p. 80°C; i.r.(KBr): 0̂ ^̂ ^̂  = 1580, 1480 cm"^; 

^H n.in.r.(CDCl3): 5 1.15-2.ll(m,10H,ring CH2); 2.20(s,3H,CH.2); 2.35(s,3H, 

SCH3); 3.65(brm,lH,NCH); 5.52(s,lH^-^gf^^^^); 7.00-7.29(d,A2B2,2H^^^^); 

7.51-7.72(d,A2B2,2H^^^ ); 11.89(brs,lH,NH,exchangeable with D2O). 

(Found: C,70.22; H,8.08; N,4.79; Calc. for C^^H23N0S (289.41): 

C,70.54; H,8.00; N,5.08%). 

3-Cyclohexylamino-3-methylthio-l-(4-methoxyphenyl)-2-propen-l-one (37h); 

pale yellow solid; yield 96%; m.p. 71°C; i.r.(KBr):0 = 1600, 1580 cm"^; 

^H n.m.r.(CDCl): 51.20-2.12(m,10H,ring CH2); 2.42(s,3H,SCH.3); 3.57(brm, 

IH.NCH); 3.82(s,3H,0CIl3); 5.61(s,lH iQf^^^^)l 6.82-7.30(m,2H ̂ ^ ); 7.71-

8.12(m,2H ); 11.90(brs,lH,Nil,exchangeable with D2O). (Found: C,63.29; 

H,7.19; N,5.07. Calc. for Cĵ ĤjgN02S (265.35): C, 63.36; H,7.21; N,5.27%). 

3-Cyclohexylamino-3-inethylthio-l-.(4-chlorophenyl)-2-propen-l-one (37i); 

pale yellow solid; yellow 81%; m.p. 74-75°C; i.r.(KBr):^ = 1562, 

1468 cm"-̂ ; ̂ H n.in.r.(CDCl2): ̂ 1.81-2.21(in,10H,ring CH2); 2.43(s,3H,SCH2); 

3.61(brm,lH,qi); 5.38(s,lH^^g^.^^ );7.39(d,J=9Hz,2H^^^^); 7.84(d,J=9Hz, 

2H ̂  ); 11.98(brs,lH,NH,exchangeable with D2O). (Found: C,62.29; H,6.34; 

N,4.70. Calc. for C^^H2QC1N0S (309.7): C,62.00; H,6.46; N,4.52%). m/z 311 

(M^, 17%); 309 (M'^,45%). 

3-Cyclohexylamino-3-ethylthio-l-phenyl-2-propen-l-one (37-i); viscous 

liquid; yield 90%; m.p. 60°C; i.r.(KBr):\) = 1620, 1480 cm""̂ ; -̂H n.m.r. 
msx 

(CCl^):($1.19(t,J=6.5Hz,3H,SCH2CH3); 1.00-2.14(m,10H,ring CH^^); 2.82(q, 
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J=6.5Hz,2H,SCHXH.); 3.58(brm,lH,NCH); 5.52(s,lH , . . . ) ; 7.20-7.31 ~-L J — olermic 

(m,3H ); 7.60-7.81(ra,2H ^ ); 11.92(brs,lH,NH,exchangeable with D^O). aroni arorn — 2. 

(Found: C,70.32; H.S.ll; N,4.85. Calc. for C^^H23N0S (289.41): C,70,54; 

H,8.00; N,4.83%). 

3-(g6 -Phenyl)ethylamino-3-methylthio-l-(4-chlorQphenyl)-2-propen-l-

one (37k); viscous liquid; yield 80%; i.r. (KBr):^ =1600, 1480 cm"''"; 

^H n.m.r.(CDCl2):6l.49(d,J=7Hz,3H,CH3); 2.20(s,3H,SCH3); 4.81(brin,lH, 

NCH); 5.52(s,lH - , . . . ) ; 6.92-7.49(m,7H ); 7.62(m,2H ); 12.05 —" ^ olefinxc ^ ' arom ^ arom 

(d,J=6Hz,lH,NH,exchangeable with D2O). (Found: C,65.21; H,5.42; N,4.22. 

Calc. for CjgH^gClNOS (331.89): C,65.14; H,5.46; N,4.21%). 

The hydroxyiminoimines 38a-m were prepared by extending the following 

reported procedure. 

General procedure for the preparation for oO-hydroxyimino- B-alkylimino-

ketones (38a-m); 

To an ice cooled and well stirred solution of S,N-acetal y]_ (10 mmol) 

in dry pyridine (2 ml) and dry chloroform (25 ml), a solution of nitrosyl 

chloride (8g, 0.012 mol) in dry ether (5 ml), was added and the mixture 

was further stirred for 15 min. It was then diluted with ice cold water 

(50 ml), extracted with chloroform (50 ml), and the chloroform extract 

was washed with water (3x100 ml) dried with sodium sulfate and evaporated 

to give hydroxyiminoimines 38ar-k as colourless solids, which were 

further purified by crystallization using benzene. The hydroxyiminoiraine 

38k was found to be unstable on prolonged keeping, at room temperature, 

whereas 381 was not isolated in pure form for spectral and analytical 
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data and as such used for subsequent cyclization. The structures of 

hydroxyiminoimines were confirmed by their spectral and analytical data 

which were given below. 

oC-Hydroxyimino- f3-isopropylimino- (3-methylthio-propiophenone (38a); 

light yellow solid; yield 75%; m.p. 155°C; i.r. (KBr): •v)„̂  =3150(Br), 

1650, 1598 cni~^; ̂ H n.m.r.(DMS0-d^):^1.50(d,J=7Hz,3H,CH3); 2.48(d,J=7Hz, 

SH.ClIg); Z.SOCs.l.SH.SCH^); 2.50(s,l-5H,SCHg); 3.A5(sept,J=7Hz,0.5H, 

CH(CH,)„; 3.95(sept,J=7Hz,0.5H,CH(CH„)„; 7.28-7.80(m,3H ̂  ); 7.80-8.20 

(m,2H ). (Found: C,58.93; H,6.37; N,10.42. Calc. for C.^E.Ji^O^S arom iJ 15 2 2 

(264.3): C,59.09; H,6.06; N,10.60%). 

OC-Hydroxyimino- p-isopropylimino-f5-methylthio-(4-methyl)propiophenone 

(38b); l igh t yellow so l id ; yield 82%; m.p. 120°C; i . r . (KBr) : - ) = 3137(br), 

1650, 1600 cm"- ;̂ i.r.(CHCl„):-D = 3133(br), 1650, 1603 cm""̂ ; Ĥ n.m.r. 
.J in3.x 

(CDCl2):5l.20(d,J=7Hz,6H,C]l3); 2.24(s,3H,SCH2); 2.35(s,3H,CH2); 3.95 

[sept,J=7Hz,lH,CH(CH„)„]; 7.03(d,J=8Hz,A„B„,2H ^ ); 7.82(d,J=8Hz,A„B„, 

2H ̂  ); 10.95(brs,lH,OH,exchangeable withD20). (Found: C,60.17; H,6.38; 

N,9.93. Calc. for C^4%8^2°2^ (278.4): C,60.43; H,6.47; N,10.07%). 

o6-Hydroxyiinino- (3-isopropylimino- (3-methylthio-(4-methoxy)propiophenone 

(38c); light yellow solid; yield 85%; m.p. 140°C; i.r.(KBr):^) = 3137, 
- • ^-^ II13X 

1650(m), 1600 cm"-̂ ; i.r.(CHCl„):^ = 2132, 1646, 1600 cm"-̂ ; ̂ H n.m.r. 
•5 ' max 

(CDCl^):6 1.23(d,J=6.5Hz,6H,qi3); 3.85(s,3H,0CH^); 3.90[sept,J=6.5Hz, 

1H,CH(CH3)2]; 6.80(d,J=7.5Hz,A2B2,2H^^^^); 8.05(d,J=7.5Hz,A2B2,2H^^^^); 

10.8(brs,lH,OH,exchangeable with D2O). (Found: C,57.08; H,6.37; N,9.39. 

Calc. for Cĵ ^HjgN203S (294.4): C,57.14; H,6.12; N,9.52%). 
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di -Hydroxyimino- p - l s o p r o p y l i m i n o - P -me thy l th io - (4 -ch lo ro )p rop iophenone 

(38d) ; l i g h t yel low s o l i d ; y i e l d 86%; m.p. 160°C; i . r . ( K B r ) : ^ = 3145, 
• - •• — n i 3 . x 

1655, 1588 cm"-^; i . r . ( C H C l _ ) : 0 = 3143(w); 1652, 1592 cm"-'-; ^H n . m . r . 
3 max 

(CDCl^):^ 1.20(d,J=7Hz,6H,CH3); 2.22(s,3H,SCH2); 3.90(sept,J=7Hz,lH,NCH); 

7.10-7.53(ra,2H ); 7.71-8.15(m,2H ); 11.0(brs,lH,OH,exchangeable 

with D2O). (Found: C,52.27; H,5.38; N,9.54. Calc. for ^i'^i^^'^'^'P2^ 

(298.8): C,52.30; H,5.03; N,9.39%). 

cC-Hydroxyimino- (3-isopropylimino- P-ethylthio-propiophenone (38e); 

light yellow solid; yield 83%; m.p. 120°C; i.r. (KBr):-;) = 3129, 1658, 

1584 cm"-̂ ; i.r.(CHClo):-J = 3132, 1655, 1600 cm""̂ ; ̂ H n.m.r.(CDCl^): 

<^1.18(t,J=7Hz,3H,CH3CH2); 1.20(d,J=7Hz,6H,CH3); 2.68(q,J=7Hz,2H,CH2CH2); 

3.90(sept,J=7Hz,lH,NCH); 7.10-7.68(m,3H ); 7.25-7.96(m,2H ); ^ ' ' » _^ • V ' arom arom 

11.6G(brs, lH,OH,exchangeable with D2O). (Found: C ,60 .13 ; H ,6 .25 ; N ,10 .33 . 

Ca lc . for ^11^1^2^!^ ( 2 7 8 . 4 ) : C ,60 .43 ; H ,6 .47 ; N,10.07%). 

oC-Hydroxyimino- P -cyc lohexy l imino- (3-methylthio-propiophenone ( 3 8 f ) ; 

l i g h t yellow s o l i d ; y i e l d 85%; m.p. 132°C; i . r . ( K B r ) : - 0 = 3125, 1660, 
II13X 

1600 cm"•^; i . r . ( C H C l „ ) : ^ = 3 1 2 2 , 1658, 1597 cm"•^; % n .m. r . (CDCl^) : 
o ni3x -̂  

(5 1.05-2.23(m,10H,ring CII2); 2.48(s,3H,SCH.2); 3.55(brs,lH,NC]i); 7.15-

7.82(m,3H ); 8.13-8.52(m,2H ); 10.90(brs,lH,OH,exchangeable with 
' arom ^ ' arom 

D2O). (Found: C,65.42; H,6.32; N,9.47. Calc. for CjgH2QN202S (304.4): 

C,65.13; H,6.57; N,9.21%). 

gCi-Hydroxyimino- p-cyclohexylimino- p-methylthio-C4-methyl)propiophenone 

(38R); light yellow solid; yield 88%; m.p. 135°C; i.r.(KBr):-^ = 3113, 

1647, 1596 cm"^; i.r.(CHCl„):-^ = 3115(w), 1647, 1592 cra""̂ ; ̂ H n.m.r. 
3 max 

(CDCl): 6 0.89-2.00(brm,10H,ring CH„); 2.18(s,3H,CH.o) ; 2.35(S,3H,SCH;O) ; 
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3.56(brs,lH,NCH); 7.08(d,J=8Hz,A2B2,2H^^^^); 7.86(d,J=8Hz,A2B2, 

2H ) ; 10.70(brs,lH,OH,,exchangeable with D2O). (Found: C,64.03; 

H,6.83; N,8.71. Calc. for Cj^H22N202S (318.4): C,64.15; H,6.91; 

N,8.80%). 

06-Hydroxyimino- (3-cyclohexylimino- (5-methylthio-(4-methoxy) 

propiophenone (38h); colourless solid; yield 83%; m.p. 175°C; 

i.r.(KBr):^) = 3120, 1643(m), 1600, 1588 cm~^; i.r.(CHCl„): 

•0 = 3118, 1643, 1600, 1588 cm~^; ̂ H n.m.r.(CDCl„): <$1.05-2.20 

(brm,10H,ring CH2); 2.47(s,3H,SCH2); 3.55(brs,lH,NCH,); 3.82(s,3H, 

OCH^); 6.71-7.00(m,2H ) ; 7.82-8.05(m,2H ^ ) ; 11.80(brs,lH,0H, 
-J sroni 3.1 oin 

exchangeable with D2O). (Found: C,61.30; H,6.38; N,8.50. Calc. 

for Cj^H22N203 (334.4): C,61.07; H,6.58; N,8.38%). 

06-Hydroxyimino- |3-cyclohexylimino- f3-methylthio-(4-chloro) 

propiophenone (381); colourless solid; yield 89%; m.p. 180°C; i.r. 

(KBr):>;) ^ = 3 2 7 1 , 1647, 1608, 1588 cm""^; i.r.(CHCl„): 0 =3275(w), max J inax 

1650, 1605, 1588 cm""^; ^H n.m.r.(CDCl2): 5 0.9-2.10(brni,10H,ring CH2); 

2.20(s,3H,SCH„); 3.53(brs,lH,NCH ) ; 7.18(d,J=7.5Hz,A„B„,2H ) ; —3 — 2 2 arom 

7.72(d,J=7.5Hz,A„B^,2H ); 11.65(brs,lH,OH,exchangeable with ' 2 2 arom v » » _» & 

D2O). (Found: C,58.25; H,5.78; N,8.03. Calc. for C^5HjgClN202 (338.9): 

C,58.40; H,5.60; N,8.25%). 

oO-Hydrdxyimino- P-cyclohexylimino- P-ethylthiopropiophenone (38j); 

colourless solid; yield 81%; m.p. 120°C; i.r.(KBr):-0 = 3150, 

1660, 1590 cm"-̂ ; ^H n.m.r.(nMSO-dg): 5 1.18(t,J=6.5Hz,3H,SCH2CH3); 

0.9-2.04(brm,10H,ring CH2); 2.73(q,J=6.5Hz,1.6H,SCH_2CH2); 3.10(q, 

J=6,5Hz,4H,SCH2^3)5 3.62(brs,lH,NCH); 7.10-7.62(m,3Hg^^^); 7.81-8.05 
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Cm,2H ); 11.7(brs,lH,OH,exchangeable with D„0). (Found: C,64.45; 
arom •̂  

H,7.31; N,8.51. Calc. for Ĉ -,H22N202S (318.4): C,64.15; H,6.91; 

N,8.80%). 

o6-Hydroxyimino- P-(c6-phenyl)ethylimino)- (^-methylthio-(4-chloro) 

propiophenone (38k); colourless solid; yield 86%; m.p. 110°C; i.r. 

(KBr):0 = 3050(w), 1647, 1592 cra""̂ ; i.r.(CHCl„): %) = 3047(w), 
^max ^ 3 max 

1650, 1588 cm"-̂ ; "̂H n.m.r.(CDCl^): .̂  1.48(d,J=7Hz,3H, CH^); 2.00(s, 

SH.SCHg); 4.81(q,J=7Hz,lH,NCH); 6.85-7.48(ni,7H^^^^); 7.66(d,J=9Hz, 

); 10.8(brs,lH,OH,exchangeable with D2O). (found: C,60.21; 2H 
arom 

H,4.51; N,7.41. Calc. for C^gH^^ClN202S (360.9): C,60.00; H,4,72; 

N,7.71%). 

General procedure for the preparation of 2,2-disubstituted-4-aroYl-

5-alkylthio-2H;-imidazoles (4^-1.): 

A solution of hydroxyiminoimine ̂  (10 mmol) in acetonitrile (25 ml) 

is heated in a steel bomb at 200°C for 1 h. (monitored by TLC mobile 

phase:ethylacetate). The mixture is cooled poured into water (100 ml), 

extracted with chloroform (2x100 ml), dried with sodium sulfate and 

concentrated to give crude imidazoles 40a-l, which are further 

purified by chromatography, on silica gel column using hexane/ethyl-

acetate (20:1) as eluent. The spectral and analytical data of the 

imidazoles are as follows, 

2,2-Dimethyl-4-benzoyl-5-methylthio-2H-imidazole (4pa); white solid; 

yield 50%; m.p. 44-45°C; i.r.(KBr):0 = 1660, 1600 cm"-̂ ; ^H n.m.r. 
^max 

(CDCl3):5 1.50(s,6H,CH2); 2.48(s,3H,SCH.3); 7.20-7.55(m,3H^^^ ); 

8.15-8.30(m,2H ). (Found: C,63.62; H,5.40; N,11.50. Calc. for arom 1 » » » 



"^13^14^2°^ ( 2 4 6 . 3 ) : C .63 .41 ; H,5 .69; N a i . 3 8 % ) . m/z 246(M'^,45%); 

231(32) ; 199(3) ; 141(8) ; 115(10); 105(100); 100(30) . 

2 ,2 -Dimethyl -4- (4-methyl )benzoyl -5-methyl th io-2H- imidazole (40b) ; 

white s o l i d ; y i e l d 58Z; m.p. 102°C; i . r . ( K B r ) : ^ ) = 1660, 1604 cnT^; 
insx 

•̂H n . m . r . ( C D C l 3 ) : 5 l . 6 0 ( s , 6 H , C H 2 ) ; 2.40(s,3H,SCH2); 2.53(s,3H,CH2); 

7.28(dd,J=8Hz,A„B^,2H ) ; 8 .10(dd,J=8Hz,A3^,2H ) . (Found: 
2 2 ' arom ' 2 2 ' arom 

C,64.38; H,6 .32 ; N ,10 ,48 . C a l c . for C^4H^5N20S ( 2 6 0 . 4 ) : C ,64 .61 ; 

H ,6 .15 ; N,10.76% . ra/z 260(M"*",46%); 245(34) ; 213(10) ; 141(8) ; 

119(100); 115(13) ; 100(45) . 

2,2~Dimethyl-4-(4-inethoxy)benzoyl-5-niethylthio-2j][- imidazole (40c ) ; 

whi te s o l i d ; y i e l d 58%; m.p. 102°C; i . r . ( K B r ) : ^ = 1645, 1600 cm~'^; 

^H n.m.r.(CDCl2):<$ 1.50(s,6H,CH2); 2.41(s,3H,SCH3); 3.80(s,3H,OCH3): 

6.88(d,J=7Hz,A„B„,2H ) ; 8.21(d,J=7Hz,A„B„,2H ) . (Found: C,60 .63; 
2 2 arom 2 2 arom 

H,5.90; N,10.39, Calc. for C H^ CIN2OS (280.8): C,60.86; H,5.79; 

N,10.14%). ra/z 276(M'^,30%); 261(34); 229(1); 141(3); 135(100); 

115(7); 100(34). 

2,2-Dimethyl-4-(4-chloro)benzoyl-5-methylthio-2H-imidazole (40d); 

white solid; yield 60%; m.p. 99-100°C; i.r.(KBr):^) ^ = 1660, 1590 cm"^; 

"̂H n.m.r.(CDCl2):(S 1.58(s,6H,CH2); 2.50(s,3H,SCH_2); 7.48(dd,J=8Hz, 

A„B ,2H _ ^ ) ; 8.25(dd,J=8Hz,A„B„,2H ^ ); "̂ Ĉ n.m.r. (CDC1„/TMS): 

6U.5(SCE^); 2.A1(2-CH^); 104.8(C-2); 128.9(C-3'.phenyl); 131.00 

(£-2'.phenyl); 133.4 (Ĉ -4'.phenyl C-Cl); 140.9(0.-1'.phenyl); 158.5 

(£-4); 163.5(C-5); 187.0 ppm(C=0). (Found: C.55.68; H,4.73; N,10.17. 

Calc. for C^2H^2C1N20S (280.8): C,55.51; H,4.62; N,9.96%). m/z 282, 

280(M"^.11.28%); 267.265(10.26); 235,233(5.13). 141(30), 141, 139(75,100), 

155(11), 100(32). 
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2,2-DimethYl-4-benzoyl-5-ethylthio-2H-imida2ole (40e); viscous 

semisolid; yield 55%; i.r.(KBr):^ = 1660, 1598 cm"-̂ ; "̂H n.m.r. 

(CDCl„):5l.35(t,J=7Hz,3H,SCH2CH3); 1.55(s,6H,Cfl3); 3.10(q,J=7Hz, 

2H,SCH„CHo); 7.28-7.66(m,3H ); 8,15-8.41(in,2H ). (Found: 
' —2 3 arom arora 

C,64.90; H,6.52; N,9.55. Calc. for C^^H^gN20S (260.4): C,64.6l; -

H,6.15; N,10.76%). m/z 260(M'^,16%); 245(59); 199(13); 155(48); 

129(7); 105(100); 100(50). 

2,2-Cyclopentamethylene-4-benzoyl-5-methylthio-2H-iinidazole (40f); 

white solid; yield 52%; m.p. 41-42°C; i.r. (KBr): >;) = 1665, 1600 cra~\-

•̂H n.m.r.(CDCl2): 1^1.05-2.20(m,10H,ring CH2); 2.50(s,3H,SCH2); 

7.15-7.52(m,3H ); 8.15-8.31(m,2H ). (Found: C,67.40; H,6.52; arom arom f » f » 

N,9.55. Calc. for C^^E^^^OS (286.4): C,67.13; H,6.29; N,9.79%). 

m/z 286(M"*',56%); 239(26); 181(26); 155(10); 140(25); 105(100). 

2,2-Cyclopentamethylene-4-(4-methyl)benzoyl-5 -methylthio-2H-

imidazole (40g); white solid; yield 58%; m.p. 101°C; i.r.(KBr): 

\) = 1660, 1608 cm"-̂ ; ̂ H n.m.r.(CDCl^): 6 1.10-2.15(m,10H,ring CH„); 
IQ3X ^ J, 

2.40(s,3H,SCH3); 2.55(s,3H,CH2); 7.18(dd,J=7Hz,A2B2,2H^^^^); 8.10 

(dd,J=7.5Hz,A„B„,2H ). (Found: C,67.81; H,6.48; N,9.64. Calc. for 
2 2 arom 

"̂ 17̂ 20̂ 2*̂ ^ (300.4): C,68.00; H,6.66; N,9.33%). m/z 300(M"^,54%); 253 

(21); 181(15); 155(5); 140(24); 119(100). 

2,2-Cyclopentamethylene-4-(4-methoxy)benzoyl-5-methylthio-2H-

imidazole (40h); viscous semisolid; yield 57%; i.r.(KBr):^ = 1655, 

1596 cra"-̂ ; ̂ H n.m.r. (CDCl3):5 1.20-2.18(brs,10H,ring CH2); 2.45(s, 

3H,SCI1O); 3.83(S,3H,0CH„); 6,86(d,J=9HZ,A„B„,2H ). (Found: C,64.34; 

H,6.52; N,8.51. Calc. for ^Y^^,;^-^'^ (316.4): C,64.55; H,6.32; N,8.86%). 

m/z 316(M"^,38%); 269(8); 181(16); 155(22); 140(95); 135(100). 
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2,2-Cyclopentamethylene-'4-(A-chloro)benzoyl-5-methylthio-2H;-

imidazole (401); white solid; yield 59%; m,p. 106°C; i.r.(KBr): 

v) = 1668, 1595 cm~^', ^E n.m.r. (CDClo): ̂  1.30-2. lOCmJOH,ring 
max J 

CII2); 2.50(s,3H,SCH3); 7.46(d,J=8.5Hz,A2B2,2H^^^^); 8.25(d,J=8.5Hz, 

A„B„,2H ). (Found: C,59.92; H,5.45; N,8.43. Calc. for 
Z 2. arom 

C^gH^^ClN20S(320.8): C,59.80; H,5.29; N,8.72%). m/z 322, 320(M"'", 

14,40%); 275, 273(8,19); 181(80); 155(14); 140(80); 141,139(40,100). 

2,2-Cyclopentamethylene-4-benzoyl-5-ethylthio-2II-imidazole (40i); 

viscous semisolid; yield 56%; i.r.(KBr):'^ = 1660, 1596 cm ; 

•̂H n.m.r.(CDCl3):$1.40(t,J=7Hz,3H,SCH2CH3); 1.40-2.20(brs,10H, 

ring CH2); 3.10(q,J=7Hz,2H,SCH2CH2); 7.20-7.68(m,3H ); 8.13-8.35 

(m,2H ). (Found: C,68.28; H,6.39; N,9.66. Calc. for CT^H„„N_OS 
arom 17 20 2 

(300.4): C,68.00; H,6.66; N,9.33%). m/z 300(M"*",28%); 239(12); 

195(35); 169(17); 141(15); 105(100). 

2-Phenyl-2-methyl-4-(4-chloro)benzoyl-5-methylthio-2H-imidazole (40k); 

white solid; yield 58%; m.p. 95°C; i.r.(KBr):v» = 1660, 1580 cm"^; 
in 3.x 

Ĥ n.m.r.(CDCl3):g 1.75(s,3H, CHg); 2.58(s,3H, CH^); 7.12-7.78(m, 

' ' \ rom^ ' 8.26(d,J=9Hz,A2B2,2H^^^^). (Found: C,63.44; H,4.52; N,8.48. 

Calc. for C^gH^^ClN20S (342.8): C,63.15; H,4.38; N,8.18%); m/z 344, 

342(M'^,20,50%); 297, 295(33,70); 203(55); 177(56); 162(57); 141, 

139(27,58). 

2-Phenyl-2-methyl-4-benzoyl-5-inethylthio-2jI-imida2ole (401); white 

solid; yield 55%; m.p. 87°C; i.r.(KBr):-0 ^ " ^^^^' ^^^^ '^'°~^' 

^H n.m.r.(CDClg):^ 1.75(s,3H,C][3); 2.70(s,3H,SCH.3); 7.05-7.92(m, 

^\rom^' 8.15-8.38(m,2H^^^^). "̂ Ĉ n.m.r. (CDCI3/TMS): ̂  14.6(3013); 
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27.5(2-013); 108.1(C:-2); 126.8; 127.8; 128.3; 128.5, 130.6(C-2', 

C.-3'-, C-4' of phenyl and £-2',C_-3' of 4-benzoyl); 134.2(C.-4' of 4-

benzoyl); 135.1(0.-1' of 2-phenyl); 139.8(0.-1' of 4-benzoyl); 158.7 

(C-4); 164.5(0-5); 188.2 ppm(0=0). (Found: 0,70.44; H,5.49; N,9.41. 

Oalc. for C^gH^gN20S (308.4): 0,70.12; H,5.19; N,9,09%). m/z 308 

(M'*',5%); 261(10); 203(64); 177(70); 162(80); 105(100). 

II.6 The dimethyl-N-aryl-and N-alkyl carbonimidodithioates were prepared 

25—28 
according to the reported procedure 

General procedure for the preparation of 1-N-aryl and l-N-alkyl-2-

methylthioimidazoles (88a-l): 

A solution of the dimethyl N-aryl-or N-alkyl carbonimidodithioate 

47 (10 mmol) and arainoacetaldehyde diethylacetal 87(2g, 15 minol) in 

acetic acid (10 ml) was heated to boiling for 10-15 hr. Then acetic 

acid was removed under vacuum and the residue was dissolved in 0H01„ 

(50 mL). This solution was washed with H2O (3x30 mL), dried (Na„S0,), 

and evaporated to give the crude product ̂  which was purified by 

column chromatography on silica gel using EtOAc/hexane (1:4) as eluent 

and crystallized from CH^C1„. 

The structures of the imidazoles were confirmed by their spectral 

and analytical data which are given below. 

43 48 
The products 881-1 ' were characterized by comparison of their i.r. 

and H n.m.r. spectral data with reported values as well as by mass 

spectra and micro analyses. 

l-Phenyl-2-raethylthioimidazole (88a); white solid, reaction time lOh; 

yield 80%; m.p. 55°0; lit. m.p. 53-54°0. (Found: 0,63.38; H,5.45; 
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N, 14.97. Calc. for C^o^l0^2^ (190.1): C,63.15; H, 5.26; N,14.76%). 

m/z 190(100%). 

l-(4-Methylphenyl)-2-methylthloimldazole (88b); white solid; reaction 

time lOh; yield 89%; ra.p. 75°C; i.r.(KBr):<) = 3160, 3010, 1510, 
•̂  max 

1440 cm"-̂ ; ̂ H n.m.r.(CDCl2): <62.39(s,3H,CHg); 2.54(s,3H,SCH3); ̂ '^^ 

(s,lH,H-4); 7.03(s,lH,H-5); 7.31(s,4H ). (Found: C,64.99; H,5.71; 
d.r*oni 

N,13.90. Calc. for Cj^H^2N2S (204.2): C,64.70; H,5.88; N,13.72%), 

m/z 204(M'^,61%). 

l-(4-Methoxyphenyl)-2-methylthioimidazole (88c); white solid; reaction 

time llh; yield 85%; m.p. 100°C; i.r.(KBr):>0 = 3120, 3000, 1510, max 
-1 1 1442 cm ; "̂H n.m.r. (CDCl^): <̂  2.45(s,3H,SCH.2) ; 3.76(s,3H,0CH2); 

6.70-7.29(ra,6H,H-4, H-5, 4H ). (Found: C,60.28; H,5.61; N,12.90. 
— — arom 

Calc. for C^^H^2N2°S (220.2): C,60.00; H,5.45; N,12.72%). m/z 220 

(M"*',60%). 

l-(4-Chlorophenyl)-2-methylthioimidazole (88d); white solid; reaction 

time lOh; yield 81%; m.p. 110-112°C; i.r. (KBr): >;)^^^ = 3120, 2900, 

1480, 1435 cm~S ^H n.m.r.(CDCl3): £. 2.50(s,3H,SCH3); 7.98(s,lH,H.-4); 

7.07(s,lH,H-5); 7.32(m,4H ). (Found: C,53.65; H,4.24; N,12.26. 
— arom 

Calc. for C^QH CIN2S (224.6): C,53.42; H,4.00; N,12.46%). m/z 224, 

226(M"^,100,96%). 

l-(4-Bromophenyl)-2-methylthioimidazole (88e); white solid; reaction 

time lOh; yield 90%; m.p. 97°C; i.r.(KBr):vJ = 3095, 2925, 1481, 
013. X 

1440 cra"-̂ ; ̂ H n.m.r .(CDCl^) :S2.50(s,3H,SCH.3); 7.00(s,lH,H-4); 7.05 

(s,lH,H-5); 7.00-7.65(m,4H ). (Found: C,44.78; H,3.42; N,10.48. 

Calc. for C^QHgBrN2S (269.1): C,44.59; H,3.34; N,10.40%). m/z 268,270 

(M'*',35,10%). 
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l-(2-Methylphenyl)-2-methylthioimidazole (88f); oil; reaction time 

15 h. yield 82%; i.r.(KBr):^ = 3102, 3024, 1490, 1458 cm"-*-; 
ni3.x 

•̂H n.in.r.(CDCl2):S2.51(s,3H,SCH2); 6.81(s,lH,H-4); 6.96(s,lH, 

H.-5); 7.0 -7 .40 ( ra ,4H__) . (Found: C,69.91; H,5.97; N,13.97. Calc. 

for C^^H^2%S (204.2): C,64.70; H,5.88; N,13.72%). m/z 204(M""",38%), 

l-(2-Chlorophenyl)-2-methylthioimida2ole (88^); o i l ; react ion time 

16h. yield 83%: i.r.(KBr):>i) = 3100, 3051, 1590, 1480, 1435 cm~S 
in3.x 

^H n.ra.r.(CDCl2):62.50(s,3H,SCHg); 6,84(s,lH,H-4); 6.94(s,lH,H-5); 

7.0-7.55(m,4H^^^^). (Found: C,53.63; H,4.22; N,12.21. Calc. for 

CjQHgClN2S (224.6): C,53.42; H,4.00; N,12.46%). ra/z 224, 226(M'̂ , 

80, 35%). 

l-(3-Chlorophenyl)-2-methylthioimidazole (88h); white solid; 

reaction time lOh. yield 80%; ra.p. 45°C; i.r.(KBr):>) = 3108, 

3092, 1590, 1482, 1473 cm~S ^H n.m.r.(CDCl2):<S2.51(s,3H,SCH2): 

6.90(s,2H,H-4 and H-5); 7.00-7.35(m,4H ). (Found: C,53.29; 
— — arom 

H,4.29; N,12.16. Calc. for C^^H CIN2S (224.6): C,53.42; H,4.00; 

N, 12.46%). m/z 224, 226(M"^,81, 79%). 

l-(2,4,5-trimethoxyphenyl)-2-methylthioimidazole (881); white solid; 

reaction time lOh. yield 81%; m.p. 120°C; i.r.(KBr):Y) = 3110, 

3095, 1595, 1509, 1443 cm~^ ̂ H n.m.r.(CDCl2):&2.51(s,3H,SCH2); 

3.71(s,3H,0CH2)j 3.73(s,6H,0C}l2); 6.50(s,2H,H.-4 and H_-5); 6.90(s, 

2H ). (Found: C,55.92; H,5.59; N,10.28. Calc. for C,„H,,N„0„S 
arom 13 16 2 3 

(280.1): C,55.71; H,5.71; N,10.00%). m/z 280(M'^,93%). 
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l-Methyl-2-methylthioimidazole (881); oil; reaction time llh. yield 

80%. (Found: C,A6.61; H,5.58; N,22.22. Calc. for C^HgN^S (128.0): 

C,46.87; H,6.25; N,21.87%). m/z 128 (M'^,100%). 

l-Ethyl-2-methylthioimidazole (88k); oil; reaction time 12h. yield 80%. 

(Found: C,50.A2; H,7.31; N,19.98. Calc. for C^H^QN^S (142.0): C,50.70; 

H,7.04; N,19.71%). m/z 142 (M"^,100%). 

1-Benzy1-2-methy1thioimidazole (881); oil; reaction time 15h, yield 

85%; i.r.(KBr):0 = 3100, 3058, 1492, 1450, 1425 cm"-̂ ; ̂ H n.m.r. 
' " max 

(CDCl2):5 2.52(s,3H,SCH2); 5.00(s,2H,CgH5CH2); 6.72(s,lH,H,-4); 6, 90 

(s,lH,H-5): 6.90-7.30(ra,5H^^^^). (Found: C,64.46; H,6.96; N,13.46. 

Calc. for C^iH^2^2^ (204.21): C,64.70; H,5.89; N,13.70%)Wz 204(M"̂ , 100%). 

l-Isopropylimidazole-2(3j{)-thione; General procedure: 

A solution of dimethyl N-isopropylcarbonimidodithioate 87m (1.50g, 

15 mmol) in acetic acid (10 mL) is heated to boiling for 20h. until 

compound 87m has been consumed completely (TLC, EtOAc/benzene 1:4) 

work-up as in general procedure gives the thione &9̂  as pale coloured 

crystals (from CH2CI2); 100g(75%); ra.p. 169-70°C (Lit. m.p. 168-69°C, 

superiraposable i.r. and n.m.r. spectra. (Found: C, 51.25; H,6.56; 

N,19.61. Calc. for C^^g^2^ (141.13): C,51.05; H,6.42; N,19.83%). 

m/z 141 (M'^,60%). 
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CHAPTER III 

CYCLOAROMATIZATION OFcC-OXOKETENE DITHIO-
ACETALS OTTH 3-METHYL-5-LITHI0METHYL 
ISOXAZOLE: A NEW GENERAL METHOD FOR THE 
SYNTHESIS OF SUBSTITUTED AND ANNELATED 
1,2-BENZISOXAZOLES* 

III.l INTRODUCTION 

The oC-oxoketene dithioacetals have been a subject of intense 

investigation in this laboratory. They possess 1,3-electrophilic 

centres with differential electrophilicity and undergo either 1,2-

or 1,4-regioselective additions depending on the nature of the 

nucleophiles . The differential reactivity pattern has been fully 

exploited by a number of workers leading to many novel transformations 

* D. Pooranchand, M.P. Balu, H. Ila, H. Junjappa, Tetrahedron Lett., 

501 (1988). 
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involving new C-C bond formation. Thus the organomanganesium 

2 
reagents have been shown to undergo both 1,2- or 1,4-addition , 

whereas various organolithium compounds exhibit high regioselectivity 

3 
yielding compounds arising through 1,2-additions . Also the organo-

4 
cuprates have been shown to add in a regioselective 1,4-manner . 

The foregoing discussion displays the reports on C-C bond forming 

reactions via csO-oxoketene dithioacetals, which results in ring 

forming reactions leading to aromatic and heteroaroraatic systems. 

The general strategy involves 1,2-addition of a suitable carbon 

nucleophile to D6-oxoketene dithioacetals to give the allylic alcohols 

which on subsequent Lewis acid assisted cationic cyclization form six 

membered ring followed by aromatization. The overall reaction can be 

generally termed as aromatic annelation or cycloaromatization. The 

present method involves the union of two three atom fragments one with 

1,3-electrophilic and other with 1,3-nucleophilic centres. 

The c6-oxoketene dithioacetals _1. were shown to undergo facile 1,2-

reduction with sodiuraborohydride to give the intermediate alcohols 

which undergo facile solvolysis in the presence of boron trifluoride 

etherate to give the corresponding ene esters . The ene ester synthesis 

was further extended to the addition of alkyl and arylmagnesium halides 

2 

to study the scope of the method . Interestingly when allylraagnesium 

bromide was added too6f-oxoketene dithioacetals 1_, exclusive 1,2-

addition took place to afford the corresponding alcohol acetals 2. 

in nearly quantitative yields, which were shown to undergo intramole­

cular cationic cycloaromatization to the aromatic compounds 3_ . The 
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reaction appears to proceed through intramoleculariT-participation 

of the allylic double bond to form a cationic species which on eli­

mination of methyl raercaptan yield the aromatized product 3̂  (Scheme I).-

The formation of these benzenoids from the o6-oxoketene dithioacetals 

derived from wide structural variants of active methylenes ketones, 

provides unique one pot reaction to yield regiospecifically substi­

tuted aromatic ring systems. The method has been shown to be general 

for both aliphatic and aromatic substituents in the open-chain 

precursors. The oxoketene dithioacetals derived from fused ring 

systems yield the corresponding condensed aromatic systems in 

identical yields. Similarly the reaction ofc6-cinnamoylketene dithio­

acetals 4_ with allyl and crotyl magnesium bromide is also reported to 

give regiospecifically substituted trans stilbenes 5^ in good yields 

(Scheme 1) . This approach of stilbene synthesis is of considerable 

synthetic importance for it allows one of the benzene rings with 

appropriate, substituents suitably placed in the open-chain precursors. 

A benzoannelation approach for the synthesis of fused thioresorcinol 

Q 

dimethylethers is also reported by the reaction of propargyl magnesium 

bromide with(>6-oxoketene dithioacetals _1_ prepared from cyclic ketones. 

It was considered of interest that the cyclization proceeds by the 

intramolecular participation of the propargyl triple bond in the 

carbinol acetal j6 with concommitant attack of methanol on the incipient 

vinyl cation, followed by loss of methyl mercaptan to yield the thiores­

orcinol dimethylethers J. in &ood yields (Scheme 2). However when the 

oxoketene dithioacetal derived from cyclopentanone 8 was reacted with 
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propargylmagnesium bromide, the corresponding allyl alcohol though 

formed in quantitative yield failed to undergo the described cationic 

aromatic annelation to give the corresponding indanes, instead the 

corresponding propargyl ene esters 9_ arising from solvolysis of 

mercaptal functionality was obtained. Similarly the oxoketene 

dithioacetal ^0. derived from indanone underwent addition with propargyl­

magnesium bromide to yield the ene ester 11. The failure of the 

cycloaromatization in these systems appears to be due to unfavourable 

geometry of the five membered rings. 

Interestingly the idea of acetonitrile nucleophile participation 

through the terminal double bond was extended usefully for the syn­

thesis of pyridine derivatives. Thus lithioacetonitrile underwent 

smooth 1,2-addition to 1_ to give the corresponding allyl alcohol 22. 

in nearly quantitative yields. The alcohol thus obtained underwent 

smooth intramolecular cyclization through the formation of new C-N bond 

with concurrent migration of thiomethyl group to yield the corresponding 

2,6-bis(methylthio)-3,4-substituted or annelated pyridine derivatives 

14 (Scheme 3), in high yields which on Raney Nickel desulfurization 

9 
yielded the parent compound 25. in quantitative yield . The method has 

been extended to a number of substituents to prove the efficacy of its 

synthetic potential. 

The reaction of benzylmagnesium chloride with oxoketene dithioacetals 

was considered of special interest since the corresponding allyl alcohol 

should undergo cycloaromatization through the participation of aromatic 

ring double bond yielding corresponding naphthalene and other fused ring 

systems. However when benzylmagnesium halide was reacted with 1_ 
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it underwent initial 1,4-conjugate addition to yield the corresponding 

more reactive ketone 16, followed by 1,2-addition, finally leading to 

the formation of naphthoannelated product _18 through 2Z with benzyl 

group as substituent in place of thiomethyl group. This method is 

shown to be of general application, not only to naphthalene deriva­

tives but also to many polycyclic hydrocarbons depending on the 

structure of _!. (Scheme 4) 

The aromatic annelation was further extended to construct bridge 

head nitrogen compounds of the general formula 21. (Scheme 5). Thus 

2-picolyllithium was selected as representative of lithio-3-azaallyl 

system with c<^oxoketene dithioacetals, to enhance the scope of the 

method for aromatic annelation and further extend it to important 

heteroaromatic annelation. Thus 2-picolyllithium underwent facile 

1,2-addition with _1_ to give the expected allyl alcohols _19 in nearly 

quantitative yields (Scheme 5) . These carbinol acetals when directly 

subjected to cycloaromatization in the presence of boron trifluoride 

etherate formed the quinolizinium ring systems _20̂  involving new C-N 

bond formation in high yields. Similarly when 2-lithiomethyl quinoline 

was reacted with JL_ the corresponding quinolizinium fluoroborate salt 

12 
21 was obtained in high yields . The generality of the method has 

been shown to be applicable to many structural variants of dj -oxoketene 

dithioacetals. 

Interestingly unlike benzylmagnesium chloride, when06-naphthylmethyl-

magnesium halide was reacted with \j, only 1,2-adduct _22. was formed in 

high yields which underwent facile boron trifluoride assisted ring 
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m 
closure to yield the corresponding thiomethylphenanthrene _Z3 in 

13 
high yields (Scheme 6) . Thus the oxoketene dithioacetals Ĵ  are 

of considerable synthetic importance as useful precursors, for the 

synthesis of regiospecifically substituted phenanthrene derivatives 

in one pot synthetic operations. When the reagent was reacted with 

oxoketene dithioacetal derived from tetralone 2^ the corresponding 

dihydro-1,2-naphthophenanthrene 25 was obtained in high yields. 

These reactions amply demonstrate that the aromatic annelation is 

possible to construct benzenoids, naphthalenes, anthracenes, phenan-

threnes, benzanthracenes, naphthophenanthrenes and many other 

condensed aromatic systems starting from appropriately substituted 

oxoketene dithioacetals. 

In the proceeding examples it has been shown that the aromatic or 

heteroaromatic annelation is possible for the construction of the 

aromatics and heteroaromatics and its possible extension to construct 

aromatic ring over the five membered heterocycles would provide an 

alternative efficient approach for the synthesis of important class 

of benzoheterocycles. The reported approaches for the synthesis of 

this class of compounds generally involve the construction of five 

membered heterocycles over the preconstructed benzene ring. Though 

this approach has been extensively investigated it requires often 

highly functionalized benzene derivatives, which are not always easy 

to make in overall high yields. Thus it was contemplated to extend 

the aromatic annelation approach to yet another broad based plan to 

explore the possibilities of annelating the aromatic ring over the 

preconstructed five membered heterocycles. Such an approach would 
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provide possibly easy general methods for the synthesis of benzohetero-

cycles. As a part of this programme the reaction of 3-raethyl-5-lithio-

methylisoxazole with {?6-oxoketene dithioacetals 1_ has been investigated 

to yield the corresponding substituted and annelated 1,2-benzisoxazoles 

in high yields. The broad approach envisaged in the present investi­

gation is described in Scheme 7. 

i. L i H 2 C ^ ^ 

26 

ii.BF3-Et20/C6He 

Scheme 7 

27 

However the success of the general approach envisaged in the present 

investigation will depend upon the availability of lithiomethyl hetero-

cycles of the general formula. 

•CH2Li 
^ X ^ . X=0,N,S 

R 

A few classical approaches indeed are reported in the literature for 

the construction of benzene ring over the five membered heterocycles. 

For example the reaction of 2-lithio-N-methyl pyrrole 28_ with functio-

nalized ketals to yield the corresponding alcohols 22. (Scheme 8) have 

been shown to afford after acid assisted ring closure to the 4-(3-

methyl-2-butenyl) indole ̂  . Similarly the grignard reagent 32_ 

was shown to react with 2-arylthiophenes and the resulting ketal 

alcohols ̂  were found to undergo acid catalyzed ring closure to 
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yield the corresponding benzo[_b̂ ] thiophenes 3^ in good yields 

(Scheme 8) 

III.2 RESULTS AND DISCUSSION 

In the present investigation 3-methyl-5-lithiomethyl isoxazole 

was selected as an allylanion system and as a representative of 

the 5-membered heterocycles in general. Thus anion ̂  underwent 

facile 1,2-addition to yield the corresponding allyl alcohol ^ 

in near quantitative yields and the alcohol was insitu cycloaro-

matized in the presence of boron trifluoride etherate by the elimi­

nation of methylraercaptan from _37_ to yield the corresponding 

benzisoxazole ̂  (Scheme 9). Results of the detailed investigation 

are described herein. 

When _la_ was reacted with 3-methyl-5-lithiomethyl isoxazole _35̂  at 

-78°C, the corresponding carbinol acetal _36̂  was formed in quanti­

tative yield which was directly subjected to cyclization in the 

presence of boron trifluoride etherate in refluxing benzene to 

give the colourless crystalline product characterized as 3-methyl-

4-methylthio-6-phenyl-l,2-benzisQxazole 38a in 73% yield (Scheme 10). 

The structure of this compound was assigned on the basis of analytical 

and spectral data. Thus it was analyzed for C,^H,„NOS and its mass 

spectrum displayed molecular ion peak at m/z 255 (M ,100%). Its 

infrared spectrum (KBr) exhibited bands at 1600, 1566, 1425, 1388, 

1345 cm , where the 1600 band was due to C=N group. The H n.m.r. 

(CCl,) spectrum of 38a showed a singlet (3H) at 52.50 which was 

assigned to the methyl protons. The signal at 52.68 appeared as 

a singlet (3H) and was attributed to the methylthio protons. The 
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broad singlet at 67.02 was assigned to the E-7 proton whereas the 

aromatic protons appeared as broad niultiplet between ̂ 7.20-7.67(6H). 

13 
The structure of 38a was also confirmed by its C n.m.r. spectrum 

which showed signals at 611.47(^3), 17.23(0138), 103.80(C^7), 11A.59 

(£-5), 125.45, 127.24, 128.35(CH,arom), 128.36, 140.20, 142.66, 142.41 

(quaternary c_), 159.71(£-3), 168.07(0^8). Thus the structural 

assignment of 38a was fully confirmed. The method was found to be 

quite general and a number of benzisoxazoles 38b-h were obtained in 54-

oVerall yields by reacting ̂  with the corresponding 06-oxoketene 

dithioacetals Ib-h. The structures of all these benzisoxazoles were 

fully confirmed by their analytical and spectral data and are given in 

the experimental section. 

The oxoketene dithioacetals derived from ethyl methyl ketone _li ^^^ 

propiophenone _lj. failed to yield the desired alcohols 36i and 36j and 

therefore corresponding benzisoxazoles 39i and 39.1 could not be isolated. 

It appears that the 06 -methyl protons of _li 3̂nd _lj_ undergo rapid compe­

titive deprotonation to give the allyl anions that do not participate 

in the reaction sequence (Scheme 10). However, the cyclic oxoketene 

dithioacetals also underwent the sequence of reaction to yield the 

corresponding benzisoxazoles. Thus oxoketene dithioacetal A0_ derived 

from cyclohexanone reacted with 3-methyl-5-lithiomethylisoxazole ^ 

and underwent cycloaromatization to yield the corresponding 3-methyl-

4-methylthio-5,6,7,8-tetrahydronaphtho[b_]isoxazole 41_ in 65% yield 

(Scheme 11). The analytical and spectral data of 41_ are in confirmity 

with the assigned structure. Similarly the oxoketene dithioacetals U2_ 

derived from cycloheptanone also reacted with _35̂  to yield ̂  in 67% 
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yield. The spectral and analytical data in favour of U3_ were given 

in the experimental section. The cxlz-oxoketene dithioacetal 8̂  derived 

from cyclopentanone though yielded the alcohol 44, failed to undergo 

cycloaromatization under the described conditions to yield the corres­

ponding isoxazole 45. No well defined compound could be isolated 

from the reaction mixture (Scheme 11). However in an analogous reaction 

condition oxoketene dithioacetal derived from indanone _10. did react with 

35 and underwent cyclization to yield the corresponding fused ring 

isoxazole h6_ in 57% yield. The analytical and spectral data of h6_ 

axe in agreement with the assigned structure (experimental). Similarly 

the oxoketene dithioacetals 24a-b also reacted with isoxazole to yield 

the corresponding 5,6-annelated benzisoxazoles 47a-b in 76% and 78% 

yields respectively (Scheme 12). The analytical and spectral data of 

these compounds are described in the experimental section. 

The oxoketene dithioacetals ̂  and _50 similarly yielded fused benz­

isoxazoles 49_ and 5\^ in 59% and 81% yields respectively (Scheme 13) 

whose analytical and spectral data are described in experimental 

section. 

In a few cases the validity of benzoannelation over the isoxazole ring 

was examined on p-methylthio-oO - [3-unsaturated enones _52̂  so that the 

product isoxazoles are formed without thiomethyl group on the ring. 

Thus the oxoketene dithioacetals la-c were subjected to Nickel boride 

reduction as reported in one of our earlier papers to yield the 

corresponding f^-methylthio-o^-(3-unsaturated ketones 52a-c in 60-70% 

overall yields (Scheme 14). These compounds were confirmed for their 
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structural authenticity and reacted with 3-methyl-5-lithiomethyl 

isoxazole and the corresponding sulfur free benzisoxazole 53a-c 

were obtained in 70-90% overall yields. The absence of thiomethyl 

singlet at 52.68 fully confirmed the formation of sulphur free 

benzisoxazoles. The analytical and spectral data of these compounds 

are described in the experimental section. Similarly 54a-b were 

formed from 24a-b in 75-85% yields as per reported method and when 

reacted with isoxazole ̂  the corresponding 5,6-annelated benzisoxazoles 

55a-b were obtained in 85% and 88% overall yields. The absence of 

thiomethyl signal and the other spectral data (experimental) confirmed 

the formation of benzisoxazoles. 

The approach of stilbene synthesis was extended to benzisoxazole 

synthesis as depicted in Scheme 15, Thus the cinnamoylketene dithio-

acetal ^ was reacted with isoxazole _35̂  to yield the corresponding 

allyl alcohol 56a in quantitative yield and cyclized in the presence 

of boron trifluoride etherate to yield the corresponding 6-styryl 

benzisoxazole 57a in 68% yield, the structure of 57a was confirmed 

from its analytical and spectral data. Thus it was analyzed for 

C,^H,_NOS and its mass spectrum showed the molecular ion peak at m/z 

281 (M ,100%). The spectral data of 57a were described in experimental 

section. The 6-styryl benzisoxazoles 57b-g were also obtained similarly 

from the corresponding cinnamoylketene dithioacetals Ab-g in 60-70% 

overall yields (Scheme 15). The structures of these compounds were 

confirmed from their analytical and spectral data (experimental). 

Interestingly, although dienoylketene dithioacetal 58 failed to undergo 

cyclbcondensation with allylmagnesium halide the 3-raethyl-5-lithiomethyl 
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isoxazole _35̂  reacted smoothly with 58a-b in near quantitative yields 

followed by cyclocondensation to yield the corresponding 6-(A-aryl-

l,3-butadienyl)benzisoxazoles 59a-b in 55% and 65% yields respectively. 

The structural assignment of both 59a and h_ are in agreement with the 

spectral data and are described in experimental section. The 6-(6-

phenyl-l,3,5-hexatrienyl)benzisoxazole 61 was similarly obtained by 

reacting 35̂  with 60 (Scheme 16). The structure of 61_ was confirmed 

by its analytical and spectral data. 

III.3 CONCLUSION 

Thus, it has been demonstrated that the oxoketene dithioacetals with 

diverse structural features react with 3-methyl-5-lithiomethyl isoxazole 

resulting in the synthesis of hitherto unreported benzisoxazoles in 

high yields. Starting from benzene derivatives, apparently the synthesis 

of these benzisoxazoles is uneconomic, tedious and involve many steps 

with possible overall poor yields of the product benzisoxazoles. The 

present method therefore makes a definite contribution for the synthesis 

of benzisoxazoles in high yields in one step from oxoketene dithioacetals. 

Conceptually this approach can be extended to any five membered hetero-

cycles to build aromatic ring over five membered heterocycles. However, 

the success and the extension of this methodology to other five membered 

heterocycles largely depends upon the possibility of regiospecific 

generation of lithiomethyl anions which are not always easy to generate 

since these heterocycles undergo ring deprotonation in preference to 

methyl side-chain deprotonation. The further work in this direction 

is in progress in our laboratory. 
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III.3 EXPERIMENTAL 

Melting points were determined on a Thomas Hoover melting point 

(capillary method) apparatus and are uncorrected. H n.m.r. spectra 

were recorded on a Varian EM-390, 90 MHz spectrometer and the 

chemical shift values are expressed as 5(ppni) downfield from 

13 

Me,Si as internal standard. C n.m.r. spectra were recorded 

on a 67.89 MHz Brucker WH-270 spectrometer. I.r. and mass spectra 

were recorded on a Perkin-Elmer 297 spectrometer and a Jeol D-300 

mass spectrometer respectively. Carbon, hydrogen and nitrogen 

elemental analysis were done at RSIC, Central Drug Research Insti­

tute, Lucknow, India. 

Starting Materials 

The commercial samples of acetone, acetophenone, 4-methylaceto-

phenone, 4-methoxyacetophenone, 4-chloroacetophenone, 2-acetyl-

naphthalene, 2-acetylfuran, 2-acetylthiophene, cyclopentanone, 

cyclohexanone, cycloheptanone, 1-tetralone, 6-methoxytetralone, 

benzaldehyde, 4-methylbenzaldehyde, 4-methoxybenzaldehyde, piperonal-

dehyde were purified before use wherever necessary. The cyclic 

ketones i.e. 1-indanone , 1-benzsuberanone , benzthiepenone , 
20 

4-methoxycinnamaldehyde, 5-phenyl-2,4-pentadienal , and 3,5-
21 

dimethylisoxazole were prepared according to the reported 

procedure. 

The known (jO-oxoketene d i th ioace ta l s l a - 1 , 8_, ^0., 24-, 40̂ , 42, 48 ,̂ 

50, P-methylthio-cO-[3-unsaturated enones 52a-c, 54a-b, 1,1-bis 

(raethylthio)-l ,4-pentadiene-3-ones 4a-o, l , l -bis(methylthioJ)-

7-a ry l - l ,4 ,6 -hep ta t r i ene 3-ones 58a-b and l , l -b i s (methyl th io) - . 
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9-aryl,l,A,6,8-nonatetraene-3-one 60_ ' were prepared accor­

ding to the reported procedures given below. 

General method for the preparation of oti-oxoketene dithioacetals 

(2a-l, 8.. 12. 24, 40, 42, A8, 50); 

A mixture of ketone (0.2 mol) and carbondisulphide (0.2 mol) was 

added dropwise to an ice cold and well stirred suspension of sodium 

_t;-butoxide (0.4 mol) in dry benzene (200 ml) and the reaction 

mixture was allowed to stir at room temperature for 5-6 hrs. Acid 

free dimethyl sulphate (0.2 mol) was then gradually added with 

stirring and cooling and the reaction mixture was allowed to stir 

at room temperature for 6-10 hr. The reaction mixture was poured 

over ammonium chloride solution (250 ml) and the layers were sepa­

rated. The aqueous layer was extracted with benzene (100 ml) and 

the combined benzene extracts were washed with water (4x250 ml), 

dried (Na^SO,) and evaporated. Trituration of the oily residue 

with hexane gave the dithioacetals as yellow crystalline solid in 

good yields. The physical and spectral data were compared with that 

of reported values. 

General method for the preparation of 2-methylthio-l-alkenyl ketones 

(52a-c. 54a-b); 

To a stirring suspension of nickel chloride hexahydrate (0.16 mol) 

in ethanol (150 ml), sodium borohydride (0.2 mol) was slowly added 

(15 min.). Fresh addition was made only when effervescene due to 

evolution of hydrogen has stopped. The mixture was further stirred 

for 10 min. and a solution of ketene S,S-acetal 1^ (0.06 mol) in 

ethanol (50 ml) was added to the black suspension and the mixture 
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was further stirred at room temperature for 10 min. It was then 

heated under reflux in an oil bath with stirring (9-36 hr), until 

the starting material has disappeared completely (TLC). The 

mixture was filtered hot through a sintered funnel and the black 

residue was washed with boiling chloroform (3x200 ml). The combined 

filtrate was washed with water (2x300 ml), the organic layer dried 

with sodium sulphate and evaporated to give a dark brown viscous 

liquid which was then purified by column chromatography. Elution 

with hexane/benzene (9:1). The physical and spectral data were 

compared with that of reported values. 

Condensation of c<;-acylketene dithioacetals with aldehydes; General 

procedure for the preparation of compounds (4a-g, 58a-b, 60): 

To a cooled and stirred solution of sodium ethoxide in ethanol, 

prepared by dissolving sodium (0.06 mol) in ethanol (30 ml), a 

solution of the oO-acylketene dithioacetal (0.03 mol) and the aldehyde 

(0.03 raol) in minimum amount of ethanol was added dropwise over a 

period of 5 minutes. The reaction mixture was brought to room 

temperature stirred for A-5 hrs. The mixture was diluted with 

cold water (100 ml) and the solid separated out was filtered, washed 

with water (4x100 ml) and dried. The physical and spectral data 

were found to be in confirmity with that of reported values. 

3,5-DimethYl isoxazole; 

To a solution of hydroxylamine hydrochloride (7g) in water (15 ml) 

in a 100 ml round bottomed flask a solution of acetylacetone (lOg) 

in ethanol (10 ml) was added. The mixture was heated under reflux 

until a negative ferric chloride test is given (ca 1 hr) and the 
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reaction mixture was poured into cold water (60 ml). Extracted 

with ether, dried (Na2S0^), and distilled. B.P. 140-1A2°C. 

Generation and reaction of 3-methYl-5-lithiomethyl isoxazole with 

oxoketene dithioacetals; General procedure; 

To a stirred solution of freshly distilled 3,5-dimethyl isoxazole 

(0.015 mol) in dry THF (25 ml), butyllithium (0.015 mol) was added 

under nitrogen atmosphere at -78°C. The solution was stirred for 

30 min. and a solution of j_ (0.01 mol) in THF (25 ml) was added 

to ̂  at -78°C, stirred for 1 hr, slowly warming the mixture to 

room temperature. The reaction mixture was poured over saturated 

ammonium chloride solution. The aqueous layer was extracted with 

ether (2x50 ml) and the combined organic layer was washed with 

water (100 ml), dried (Na_SO,) and evaporated to give the crude 

alcohol ̂  in nearly quantitative yield. 

General procedure for the cycloaromatization of hydroxy dithioacetals; 

Synthesis of substituted and annelated 1,2-benzisoxazoles (38a-h, 

4j„ 43, 46-47, 49. 51. 53a-c, 55a-b. 57a-o, 59, 6j,); 

To a solution of crude alcohol ̂  in dry benzene (50 ml), boron 

trifluoride etherate (2 ml) was added and the reaction mixture was 

refluxed with stirring for 1 hr. The reaction mixture was cooled 

and poured over cold saturated NaHCO^ solution, extracted with 

chloroform (2x50 ml), washed with water, dried (Na„SO,) and 

evaporated to give a viscous residue which was purified by passing 

through silica gel column (hexane as eluent) to give ̂  as colourless 

crystals (chloroform), 
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The spectral and analytical data of the 1,2-benzisoxazoles are 

given below. 

3-Methyl~4-niethylthio-6-phenyl-l,2-ben2isoxazole (38a); colourless 

crystals; yield 73%; m.p. 70°C; i.r.(KBr):\) = 1600, 1566, 1425, 

1388, 1345 cm~-̂ ; ̂ H n.m.r.(CCl^): .̂  2.50(s,3H,CH3); 2.68(s,3H,SCH2); 

7.02(brs,lH,H-7); 7.20-7.67(m,6H^^^^); ^ \ n.m.r.(CDCl3):Sll.47(^3); 

17.23(3^3); 103.80, 114.59 (C-7 and C-5); 125.45, 127.24, 128.35, 

(CH, phenyl); 128.36, 140.20, 142.66, 142.41 (quaternary £); 159.71 

(C-3); 168.07(0-8). (Found: C,70.42; H,5.11; N,5.44. Calc. for 

Cj5Hj3N0S(255.31): C,70.56; H,5.13; N,5.48%). m/z 255(M"^,100%). 

3-Methyl-4-methylthio-6-(4-chlorophenyl)-l,2-benzisoxazole (38b); 

colourless crystals; yield 66%; m.p. 155°C; i.r.(KBr):>^ = 1600, 

1575, 1430, 1390, 1335 cm"-̂ ; % n.m.r.(CDCl3): 5 2.56(s,3H,CH3); 

2.68(s,3H,SCH3); 7.02(brs,lH,H-7); 7.21-7.67(m,6H ̂  ). (Found: 

C,62.03; H,4.13; N,4.80. Calc. for Cj2Hj2^1NOS (289.76): C,62.17; 

H,4.17; N,4.83%). m/z 289(M'^,60%). 

3-Methyl-4-methylthio-6-(4-methoxyphenyl)-l,2-benzisoxazole (38c); 

colourless crystals; yield 68%; m.p. 130°C; i.r.(KBr):\) = 1600, 

1580, 1430, 1345, 1385 cm"S % n.ra.r.(CDCl3):S 2.60(s,3H,CH3); 

2.70(s,3H,SCH3); 3.80(s,3H,0CH3); 7.02(brs,lH,H-7); 6.80-6.93(d, 

J=7Hz,A3^,2H ); 7.33-7.63(d,J=7Hz,A„B„,2H ); 7.36(s,lH ). 
2 2 arom ^ 2 2 arom ^ arom 

(Found: C,67.15; H,5.22; N,4.88. Calc. for C^5Hj5N02S (285.34): 

C,67.34; H,5.29; N,4.90%). ra/z 285(M"̂ , 100%). 

3-Methyl-4-methylthio~6-<4-methylphenyl)-l,2-benzisoxazole (38d); 

colourless crystals; yield 65%; m.p. 120°C; i.r.(KBr): ̂  ,^ = 1600, 

1580, 1425, 1385, 1345 cm"S ^H n.ra.r.(CDCl3): 5 2.40(s,3H,CH.3); 
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2.56(s,3H,CH3); Z.eeCs.SH.SCHg); 7.03(brs,lH,H-7); 7.16-7.53 

(m,5H ). (Found: C,71.24; H, 5.60; N,5.18. Calc. for 
arom 

C^gH^^NOS (269.35): C,71.34; H,5.61; N,5.19%). ra/z 269(M'^,100%). 

3-Methyl-4-methylthio-6-(2-naphthyl)-l,2-benzisoxa2ole (38e); 

colourless crystals; yield 64%; in.p. 145°C; i.r.(KBr):^ = 1600, 

1590, 1425, 1380, 1345 cm~^ Ĥ n.m.r.(CDCl2): 6 2.60(s,3H,C]l3): 

2.73(s,3H,SCH^); 7.10(brs,lH,H-7); 7.26(s,lH ); 7.36-7.66(m,3H ); ^ ' ' —3 » »_ »̂ V » arom arom 

7.72-8.01(m,4H ). (Found: C,74.58; H,4.92;N,4.50. Calc. for 
^ arom 

CjgHj3N0S (305.37): C,74.72; H,4.95; N,4.58%). m/z 305(M'*",100%). 

3-Methyl-4-methylthio-6-(2-furyl)-l,2-benzisoxazole5 (38f); colour­

less crystals; yield 59%; m.p. 85°C; i.r.(KBr):-^ = 1601, 1517, 

1429, 1387, 1347 cm"-̂ ; ̂ H n.m,r.(CDCl2): S 2.56(s,3H,CH2); 2.66(s, 

3H,SCH.3); 6.43(m,lH,H_-4'); 6.73(d,J=3H2,lH,H.-3'); 7.20(s,lH,H-7) ; 

7.56(d,J=3Hz,2H,H-5 and 21-5'). (Found: C,63.55; H,4.48; N,5.69. 

Calc. for C^^^^^NO^S (245.28): C,63.65; H,4.52; N,5.70%). ni/z 245 

(M"'',100%). 

3-Methyl-4-methylthio-6-(2-thienyl)-l,2-ben2isoxazole (38g); colour­

less crystals; yield 61%; m.p. 125°C; i.r.(KBr):-0 = 1602, 1573, 

1427, 1388, 1341 cm""̂ ; -̂H n.m.r.(CDCl2): 6 2.63(s,3H,CH3); 2.76(s, 

3H,SCHo); 7.10-7.30(m,2H ); 7.41-7.62(m,3H ). (Found: C,59.63; 
~j arom arom 

H,4.19; N,5.32. Calc. for C^3H^^N0S2 (261.34): C,59.74; H,4.24; 

N,5.35%). m/z 261 (M"̂ , 100%). 

3-Methyl-4-methylthio-6-methyl-l,2-benzisoxazole (38h); colourless 

crystals; yield 54%; m.p. 85°C; i.r.(KBr):-;) = 1601,1517,1429,1387, 
max 

1347 cm~^; IH n.m.r.(CDCl3):a.2.43(s,3H,CH3); 2.51(s,3H,CH3); 2.68 
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(s.SH.SCHg); 7.01(brs,lH,H.-7); 6.86(s,lH^^^^). (Found: C,62.02; 

H,5.68; H,5.68; N,7.20. Calc. for C^QH^^NOS (193,26): C,62.14; 

H,5.73; N,7.24%). m/z 193(M'*",100%). 

3-Methyl-4-methylthio-5,6,7,8-tetrahydronaphtho[b^] isoxazole (41); 

colourless crystals; yield 65%; m.p. 42°C; i.r.(KBr):-^ = 1605, 

1580, 1430, 1330, 1300 cm"-̂ ; ̂ H n.m.r. (CDCl^): 61.61-1.98(m,4H,ring 

CH^,); 2.34(s,3H,CH2); 2.66(s,3H,SC]l3); 2.60-3.13(in,4H, ring CH2); 

7.01(brs,lH ). (Found: C,66.80; H,6.47; N,6.02. Calc. for 
^ ' arom 

C^gH^^NOS (233.32): C,66.91; H,6.48; N,6.00%). m/z 233 (M"^,92%). 

3-Methyl-4-methylthio-6,7,8,9-tetrahvdro-5H-cyclohepta[b]benzisoxazole 

(43); colourless crystals; yield 67%; m.p. 62°C; i.r.(KBr):\) = 
~^ max 
1600, 1580, 1430, 1380, 1300 cm""̂ ; ̂ H n.m.r.(CDCl2): 6 1.30-1.80(m, 

6H,ring CH2); 2.13(s,3H,CH3); 2.53(s,3H.,SCH3); 2.83(m,2H,ring CH2); 

7.01(brs,lH ). (Found: C,67.86; H,6.88; N,5.62. Calc. for arom 1 » . . 

Cj^H^^N0S(247.35): C,67.97; H,6.92; N,5.65%). ra/z 247(M"^,100%). 

3-Methyl-4-methylthio-5II-indano[2,l-^]benzisoxazole (46); colourless 

crystals; yield 57%; m.p. 160°C; i.r.(KB^):^/ = 1600, 1588, 1420, 
nis-x 

1388, 1320 cm"-*-; ̂ H n.m.r. (CDCl^):^ 2.36(s,3H,C]l2); 2.73(s,3H,SCH.2); 

3.99(brs,2H,ring CH„); 7.26-7.50(m,3H ); 7.63-7.83(m,2H ). 
^ —2 arom arom 

(Found: C,71.80; H,4.88; N.5.21. Calc. for C^^H^^^OS (267.26): C,71.90; 

H,4.90; N,5.23%). m/z 267(M'^,89%). 

3-Methyl-4-methylthio-5,6-dihydrophenanthro[2,1-b^]isoxazole (47a); 

colourless crystals; yield 76%; m.p.l52°C; i.r.(KBr):S) = 1600, 

1585, 1513, 1430, 1380, 1330, 1300 cm~^; ^H n.m.r.(CDCl2):£2.30(s, 

3H,CH„); 2.80(s,3H,SCH„); 2.72-3.43(m,A„BT,4H,CH^); 7.l6-7.38(m,3H ); 
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7.60-7.83(m,2H ); ̂ ^C n.m.r.(CDClo): tS 12.75(CH„); 20.14(SCH„); 
arom -J ~~J "~-J 

26.04(CH^); 29.16(CH„); 105.61, 124.88, 127.24, 127.97. 128.60(CH ); 
^ —2 ~/ ~ arom 

123.03, 128.91, 134.24, 134.26, 138.17, 138.26, 155.83, 162.50 

(quaternary _C). (Found: C,72.45; H,5.29; N,4.92. Calc. for 

C,-,H^.NOS (281.36): C,72.56; H,5.37; N,4.97%). m/z 281 (M"*", 100%). 

3-Methyl-4-methylthio-8-methoxy-5,6-dihydrophenanthro[2,1-b^] 

isoxazole (47b); colourless crystals; yield 78%; m.p. 135°C; i.r. 

(KBr):^) = 1600, 1580, 1512, 1420, 1385, 1325, 1300 cm~^; ^H max 

n.m.r.(CDCl2):^ 2.33(s,3H,C}l2); 2.83(s,3H,SCH_^); 2.73-3.36(m,A2B2, 

4H,CH„); 3.83(s,3H,0CH„); 6.63-6.93(m,2H ); 7.56-7.86(m,2H ). 
' —2 —3 arom arom 

(Found: C,69-31; H,5.48; N,4.08. Calc. for CjgHj-7N02S (311.38): 

C,69.42; H,5.50; N,4.49%). ra/z 31 KM"*", 100%). 

3-Methyl-4-methylthio-6,7-dihydro-5jI-benzocyclohepta[2,l-b] 

benzisoxazole (49); colourless crystals; yield 69%; m.p. 175°C; 

i.r.(KBr):^) = 1600, 1560, 1430, 1390, 1345 cm~S ^H n.m.r. max 

(CDCl2):S2.23-2.36(brs,4H,ring CH^); 2.86(s,3H,SCH.2); 3.43-3.96 

(m,2H,ring CH^^); 7.36-7.83(ra,5H ). (Found: C,73.07; H,5.78; 

N,4.71. Calc. for C^gH^^NOS (295.38): C,73.18; H,5.80; N,4.73%). 

m/z 295 (M'^,100%). 

3-Methyl-4-methylthio-10-methyl-5,6-dihydrobenzothiepino[2,l-b^] 

benzisoxazole (51); colourless crystals; yield 81%; m.p. 185°C; 

i.r.(KBr):>0^g^ = 1600, 1580, 1430, 1380, 1320 cm"-̂ ; -̂H n.m.r. 

(CDCl2):6 2.43(s,3H,CH3); 2.46(s,3H,SCH3); 2.36-2.73(m,lH,CH, 

benzylic); 2.83-3.16(m,lH.,CH.,benzylic); 3.43-3.63(m,lH,SCH.); 3.83-

4.13(m,lH,SCH); 7.16-7.53(m,4H ). (Found: C,85.99; H,4.88; N,4.05. 
srom 
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Calc. for C^gHjgN0S2 (327.44): C,66.02; H,4.92; N,4.27%). m/z 

327(M'*',100%). 

3-Methyl-6-phenyl-l,2-benzisoxa2ole (53a); colourless crystals; 

yield 87%; m.p.62°C; i.r.(KBr):^) = 1600, 1580, 1500, 1430, 

1390, 1340 cm~^; ^H n.m.r.(CDCl2):S2.60(s,3H,CH.2); 7.26-7.93(m, 

8H 
arom 

). (Found: C,78.35; H,4.52; N,5.78. Calc. for Cj^H^^NO 

(209.23): C,78.46; H,4.55; N,5.80%). m/z 241(M"'',100%). 

3-Methyl-6-(4-methylphenyl)-l,2-benzisoxazole (53b); colourless 

crystals; yield 82%; m.p. 134°C; i.r. (KBr): >;) = 1600, 1560, 1420, 
' II13.X 

1380,1320 cm"-̂ ; ̂ H n.m.r.(CDCl2): (̂  2.36(s,3H,CH2); 2.56(s,3H,CH3); 

7.16-7.33(m,2H ); 7.43-7.76(ra,5H ). (Found: C,80.58; H,5.78; ' arom ^ arom i . . . 

N,6.24. Calc. for C^5%3N0 (223.25): C,80.69; H,5.86; N,6.27%). 

m/z 223(M'^,100%). 

3-Methyl-6-(4-chlorophenyl)-l,2-benzisoxazole (53c); colourless 

crystals; yield 79%; m.p. 102°C; i.r. (KBr): >;) = 1600, 1555, 
1113 X 

1420, 1375, 1320 cm~^; ^H n.m.r. (CDCl^):S 2.56(s,3H,CH3); 7.23-

7.96(m,7H ). (Found: C,68.88; H,4.08; N,5.72. Calc. for ^ arom ' » > » » 

CJ^HJQCINO (243.72): C,68.98; H,4.10; N,5.74%). m/z 243(M'^,40%). 

3-Methyl-5,6-dihydrophenanthro [ 2,1-b̂ ] isoxazole (55a_); colourless 

crystals; yield 85%; m.p, 105°C; i.r.(KBr):>) = 1620, 1595, 
ni3.x 

1430, 1380, 1320 cm"- ;̂ -̂H n.m.r.(CDCl2): 6 2.53(s,3H,CIl2): 2 .73-

3.03(m,4H,ring CH,); 7.16-7.46(m,4H ) ; 7.66-7.93(m,2H ) . 
~~t arom arom 

(Found: C,81.56; H,5.48; N,5.92. Calc. for C^̂ H ĝNO (235.26): 

C,81.67; H,5.56; N,5.95%). m/z 235(M"*",90%). 



3-Methyl-8-inethoxy-5,6-dihydro-phenanthro[2,l-b_]isoxazole (55b); 

colourless crystals; yield 88% ; ra.p.l30°C; i.r.(KBr): 9 = 1600, 

1556, 1488, 1A40, 1345, 1250 cra""̂ ; ̂ H n.m.r.CCDCl^): S 2.46(s,3H, 

ClI ) ; 2 .66-3 .03(ra ,4H,r ing CH ) ; 3.83(s,3H,0CH„); 6.50-6.93(m,3H ) ; 
•3 z. ^ 3.ironi 

7 . 5 3 ( b r s , l H ) ; 7 .93(d , lH ) . (Found: C ,76 .85 ; H,5 .68 ; N , 5 . 2 3 . arora arora » . f . 

Calc. for C^^H^2N02 (265.29): C,76.96; H,5.69; N,5.27%). m/z 265 

(M"*',100%). 

3-Methyl-4-methylthio-6-styryl-l,2-benzisoxazole (57a); pale yellow 

crystals; yield 68%. m.p. 145-149°C; i.r.(KBr):C) = 1600, 1570, 
' II13.X 

1510, 1430, 1390, 1350 cm"-̂ ; ̂ H n.m.r. (CDCl^): 6 2.60(s,3H,CT3); 

2.70(s ,3H,SCH„); 2.03-7.2'6(m,3H,2H +1H , . . . ) ; 7.36-7.83(ra, — 3 " V . » axoxsi o l e f i n i c ' 

6H,5H +1H , ^ . . ) . (Found: C,72 .45; H,5 .04 ; N ,4 .92 . Ca lc . for arom o l e f m i c ' » > » » 

C^^H^^NOS (281 .35 ) : C,72 .56; H,5 .37 ; N,4.97%). m/z 281 (M"*", 100%). 

3 - M e t h y l - 4 - m e t h y l t h i o - 6 ( 4 - m e t h y l s t y r y l ) - l , 2 - b e n z i s o x a z o l e (57b) ; 

p a l e yel low c r y s t a l s ; y i e l d 71%; m.p. 135°C; i . r . ( K B r ) : « 0 = 1600, 

1599, 1570, 1500, 1450 cm""^; ^H n .m.r . (CDCl2) :62.33(s ,3H,CIl3) ; 2 .63 

(s ,3H,CH„); 2.66(s,3H,SCH„); 7.03-7.30(m,2H ^ ^ . . +1H ) ; 7 . 3 0 -
—3 —3 ^ o l e f m i c arom 

7.56(m,5H ) . (Found: C,73.07; H,5 .78 ; N , 4 . 7 1 . Ca lc . for C T „ H , , N O S arom . i . t » 18 17 

( 2 9 5 . 3 8 ) : C,73 .18; H ,5 .80 ; N,4.73%). m/z 295(M"^,100%). 

3 - M e t h y l - 4 - m e t h y l t h i o - 6 ( 4 - m e t h o x y s t y r y l ) - l , 2 - b e n z i s o x a z o l e (57c ) ; 

yellow c r y s t a l s ; y i e l d 78%; m.p. 139°C; i . r . ( K B r ) : S ) ^ = 1600, 1590, 

1500, 1440, 1380 cm"-^; ^H n.m.r.(CDCl ) : 6 2.60(s,3H,C_H2); 2 . 7 0 ( s , 

3H,SCH„); 3 .76(s ,3H,0CH„); 6.76-7.03(m,A„B„,4H +1H , ^ . . ) ; 
~ j —3 ^ ' 2 2 arom o l e f m i c 

7.16-7.56(m,A„B,,2H +1H ^ ^ . . ) . (Found: C , 6 9 . 3 1 ; H ,5 .48 ; N , 4 . 4 5 . 
2. z arom o l e f m i c 

C a l c . for CjgHj^^N02S ( 3 1 1 . 3 8 ) : C,69.42; H,5 .50; N,4.49%). m/z 

311 (M"*", 100%). 



116 

3-Methyl-4-methylthio-6-[4-(3,4-dlmethoxystyryl)]-l,2-benzisoxazole 

(57d); yellow crystals; yield 62%; m.p. 134°C; i.r.(KBr): .J ̂ ^^= 1600, 

1580, 1500, 1440, 1380 cm~^; ^H n.m.r.CCDCl^): 6 2,46(s,3H,CH2); 2.66 

(s,3H,SCH3); 3.93(d,6H,0CHg;; 6.23(brs,2H,lH^^^^+lH^^^^^^^^); 6.36-

6.66(m,2H ); 6.83-7.36(ni,3H,2H ^ +1H T_̂ ,. . ). (Found: C,66.71; 
arom arom oierinic 

H,5.58; N,4.00. Calc. for C^^]i^^m^S (341.4): C,66.83; H,5.60; 

N,4.I0%). m/z 341(M'^,92%). 

3-Methyl-4-methylthio-6-[4-(3,4,5-trimethoxystyryl)]-l ,2-benzisoxa2ole 

(57e); yellow c r y s t a l s ; yield 63%; m.p. 179°C; i . r . (KBr) : ' ) = 1600, 

1590, 1505, 1420, 1380 cm"- ;̂ Ĥ n.m.r. (CDClg):^ 2.63(s,3H,CH3); 

2.73(s,3H,SCH„); 3.86-4.16(ra,9H,0CH„); 6.93(brs,2H,lH +1H , . . . ) ; 
—3-" ^ —3 arom olef in ic 

7.23(brs,2H ) ; 7.43-7.66(m,2H,lH +1H , . . . ) . (Found: C,64.54; 
' arom" ^ arom o le fmxc ' ^ ' ' 

H,5.68; N,3.74. Calc. fo C^^E^^m^S (371.43): C,64.66; H,5.69; 

N,3.76%). ra/z 371 (M"^, 100%). 

3-Methyl-4-methylthio-6-(4-chlorostyryl)-l ,2-ben2isoxazole (57f); 

pale yellow c ry s t a l s ; yield 60%; m.p. 120°C; i . r . ( K B r ) : 9 = 1600, 
II13.X 

1580, 1430, 1410 cm"-̂ ; ̂ H n.m.r.(CDCl3): (̂  2.56(s,3H,CH3); 2.66(s,3H, 

SCH„); 6.93-7.13(m,3H,2H +1H . . . . ) ; 7.33-7.63(m,5H,4H + 
— 3 " ^ arom olefinic ' ' arom 

•^^Wfinic-^* (̂ °""̂ ' C,64.53; H,4.42; N,4.41. Calc. for C^^H^^CINOS 

(315.84): C,64.64; H,4.43; N,4.43%). m/z 315 (M'*",40%). 

3-Methyl-4-methylthio-6-(3,4-methylenedioxystyryl)-l,2-benzisoxazole 

(57g); yellow crystals; yield 59%; ra.p. 188°C; i.r.(KBr):0 = 1600, 
ni3.x 

1580, 1500, 1480, 1400 cm"\- ̂ H n.m.r.(CDCl^):6 2.63(s,3H,CH3); 

2.73(s,3H,SCH„); 5.93(brs,2H,0-CH„-0);6.73-7.40(m,5H +2H , . . . ) . 
—3 ^ ' arom olefmic 

(Found:C,66.31; H,4.58; N,4.28. Calc. for C^gH^^NO^S (325.36): 

C,66.44; H,4.64; N,4.30%). m/z 325(M'^,100%). 
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3-Methyl-4-methvlthio-6(4-phenyl-l,3-butadienYl)-l,2-benzisoxazole 

(59a); yellow c ry s t a l s ; yield 55%; m.p. 153°C; i.r.CKBr):-^ = 1605, 

1599, 1440, 1400, 1340 cm"-'-; Ĥ n.m.r.CCDCl^): ^ 2.56(s,3H,C]l2); 2.66 

(s,3H,SCHo); 6.60-7.30(m,4H , . . . ) ; 7.13-7.56(in,7H ) . (Found: ^ ' —3' ^ o l e fmic arom 

C,74.07; H,5.53; N,4.54. Calc. for C ĝH -̂,NOS (307.39): C,74.23; 

H,5.57; N,4.55%). ra/z 307(M" ,̂ 100%). 

3-Methyl-4-methylthlo-6-[4-(4-methoxyphenyl)-l ,3-butadienyl]-l ,2-

benzisoxazole (59b); deep yellow crystals; yield 65%; m.p. 162°C; 

i.r.(KBr):-^ = 1600, 1580, 1510, 1395, 1355 cm~^; Ĥ n.m.r.(CDCl„): ' max » » . » ' • 3 

(^2.56(s,3H,CH2); 2.66(s,3H,SCH3); 3.83(s,3H,0CH^); 6.66-7.33(m, 

7H,3H +4H T ̂ . . ); 7.20-7.50(m,3H ). (Found: C,70.99; H,5.59; arom olefmic arom » . » . 

N,4.12. Calc. for (l^^^^Q)^ (337.41): C,71.18; H,5.6S; N,4.14%). 

m/z 337(M"*", 100%). 

3-Methyl-4-methylthio-6-(6-phenyl-l,3,5-hexatrienyl)-l,2-benzisoxazole 

(61̂ ); deep yellow crystals; yield 55%; m.p. 172°C; i.r.(KBr):\) 

1600, 1570, 1435, 1400, 1335 cm""̂ ; ̂ H n.m.r.(CDCl3): 5 2.63(s,3H,CIi ); 

2.73(s,3H,SCH^); 6.43-6.93(m,6H , . . . ) ; 7.20-7.56(ra,7H ). 
—3 ^ olefinic arom 

(Found: C,75.51; H,5.71; N,4.17. Calc. for Ĉ ĵ Ĥ gNOS (333.42): 

C,75.64; H,5.74; N,4.19%); m/z 333(M'̂ , 100%). 
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CHAPTER IV 

DARZEN'S CONDENSATION ON 06-OXOKETENE DITHIO-
ACETALS: A NEW VERSATILE SYNTHESIS OF 3,4-
SUBSTITUTED-2-FUROATES 

IV.1 INTRODUCTION 

The tC-oxoketene dithioacetals of the general formula 8_ have been 

shown to undergo either 1,2- or 1,4-conjugate addition to yield 

the respective regioselective adducts in high yields . Thus they 

undergo metal hydride reduction in 1,2-fashion to give the corres­

ponding allyl alcohols, which are subsequently converted to the 

corresponding ene esters, aldehydes or ketones depending on the 

2 
nature of the substituent at the /3-position in S_ , The oxoketene 

dithioacetals generally yield the corresponding esters under these 

conditions, while the corresponding/3-methylthio and^-alkyl-^S-

methylthio,C56-/3-unsaturated ketones yield the aldehydes and ketones 

respectively * . These reactions have been further extended to the 
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addition of carbon nucleophiles. Thus it has been shown that, 

the methylraagnesiura iodide undergoes regioselective 1,2-addition, 

while the higher alkyl and aryl grignard reagents yield the products 

through sequential 1,.4- and 1,2-additions . 

In the preceeding chapter, the addition of allylmagnesium halide 

is shown to undergo 1,2-addition followed by cycloaroraatization to 

yield the corresponding aromatic ring systems . The method has been 

shown to be highly general and its further applications to construct 

the corresponding aromatic ring systems over the isoxazole has been 

successfully demonstrated . There have been many instances of this 

nature where a functionalized nucleophile can be made to add in 1,2-

fashion tooCi-oxoketene dithioacetals and were subsequently transfor­

med to synthetically useful products. 

The Darzen's condensation onco-oxoketene dithioacetals was considered 
f 

of particular interest since it should add in 1,2-fashion to yield the 

epoxide which under appropriate reaction conditions can be rearranged 

to the corresponding furan derivatives. In the present work thus the 

reaction has been investigated with lithiobromoacetate and the results 

are described in this chapter. The literature retrieval reveals that 

there are few related reactions with o6-oxoketene dithioacetals leading 

to 5-membered heterocycles particularly the furans and pyrroles. 

Some of these transformations are reviewed herein. 

Nishio and coworkers first reported the reaction of dimethylsulfonium 

raethylide (DMSM) with 1_ and observed that the reagent undergoes regio­

selective 1,2-addition to yield the corresponding epoxy derivatives 2_ 

which on rearrangement gave the corresponding furans U_ (Scheme 1). 
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The yields in these cases were however moderate. Interestingly these 

authors have also reacted/3-anilino-(50-/5>-unsaturated ketones ̂  vdLth 

dimethylsulfonium methylide (DMSM) to yield the corresponding 

Q 

pyrroles 7 . Also the reaction path could lead to methylene insertion 

as described in Scheme 2 to yield the corresponding homologus / . / » 

bisalkylthio- p,V -unsaturated ketones _11 in low yields. Similarly 

cyclic acetal 8j_ yielded the corresponding cycloheptanone _13_ in 6% 

yield (Scheme 2). 
9 

Okazaki and coworkers further investigated the work of Nishio and 

coworkers and observed that the DMSM reacts with 8̂  in 1,2-fashion to 

yield the corresponding epoxides 16, which were insitu rearranged to 

the corresponding furans j ^ (Scheme 3) in good yields. They also 

isolated the epoxide _16. in some cases, to prove the mechanistic path­

way from 8 -> 16 -̂  19. The reaction has been shown to be applicable 

to a number of structural variants of oxoketene dithioacetals with 

favourable high yields. The scope of the reaction has been demonstrated 

by extending the method for the synthesis of natural product perilline 

21 which contains furan ring. Thus the oxoketene dithioacetal ̂  was 

first converted to ̂  by subjecting it to appropriate alkylation in the 

presence of LDA. The oxoketene dithioacetal _2£ was then converted to 

perilline 21̂  by treating with dimethylsulfonium methylide and subsequent 

Raney Nickel desulfurization of the resulting 2-methyl furan (Scheme 4). 

The same intermediate ̂  was first converted into 4-methylfuran _22_ 

and the dimethylallyl side chain was introduced through its 5-lithio 

derivatives to yield the corresponding furan _23̂  which on Raney Nickel 

desulfurization yielded the natural product rose furan 2A_. Several 
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useful conversions by extending this method involving furan ring 

Q 

have been illustrated by Okazaki et al. . The furan 2^ (Scheme 5) 

has also been subjected to hydrolysis to yield the corresponding 

butenolides ̂  in good yields, and it can further be deprotonated 

at 5-position followed by alkylation to yield furans 25a which are 

also converted to the corresponding butenolides _28. The furans 25 

and 25a were desulfurized to yield the corresponding sulfur free 

furans _26̂  and 29. The thioraethyl group was also displaced by alkyl 

groups in the presence of alkyl grignard reagents and Nickel chloride 

to yield the corresponding 1,2,3-tri and 1,2,3,4-tetra substituted 

furans _30̂  and M_ respectively (Scheme 5). Earlier to these studies 

Spencer and Garst developed a method for furan synthesis fron n-butyl-

thiomethylene ketones and extended their method for the synthesis of 

natural furans perilline and dendrolasine. Thus the [S -alkylthio 

ketones ̂  were reacted with methylide (DMSM) to yield the furans 

34 (Scheme 6) in moderate yields . The method was extended to the 

synthesis of natural product perilline _37̂  (Scheme 6) from commercially 

available ketones 35_ and their subsequent conversion to ̂  followed by 

furan ring formation. 

The reaction of (3-ketoacetals with o(j-chloroacetate under the Darzen 

reaction conditions to yield the corresponding glycldic esters 39 

(Scheme 7) followed by thermal rearrangement to afford the correspon­

ding 3-substituted-furan-2-carboxylates 4l_ has been reported 

This is the first report that [3-keto-acetals have been investigated 

for the synthesis of not so easily accessible 3-substituted furans 

through glycidic ester pathway under Darzen reaction conditions. 
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In the light of these studies, it was considered of interest to 

study the reactivity of oxoketene dithioacetals 8_ under Darzen 

reaction conditions with a view to develop a methodology for the 

synthesis of substituted and annelated furans through 06-oxoketene 

dithioacetals. 

IV.2 RESULTS AND DISCUSSION 

The ot-oxoketene dithioacetals 8a-p, 48a-h, 55a-b and 58a-b and 60 

12-24 

have been synthesized as per reported methods , from this labo­

ratory and their structures were fully confirmed before they were 

employed for these transformations. The oxoketene dithioacetal 8â  

was reacted with bromoacetate anion which was generated by treating 

25 

ethylbromoacetate with lithium bis(triraethylsillyl)amide at -78°C 

in tetrahydrofuran. Work up and purification of the reaction 

mixture yielded the corresponding ethyl 3-methyl-5-methylthio-furan-

2-carboxylate A3a in 55% yield (Scheme 8). The structure of 43a was 

confirmed from its analytical and spectral data. Thus it was analyzed 

for CpH^ 7̂ -5̂  ̂ ^d exhibited in its mass spectrum the molecular ion 

peak at m/z 200 (M ,100%) confirming its molecular weight and the 

formula. In its i.r. spectrum (CCl,) the peak at 1710 cm was 

assigned to the ester carbonyl group. The structure was further 

confirmed from its H n.m.r. spectrum (CDClo). The triplet (3H) at 

S 1.33(J=7Hz) was assigned to the methyl protons of the ethyl group. 

The singlet (3H) at 6 2.33 was attributed to methyl protons while 

the other singlet (3H) at 62.54 was due to methylthio protons. The 

quartet C2H) at 64.24CJ=7Hz) was assigned to methylene protons of 

the ethoxy group. The ring H;-4 proton of the furan ring appeared 
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as singlet at S6.09. Further structural confirmation for the product 

was obtained by Raney Nickel desulfurization of the furan 43a which 

afforded the known ethyl 3-methyl-furan-2-carboxylate 44a whose 

spectral data was found to be in confirmity with that of the known 

product . The other furans, 3-substituted 43b-f and 3,4-disubstituted 

43g-h furans were similarly obtained from the corresponding 8b-h using 

the described reaction conditions in 50-70% overall yields. The 

structural assignment of all the furans 43b-h have been confirmed 

by their analytical and spectral data and are described in the 

experimental section. Some of these thiomethyl furans 43b, ĉ  

and ê  were subjected to Raney Nickel desulfurization when the corres­

ponding sulfur free furans 44b-c and e_ (Scheme 8) were obtained in 

60-80%, overall yields. The analytical and spectral data of 44b, c_ 

and ê  are given in the experimental section. The probable mechanism 

of the formation of furan 43 is shown in Scheme 9. The lithiobromo-

acetate anion undergoes 1,2-addition with 8̂  to yield the epoxide 45, 

which on subsequent rearrangement and elimination of methylmerbaptan 

affords the product furan 43. Our attempts to isolate either glycidic 

ester 45̂  or the dihydrofuran A7_ intermediates under varying conditions 

were however not successful. 

The cyclic oxoketene dithioacetals 8i-p (Scheme 10,11,12) were next 

investigated with a view to extend the method for the synthesis of 

the corresponding furan carboxylates annelated at 3- and 4-positions. 

Thus when ̂  was reacted with bromoacetate anion, generated as described 

earlier, the corresponding ethyl 7-methylthio-cyclopenta[c] furan-2-
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carboxylate was obtained in 58% yield. The structure of h3±_ was 

confirmed from its analytical and spectral data and found to be in 

agreement with the assigned structure. These results are described 

in the experimental section. The furan A3i was also subjected to 

Raney Nickel desulfurization when the corresponding sulfur free 

furan AAi was obtained in 70% yield. Similarly the oxoketene dithio-

acetals Sj-p derived from appropriate cyclic ketones yielded the 

corresponding furans 43i-p (Scheme 10,11,12) in 50-60% overall yields. 

The analytical and spectral data of A3 j-p were in confirmity with 

the assigned structures and are described in the experimental 

section. The furans 43j and 43m were desulfurized to yield the 

corresponding sulfur free furans 44i and 44m in quantitative yields 

and their structure was confirmed by its analytical and spectral 

data (experimental). In order to further generalize the reaction, 

the Darzen's condensation was next examined onoO-cinnamoylketene 

dithioacetals 48a-h. These systems are of particular interest since 

the bromoacetate anion is likely to attack either one of the electro-

philic carbons and consequently yield a mixture of products (Scheme 13), 

Thus when 48a was reacted with bromoacetate anion the reaction mixture 

after work-up revealed that it contains two compounds. The structural 

assignment showed that the ethyl 3-styryl-5-methylthio-furan-2-

carboxylate 49a was formed in 20% yield whereas the other product 

was characterized as ethyl 3-(2-carbethoxy-3-phenyl-cycloprop-l-yl)-

5-methylthio-furan-2-carboxylate 50a in 42% yield. The structure of 

49a was elucidated from its analytical and spectral data. It was 

analyzed for îfî icOoS and exhibited in its mass spectrum the molecular 

ion peak at m/z 288 (M'^,100%). In its i.r. spectrum (CCl,) the band 
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at 1690 was assigned to ester carbonyl function. The structure was 

further confirmed from its H n.m.r. spectrum (CCl^). The signal 

due to ethoxy protons appeared as triplet (3H, J=7Hz) and quartet 

(2H,J=7Hz) at 61.33 andc54.33 respectively. Whereas the singlet 

at S2.46(3H) was assigned to methylthio protons. The H-A ring 

proton appeared as singlet at 66.56. The multiplet between 6 7.16-7.56 

was assigned to five aromatic protons. The styryl protons appeared 

as characteristic doublets (J=16Hz) at S 6.83 andi^7.60 respectively. 

The structure of 50a was confirmed from its analytical and spectral 

data. It was analyzed for C^^^^OJS and exhibited the molecular 

ion peak at m/z 374 (M ,30%). The band at 1720 cm in its i.r. 

spectrum was assigned to ester carbonyl group. The structure was 

further confirmed by its H n.m.r. spectrum (CDC1~). The methyl 

protons of the two ethoxy groups appeared as overlapping triplets 

between 6 1.13-1.56. The signal at S 2.50 appeared as singlet and 

was assigned to methylthio protons. The three cyclopropyl protons 

appeared as three multiplets between S2.26-2.43,6 2.83-3.03 and 

S 3.23-3.46 respectively. The furan ring proton 11-4 was observed 

at 6 6.40. The five aromatic protons appeared as broad singlets 

around 6 7.13-7.46, The yield of 50a could be further increased by 

extending the reaction time beyond eight hours. It was possible to 

isolate only 50a without 49a as a contaminant on prolonged reaction 

time and with excess of lithiobroraoacetate. It was therefore conclu­

ded that the formation of 50a is taking place from 49a through cyclo-

propanation as depicted in 51_ through 49_ to 50 (Scheme 13). The 

probable mechanism for the formation of 50a can be explained as 
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follows, the initially formed styryl substituted furan ̂  undergoes 

nucleophilic addition at thec6-position of the styryl group, which 

has enhanced electrophilicity due to TT-electron delocalization over the 

carbonyl group of the carbethoxy moiety to yield the intermediate 51 

which then cyclizes with the elimination of the bromide ion to afford 

the product 50a. The cinnamoylketene dithioacetals 48b-e gave under 

the above described conditions the corresponding furans 49b-e and the 

cyclopropyl furans 5Qb-e in varying yields (Scheme 13) respectively. 

However, the acetals 48f and 48g afforded only the corresponding 

cyclopropyl furans 50f and 50g exclusively. Similarly the correspond­

ing oO -butenoyl oxoketene dithioacetal 48h afforded only the cyclopropyl 

furan 50h exclusively in 67% yield. The products obtained in these 

reactions were separated by column chromatography in pure form and 

the structural assignment was confirmed by their analytical and spectral 

data which are described in the experimental section. 

As a further proof of the proposed mechanism for the formation of _50̂  

from 49, 49a was reacted with bromoacetate anion in the presence of 

base and the corresponding cyclopropyl furan 50a thus formed was found 

to be identical with the original compound. 

Apparently the glycidic ester intermediate ̂  formed under Darzen 

reaction conditions (Scheme 14) rearranges involving mercapto double 

bond path-â  leading to 49. The dihydrofuran _53̂  (path-b_) involving 

epoxy ring participation with the styryl double bond was therefore 

ruled out. Interestingly when the (5-aryl-2,4-pentadienoyl)ketene 

dithioacetals 55a-^ (Scheme 15) were treated with ethyl bromoacetate 
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anion under similar reaction conditions only the corresponding 

ethyl 3-(4-phenyl-l,3-butadienyl)-5-methylthio-furan-2-carboxylate 

57a and ethyl 3-[4-(A-methoxyphenyl)-l,3-butadienyl]-5-methylthiofuran-

2-carboxylate 57b were obtained in 52% and 51% yields respectively. 

The cyclopropanation of one of the side chain double bonds to yield 

the cyclopropylfuran ̂  was not detected in both the reactions. The 

structures of 57a and 57b were confirmed from their analytical and 

spectral data which were in agreement with the proposed structure. 

Similarly thec6-(7-aryl-2,4,6-heptatrienoyl)ketene dithioacetals 

58a and 58b underwent the described transformation with ethyl brorao-

acetate anion to yield the corresponding ethyl 3-(6-phenyl-l,3,5-

hexatrienyl)-5-methylthio-furan-2-carboxylate 59a and ethyl 3-[6-(4-

methoxyphenyl)-l,3,5-hexatrieny1]-5-methylthio-furan-2-carboxylate 

59b in 58% and 49% yields respectively (Scheme 16) and the structural 

assignment was confirmed from their analytical and spectral data 

(experimental). Apparently the reaction conditions are mild enough 

to introduce acid sensitive polyenyl functionalities over the furan 

ring. 

In one of the experiments theo6-cyclopropyl oxoketene dithioacetal 

60 (Scheme 16) formed from 48̂  using dimethyl oxosulfonium methylide 

was subjected to bromoacetate condensations under similar reaction 

conditions, when the furan ̂  was formed in 65% yield. The structure 

was assigned by its analytical and spectral data which are described 

in the experimental section. This experiment suggests that the 

preconstructed cyclopropane ring can be retained during the course 

of these transformations from 60 to 61. 
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IV.3 CONCLUSION 

This transformation provides an easy pathway for the synthesis of 

furans. A large number of structural variants of oO-oxoketene 

dithioacetals have been shown to undergo Darzen's condensation 

with ethyl bromoacetate generally in the presence of the base 

lithium bis(trimethyl^sillyl)amide under very mild reaction condi­

tions leading to insitu spontaneous ring expansion to form the 

hitherto unreported furans carrying substituent at 3 and 4 positions. 

The illustrations suggest further possibilities of Darzen conden­

sation with systems other than carbethoxy group so that the methodology 

can be efficiently used for the synthesis of 3,A-substituted furans. 

The thiomethyl group at 5-position is of considerable synthetic 

potential since it can undergo hydrolytic cleavage to yield the 

corresponding butenolides. It can also be replaced by alkyl groups 

in the presence of Raney Nickel catalyst so that the functional group 

manipulation will further enhance the synthetic utility of the described 

methodology, 
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IV. 3 EXPERIMENTAL 

Melting points were determined on a Thomas Hoover melting point 

(capillary method) apparatus and are uncorrected. H n.ra.r. spectra 

•were recorded on a Varian EM-390, 90 MHz spectrometer and the 

chemical shift values are expressed as 6(ppro) downfield from Me,Si 

as internal standard. I.r. and mass spectra were recorded on a 

Perkin-Elraer 297 spectrometer and a Jeol D-300 mass spectrometer 

respectively. Carbon and hydrogen analysis were done at RSIC, 

Central Drug Research Institute, Lucknow, India. 

Starting Materials 

The commercial samples of acetone, ethylraethylketone, acetophenone, 

2-acetylnaphthalene, 2-acetylfuran, 2-acetylthiophene, cyclopentanone, 

cyclohexanone, cycloheptanone, l-tetralone, 6-raethoxytetralone, 

propiophenone, benzaldehyde, 4-tolualdehyde, anisaldehyde, 4-chloro-

benzaldehyde, piperonal, 2,3-dimethoxybenzaldehyde, 3,4,6-trimethoxy-

benzaldehyde, cinnamaldehyde and ethylbromoacetate were purified before 

use wherever necessary. The cyclic ketones i.e. 1-indanone, 1-benz-

suberanone, benzthiepenone, A-methoxycinnamaldehyde, 5-phenyl-2,4-

pentadienal, 5-(4-methoxyphenyl)-2,4-pentadienal were prepared accor­

ding to the reported procedure. The known o6-oxoketene dithioacetals 

8a-p (36-cinnamoylketene dithioacetals 48a-h, 5-aryl, l,l-bis(methyl-r 

thio)-7-aryl-l,4,6-heptatriene-3-ones 55a-b and l,l-bis(methylthio)-

9-aryl, l,4,6,8-nonatetraene-3-ones 58a-b were prepared according to 

12-23 
the reported procedure , which was described in the Chapter III 

(experimental). 
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The unknown dithioacetal 8h_ was also prepared by known procedure 

and was characterized with the help of spectral and analytical data 

given below. 

3,3-BisCmethylthio)-l-ethyl-2-propen-l-one (8b); pale yellow solid; 

yield 60%; m.p. 48°C; i.r.(KBr): <) = 1650, 1500 cm~^; "̂H n.m.r. 
III3.X 

(CCl^):6'l.03(t,J=7Hz,3H,CH2CH3); 2.83(s,6H,SCH2); 2.30(q,J=7Hz,2H, 

CHoCHg); 5.83(s,lH^^^^^^^^). (Found: C,47.91; H,6.82. Calc. for 

C^H^2°22 (1'76.17): C,47.72; H,6.86%). m/z 176(M'*',100%) . 

24 

General procedure for the preparation of cyclopropylketene dithio­

acetal (60): 

A solution of 50% aqueous NaOH (50 ml) was introduced beneath a solu­

tion of the substrate (0.01 raol) and the phase transfer catalyst 

(TBAI) (0.013 mol) in dichloromethane (50 ml). Trimethylsulfoxonium 

iodide (0.011 mol) was added and the mixture was maintained at 45-50°C 

with vigorous stirring for 16-24 hr. (monitored by t.l.c). The 

layers were separated and the organic layer was evaporated. The 

residue was diluted with EtOAc and the precipated catalyst was removed 

by filteration. The ethyl acetate solution was evaporated and chroma-

tographed over silica gel column using 5% EtOAc-hexane as eluent. 

3,3-Bis(methylthio)-l-[2-(4-methoxyphenyl)cyclopropyl]-2-propen-

1-one (6_0); pale yellow solid (CH2Cl2-hexane); yield 92%; m.p. 96-97°C 

i.r.(KBr):-^ = 1621, 1492 cm~^; "̂H n.m.r.(CDCl„): 6 1.14-1.37(mi 
ni3.x ^ 

" "'Lm, lH,CH2,cyclopropyl); 1.52-1.80(m,lH,CH2,cyclopropyl); 1.79-2.04(r 

IH.CH.cyclopropyl); 2.41(s,3H,SCIl2); 2.43(s,3H,SCH.3); 2.34-2.58(m, 

lH,CH,cyclopropyl, merged with SCH3); 3.75(s,3H,0CH.3); 6.16(s,lH^^^^^^^^); 
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6.76(d,J=9H2,2H ); 7.00(d,J=9Hz,2H ).(Found: C,65.02; H,6.76. 
^ ' ' arom arom' 

Calc. for C^5%g02S2 (294.29): C,65.18; H,5.84%). m/z 294(M'^,24%). 

General procedure for the synthesis of 3/4 substituted and annelated 

ifuroates (43a-p, 49a-^, 50a-h, 57a-b, 59a-b and 61): 

To a nitrogen flushed 100 ml three necked flask equipped with nitrogen 

inlet, septum inlet and magnetic stirrer was added a solution of 

lithium bis(trimethylsilyl)amide (3.4g, 0.02 m) in dry THF (15 ml) 

and the flask was cooled to -78°C. A solution of ethyl 06-bromoacetate 

(3.4g, 0.02 m) in dry THF (10 ml) was then added dropwise (5 min.) 

to the cooled mixture and stirred for 10 mins. The corresponding 

dithioacetal (0.01 m) dissolved in dry THF (20 ml) was then added 

over a period of 10 mins, and the mixture was stirred at -78°C for 

30 mins. followed by further stirring at room temperature for 12 hrs. 

The reaction mixture was poured over saturated NH,C1 solution(100 ml), 

extracted with ether (3x50 ml), the combined organic layer washed 

with water (1x100 ml), dried anhyd. Na„S0,) and the solvent was 

removed to give the crude product which was further purified by 

passing through neutral alumina column. Elution with hexane yielded 

the pure products in good yields. 

Ethyl 3-methyl-5-methylthio-furan-2-carboxylate (43a); viscous liquid; 

yield 55%; i.r.(CCl^): ̂  ̂ ^̂ ^ = 1710 cm~S ^H n.m.r.(Cr)Cl3): S 1.33(t, 

J=6Hz,3H,CH2CH3); 2.23(s,3H,CH3); 2.45(s,3H,SCH3); 4.24(q,J=6Hz,2H, 

CH2CH3); 6.09(s,lH,H.-4). (Found: C,53.82; H,6.00. Calc. for CgH^2°3S 

(200.25): C,53.97; H,6.04%). m/z 200(M"̂ , 100%). 
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Ethyl 3-ethvl-5-methvlthio-furan-2-carboxvlate (43b); viscous liquid; 

yield 55%; ±'^-(^01^):^^^^ = 1700 cm"^; ^H n.m.r.CCDClg): 6 1.03-1.53 

(in,6H,CH2CH3); 2.46(s,3H,SCH3); 2.76(q,J=7Hz,2H,CH_2CH3); 4.22(q,J=7Hz, 

2H,CH2CH3); 6.06(s,lH,H_-4). (Found: C,56.15; H,6.60. Calc. for 

^10^4^^ (214.27): C,56.05; H,6.58%). ra/z 214(M"^,100%). 

Ethyl 3-phenyl-5-methylthio-furan-2-carboxvlate (43c); white solid; 

yield 62%; m.p. 49-50°C; i.r.(KBr):>J = 1700 cm~^; ^H n.m^r.(CCl^): 

6l.22(t,J=6Hz,3H,CH2CH3); 2.50(s,3H,SCH3); 4.22(q,J=6Hz,2H,CT2CH3); 

6.42(s,lH,H-4); 7.22-7.60(m,5H ). (Found: C,64.22; H,5.31. Calc. 
' '— ^ arom 

for Cj^H^^03S (262.31): C,64.09; H,5.37%). m/z 262 (M'^,100%). 

Ethyl 3-(2-naphthyl)-5-methylthio-furan-2-carboxylate(43d); viscous 

liquid; yield 61%; i.r. (CCl,): >̂  ̂  = 1720 cra""̂ ; ̂ H n.m.r. (CCl^): 

<^1.24(t,J=6Hz,3H,CH2qi3); 2.54(s,3H,SCH3) ; 4.22(q, J=6Hz,2H,C]l2CH3); 

6.52(s,lH,H-4); 7.32-8.02(m,7H ). (Found: C,69.35; H,5.10. Calc. 
— arom 

for C^gH^g03S (312.37): C,69.20; H,5.16%). m/z 312(M'^,100%). 

Ethyl 3-(2-furyl)-5-methylthio-furan-2-carboxylate (43e); viscous 

liquid; yield 65%; i.r. (CCl^): x) ̂ ^^ = 1720 cm"-̂ ; "̂H n.m.r. (CCl^): 

S 1.36(t,J=6Hz,3H,CH2CH3); 2.46(s,3H,SCH3); 4.32(q, J=6Hz,2H,Cfl2<^3); 

6.36-6.40(d,J=2Hz,lH,H-4'); 6.66(s,lH,H-4); 7.34(d,J=2Hz,H;-3'); 

7.54(d,J=3Hz,lH,I{-5'). (Found: C,57.28; H,4.72. Calc. for C^^^^^p^S 

(252.28): C,57.12; H,4.79%). m/z 252(M"̂ , 100%). 

Ethyl 3-(2-thienyl)-5-methylthio-furan-2-carboxylate (43f); viscous 

liquid; yield 63%; i.r.(CCl^):>) ̂ ^ = 1710 cm""̂ ; "̂H n.ra.r.(CCl,): 

3 1.36(t,J=7Hz,3H,CH2CH3); 2.46(s,3H,SCH3); 4.36(q,J=6Hz,2H,CH2CH3); 
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6.56(s,lH,H_-4); 7.06(in,lH,H-4'); 7.35(d, J=2Hz,lH,H-3'); 7.76(d, 

J=2Hz,lH,H-5'). (Found: C,53.81; H,4.46. Calc. for Cj2Hi2°3^2^^^^--^^^' 

C,53.70; H,4.50%). m/z 268(M"^, 100%). 

Ethyl 3,4-dimethyl-5-methylthio-furan-2-carboxylate (43°); viscous 

liquid; yield 45%; i.r.(CCl^):«0 ĵ ^̂ ^ = 1710 cin~̂ ; ̂ H n.in.r.(CCl^): 

S 1.40(t,J=7Hz,3H,CH2CH2); 2.18(s,3H,CH3); 2.48(s,6H,SCH3,CH_2) ; 

4.20(q,J=7Hz,2H,CH2CH2). (Found: C,56.13; H,6.52. Calc. for Cjo^l4^3^ 

(214.27): C,56.05; H,6.58%). m/z 214(M'^,100%). 

Ethyl 3-(4-methoxyphenyl)-4-methyl-5-methylthio-furan-2-carboxylate 

(43h); viscous liquid; yield 40%; i.r.(CCl^):^ = 1715 cm~^; 

^H n.m.r.(CCl^): S 1.21(t,J=7Hz,3H,CH2CH3); 1.90(s,3H,CH2); 2.48 

(s.SH.SCHg); 3.78(s,3H,0CH3); 4.10(q,J=7Hz,2H,CH2CH2); 6.79-7.20 

(m,4H^^^^). (Found: C,62.88; H,5.90. Calc. for C^^H^gO^S (306.36): 

C,62.72; H,5.92%). ra/z 306(M"*", 100%). 

Ethyl 5-raethylthio-cyclopenta[^]furan-2-carboxylate (43i); viscous 

liquid; yield 58%; i.r.(CCl^):>0 ^^ ^ ^'^^^ ^^~^' ^^ n.m.r.(CCl^): 

Sl.39(t,J=6Hz,3H,CH CH3); 2.29-2.99(m,6H,ring CU^); 2.49(s,3H,SCIi2); 

4.28(q,J=6Hz,2H,CH2CH„). (Found: C,58.48; H,6,26. Calc. for C^i%403S 

(226.28): C,58.32; H,6.28%). m/z 226(M"^,100%). 

Ethyl 7-methylthio-cyclohexa[c_]furan-2-carboxylate (43.1); white solid; 

yield 60%; m.p. 45-47°C; i.r. (KBr): v^)^^ = 1690 cm""̂ ; ^H n.m.r.(CCl^): 

<5l.34<t,J=6Hz,3H,CH2CH3); 1.60-1.82(ra,4H,ring CH2); 2.42(s,3H,SCH.3); 

2.31-2.82(m,4H,ring CH.2); 4.20(q,J=6Hz,2H,CH2CH3). (Found: C,59.82; 

H,6.68. Calc. for Cj2%6°3^ (240.31): C,59.97; H,6.71%). m/z 240(M'̂ , 

100%). 



152 

Ethyl 8-methylthio-cyclohepta[£]furan-2-carboxylate (43k); viscous 

liquid; yield 59%; i.r. (CCl^): ̂) ̂ ^^ = 1710 cra""̂ ; "̂H n.m.r. (CCl^): 

Sl.36(t,J=6Hz,3H,CH2CH3); l.AA-1.86(m,6H,ring CH,2); 2.42(s,3H,SCH.2); 

2,42-2.62(m,2H,ring CH^); 2.84-3.02(m,2H,ring CH2); 4.26(q,J=6Hz,2H, 

CH2CH3). (Found: C,61.49; H,7.10. Calc. for C^gH^gO^S (254.33): 

C,61.38; H,7.13%). m/z 254 (M'*",100%). 

Ethyl 2-methylthio-3H-indano[2,l-c_]furan-8-carbQxylate (431); viscous 

liquid; yield 56%; i.r.(CCl^): >} ̂ ^^ = 1710 cm""̂ ; ^H n.m.r.(CCl^): 

Sl.44(t,J=6Hz,3H,CH2CH3); 2.56(s,3H,SCH3); 3.70(s,2H,ring CH2)5 

4.44(q,J=6Hz,2H,CH„CH„); 7.20-7.46(in,3H ); 8.13-8.23(m,lH ). ^ ' ' — 2 3 arom ^ ' arom 

(Found: C,65.57; H,5.12. Calc. for C^ H^^O^S (274.32): C, 65.67; 

H,5.14%). m/z 274 (M'^,100%). 

Ethyl 2-methylthio-3,4-dihydro-naphtho[2,l-c_]furan-9-carboxylate (43m); 

viscous liquid; yield 69%; i.r.(CCl,): >̂  1700 cm ; H n.m.r. 

(CDCI3):Sl.34(t,J=6Hz,3H,CH2CH3); 2.44(s,3H,SCH3); 2.52-2.94(m,4H, 

ring CH2); 4.36(q,J=6Hz,2H,CIl2CH3); 7.14-7.36(ra,3H ^ ); 8.46-8.64 

(m.lH^^^^).(Found: C,66.79; H,5.53. Calc. for C^5Hjg03S (288.35): 

C,66.64; H,5.59%). m/z 288(M'*',100%). 

Ethyl 2-methylthio-6-methoxy-3,4-dihydronaphtho[2,1-cJ furan-9-

carboxylate (43n); viscous liquid;yield 69%; i.r.(CCl, ):>{) 

1700 cm"•̂ ; ^H n.m.r.(CCl4): 6 1.36(t, J=6Hz,3H,CH2C]l3); 2.42(s,3H, 

SCH3); 2.53-2.88(m,4H,ring CH2); 3.72(s,3H,0CH3); 4.30(q,J=6Hz,2H, 

CH„CH„); 6.58-6.85(m,2H ); 8.48-8.60(m,lH ). (Found: C,64.20; —2 3 ^ arom ^ arom 

H,5.62, Calc. for C^yH^gO^S (318.23); C,64.15; H,5.65%). m/z 318 

(M'^,100%). 
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Ethyl 2-methylthio-A,5-dihydro-3H-benzocyclohepta[2,l-c3furan-9-

carboxylate (43o); viscous liquid; yield 55%; i.r.(CCl^): \)^^^= 1700 cm ; 

Ĥ n.m.r.(CCl^):5l.30(t,J=6Hz,3H,CH2CH3); 1.78-2.2A(m,2H,ring CH2); 

2.16-2.64(m,4H,ring CH2); 2.50(s,3H,SCH3); 4.20(q,J=6Hz,2H,CH2CH3); 

7.24-7.32(m,3H ); 7.44-7.64(m,lH ^ ^ ^ ) . (Found: C,67.68; H,5.90. 
arom arora 

Calc. for C^yH^gOgS (302.37): C,67.52; H,5.99%). ni/z 302(M'^,100%). 

Ethyl 2-methy 1 thio-8-methyl-3,4-dihydro-benzothiepino [ 2,1-ĉ ] furan-

10-carboxylate (43p); viscous liquid; yield 52%; i.r. (CC1_^): >̂  ̂ ^^ = 

1710 cm"S ^H n.m.r.(CDCl3): S 1.31(t,J=6Hz,3H,CH2CH3); 2.36(s,3H, 

CH3); 2.50(s,3H,SCH3); 2.57-2.71(ra,2H,ring CH2); 2.81-3.36(m,2H, 

SCH„); 4.31(q,J=6Hz,2H,CH„CH„); 7.01-7.72(m,3H ). (Found: C,61.21; 
—2 ^ —2 3 arom 

H,5.38. Calc, for C^-,H^g03S2(334.43): C,61.05; H,5.42%). m/z 334(M"*", 100%). 

Reductive Desulphurization of' (43a-c_,ĝ , 43i,J_ and 43m); 2-Carbethoxy-

3-substituted and 3/4 annelated furans (,̂,̂a~£» 6» jt̂ .?J. ^^^ IS.)» 

General procedure: 

To a solution of the appropriate methylthiofuran (0.005 m) in ethanol 

(25 ml) freshly prepared W, Raney Nickel (0.5g) was added and the 

reaction mixture was stirred at room temperature for Ih. It was 

then filtered through Kieselguhr, washed with hot>chloroform (3x15 ml), 

and the solvent is evaporated from the combined filtrate to give the 

crude desulphurized product, which was further purified by passing 

through neutral alumina column (elution with hexane). The spectral 

and analytical data of furans thus obtained are given below. 

Ethyl 3-methyl-furan-2-carboxYlate (44a); viscous liquid; yield 83%; 

i.r.(CCl̂ ):Ojj,̂ ĵ  = 1700 cra"^ ^H n.m.r.(CCl^): 6 1.36(t,J=6Hz,3H,CH2CH3); 
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2.30(s,3H,CH3); 4.30(q,J=6Hz,2H,CH2CH2); 6.26(d,J=3Hz,lH,H-4); 

7.36(d,J=3Hz,lH,H-5). (Found:C,62.42; H,6.48. Calc. for C„H,^0„ 
o iU J 

(154.16): C,62.32; H,6.53%). 

Ethyl 3-ethyl-furan-2-carboxylate (44b); viscous liquid; yield 82%; 

i.r.(CCl,):>i)_^ = 1710 cm""'-; "̂H n.m'.r. (CDC1„): 5 1.03-1.66(m,6H, 

CH2CH3); 2.83(q,J=7Hz,2H,CH2CH2); 4.30(q,J=7Hz,2H,CH2^H3); 6.36 

(d,J=3Hz,lH,H-4); 7.43(d,J=3Hz,lH,H-5). (Found: C,64.38; H,7.09. 

Calc. for CjgH^2°3 (̂ 1̂ 8.19): C,64.26; H,7.19%). m/z 168(M"^,25%). 

Ethyl 3-phenyl-furan-2-carboxylate (44c); viscous liquid; yield 87%; 

i.r.(CCl^):-^^^^ = 1705 cm""̂ ; % n.m.r.(CDCl„): S 1.26(t,J=6Hz,3H, 

CH2CH3); 4.36(q,J=6Hz,2H,CH2CH3); 6.63(d,J=2Hz,lH,H-4); 7.36(d, 

J=2Hz,lH,H-5); 7.43-7.70(m,5H ). (Found: C,72.38; H,5.54. Calc. ^̂  sironi 

for Cj2^j203^216.23): C,72.20; H,5.59%). ra/z 216(M"*',95.8%). 

Ethyl 3-(2-furyl)-furan-2-carboxylate (44e); viscous liquid; yield 

76%; i.r.(CCl,):'9 = 1710 cra""̂ ; ̂ H n.m.r.(CDClo): S 1.36(t,J=6Hz, 

3H,CH2CH2); 4.33(q,J=6Hz,2H,CH2CH2); 6.33-6.56(ra,lH,_H-4'); 6.83(d, 

J=3Hz,H-4); 7.40(d,J=3Hz,2H,H-3', H-5); 7.50(d,J=3Hz,lH,H-5'). (Found: 

C,63.22; H,4.79.Calc. for C^I^H^QO^ (206.19): C,64.07; H,4.88%). m/z 

206(M''',100%). 

Ethyl cyclopenta[c]furan-2-carboxylate(44i); viscous liquid; yield 

70%; i.r.(CCl,):0 = 1710 cm"\- ^H n.ra.r. (CCl, ): ,^1.33(t,J=6Hz. 
4 '' max 4 

3H,CH2CH3); 2.23-2.93(m,6H,ring CH2); 4.20(q,J=6Hz,2H,CH2CH2); 7.10 

(s,lH 3̂  f - ). (Found: C,66.78; H,6.68. Calc. for 0^0^12^ (180.20): 

C,66.64; H,6.71%). m/z 180(M''',40.6%). 
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Ethyl cyclohexa[c]furan-2-carboxylate(44-j); viscous liquid; yield 

85%; i.r.(CCl̂ ):̂ JJJJĝ  = 1700 cm"-̂ ; ̂ H n.m.r.(CDCl3): 61.36(t,J=6Hz, 

3H,CH2CH3); 1.50-1.86(m,4H,ring CK^); 2.A0-2.63(ra,2H,ring CH^); 

2.73-2.92(in,2H,ring CH2); 4.33(q,J=6Hz,2H,CH2CH3); 7.26(s.lH^^^^^^^^). 

(Found: C,68.11; H,7.06. Calc. for C^jH^^O^ (194.22): C,68.02; 

H,7.26%). 

Ethyl 3,4-dihydro-naphtho[2,l-c^]furan-2-carboxylate (44m); viscous 

liquid; yield 80%; i.r.(CCl, ): N) = 1700 cm"-̂ ; H n.in.r.(CDCl„): 

61.36(t,J=6H2,3H,CH2CH3); 2.53-2.93(m,4H,ring CH2); 4.33(q,J=6Hz, 

2H,CHXHo); 7.03-7.33(ra,3H ,1H . . . . ) ; 8.36-8.63(m,lH ). 
' —2 3̂ '̂ arom olefinic arom 

(Found: G,74.25; H,5.80. Calc. for C^^H^^O^ (242.26): C,74.36; 

H,5.82%). m/z 242(M"̂ , 100%). 

Ethyl 3-styryl-5-methylthio-furan-2-carboxylate (49a); viscous liquid; 

yield 20%; i.r. (CCl^): >0 = 1690 cm"-̂ ; ̂ H n.m.r.(CCl^): <̂  1.33(t, 

J=6Hz,3H,CH2CH3); 2.46(s,3H,SCH3); 4.33(q,J=6Hz,2H,CH2CH3); 6.56(s, 

lH,H-4): 6.83(d,J=16Hz,lH , ^. . ); 7.16-7.56(ra,5H ); 7.60(d, 
— ^ olefinic arom ' ^ ' 

J=16Hz,lH T ^. . ). (Found: C,66.49; H,5.50. Calc. for C,^HT.O„S 
olefinic 15 16 3 

(288.35): C,66.64; H,5.59%). ra/z 288(M"*", 100%). 

Ethyl 3 - ( 4 - m e t h o x y 5 t y r y l ) - 5 - m e t h y l t h i o - f u r a n - 2 - c a r b o x y l a t e (49b ) ; 

v i scous l i q u i d ; y i e l d 25%; i . r . ( C C l ^ ) : Y) = 1669 cm" ; "̂H n . m . r . 

(CDCl3):<Sl.43(t,J=7Hz,3H,01120113); 2.53(s,3H,SCH3); 3.86(s,3H,0GH3) ; 

4.40(q,J=7Hz,2H,CHoCH^); 6 . 6 6 ( s , l H , H - 4 ) ; 6.83-7.03(m,2H +1H , , . . ) ; —2 3 N » _ ' N » arom o l e f m i c 

7,33-7.60(m,2H +1H , . . . ) . (Found: C ,64 .21 ; H , 5 . 6 3 . Ca lc . for arom o l e f i n i c 1 . » 

CjyHjgO^S ( 3 1 8 . 3 7 ) : C,64.12; H,5.69%). ra/z 318(M'^,21%). 
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Ethyl 3-(3,4-dimethoxystyryl)-5-methylthio-furan-2-carboxylate(49c); 

white solid; yield 55%; in.p. 98°C; i.r. (KBr): ̂  ̂ ^^ = 1680 cm"^ 

^H n.m.r. (CDCl3):&1.30(t,J=7Hz,3H,CH2CH3); 2.A0(s,3H,SC]i3); 3.76(s, 

en.OCHg); 4.33(q,J=7Hz,2H,CH2CH3); 6.66(s,lH,H-4); 6.80-7.53(in, 

3H +1H , ^. . ); 7.86(d,J=16HzaH , . . . ) . (Found: C,62.19; 
arom olefxnxc olerinic 

H,5.72. Calc. for C^Q^^QO^S (348.40): C,62.04; H,5.78%). ra/z 348 

(M"'",73%). 

Ethyl 3-(3,4,5-trimethoxystvryl)-5-methvlthio-furan-2-carboxylate 

(49d); white solid; yield 60%; m.p. 100°C; i.r.(KBr): >̂) = 1680 cm""̂ ; 

^H n.m.r.(CDCl3):<S 1.36(t,J=6Hz,3H,CH2CH.3); 2.46(s,3H,SCT3); 3.86(s, 

3Y[,0CE^); 3.90(s,6H,OCH3); 4.43(q,J=6Hz,2H,CH.2CH3); 6.66(s,lH,H.-4); 

6.76-6.89(m,2H ); 6.86(d,J=16Hz,lH , . . . ) ; 7.90(d,J=16Hz,lH , . . . ) , 
arom olefmxc olefinic 

(Found: C,60.18; H,5.77. Calc. for C^QH2206^ (378.43): C,60.29; H,5.86%). 

/z 378(M"*", 100%). m 

Ethyl 3-(3,4-methylenedioxystyryl)-5-methylthio-furan-2-carboxylate 

(49e); viscous liquid; yield 22%; i.r. (CCl,): >̂ )̂  = 1720 cm""̂ ; ̂ H 

n.m.r.(CDCl3):(Sl.46(t,J=6Hz,3H,CH2CH3); 2.46(s,3H,SCH3); 4.36(q, 

J=6Hz,2H,CH2CH.3); 5.93(s,2H,0-CH.2-0); 6.56(s,lH,H-4); 6.66-7.33(m, 

3H +1H , ^. . ); 7.50(d,J=16Hz,lH,cyclopropyl). (Found: C,61,32; arom olefmic » > j r rj ^ s 

H,4.76. Calc. for C^y^gO^S (332.36): C,61.43; H,4.85%). m/z 332 

(M"'',100%). 

Ethyl 3-(2-carbethoxy-3-phenylcycloprop-l-yl)-5-methylthio-furan-2-

carboxylate (50a); viscous liquid; yield 42%; i.r.(CCl,):0 = 1720 

cm""̂ ; ̂ H n.m.r.(CDCl3):6 1.13-1.56(m,6H,CH2CH3); 2.50(s,3H,SCH3); 

2.26-2.43(ni,lH,cyclopropyl); 2.83-3.03(m,lH,cyclopropyl); 3.23-3.46 
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( in , lH,cyc lopropyl ) ; 6 . 4 6 ( s , l H , ] i - 4 ) ; 7 .13-7 .46(br s ,5H ) . (Found: 

C,64.05; H , 5 . 8 3 . Ca lc . for C2QH22O5S (374 .38 ) : C,64 .15; H,5.92%). 

m/z 374(M'^,24%). 

Ethyl 3 - [2 -ca rbe thoxy-3 (4 -me thoxypheny l )cyc loprop- l -y l}5 -me thy l th io -

fu ran -2 -ca rboxy la t e (50b)rviscous l i q u i d ; y i e l d 4 8 % ; i . r . ( C C l , ) : - 9 =1715 cm ; 

^H n .m . r . (CDCl2 ) :6 0.93(t,J=7Hz,3H,CH2CH2); 1.23(t,J=7Hz,3H,CH2CHg); 

2 .03( in , lH ,cyc lopropy l ) ; 2.43(s,3H,SCH2)'* 2 .53 -2 .73 ( ra , lH ,cyc lopropy l ) ; 

3 .56 -3 .73 (m, lH ,cyc lop rqpy l ) ; 3.80(q,J=7Hz,2H,CH2CH2); 4.36(q,J=7Hz, 

2H,CH„CHo); 6 .10(s , lH,H.-4) ; 6,83(d,J=7Hz,A„B,,2H ) ; 7.30(d,J=7Hz, 

A„Bo,2H ) . (Found: C,62.24; H ,5 .94 . Ca lc . for C„,H„,0,S (404 .46) : 2 2 arom 21 24 6 ^ ' 

C ,62.35; H,5.98%). ra/z 404(M"^, 100%). 

Ethyl 3-[2-carbethoxy-3-(3,4-dimethoxyphenyl)cycloprop-l-yl ]-5-

methylthio-furan-2-carboxylate (50c); viscous liquid; yield 28%; 

i.r.(CCl̂ ):>;)ĵ ^̂  = 1720 cm"''-; ̂ H n.m.r.(CDCl2): 5 1.03(t,J=6Hz,3H, 

CH2CH2); 1.33(t,J=6Hz,3H,CH2CHg); 2,33-2.40(m,lH,cyclopropyl); 

2.46(s,3H,SCH3); 2.83-2.96(ni,lH,cyclopropyl); 3.60-3.73(m,lH,cyclo-

propyl); 3.53-4.03(m,2H,CH2CH3+3H OCT3); 6.16(s,lH,H.-4); 6.73-7.06 

(ni,3H ) , (Found: C,60.69; H ,6 .00 . Ca lc . for C„„H„.0^S (434 .49 ) : 
arom 11 lb 1 

C,60 .81 ; H , 6 . 0 3 ) . ra/z 434(M'^,16%). 

Ethyl 3[2-carbethoxy-3-C3,4,5-trimethoxyphenyl)cycloprop-l-yl]-5-

methylthio-furan-2-carboxylate (50d); white solid; yield 30%; m.p. 

110°C; i.r.(KBr): S) ̂ ^ = 1715 cra""̂ ; ̂ H n.m.r.(CCl^): 6 1.03(t,J=6Hz, 

3H,CH2CH3); 1.43(t,J=6Hz,3H,CH2CH3); 2.00-2.26(m,lH,cyclopropyl); 

2.46(s,3H,SCH3); 2.60-2.83(m,lH,cyclopropyl); 3.13-3.53(m,lH, 

cyclopropyl); 3.63-4.16(m,9H(0CH3)3+2H,CH2CH3); 4.46(q,J=6Hz,2H, 



158 

CH„CH^); 6.16(s,lH,H-4); 6.66(brs,2H _ ). (Found: C,59.35; H,6.01. 
"""̂  J •"• 3.r0ITl 

Calc. for C23H2gOgS (464.51): C.59.46; H,6.07%), ra/z 464(M"*",74%). 

Ethyl 3-[2-carbethoxy-3-(3,4-methylenedioxyphenyl)cycloprop-l-yl]-

5-methylthio-furan-2-carboxylate (50e); viscous liquid; yield 43%; 

i.r.(CCl,):-5 = 1710 cm~^; ^H n.m.r.(CCl/):S 1.03(t,J=7Hz,3H, 
4 max ^ 

CH2CH3); 1.36(t,J=7Hz,3H,CH2CH3); 2 .10 -2 .30 (m, lH ,cyc lop ropy l ) ; 2.46 

(s,3H,SCH_3); 2 .53 -2 .70 (m, lH ,cyc lop ropy l ) ; 3 .50 -3 .73 (m, lH ,cyc lop ropy l ) ; 

3.86(q,J=7Hz,CH CH„); 4.40(q,J=7Hz,2H,CH,2CH3); 5 .96(s ,2H,methylene 

O-CH2-O); 6 . 1 3 ( s , l H , H - 4 ) ; 6.66-6.96(m,3H ^ ) . (Found: C,60 .15; 

H , 5 . 2 8 . Ca lc . for C2JH22O7S (418 .45 ) : C,60.27; H,5.30%). ra/z 418 

(M"^,100%). 

Ethyl 3-[2-carbethoxy-3-(4-chlorophenyl)cycloprop-l-yl]-5-f lEthylthio-

fu ran -2 -ca rboxy la t e ( 5 0 f ) ; v i scous l i q u i d ; y i e ld 67%; i . r . ( C C l , ) : 

"^max " ^'^•^^ ^™~'̂ ' ^^ n . m . r . ( C C l ^ ) : 6 1.00(t,J=7Hz,3H,CH2CH3); 1.36 

(t,J=7Hz,3H,CH2CH3); 2 .13 -2 .33 ( ra , lH ,cyc lop ropy l ) ; 2.46(s,3H,SCT3); 

2 . 5 3 - 2 . 7 6 ( m , l H , c y c l o p r o p y l ) ; 3 .56 -3 .76 (m, lH ,cyc lop ropy l ) ; 3 .96(q , 

J=7Hz,2H,CH2CH3); 4.36(q,J=7Hz,2H,CH2CH3); 6 . 1 3 ( s , l H , H - 4 ) ; 7 .20 -

7 .43(brs ,4H ^ ) . (Found: C ,64 .21 ; H,5 .57 . Ca lc . for C „ „ H ^ T C 1 0 _ S 
S i oin Zu J.J. D 

( 4 0 8 . 2 3 ) : C,64.32; H,5.66%). m/z 408,410 (M'^,59%,23%). 

Ethyl 3-[2-carbethoxy-3-(4-methylphenyl)-cycloprop-l-yl]-5-methylthio-

furan-2-carboxylate (50g); viscous liquid; yield 58%; i.r.(CCl,): 

^max " ^'^^^ ^^~^' ^^ n.m.r.(CDCl3):,Sl.03(t,J=6Hz,3H,CH2C]l3); 

1.36(t,J=6Hz,3H,CH2CH2); 2.10-2.30(m,lH,cyclopropyl); 2.23(s,3H. 

CH3); 2.36(s,3H,SCH3); 2.60-2.79(m,lH,cyclopropyl); 3.63-3.80(m, 

IH.cyclopropyl); 3.96(q,J=6Hz,2H,C]l2CH3); 4.29(q,J=6Hz,2H,CH,2CH3); 
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6.00(s,lH,H-4); 6.83-7.33(ra,AH^^^^). (Found: C,64.79; H,6.18. Calc. 

for C^j^^^O^^ (388.46): C,64.92; H,6.22%). m/z 388(M"^,79,4%). 

Ethyl 3-[2-carbethoxy-3-(4-methyl)-cycloprop-l-yl]-5-methylthio-

furan-2-carboxylate (50h); viscous liquid; yield 67%; i.r.(CCl,): 

0 = 1720 cra"̂ ; ̂ H n.m.r.(CCl,):6 1.13-1.63(m,6H,CH„CHo+3H,CH„); V max *+ / —J —J 

1.63-2.03(m,2H,cyclopropyl); 2.46(s,3H,SCH.2); 2.76-2.96(m,lH,cyclo-

propyl); 3.93-4.53(m,4H,CH_2CH2); 5.93(s,lH,!I-4), (Found: C,57.60; 

H,6.42. Calc. for C^5H2Q03S (312.15): C,57.71; H,6.45%). m/z 312 

(M''',62%). 

Ethyl 3-(4-phenyl-l,3-butadienyl)5-methylthio-furan-2-carboxylate 

(57a); viscous liquid; yield 52%; i.r. (CCl, ): ̂J) = 1710 cm ; 

^H n.m.r.(CDCl2):^1.43(t,J=6Hz,3H,CH2CH2); 2.50(s,3H,SCH3); 4.40 

(q,J=6Hz,2H,CHoCH„); 6.60(s,lH,H-4); 6.73-7.13(m,3H,lH +2H , .. . ); ^ ' ' 2 3 ^ \ » >_ /> arom olefxnic 

7.26-7.63(m,4H +2H , .. . ). (Found: C,68.90; H,5.74. Calc. for ^ ' arom olefinic . . » 

C^gH^gO^S (314.38): C,68.76; H,5.77%). m/z 314(M'*',79%). 

Ethyl 3-[4-(4-methoxyphenyl)-l,3-butadienyl3-5-methylthio-furan-2-

carboxylate (57b); viscous liquid; yield 51% i.r.(CCl,):9 = 

1710 cm~^; ^H n.m.r.(CDCl ):5 1.40(t,J=7Hz,3H,CH2CH2); 2.53(s,3H, 

SCHg); 3.83(s,3H,0CH,2); 4.43(q,J=7Hz,2H,C]i2CH3); 6.60(s,lH,H-4); 

6.66-6.96(m,2H +2H , .. . ); 7.26-7.50(ra,2H +2H , .̂ . ). 
arom olefmxc arom olefmxc 

(Found: C,66.15; H,5.82. Calc. for C^gH2Q0^S (344.41): C,66.25; 

H,5.85%). m/z 344(M"*", 17%). 

Ethyl 3-(6-phenyl-l,3,5-hexatrienyl)-5-methvlthio-furan-2-carboxylate 

(59a); viscous liquid; yield 58%; i.r.(CCl^):-j) ^^ = 1700 cm~^; 

^H n.ra.r.(CDCl2):6 1.36(t,J=6Hz,3H,CH2CH2); 2.50(s,3H,SC]l3); 4.36 



160 

(q,J=6Hz,2H,CH^CH„); 6.36-6.96(in,7H , . . . ) ; 7.23-7.63(ra,5H ). ^̂ ' ' ' — 2 3 ^ olefinic arom 

(Found: C,70.44; H,5.88. Calc. for C^Q^^QO^S (340.42): C,70.55; H,5.92%). 

m/z 340(M"*",44%). 

Ethyl 3-[6-(4-methoxyphenyl)-l,3,5-hexatrienyl-furan-2-carboxylate(59b); 

viscous liquid; yield 49%; i.r. (CCl, ): >̂  = 1705 cm~ ; H n.in.r. 

(CDCl2):5l.36(t,J=7Hz,3H,CH2CT2); 2.46(s,3H,SCH.2); 3.76(s,3H,0CH.2); 

4.36(q,J=7Hz,2H,CH„CH„); 6.36-6.93(m,5H , .. . +3H ); 7.06-7.46 —2 3 ' olefinic arom 

(ra,2Hĝ ^̂ +lĤ ^̂ ^̂ ^̂ )̂. (Found: C,67.18; H,5.96. Calc. for C2jH220^S 

(470.45): C,68.08; H,5.98%). m/z 370(M"̂ ,15%). 

Ethyl 3-[2-(4-methoxyphenyl)-cycloprop-l-yl]-5-methylthio-furan-

max 
2-carboxylate (61); viscous liquid; yield 65%; i.r.(CCl,): >̂  

1720 cm"^; •""H n.m.r .(CDCI3): 6 1.23(t, J=7Hz,3H,CH2CH2); 2.03-2.42(m, 

3H,cyclopropyl); 2.46(s,3H,SCH2); 2.60-2.76(m,lH,cyclopropyl); 

3.83(s,3H,0CH,2); 4.36(q,J=7Hz,2H,CT2CH3); 6.10(s,lH,H-4); 6.83(d, 

J=7Hz,A7B„,2H ̂  ); 7.30(d,J=7Hz,Â B„,2H ). (Found: C,65.35; 

H,5.72. Calc. for Ĉ gĤ gÔ S (331.33): C,65.24; H,5.77%). m/z 331 

(M'̂ ,23%). 
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