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Preface 

The a-oxokctcnc dithioacetals arc versatile three carbon synthons with mnhidcnt 

I ,3-elcctrophillic centres permitting the designs of various carhocycl ic :tnd 

heterocyclic molecules. Our conti1~1~s interest in these class of compounds has 

centered around in exploiting the differential clectrophilicity of I.J-carhon 

centres for the regiosclective construction of new C-11 and ( '-( · honds involvin).! 

either I ,2- or I ,4- nucleophilic additions leading to a number of svnthetir mutes 

for the synthesis of a wide range of organic compounds. 

The work presented in this thesis has been carried out as a part of om ongolrt).! 

investigations on o.-oxoketene dithioacetals and their sister counterparts. TilL' 

work undertaken describes the synthesis of f\-oxodithioatcs. nwthvl 

dithiocarbanwtes, thioureas nnd also a synthetic transfonnatillll usJtt~· u-

oxoketene dithioacctal as the precursor. 

The first chapter of this thesis provides n brief account ott the gcrtcral rcac11vit v 

profile of a-oxoketene dithioacetals and some of the rcccntlv developed 

synthetic strategies employing these class of compounds. 

The second chapter describes the reaction of 1-(methyldithiocarbonvl) imid;11olc 

and 3-methyl-1-(methyldithiocarbonyl)imidazolium iodide with active mcthylcrtc 

compounds, to obtain P-oxodithioatcs using a new synthetic strategy. 



An efficient route for the synthesis of methyl dithiocmbamates, symmetrical 

thioureas and unsymmetrical thioureas on reacting 1-(methyldithiocarhonyl) 

imidazole and 3-methyl- 1-( methy ld i thiocarbonyl) i 111 idazol i um iocl ide with a Ill i ncs 

has beeti developed and the results of this investigation has been presented in the 

third chapter. 

The last chapter of this thesis describes that a-oxoketenc dithioacetals undergo 

I ,4-addition in a highly regio- and stereo- selective manner using organo zinc 

reagents to gtve ~-alkyl-~-alkylthio-a,P-enoncs by the displacement of one 

mcthylthio group. 
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CIIAPTEH.-1 

INTRODUCTION 

Study of the chemistry of a-oxoketene dithioacctals and the 

corresponding S,N-, N,N- and O,S-acetals has attracted increased attention in 

recent years because of their wide application in organic synthesis. This 

chapter gives a brief review and discussion on the chemistry of u-oxokctcnc 

dithioacctals in the context of their potential application to organic synthesis. 

This chapter has been simpli fiecl into sections. The first section 

g1ves a brief rcv1ew of a-oxoketene clithioacetals and the second section 

describes the present work. 

Section I. a-oxol{ctcrle dHhioacetals are having the stnrd ure 

~ JMc 

~~~SMc 
\ R' 

' / 



? , ... 
These arc masked r~-ketocsters in which the ester functionality is lll<lnifcstcd <lS 

ketene dithioacctal moiety. 

0 SMe 

IZYsMe 
R' 

0 

R)l(/+ R
1
011 

R' 

Kelber and co-workers I. 2 had given the first report on a-oxoketene 

dithioacetals in the year 1910. Much of the earlier work on n-oxokctcnc 

dithioacetals was confined to their preparation and properties, while little 

attention was paid to their synthetic utility. Later on Thuillier <111d Vialle 

prepared these compounds in a one pot reaction by reacting the active 

methylene ketones with carbon disulphide in the presence of sodium tcrtimy 

amylate followed by alkylationH. Subsequently these reaction conditions have 

been greatly improved using different bases and reaction conditions 711
. !\ 

large number of a-oxoketene dithioacetals have now been reported and their 

chemistry has been reviewed by Dieter 12
a in 1986 and by Junjappa and co-

workers 12
h in 1990. 

The a-oxoketene dithioacetals, generally exhibit \Veil defined 

physical properties and can be easily purified by conventional methods. They 

are stable under mild acidic and alkaline conditions and can he stirred 

indefinitely without decomposition. The a-oxoketene dithioaeetals have 

attained recognition in being used as building blocks in strategic synthetic 
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operations
12

. The reaction of enolate anions derived fl·om active methylene 

carbonyl compounds in the presence of suitable base/solvent combination 

(coupled with temperature manipulation) with carbon clisulphide followed hy 

alkylation, continues to be the most preferred method for the preparation of 

tl · I f 1 1.(, & 7-11 
liS c ass o compoutws · . 

The u-oxokctcnc dithioacctals arc ~,f\-disubstituted o ,[\-

unsaturated ketones having I ,3-clctrophilic centres with differing electrophilic 

properties. 

0 SMc 

Rj1.JSMc 
hard electrophilic soft electrophilic 

centre centre 

The carbonyl carbon can be regarded as the hard elcctrophilic 

centre since it is attached to oxygen atom which is a hard base. The [\-carbon 

atom can be regarded as the soft clectrophilic centre since it is flanked hy two 

mcthylthio groups of which sulphur is a soft base. The I J-dicnbonyl 

compounds arc attacked by nucleophiles at both carbonyl centers whi lc their 

counter parts show differential clectrophilicity permitting h<1rd nueleophiles In 

attack vi<1 charge controlled I ,2-addition mode. The soft nuclcophiles f()llow 

orbital controlled I ,4-addition-elimination sequence with the sulphur analogs. 

Thus the sulphur analogs display greater regioselectivity as compared to the 

oxygen analogs. 



() () 

R011 
liN II~ 

0 0 

R~R 
liN II~ 

0 R' 

- R~SMc 
IIN s~ 

0 SMe 

R~SMc 
HN s~ 

The a-oxoketcnc dithioacctals arc also primary precursors for the synthesis of 

corresponding N,N-, N,S-, and O,S-acctals. The preparation of O,S-acctals is 

accomplished, by the displacement, hy oxygcnnucleophiles of the sulphonium 

salts 13 of the corresponding S,S-acetals. The N ,S-acctals can be prepared from 

a-oxoketene dithioacetals by the displacement of one thiomethyl group by a 

suitable amine in refluxing ethanol 14
·
15

. Alternatively, they can be prepared 

directly from active methylene ketones by reacting their enolatc anions with 

alkyl and aryl isothiocyanates followed by alkylation'<•. 

The a-oxoketene N,N-acctals can be prepared 1n high yields hy 

displacing both the thiomethyl groups of a-oxoketene dithioacetal by amincs 

in refluxing acetic acid 15
·
17

. The a-oxoketene S,S-, N,S- and N,N- acctals have 
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been extensively used in the laboratory for the synthesis of both heterocyclic 

and carbocyclic compounds 12
• 

In Scheme-l, various reactivity profiles of ct-oxoketene S, S-acc1<1ls 

of general formula I have been outlined. Hydrides and organometallic 

reagents give I ,2-addition products typical of carbonyl function reactivit/R. 

These additions can be directed in a I ,4-manner by suitably manipulating the 

reagent and reaction conditions 1
"·

19
• Further transformations after the initial 

I ,2- or I ,4-addition are further reportcd 18
. Then enolate ion formed hy the 

deprotonation (when R'=alkyl) can undergo condensation with aldehydes to 

. I k I' I. I 20 g1ve a-enoy etene c tt 11oaceta s . 

Also deprotonation on the thiomcthyl group followed by 

intramolecular aldol type condensation to thiophene is also reported 2111
. The 

reactivity of the mercaptal double bond is also exploited with clectrophilcs. 

The a-oxoketenc dithioacetals 1 undergo bromination at [:(-position with N-

bromo succimide24
. Thus, it is apparent that the a-oxoketene S,S-acetals of 

general formula I constitute an important class of synthons with reactive 

electrophilic and nucleophilic centers distributed in various centers of its 

skeleton permitting reactions of great synthetic importance. Some of the 

selected transformations reported from this laboratory are brieny described in 

the following section. 

The carbonyl group of a-oxoketenc dithioacetals can be selectively 

reduced using sodium borohydride in a I ,2- fashion to give the carbinol 
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tl 2 ~ 26 1'1 b' I ace as-- . 1ese car tno acetals were shown to undergo smooth 

methanolysis in the presence of boron trifluoride etherate to afford u,f~-

unsaturated methyl esters 226 in high yields (Schemc-2). The overall 

transformation is considered as homologation of active methylene ketones 

involving 1 ,3-carbonyl transformation methodology. 

The Grignard and organolithium reagents undergo either 

regioselcctive I ,2-addition to afford a-hydroxy ketene dithioacetals or 

sequential I ,4- and I ,2-additions to afford the ~-hydroxy vinyl sulfides IR ,.,
27

_ 

The boron trifluoride etherate eatalysed solvolysis or the hydrolysis of these 

carbinols yield either P-substitutecl a,f3-unsaturated esters 8 or the 

corresponding ketones 9 18 (Scheme-2) in good yields. 

However, when the R' is alkyl or aryl group the open elwin 

cinnamates were not formed, instead the corresponding 2,3-clisubstituted 

indenones were formed 1
R. The reaction of phenyl magnesium bromide 

followed by BF1.Et20 treatment is reported to give the 1-mcthylthio-1-

phenylidencs 112R. Diene esters 14 and a,~-unsaturated esters IJ7
'J were 

reported when Reformatsky reaction was carried out with n-oxoketenc 

dithioacetals. Dieter and co-workers have reported the chcmo- and stereo-

selective addition of organo euprates to 1 which undergo conjugate addition to 

give p-alkyl thio-P-substituted a,p-unsaturated ketones 12
19

. In another study 

from this laboratory, base catalysed rearrangement of a-oxnkctene 
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dithioacetals derived from propiophenone is rcported21 . The 2-alkyl thiomcthyl 

acrylo-phenones 6 are formed by the 1 ,3-SR shift. A base assisted I ,5-SR shift 

to the dienes 7 is also reportecl:10
. The cx-oxokctcne dithioacetals I arc shown to 

undergo nickel boridc (NaBH 4/NiCh) reduction to afford the corresponding 0-

methylthio alkenyl ketones 412
. These intermediates arc hydrolysed to a,[3-

unsaturated aldehydes 332 (Scheme- 2). 

The differential electrophilicities of the I ,]-carbon atoms of n-

oxoketenc dithioacctals have been exploited for the synthesis of various ft1sccl 

five and six membered heterocycles33
.
34 by reacting with appropriate I ,2- and 

I ,3-hetero binucleophiles (Schcme-3). a-oxoketene dithioacetals on reaction 

with hydroxyl amine at pH 7-9 gave isomeric isooxazoles 2017 in good yields. 

Froni these transformations it is apparent that the n-oxoketenc dithioacct;ds 

with wide functional variation and many easily accessible reagents and 

reaction intermediates manifest various possibilities leading to a diverse range 

of products. 

Various transformations developed, based on cx-cinnamoyl and "i-

aryl 2,4-pentadienoyl ketene clithioacetals 31 arc outlined in (Schcmc-4 ). !\ 

. 20 4'i I I general method for the synthesis of polyene esters 32 · has been rcportc( 1y 

1 ,2-reduction of 31 followed by mcthanolysis in the presence of boron 

trifluoride etherate. In fig (II) assisted hydrolysis the corresponding y,o-

unsaturated [3-keto esters 34 are fonnccl 46
. In the case of 2,4-disuhstitutcd (R · 
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R'= CH_1), the corresponding cyclopentanoncs 33 and 35 arc formed in both 

. I' . 4(' 47 S I . . 1· . 'l react1on cone 1t1ons · . tyry pynm1c 1nes 36, pyndoncs _..,7 and 38 were also 

I . I . I . 1· 4R 49 . I . I I 1· I . I synt 1CSI7.Ct liSIIlg t lCSC llltCrlllCC Jatcs . . f lC Clllnamoy <Ctcne ( II 11oaccla S 

31 have been reported to undergo regio-selectivc cpoxiclation to give 39 and 

cyclopropanation to give 41 at the styryl double bond.'i0
.
51

. The intermediates 

39 and 41 were further exploited for the synthesis of pyrones 40 and 

cyclopentanones 42 and 43 respectivel/0
·
51

. 

The synthetic outcome of the aromatic annulation approach \'i<l o.-

oxoketene dithioacetals developed in this laboratory is depicted in (Scheme-5 ). 

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

to yield the corresponding carbinol acetals in high yields, ·which on Bh.Ft 20 

assisted cationic cyclization afforded the substituted and fused bc1vcnc 

derivatives 4452
. The method is extended for the synthesis of other ben;cnoids 

45, 46 and 475
:1-

55
. The method is further shown to be extremely versatile and 

found general application for the synthesis of pyridincs 485
(', quinoli;.inium 

salts 4957
, I ,2-benz isooxazoles 5058 and condensed indolcs 51 5

'). 

Section II The worl< presented in fhis thesis 

From a survey of the synthetic applicability of various fx-oxoketene 

dithioacetals it is evident that they arc versatile intermediates for performing 

carbon-carbon bond formation, synthesis of carbocycles, heterocycles etc. In 

our present investigation we have taken up the synthesis of P-oxoclithioates, 

dimethyl dithiocarbamates and thiourcas using a new novel method of 
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approach. We also attempted to undertake some transrormations on n-

oxoketene dithioacetals. 

The second chapter deals with the reactions or 1-

( methyldithiocarbonyl)imidazole 52 and 3-methyl-1-( met hyldith iocnrhony 1) 

imidazolium iodide 54 with active methylene ketones. The preparation or 1-

(methyldithiocarbonyl)imidazole 52 can be achieved by the reaction or 

imidazole with carbondisul fide and dimethyl sulphate in the presence or 

sodium hydride using DMSO as solvent. Sun and co \Vorkers('0 had prcp<ltTd 

the same compound using similar reagents and reaction conditions, but using 

THF as the solvent of chioce. The hitherto unreported salt 54 can be prepared 

by refluxing 52 with methyl iodide in dry benzene for few hours (Scheme-(J). 

Nali/DMSO 
------~ 

r.t. 

53 54 

Scheme 6 
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On renuxing 52 with Me2S04 in dry benzene 53 was obtained. On reacting 1-

(methyldithioearhonyl)imidazole 52 with active methylene ketones in the 

presence of sodium hydride, DMSO and dry ben1.ene at room temperature for 

a period of three to four hours the corresponding ~~-oxo dithioCIIes 56 <JrC 

obtained in good yields. When the quarternary salt 54 is reacted with active 

methylene ketones under the same reaction conditions excepting with reduced 

time period of reaction, the corresponding ~-oxodithioates 56 were no doubt 

obtained, but this time in quantitative yields as compared to that \vhen reacting 

l-(methyldithiocarbonyl)imida7.olc 52 with active methylene ketones 

(Schemc-7). 
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,R~ 
\, ~R' 

55 

52 

+ or 

18 
ED 

(rCII, 
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Scheme 7 

These ~-oxodithiotes could be further alkylatcd to obtain quantitative yields of 

symmetrical and unsymmetrical a-oxokctcne dilhioncctals which cnn be nscd 

further for multiple synthetic transformations. The novelty underlying this 
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method of approach for making f~-oxodithiotes as compared to the litcr;1turc 

methods(" is highlighted in detail in the second chapter. 

The third chapter describes the reactions of I -(mcthylclithio 

carbonyl)imidazole 52 and its corresponding quarternary salt 54 with various 

amines. Taking advantage of the fact that 52 or 54 serves as effective 

dithiocarbonyl transfer reagents, we decided to react 52 or 54 with amines 

(R 1 =R2 =alkyl/aryl group). Thus, when 1-(methyldithiocarbonyl)imida;ole 52 

or its quarternary salt 54 was treated with only one equivalent of primary or 

secondary amine in renuxing ethanol, a controlled reaction gave methyl 

dithiocarbamates 57 as the end products of the reaction (Scherne-8). 

f) 
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SASMc 
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N 

SASMc 
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57 

Scheme 8 

A literature survey revealed that there exists no general satisfactory method for 

the preparation of alkyl/aryl dithioearbamates, excepting by reacting carbon 

disulphide with various amines in the presence of a base followed by 
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alkylation. Also keeping in view that clithiocarbamates shO\v fungistatic action 

as well as other important properties, we decided to prepare a number of 

derivatives of methyl clithiocarbamates to test the general applicability 

underlying our method of preparation of these compounds. The third chapter 

gives a broad view and discusses the important properties of this class or 

compounds. 

Next when 52 or 54 was reacted with two equivalents of a mines (I~ 

alkyl/aryl group) in renuxing ethanol, symmetrical thiourcas 58 were 

obtained in good yields (Scheme-9). 

or EtOH 

54 
Scheme 9 

s 
II 

RNII-C-NIIR 

SR 

Preparation of symmetrical thioureas usually involves the usc of hanmlous 

I · I c, 2 . 1· . c>1 N I I I . 1· I c 1em1ca s or very severe reaction cone 1t1ons ·. onet 1e ess t 11ourcas c 1sp ay 

important industrial applications in both pharmaceutical and agrochcmical 

sectors and hence the above described method can cClsily Clncl economically he 

used to prepare such compounds quite effectively. The third chapter gives in 
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detail vanous literature methods of preparation, properties and also the 

synthetic and industrial aspects of symmetrical thioureas. 

We next attempted to synthesize unsymmetrical thiourcas 59 using 

1-( methyldithiocarbonyl)i midazolc 52 and ]-methyl- I-( mcthyldithio 

carbonyl)imidazolium iodide 54 and amines, because of their synthetic utility 

04 (,'\ I d I . . . I I . . f I · ·. n or er to synt 1es1ze vanous unsymmetnca t 11oureas startmg rom <liH 

amines (fZ 1 =alkyl/aryl group) and 52 and 54 we first prepared various methyl 

dithiocarbamates, as per earlier described procedure. Next without isolating 

that particular methyl dithiocarbamate we added our second alkyl or aryl 

amine of choice in one pot and further renuxcd the reactants in ethanol for a 

few hours to obtain the desired unsymmetrical thioureas 59 (Scheme-l 0). 
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To test the feasibility of this method we prepared a number nf 

unsymmetrical thiourcas, starting from 1-(methylclithiocarbonyl)imid;volc 52 

or its quarternary salt 54. It was found that when 54 reacted with amines better 

yields of unsymmetrical thioureas 59 were obtained compared to that when 52 

was reacted with amines. The details regarding their comparative yield and 

synthetic utility ofunsymmetrical thioureas 59 have been described in detail in 

the third chapter. 

In the last chapter, the nucleophilic addition studies on a-oxoketenc 

dithioacetals arc described. The n-oxoketene dithioacctals when reacted with 

various Grignard reagents using ZnCI 2.TMEDA complex at -20°(' under 

nitrogen atmosphere, I ,4-addition products 60 were obtained in mocler<ltc to 

good yields in a stercospeci ric manner, by the displacement of one methylthio 

group (Scheme-l!). 

U JMc 
~/[sMe 
\ R' .... ___ .... 

ZnCI 2 TMEDA (I eq.) 
-20 °C/Et20/TJir 

Scheme II 

60 

Experiments in which the ratio of Grignard to ZnCI 2.TM EDA was .): I yielded 

good results. A number of additions were carried which arc highlighted in the 

fourth chapter. From 1H NMR and NOE experiments we have concluded that 

the product present is only the £-isomer (Schcme-12). 
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60a 

E-isomer 

Scheme 12 

A broad survey of I ,2- and I ,4-additions and also the results of this study is 

presented in detail in the fourth chapter. 
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CHAPTER II 

REACTION OF 1-(METHYLDITIIIOCARBONYL)IMIDAZOLF: AND J­

METIIYL-1-(METHYLDITHIOCARBONYL)IMIDAZOLIUM IODIDE 

WITH ACTIVE METHYLENE COMPOUNDS: AN EFFICIENT METHOD 

FOR THE SYNTHESIS OF f)-OXODITIIIOATES 

A brief review on the synthesis of dithioesters 

The dithioestcrs of general formula I have recently attracted the 

attention of chemists due to their characteristic properties arising out of the 

two sulphur atoms in place of two oxygen atoms in the carboxylates. 

s 
)l 

R SMc 

The dithiocstcrs 1 arc di ffcrcnl in many ways fl·om their oxygen counterparts 

and they have recently found npplication in organic synthcsisu as well as in 
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industrics3.4.s. The corresponding dithioic acids however, arc relatively 

unstable and undergo transformations characteristic of sulphur reactivity. For 

example, they may undergo oxidative coupling to yield the corresponding 

disulphidcs('-
9 

or undergo intcnnolccular or intramolecular transformations. 

depending on the reaction conditions. The dithioesters can generally he 

classified in the following two categories; 

Category I; 

R =alkyl, aryl groups 

Category II; 

(R 1 =COR, COAr, COOR, CN, N02, S02R.) 

(R2 
= H, Alkyl, Aryl, COOR, CN.) 

The (category I) dithiocstcrs arc generally prepared by reacting 

alkyl and aryl anions (derived from Grignard, Reformatsky, Gilman and other 

alkali metal reagents) with carbon disulphide followed by alkylation. The 

other dithiocstcrs (category II) arc generally obtained by reacting active 

methylene compounds with carbon disulphidc followed by alkylation. The 

methods describing the synthesis of dithioestcrs have been reviewed 10 in I <JfU. 

and the present chapter briefly describes, selected examples of this category as 



introductory information of this chapter. The organa Grignard reagents of 

general formula 2 (Scheme-l) are known to react with carbon disulphidc to 

yield the corresponding dithioate salts 3, which are generally alkylatcd with 

alkyl halides to yield the corresponding dithioesters 1 in good yields 11
. 

llowevcr, when the corresponding dithioic acids arc required, salts J arc 

acidified, to achieve the desired transformation. I\ number of dithiocstcrs of 

this category have been prepared which are described in the revicw 10
. 

RMgX , CS2 

2 

R= Alkyl/Aryl 

Ether/THF 

Scheme I 

s 
II 

R,.... .. .C ""SMgX 
J 

1 M ci/CII ,Cll I 

s 
II 
(' 

TY "-.....SMc 
I 

In another type of reaction sequence, the easily available 

isothiocyanates of general formula 4 (Scheme-2) have been used for the 

synthesis of 1. Thus the isothiocyanate 4 when reacted with Grignard reagents 

followed by alkylation yielded the corresponding imino methylthio compound 

5 which after passing H2S in acetonitrile, yielded the corresponding methyl 

dithioestcrs I in 59-72% overall yiclds
12

'
13

. 



H5Cr,-N=C=S 

4 

R =Alkyl/Aryl 

28 

RMgX/THf' 

Scheme 2 

An interesting example of the synth~sis of u,~-unsaturatcd dithiocstcrs 

involves [2+2] cycloaddition of aromatic thiones 6 with acetylenes having S-

alkyl substituents 7. The [2 + 2] cycloaclduct 8 is unstable and rapidly cleaves 

to the corresponding a,p-unsaturatecl dithioester 9 14
·
15

.H' (Scheme-3). 
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SR 

Aryl dithioates (R 1 = aryl) 1 (Scheme-4) have nlso been prepared 

stnrting from the corresponding nil riles 10. 
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Thus different mercaptals when added to nitriles 10 in the presence of 

hydrochloric acid yielded the corresponding immonium salts II which when 

in situ was treated with aqueous potassium carbonate afforded the 

corresponding immino ester 12 which were transformed to the corresponding 

dithioesters 1 by passing dry hydrogen sulphide 17
. 

The dithioates from active methylene compounds 

Although the reaction of enolate anions derived from active 

methylene compounds particularly ketones with carbon disulphide was long 

reported by Kelber and co-workers in 1910, the well defined [~-oxodithioatcs 

and the corresponding a-oxoketene dithioacetals were reported through a 

. f l 1'1 .,,. I I 18 I!) 20 Tl I I . senes o papers )y lttl 1er anc co-wor<ers. · ·- 1cy repol-tec t 1e rcact1on 

of active methylene ketones 13 with carbon disulphide in the presence of 

sodium tertiary amylate followed by alkylation to afford a mixture of f3-
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oxodithioates J 4 and the corresponding a-oxoketenc dithioacetals 15 

(Scheme-S). 

I. Na lcrl amy late 

14 

l3 

15 

Scheme 5 

Interestingly usmg one equivalent of alkylating agent the formation of 15 

prevailed under the reaction conditions reported 1
'
1

. It was therefore not 

possible to usc this direct approach to prepare exclusively r-oxodithioates 14 

without having 15 as a mixture. I lowcver when excess of methyl iodide wns 

used the entire reaction proceeded to yield J 5 exclusively. Therefore 

Thuillier's method was good for the synthesis of a-oxoketenc dithioacetals 15, 

but not very efficient for the preparation of ~-oxodithioates 14 from active 

methylene compounds. 

Gomppcr and co-workcrs21 observed that acetophenone I J reacted 

with carbon disulfide in the presence of potassium tertiary butoxide to yield 

the corresponding dipotassium salt of dithioate 16 in excellent yields. The 
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dipotassium salt 16 was carefully acidified with exactly one equiv;dcnt of 

hydrochloric acid to give the monopotassium salt 17 followed by its alkylation 

to afford the corresponding P-oxodithioates 14 in good yields. They h;wc also 

shown that P-oxodithioatcs exist in tautomers 14a and 14b as shown in 

Scheme-G. 
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13 

Ph ,;s 
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IIC "-c-?-'<) 

I 
SCI I, 

14a 

80) 
SK 

Ph -co-( 'I I =('/ I ICI 
"sK 

G<±l 
1() 

14 

Scheme 6 

Sll 
Ph-('()-( 'I I=<./ 

"sK 
17 () (i) 

Sll 
/ 

Ph-('(>-< 'II=<. 

" SCI I, 

1l 
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Subsequently in 1972 Larsson and Lawesson 22 reported an crricicnt 

synthesis of p-oxodithioates as shown in Scheme-7. The method involves 

treatment of acetophenone 13 with base and carbon disulphidc followed hy 

acidification to get the dithioic acid 17a. The dithioic acid 17a was then 

treated with tctrabutylammonium hydroxide to obtain the monosodium s;dt. ol 
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dithioate 18 as intermediate followed by alkylation to obtain 0-o:xoclithionlcs 

14 in good yields. 

0 

13 16 J 7a 

0 s 

SR RX 

14 IR 

ll 
It, 

/ '•, o ··s 

SR 

14a 

Scheme 7 

B I · · 1 f · 1 1 I 1<>-11 12 y t 11s t1me a arge o active met 1y ene <etones - , aldehydes , 

I 33 n. I 34 . 35 I I 34.35 21 actones , 1-'- <etoesters , sulfoxtdes , sup 1ones , nitromcthane,- and 

doubly activated methylene compounds as I 
· .

1 
H 1(, ma ononttn e, · 

cyanoacetamide21
·
23

·
30

.3
4

.3
7

.38
·
39 were reacted with carbon disulphidc. In all 

these cases, alkali metal hydroxides, alkali metal alkoxides, alkali metal 

hydrides and alkali metal am ides were used as bases. In most of these cases it 

was noticed thai only the corresponding dianion were formed exclusively, 

which yielded the corresponding a-oxokctcnc dithioacctals after ;dkyl<~tion. 
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However Gompper and co-workers had observed the formation of 17 by 

adding one equivalent ofhydrochloric acid to 16. They also observed that after 

complete acidification the resultant dithioic acids were often unstable and 

underwent decomposition. The unequivocal synthesis of alkyl dithioatcs 

are important as intermediates to prepare their corresponding mixed o.-

oxoketene dithioacetals which are in turn useful intermediates for various 

synthetic purposes. The ~-o~odithioates are also excellent precursors for the 

synthesis of thiophenes 2040 as formulated in Scheme-8. 

14 19 

1
-11/) 

1\c Me 

IIS/~Ac 
Scheme 8 20 

Therefore the only methods available for the synthesis of ~-oxodithioatcs were 

the ones developed by Gompper (Scheme-G) and the other by Lawesson and 

Larsson (Schcmc-7). Both these methods involve careful acidification or the 

disodium or dipotassium salts to get the monosalt or dithioic acids f()llnwcd by 

further alkylation to get the ~-oxodithioatcs. The dithioic acids were further 

found to be unstable and thus resulted in overall poor yields of the f\-



oxodithioatcs. Also Lawcsson and co-workers have used these dithioatcs to 

prepare the corresponding mixed a-oxoketcnc dithioacetals with allyl 

alkylating group to examine their thioclaisen rcarrangcmcnt 22
. Therefore 

Lawesson and co-workers developed an unequivocal method for the synthesis 

of alkyl dithioates applying ion-pair extraction technique discovered by 

B d 41 Az d I 41 · ran strom an Star<s ·. It was found that Ill order to have the monoester 

we have to get the corresponding monosalt and these monosalts should be 

alkylated to yield the desired dithioates. The Brandstrom's ion pair extr;1ction 

technique was successfully applied as shown in Schemc-7. Thus instead ol" 

prepanng the monoacid as Gomppcr and co-workers these investigators 

acidified 16 with excess of hydrochloric acid and the corresponding dithioic 

acid 17a was then treated with tetrabutylammonium hydroxide when the 

corresponding mono tetrabutylammonium salt 18 was formed which w;1s 

alkylated with appropriate alkylating agent to give excellent yields of r~-

dithioatcs 14. The dithioates were then used for various other studies by these 

authors. 

Another direct method for the synthesis of P-oxodithioatcs was 

reported from our laboratory itself in I 982. Thus, enolatcs derived from <Ktivc 

methylene ketones when reacted with dimethyl trithiocarhonate 21 in hnilin!! 

benzene it afforded the corresponding dithioate 14 in 50-(>01YrJ ovcmll yiclds'
1
'
1 

(Schemc-9). 
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The cyclic ketones also reacted under these conditions to afford modcr<~tc 

yields of the corresponding dithioates. However a-tetralone gave only 24<Yr) 

yield of the desired product. The alkyl ketones examined also did not g1ve 

satisfactory yields of dithioates by this method. Phenyl acetonitrile also 

reacted with 21 to give the corresponding dithioate in only 45% yield. The 

method failed to yield the corresponding dithioates from methyl cyanoaeetatc. 

diethylmalonate, malononitrilc, and nitromcthane. 

Recently Voss and co-workers have reacted acid chlorides 22 with 

diazomethane to get the corresponding diazoketones 23 and reacted these with 

elemental sulphur in the presence of triethylamine to afford in situ the 

corresponding dithioate salt 24 which was alkylated to a fl'ord the 

corresponding P-oxodithioates in good yields45 (Scheme-l 0). II ere again most 

of the examples selected were nromatic ketones nnd very few alkvl ketones 
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were used to make the corresponding dithioatcs. It is interesting to note that 

only hindered ketones in aliphatic category have been used by these authors. 

0 
R-1 -c--;:::-

"cJ 
22 

14 

ether 

I 
Scheme 10 

0 
II 

R-
1 
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2J 

24 
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20"C 

From these selected reports on the synthesis of dithioatcs it is 

apparent that alkyl and aryl organometallic reagents react with carbon 

disulphide to afford the corresponding mono Grignard salts which ;1rc 

generally alkylated to yield the corresponding alkyl dithioates in excellent 

yields. The lack of active hydrogen in these systems has facilitated the 

synthesis of dithioates with mono alkylation. On the other hand when the 

active methylene compounds were the substrates in these reactions the mono 

alkali metal salts further activated the a-hydrogens with increased activity 

pushing forward competitive formation of dialkali metal salts instead of their 

mono alkali metal salts. In order to synthesize ~-oxodithioates two npproachcs 

were therefore employed to circumvent this problem. One developed hy 

Gomppcr generated the mono sodium salt by carefully acidifying the di;1lkali 
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metal salt w\th hydrochloric acid. The mono sodium salt so obtained w;1s then 

alkylated using one equivalent of methyl iodide to obtain the corresponding~~­

oxodithioatc~. However, the usc of hydrochloric acid to exactly neutralise one 

of the negative centers of the dithioate was not always an easy task, in many ol 

the systems and no aliphatic system was ever examined by this method. 

Subsequently Larsson and Lawesson improved this method by using excess ol 

acid to get the dithioic acid first and then treated this acid with 

tetrabutylammonium hydroxide to get the mono tctrabutylammonium salt 

which could be alkylated to afford the ~-oxodithioates. llowever they h;Jvc 

also examined only aromatic ketones possibly because their clithioic acids arc 

more stable than their aliphatic counterparts. Our own past results did not give 

satisfactory yields of dithioates from aliphatic ketones or aldehydes, when 

reacted with dimethyl trithiocarbonate, while many active methylene 

compounds failed to yield the desired dithioates. Subsequent innnv<Jtivc 

discoveries by Voss and co-workers did not succeed to give ;lliplwtic 

dithioates lecwing the problem still unsolved. Thus there was a need to develop 

a satisfactory preparative methodology which could be applied f(x the 

preparation of both aromatic as well as aliphatic dithioatcs in high yields. 

We have, in the present work, investigated the application or 1-

( methyld i th iocarbonyl )i 111 i dazolc 25 and 3-methy 1-1-( met h y ld i th i ocn rhon y I) 

imidazolium iodide 27 (Scheme-l!) as efficient reagents for dithioatc 

synthesis. 
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Thus enotates derived from both aliphatic and aromatic ketones when reacted 

with either 25 or 26127 give high yields of desired dithioates. The ex peeled 

improved yields of ~-oxodithioates from the quaternary salt 26 or 27 arc also 

observed through this investigation which arc also presented in the f(lllowing 

section. 
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RESULTS AND DISCUSSION 

In the preceding section of this chapter a brief survey on the 

synthesis of simJ'Ie and activated dithioates were described as reported in 

literature. The reported methods have been found to be unsatisfactory for the 

universal application for the synthesis of ~-oxodithioatcs. Only aryl ketones 

have been found to give satisfactory results and therefore the literature 

methods for the synthesis of ~-oxodithioates has remained limited only for 

these group of clithioates. 

Many attempts were made in this laboratory to apply carbon 

disulphide or dimethyl trithiocarbonate methodology to enolates derived fl·orn 

aliphatic systems and obtain the corresponding dithioates which failed in most 

of the cases examined. The aliphatic B-oxodithioates derived from aliphatic 

ketones have been very important synthetic intermediates, for which there 

exists no satisfactory method of synthesis available in the literature. It was 

therefore considered of practical importance that one can explore possibilities 

to develop a new reagent which can circumvent these limitations. We have 

thus successfully developed reagents and applied them for the synthesis of 

dithioates without exception. I-( methyldithiocarbonyl )imidazole 25 Scheme­

l I was reported earlier by Pianka and co-workers in 19804
('. They reacted 

heterocyclic methyl trithiocarbonate with imidazole in the presence of 

triethylamine to afford 25 in 93% overall yields. I Jowcvcr the .Japanese 

workers47 have reported that imidazole reacts with carbon disulphidc in the 
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presence of alkali metal to give sodium dithioate in quantitative yields. The 

sodium salt 25a (Scheme- II) was reacted with a-bromoketones to afford the 

corresponding I ,3-oxathiol-2-thiones 28 in very high yields. Subsequently Sun 

and co-workers48 also prepared 25 essentially by alkylating the sodium salt 

25a with methyl iodide in quantitative yield. We were using this intermediate 

25 in the present investigation when the paper from Sun's group appeared and 

1-(methyldithiocarbonyl)imidazole was being used by them to synthc1.isc 

xanthates derived from higher alcohols. The reagent 25 was prepared 

essentially by us using the same method as Sun and co-workers but by only 

using DMSO instead of THF as solvent. The dithioate 25 was quaternisecl by 

reacting it with dimethyl sulphate or methyl iodide to afford the corresponding 

N-methyl salt 26 or 27 in near quantitative yields. The quaternary salts 26 or 

27 were not reported earlier. The structure of 3-methyl-1-

(methyldithiocarbonyl)imidazolium iodide 27 was characterised from its 

analytical and spectral data given below. 

DATA 

m.p. 75-76°C (decomposed) 

I.R. (KBr) 306(), 1()41, 1611, 1582, 1178, 1088 cm
1 

1H NMR (300 MHz CDCI3/DMSO) 2.96 (s, 3H, SCI-11), 4.02 (S, 311, 

NCH 3), 7.95 (s, l H, HC=CH), 8.34 (brs, I H, NI IC=N), I 0.18 (s, Ill, 

NCH=N). 

Mass (m lz, %) = 173 (M~ -127, 97%) 
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Molecular weight= 300.1 R 

Elemental analysis C 24.0 I, H 3.02 and N 9.33 1Yc). Found C 24.20, II 

2.98, N 9.47%. 

The experimental procedure employed for the synthesis of [\-

oxodithioates 14 using 25 or 27 as useful dithioate transfer reagents to active 

methylene compounds is depicted in Scheme-12. 

NaH/f3z 

r.t. 

13 1-t 

21 

Scheme 12 

The yields from both 25 and 27 arc listed in the subsequent tables and the 

improved yield profile obtained from 27 are also depicted. J\lso the yields and 

methods of preparation of the reported dithioates arc incorporated wherever available 

so that the superiority of the present method can be justified. Since earlier reported 

methods were generally satisfactory for aromatic ketones only a few have been 
t 

reacted by our present method. Thus acetophenone JJa when reacted with 25 in 



benzene and sodium hydride and stirred for a few hours at room tempcralurc, the 

reaction mixture after work up yielded the corresponding dithioate 14a in 7R'!-;, yield 

(Scheme-13). The properties of dithioate 14a was fully in conformity will! lhe 

properties reported earlier22
. It may be noted that 13a reacted with 27 in the presence 

of sodium hydride in henzene/DMSO solvent combination under the same reaction 

condition but with reduced time period of reaction to yield 14a in a much improved 

i.e. 90% overall yield. Thus the quaternary salt 27 is more reactive and consequently 

the yield of 14a is the best so far reported. Apparently the dimethyl trithiocarhonatc 

method reported44 earlier for the synthesis of 14a yielded only (JO% of the producl. 

The present method is therefore superior to the trithiocarbonate method also. 

Similarly, paramethyl acetophenone 13h yielded 14b in two different reactions. The 

one with 25 and l3b and the other 27 with l3b under the conditions described above 

gave 14b in 82 and 85% yields respectively. The dithioate 14h was fully 

characterised from its analytical and spectral data with that reported earlicr 1
'l The 

d i mel hy I tri th iocarbonate me! hod yielded on I y (J2'Y<, of the dcsi red prod uri. !\I so 

propiophenone 13c when reacted with 25 and sodium hydride in ber11.enc and nficr 

stirring for a few hours followed by work up yielded an impressive 8.\% yield ol 

dithioate 14c which was found to be identical with the data as reported earlicr 11 
II 

may be noted that 13c reacted with 27 in the presence of sodium hydride <md 

benzene/DMSO solvent combination to give 87% of 14c. The dimethyl 

trithiocarbonate method gave 61% yield of the desired P-oxodithioatc (Scheme-l .l ). 

Very few cyclic ketones were studied by the trithiocarbonate method earlier with 

variably low yields. Thus when cyclopentanone was reacted with 25 under the same 

reaction condition as described earlier, it afforded the corresponding dithinate 
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13d in 71% yield which was fully in confirmity with the data reported earlicr11
. The 

yield with trithiocarbonate as can be seen from the table (Scheme-14) was only sr;;~. 

() () s 

6ln1 

25 Naii!Bz a:SMe or 
27 

11 

IJd-g 14d-g 

%Yield %Yield %Yield mp°C Reported 
from 25 from 27 SMc mpnC 

13,14 S=c(_SMc 

d n=J 71 79 57 41 40-41 1.
14 

e n=4 70 89 65 liq I. 44 H] 

f n=0 70 88 liq 

g 11 = 10 00 83 liq 

Scheme 14 

The reaction of 13d with 27 also yielded 14d in an improved i.e. 79% yield. The 

other cyclic ketones l3e-13g were reacted with both 25 and 27 using respective 

reaction conditions as described earlier to afford the corresponding dithioatcs 14e-

I 4g in 60 to 70% overall yields from 25 and 81-89% overall yields from 27. The 



trithiocarbonate method has only been reported with cyclopcntanonc I Jd and 

cyclohexanone 13e to give 57% and 65% yield of the corresponding dithioatcs 14d 

and 14e, respectively ( Scheme-14 ). 

The analytical and spectral data of these dithioatcs arc in conformity with tlwl 

reported earlier44
. The unreported dithioates 14f and 14g were characterised 011 the 

basis of its analytical and spectral data (see experimental). As seen from the table, ;111 

improved yield of P-oxodithioates is obtained when the corresponding ketones were 

reacted with 27. 

Tetralone 13h reacted with trithiocarbonate to give only 24c;-;, yield 

of dithioatc44 while in the present method 13h reacted with 25 to yield (J2% ol 

the corresponding dithioate 14h, while it was improved to an impressive RO% 

when 13h was reacted with 27. 6-methoxy tctralone 13i reacted with 25 and 

27 to yield the corresponding dithioate 14i in 69% and 82%, yields respectively 

(Scheme-IS). The analytical and spectral properties of these dithioates are in 
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conformity with that reported44
. The unknown dithioate 14i is characterised on 

the basis of analytical and spectral data (see experimental). 

Similarly, the heterocyclic ketones 13j and 13k were reacted with 

25 and 27 in respective reaction conditions as described earlier to afford the 

corresponding dithioates 14j and 14k in 80% and 65% overall yields from 25 

and 95% and 80% overall yields from 27 (Scheme-16 ). These dithioates were 

not reported earlier and they were characterised from their analytical and 

spectral data (see experimental). 

Starting Material Products %, Yield o;., Yield 'Y., Yield " Repotled 111)1 (" 

_....S~k 
111)1 "(' Jlcterocyclic Ketones fi·om 25 from 27 S= (" 

' s SMc 

w() u-=::c~SM< RO 95 I 20- I 21 
N 0 

I I 
Me Me 

13j 14j 

0 () s 

o6 crYSMe 65 80 II 0-112 

N 
I I 
SO,I'h so2Ph 

13k 14k 

Scheme 16 

Interestingly, the present method for the synthesis of r3-oxodithioates was very 

successful with the Clliphatic ketones examined, which had earlier either failed 

or gave low yields by trithiocarbonate method. Tints when acclnm· IJI was 

reacted with 25 and sodium hydride in benzene ;1fter stirring f()r a few homs <11 



r.t. followed by Work up yielded 80°/i, of the corresponding dithio;ltC J41, 

which was obtained in only 40% yield by the earlier reported method 11
. The 

dithioate 141 was confirmed for its structural assignment by analytical ;md 

spectral data which arc identical with those reported in the literature. Acetone 

also reacted with 27 as described earlier to afford 141 in an improved ~K% 

yield. The other ketones which possibly failed by trithiocarbonate method 

reacted with 25 and 27 under the same reaction conditions as described earlier 

to afford the corresponding dithioate 14m to 14o in 64 to 91(!';, overall yield 

from 25 and 84-95% overall yields from 27 (Scheme-17). The yields of 

0 

R~ 
0 s 

25 NaH/87. I{VSMc + or ..... 
R' 27 R' 

lJ 1-o 14 1-o 

%Yield %Yield (Yo Yield mp°C Reported 
from 25 from 27 ./SMc mpnC 

S=C-.... 
SMc 

13, 14 

I R = CH 3, R1 =II 80 88 40 liq liq 

m R = CHJ, Rl =CH J 64 84 liq 

II R = C2H5 R' =CII 1 91 95 liq 
OMc I liq 0 R =II('/ R =H (J5 86 

'OMc 

Scheme 17 

dithioates when 27 was reacted with aliphatic ketones is again much higher as 

observed for the other ketones also. 1t is to be noted that none of the systems 

examined in this investigation has failed to yield the corresponding dithio<lll'. 
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The reagents 25 and 27 therefore possess superior reactivity towards a variety 

of enolates and serves as an efficient dithiocarbonyl transfer reagent to afford 

the corresponding dithioates in attractive yields. 

The importance of these dithioates arc brieOy depicted in Scheme-

18. The ~-oxodithioates are excellent precursors for the synthesis of o-

oxoketene dithioacctals both symmetrical 29 and unsymmetrical 30n. The 

dithioatcs arc reactive with various primary and secondary amincs and aflords 

the corresponding thioamides 31 (Schcme-18) in excellent yields. 

0 SMe 

~JlASMe \ J, 
29 

MeOYI(} 1 

MeO~N; 
(][J 

32 R 

14 

Scheme 18 

31 

30 

These thioamides 3 I are excellent precursors for the synthesis or a variety of' 

a-oxoketene S, N-acetals. The 0-oxodithioates also react with ),4-dihydru 

6,7-dimethoxy-1-methyl isoquinolincs in a one pot reaction to afford the 

corresponding condensed tricyclic heterocycles 32 in very high yields under 

mild reaction conditions. This is therefore or practical importance since it em 



be applied to many natural products containing this structural moiety \vhich 

are being currently explored in our laboratory. 

In conclusion we have demonstrated the synthetic application of 1-

(methyldithiocarbonyl)imidazole 25 as an efficient dithiocarbonyl transfer 

reagent to prepare P-oxodithioates 14 in high yields. We have for the first time 

prepared the reagent 3-methyl-1-(methydithiocarbonyl)imicl<u.olium iodide 27 

which has proved to be a better dithiocarbonyl transfer reagent and showed 

that it reacts with enolate anions to afford the corresponding dithioates 14 in 

further improved yields, which can serve as useful precursors for other 

synthetic transformations. 



Experimental Section 

General: 

Melting points were determined on a Thomas lloovcr ( 'apillary 

melting point apparatus and arc uncorrected. The I R spectra were recorded on 

a Perkin Elmer 983 spectrophotometer. 111 NMR spectra were recorded on a 

Varian EM-390, 90 MHz spectrometer and arc reported in() units clovvnficld 

from Me4Si. The coupling constants arc given in Hcrt7. (I 17.). Tl ,(' (silica gel, 

ACME's) was used for monitoring the reactions. Elemental analysis was 

carried out on a Hcracus CIIN-0-Rapid instrument. 

CHEMICALS AND REAGENTS 

Commercially available NaH (SD) (7Y%) was used and all 

necessary precautions were taken while handling this reagent. ('arbon 

disulphidc and methyl iodide were used as such. DMSO was dried hy 

refluxing with calcium hydride, distilling and then keeping over molccul<n 

scivcs5
\ (prior to usc). Dimethyl sulphate was used after neutralisation with 

K2C01/Na11C03 and then passing through anhydrous sodium sulphate. 

STARTING MATI~:RIALS 

Imidazole (Merck) mp 89-9 I oc was used as such. Acctophcnnnc. 

p-methyl aaectophcnone, eyclopcntanonc, cyclohexanone, acetone, ethyl 
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methyl ketone, dimethoxy acetone were purified by distillation under reduced 

pressure before use. p-methoxy 1-tetralone, b.p. I 7 I oc (I lm111) was used by 

distillation under reduced pressure. Propiophenone, b.p. 105-110 (8 111111)~ 0 • 1-

tetralone, b.p. 140-150°C (I 0 111111)49
, N-methyl ox indole (mp 12(l-127°C) 'i 1 N­

phenyl sulphonyl quinolone (mp 133-139°C)52 were prepared according to 

reported procedures. Commercially available cyclooctanone (mp 38-4 tc ) 

cyclododecanone (mp 59-61 °C) was used as such. 

Gene.-al Procedu.-e fo.- the P.-epa.-ation of 1-(methyldithiocarbonyl) 

imidazole 25. 

To a solution of imidazole (0.68g, 0.0 I mol) in dry DMSO (50 ml) 

was added sodium hydride NaH (75%) (0.48g, 0.012 mol) at room 

temperature under an atmosphere of nitrogen. After stirring for 0.5 hour, 

carbon disulphide (CS2) (0.93g, 0.01 mol) was added at ooc and the reaction 

mixture was further stirred for 0.5 hour at room temperature followed by 

addition of dimethyl sulfate (Me2S04) ( 1.9m I, 0.0 I 5 mol). The reaction 

mixture after stirring for 6 hours was poured into crushed icc, extracted with 

chloroform (3 x 25ml). The combined organic extracts were washed with 

water (2 x 75 ml), dried (anhydrous Na2S04 ) and evapomted under reduced 

pressure. Purification of product was done by passing through a short column 

using hexane/ethyl acetate (80:20) as eluent to give the corresponding 

compound 25 (1.5g, 98%) as a yellow oil. 
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General Procedure fo1· the Preparation of N-methyl salt 26 or 27. 

To an tee cooled stirring solution of 1-

(methyldithiocarbonyl)imidazole 25 ( 1.58g, 0.0 I mol) in sodium dried 

benzene (30 ml), dimethyl sulphate ( 1.9 ml, 0.015 mol) or methyl iodide (2.5 

ml, 0.04 mol) was added drop wise. !\ fter complete addition of Me 2S04 or 

Mel, the reaction mixture was refluxed for three hours, when orange colored 

crystals separated out. The salt was filtered and washed with dry benzene to 

yield 95% of pure compound 26 or 27. 

Preparation of P-oxodithioates 

General procedu1·e for the p1·eparartion of ~-oxodithioates using J­

(methyldithiocarbonyl)imidazole and 3-methyl- J -(methyldith iocarbonyl) 

imidazolium iodide and ketones. 

To a well stirred suspension of sodium hydride (7Y/'~) (2.5 g, 

0.05 mol) in dry benzene (25 ml) and DMSO (5 ml) appropriate ketone 

(0.() 1 mol) is added and stirred for I 0 min. !\ solution of 1-

(methyldithiocarbonyl)imidazole 25 ( 1.58g, 0.0 I mol) ttl dry benzene (25 

ml) is slowly added drop wise and the mixture stirred for a period of 

four hours at room temperature. After completion of the reaction (TLC) 

the reaction mixture is poured in icc cold water. The aqueous layer is 

separated, acidified with 3N hydrochloric acid, and extracted with ben7,cnc (3 

x 75 ml). The combined organic extracts were washed with water (2 x 

75ml) dried (anhydrous Na 2S04) and evaporated under reduced pressure 
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to give the crude product. Purification of the crude product was achieved by 

column chromatography on silica gel ((JOg) using hexane ethyl acetate c~: I) (IS 

eluent to give the compound 14 in (J0-9 I o;;, overall yields. t lndcr idcnt iced 

reaction conditions appropriate ketone and the quC~tcrnary salt 27 i11 

· DMSO/Benzene was stirred, for a period of 3 hours at room temperature and 

the reaction mixture after work up yielded the corresponding dithioatcs in 7<)_ 

95% overall yield. All the known P-oxoclithioates were characterised hy 

comparision of their melting points, NMR, IR spectra with those reported and 

of authentic samples. The unknown [3-oxodithioates arc char<lcterised rro111 

their analytical and spectral data. Their spectral and analytical data nrc given 

below. 

Methyl 3-oxo-3-phenylpropancdith iocarboxylate ( 14a ): colorless solid; 

m.p. 56-57°C; (Jit22 m.p. 57°C); yield using 25 78%; yield using 27 9()0,;); 1R 

(KBr):vmax = 1235, 1554,1582 cm- 1
; 

111 NMR (90 Mill, CCL1): 0 ~ 2.(, (s. \II. 

SCJ-1 3); (l.9 (s, Ill, =CII); 7.4 (m, 311, ArH); 7.R-7.9 (m, 211,Arll); 15.5 (s, Ill, 

OH). Anal. Calcd. for C 10H 100S2 (21 0) : C, 57.14 ; II, 4. TYo . Found: C. 57 .2; 

1-1,4.5%. 

Methyl 3-oxo-3-(p-mcf hyl)phcnylpropancdH hiocarhoxyhttc ( 14h ):colorless 

solid; m.p. 55°C (lit44 m.p. 54-55°C); yield using 25 82%; yield using 27 RYi;,; 

IR (Kf3r): Vmax ~ 1227, 1557,1582 cm- 1
; 

111 NMR (90 Mil!., CCLI): R --2 . .\5 (s, 

3 r r, c ffJ); 2. o ( s, 3 r 1, sc r r 3 ); (). R 5 ( s, 11 r, -=C r r): 7. r 5-7. R ( m, 4 u, i\ r1 1 J: 1 s .<Is 
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(s, Ill, 011). Anal. Calcd. for C 11 11 120S2 (224): (',58.92: II, S.Y>%. Found: ( ·, 

58.7, H, 5.12%. 

iVI ethyl 2-mct hyl-3-oxo-J-phcnylpropancdit h iocarunxylatc ( 14c): viscous 

liquid; (lit4
'
1 liq); yield using 25 83%: yield using 27 8T>;~: IR (CClt) V111 a, 

1218, 1546,1689 cm- 1
; 

111 NMR (()() Mllz, CCI 4): 8 = J.(J5 (d, 311, J c- (,II;, 

CII~); 2.(, (s, 311, SCJ1 3); 5.1 (q, III, J = Gllz, CIICil~); 7.5 (m, 311, ;\rll): 

7.95-8.15 (m, 211, Arli). Arwl. Calcd. for C 11 H120S 2 (224): C, 58.2: II, 

5.36</'o. Found: C, 58.6, I I, 5.2(/'o. 

Methyl 2-oxocyclopcntane carhodithiocarboxylate ( 14d): yellow solid: mp 

41°C mp (lit44 40-41°C); yield using 25 71<Yr); yield using 27 791Ytl; lR (KBr) 

V111 ax = 1232, 1548,1578 cm- 1
; 

11I NMR (90 Mllz, CCI4): 8 = 1.8-1.93 (Ill, 211, 

CJJ 2); 2.3 (m, 411, CH 2); 2.61 (s, 311, SCII 1); 14.2(, (s, III, 011). Anal. Calcd. 

for C71 I 100S2 ( 174) : C, 48.28; H, 5. 75%. Found C, 48.0, I I, 5.5°,~1. 

Methyl 2-oxocyclohexa noncdit hiocarboxylate ( 14c): viscous I iq1 1 id: (I i ('' 

liq); yield using 25 70%; yield using 27 89%; IR (C( 'l4) V 111 a, c 1258, 

1297,1540 cm- 1
; 

111 NMR (90 Mll7., CCL1): 8 = 1.8 (m, 411, Cll 1); 2.55 (s, 311, 

SCH1); 2.38-2.75 (111, 411, Cll 2); I 5.9 (s, Ill, 011). Anal. Calcd. for CRII I)OS, 

(188): C, 51.06; II, (LJ8%. Found: C, S(J.!; II,(,_()%. 

Methyl 2-oxocyclooctanoncdithiocarhoxylatc (14f): yellow liquid: yield 

using 25 7()!/;'); yield using 27 88%; fR (CCL1) Vnwx -=-~ 1132, u:n,l535 cm
1
; 

1
11 
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NMR (90 MlL.r,, CCLl): 8 ,=- 1.4-1.95 (m, 1211, Cll 2); 2.() (s, 311, SC'IId; 2)~) (t, 

III,CH); I6.0 (s, Ill, 011). Anal. Calcd. for C10 !1 1(,0S 2 (2](1): C, )).)(,; 11, 

7.41 %. Found: C, 55.3; II, 7.22%. 

Methyl 2-oxocyclododecanoncdithiocarboxylatc ( 14g): viscous liquid; yield 

using 25 60%; yield using 27 8J!Y<1; IR (CC1 4) V111 ax = I2(1 I, I 52(J, I (J) I Clll 1
; 

111 

NMR (90 MI!z, CC1 4): 8 = 1.35 (m, 2011, Cfl 2); 2.(1 (s. 311, SC'lld: 2.45-2.7 

(m, I H,CII). Anal. Ct1lcd. for C1<;11 240S2 (284): C, (J3.3R; II, R.4Y~;,. FotJIHI: <". 

63.5; II, 8.C1%. 

Methyl 1-t ctralone-2-dith iocarhoxylatc ( 14h ): yellow sol icl; 111. p. 7(J-7rc: 

(lit44 111.p. 7(1-77 °C); yield using 25 C12%; yield using 27 RO%; m ( K Br): v,n;" 

= 1150, 1296,1519,1649 c111- 1
; 

111 NMR (90 Mll1., CCI;1): B -- 2.)<) (s, '"· 

SCH1); 2.81 (111, 411, CII 2Cfl); 7.1-7.36 (m, 311,/\rfl): 7.9-8.01 (m. 111./\rll); 

16.0 (s, I II, 011). Anal. Calcd. for C 12 fi 120S2 (263) : C. 54.75 : II. 4_')(,";, 

Found: C, 54.92; 1-1, 4.83%. 

Methyl 6-mcthoxy-1-tetralonc-2-dit hiocarboxylatc ( 14i) : yellow solid: 

m.p. 9(1-98°C; yield using 25 69%; yield using 27 82%; IR (KBr): ""''' 

1195, 1248,1522, 1591, 1(102 cm- 1
; 

111 NMR (fJ() MHz, CCI<~): 8.,.., 2/J (s. 311. 

SCH1); 2.9 (m, 511, CII 2CII); 3.8 {s, 311, OCII1); (J.(J5-(J.<J (111, 211,/\rl1); R.O (d. 

Ill, J=9 I h). Anal. Calcd. for C 11 11 140 2S2 (2(16) : C, 58.(14 ; II, 5.2(J%. Found: 

C, 58.72; II, 5.33%. 
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Methyl 1-mcthyl oxindole-3-dil hiocarboxylatc ( 14j ): colorless solid; lllp 

1213,1595, 1615 em-'; 111 NMR (90 Mllz, CCI 4): 0 -,-, 2.R (s, 311. S-CII1): 3.<) 

(s, 3H, NCJJ3); 6.61 (s, III,=CJI); 7.45 (111, 311, ArJI); 8.35-8.55 (m. IJJ, Arll): 

16.1 (s, Ill, 011). Anal. Calcd. for C 11 11 11 0NS2 (237): C, 55.7; II. 4J,4: N. 

5.9 %. Found: C, 55.5; II, 4.43; N, 5.80 %. 

Methyl 4-oxo-1-phcnylsuphonyl-1 ,2,3,4-tetra hyd roqu inolinc-3-dit hiocar-

boxylatc. ( 141<): colorless solid; m.p. II 0-112°('; yield using 25 (JYX,: yield 

using 27 80%; IR (KBr) vmax = 1258,1542, 1602 em·'; 111 NMR (90 Mll1, 

CCI4): o = 2.()9 (s, 3 H, SCHJ); 5.0 (s, 2ll, CH 2); 7.0 (s, Ill ,=CII ); 7. I ( 111, 311, 

ArH); 7.23 (m, 41-1, i\rH); 7.34 (m, Ill, i\rH); 7.3(J (111, Ill, Arll). /\nell. Ceded. 

for C 17 H150 1NSJ (377): C, 54.11; II, 3.98; N, 3.71 %. Found: C, 54.2: II, 4.00: 

N, 3.8%. 

Methyl 3-oxo butanedilhiocarboxylate (141): v1scous liquid; (lit'14 viscous 

liq); yield using 25 80%; yield using 27 88%; IR (CCI4): V 111ax c-c 1215, 15(J0, 

1580 em-'; 111 NMR (90 Mill,, CCI4): o = 2.0 (s, 311, Cll,); 2.52 (s, 311, 

SCH1); 6.25 (s, Ill, =CH); 15.0 (s, III, 011). Anal. Calcd. for C~llsOS 1 ( 14R) : 

C, 40.54; II, 5.4(YYo. Found: C, 40.52; II, 5.41 %. 

Methyl 2-methyl 3-oxo butanedithiocarboxylate ( 14m):viseous liquid: yield 

using 25 64%; yield using 27 84%; IR (CCI4): IR V 111ax =c 125(J, 1354, I :'145 em 

1
; 

1H NMR (90 MHz, CCL1): o = 1.49 (d, 311, J = 6 liz, CII,); 2.2 (s, 311, Cll ;); 
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2 . 7 ( s, 3 H , S C 111); 4. 3 5 ( m, I II , C II ) ; I 6. 0 ( s, I II , 0 II ) . J\ n a I. C <II c d . f'ot 

C(,H 100S, (I 62) : C, 44.44; II, 6.17%. Found: C, 44.24; II, (>.D%. 

Methyl 2-methyl3-oxo-pcntancdithiocarhoxylate (14n): viscous liquid: 

yield using 25 91 %; yield using 27 95%; IR (CCL1) V 111 a~ ~ 125R, 1545, 1722 

cm- 1
; 

111 NMR (90 MI-Iz, CCI4): 8 = 1.0 (t, 311,CII 3); 1.5 (d, 311, J :- (> ll1., 

CH 3); 2.5 (m, I II, CH); 2.(> (s, 311, SCII 1); 4.32 (q, J = 61 Lr., 211, Cll 2). J\nal. 

C<dcd. for C71-1 120S2 ( 176): C, 47.73; II, ().82 1%. Pound: C, 47.4.\ II, (>.4Y~;,_ 

Methyl 3-oxo-4,4-dimet hoxybu t anedithiocarboxylatc ( 14o): I iqu id; yic ld 

using 25 (>5%; yield using 27 86%1; IR (CCI 4 ) V111ax = 1158,1329, I SCJ4 em 1
; 

1

11 

NMR (90 MHz, CCI 4): 8 = 2.6 (s, 31-1, SCH 3); 3.38 (s, (>II, (OCII1)1 ); 4.R(> (s, 

HI, CH); 6.58 (s, 11-1, =Cif); 14.38 (s, IH, OH). J\nal. Calcd. for C711 120,S1 

(208) : C, 40.38 ; I(, 5. 77 1Yo. Found: C, 40.2; II, 5.85%). 
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CIIAPTF.RIII 

RI~ACTION OF J-(METIIYLDITIIIOCARBONVL)IMIDAZOLE AND J­

METHVL-1-(METHYLDITIIIOCARBONVL)IMIIJAZOIJUM IODIDE WITII 

AMINI~S: AN EFFICIENT SYNTHESIS OF DITIIIOCARBAI\1ATES, 

SVMMFTRICAL AND UNSYMMETRICAL TIIIOUREAS. 

The reaction of carbon disulphide with ammon1a <llld an1111c 

derivatives to yield the corresponding dithiocarbamatcs were described as 

early as 1 R50 1. Soon after this discovery their strong a rtlnity towards heavy 

metal binding and their properties were recognised largely by the work of 

Delepine2 and co-workers. Due to the ability of dithiocarbamntes to chelate 

with different metal ions many of the dithiocarbnmales have found npplication 

in inorganic analysis1
. J\ number of these dithiocarbamates have hccn used in 
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the rubber industry as vulcani1.ation accelerators and antioxidants. Their 

application in the field of agriculture is unlimited. They have been found to 

display profound effect on biological systems and has been variously used :1s 

enzyme inhibitors. Their usefulness is largely due to their metal combining 

capacity and their interaction with sulphydryl groups. The tetramethylthiur;nn 

disulphides were found to be active against scabies as. early as I CJ42 4
. Their 

application in soap industry as preventive ingredients is also very common. 

They are also recognised insecticides which arc applied in agriculture against 

I f r d' . 5(, ea tee mg tnsects· · . 

The dithiocarbamatcs possess powerful fungicidal properties 7
. The 

biological application of the dithiocnrbamatc metal salts arc well documentcdx. 

;\n extensive literature on both preparation and applications of these class of 

compounds arc described in the Elsevier monograph hy Thorn and Ludwig''. 

The alkyl clithioearbamates arc well defined liquids or solids which 

are stable enough to be stored without decomposition. These dithiocarbam:Jtcs 

arc extremely important intermediates since they can be the starting matcri:ds 

for the synthesis of isothiocyanates, symmetrical thiourcas, unsymmetrical 

thiourcas and a variety of heterocyclic compounds. In the present investigation 

reaction of 1-(methyldithiocarbonyl)imidazole and N-(mcthyi)-N'-

(methyldithiocarbonyl)imiclazolium iodide 2 with vanous pnmary and 

secondary amines have been investigated, which under different reaction 

conditions yield clithiocarbamates, symmetrical and unsymmetrical thiourcCls. 
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!\ brief revtew on the reported methods of preparation and 

importance of alkyl/aryl clithiocarbamates, symmetrical thiourcas and 

unsymmetrical thioureas has been presented in this section. One of the most 

common methods of preparation of clithiocarbamates, described in the 

literature as early as I 850 involves simple alkylation of sodium salt of N,N-

dimethyl clithiocarbamate by methyl iodide in ethanol to yield the 

corresponding methyl dimethyl dithiocarbamate 4 in good yields. The sodium 

dithiocarbamate 3 was prepared by reacting dimethyl amine in carbon 

disulphide in the presence of NaOH (Scheme-l). 

s 
(CI llhNH I cs2 + NaOJ I 

II Gm 
(CH1)2 N-C-S Na 

J 

1
('(( 11 I 

EtOII 

Scheme 1 

Subsequently Grunwell 10 has reported the reaction of vanous 

Grignard reagents with tetramethylthiuram clisulphide 5 in dicthyl ether. The 

reaction mixture after reaction and subsequent vvork up with ammonrum 

chloride yielded the corresponding dithiocarbamate 4 111 only :rn-c~ yield 

(Scheme-2). 



R 
I 

s s 
II II 

Mg + 
I (CH1)2N-c-sR ' (CIId2N --c- SMgX 

X 4 

5 

Scheme 2 

The synthetic advantage of this reaction is clearly understood since 1so- and 

tertiary alkyl carbon atoms can be used for alkylation which arc otherwise not 

easy to make by classical alkylation methods. 

Barret and co-workers'' developed a novel method for the synthesis 

of dithiocarbamates (dithiourcthanes) 4 through aminolysis of tertiary alkyl 

xanthates 6. Interestingly the xanthates when prepared from primary alcohols 

reacted with amines to afford the corresponding thioneurcthanes R by the 

elimination of methyl mercaptan which is a good leaving group. On the other 

hand Barret and co workers'' prepared the xanthates fl·om tertiary alcohols and 

showed that the amines react with these xanthates to afford the corresponding 

dithiourcthancs 4 in good yields. The steric hindrance of these tertiary alkyl 

group facilitates the elimination of alcohol during this reaction giving rise to 

dithiocarbamates 4. Also secondary ammes g1ve high yields of 

dithiocarbamates. In this way hindered xanthates were also used as reagents of 

choice to prepare the dithiocarbamates 9 from I ,-a-amino acid. The synthetic 

application of tertiary butyl xanthates is of potential use in other areas which 

arc not yet explored (Scheme-]). 



6 

TI l-I ,CII1 
RS-C-N-C-C0l1 

I 
H 

9 

6 ... J 

Scheme 3 

7 

R 

() 

S R' 
4 II / 

RS-C-N 
'R2 

4 

A facile modification of the dithiocarbamate synthesis for the 

preparation of methyl N-aryl dithiocarbamatcs 4 (Schcme-4) \vas later on 

developed 12
. The reaction of ani lines 10 with aqueous 20 M sodium hydroxide 

and carbon disulphide in DMSO as solvent yielded initially the corresponding 

sodium N-aryl dithiocarbamates 3 which are converted in situ to the 

corresponding methyl N-ary! dithiocarbamatcs 4 by alkylation with methyl 

iodide (Schcme-4 ). 

Ro- I. 20 molar NaOH /DMSO 
- NJ12 

2. CS 2, r.t. 

10 

Scheme 4 
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A senes of 2-alkylthio-4,5-dihydro-5-methoxythiazoles 12 was prepared by 

thermal or BFJ.etheratc assisted cyclization of the corresponding N-(2,2-

dimethoxy ethyl) dithiocarbamic acid esters 4. These dithiocarhamic acid 

esters arc in turn prepared from aminoacetaldchyde dimethyl acetal \vith 

carbon disulphide in the presence of triethylaminc 11 (Scheme-S). This paper 

represents the usefulness of functionalised 4 for the synthesis of important 

heterocycles. 

OMe 

OMc 
~NH2 

11 

I.CS/EtJN/ THF 
0-5°C, lh 

2. RX, r.t., 0.5-2h 
72-97% 

Scheme 5 

OMc 

~NII~SR 
OMe II 

4 s 

6or Ft"O.BF 
(12-<J<)"i;, 

A new synthesis ofthiourcas 

The dithiocarbamate chemistry was further extended for the 

synthesis of symmetrical and unsymmetrical thiourcas by rencting them in situ 

with various amines. As seen from literature thioureas have been prepared 

using different reagents and reaction conditions and many h<llardous 

conditions were employed for thiourea synthesis. One of the earliest known 
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I ltl met wds for the synthesis of thiourcns lJ has been described by I lugcrshof 

and co-workers in I 899, involving the heating of a primary arylarninc vvith 

carbon disulphicle and sulphur in ethanol (Scheme-6). 

The application of thiophosgene for the synthesis of thioliJT<ls 1
' 

1
(> 

has been described in a patent literature published in I 97] and I 977. 

Thiophosgene readily reacts with primary amines to afford the corresponding 

aminothiocarbonyl chloride 14 which readily undergo clehydro halogenation 

upon healing or in aqueous medium to yield isothiocyanates 15 in good yields. 

These isothiocyanates 15 are readily converted to the corresponding thiourcas 

13 in the presence of excess amine (Scheme-0). 

s 
RNH2 + tl 

c1/ '--ct 

-IICI 

ethanol 

s 
II 

RHN-C-CI 

14 

N~ n FN\ 
~N-C-N~ + 2 RNH2 

16 

Scheme 6 

-HCI 

s 
II 

RNII-C-N!IR 
IJ 

R-N=C=S 

15 

J 
s 
II 

RHN-C- NHI~ 

IJ 

lleterocyclic thiocarbonyl transfer reagents such as I, I'-

thiocarbonyldiimidazole 16 was prepared by Staab and co-workers. These 

reagents have been reacted with primary amincs to give the corresponding 

. . d I. 17 IR I<). i . I I (S I f.) N,N'-dtsubstttute t ltoureas · · 111 gooc yte < s , c 1eme-l) . 
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Takikawa and co-workers 211 have reported a novel method f(lr the 

preparation of N, N' -disubstitutcd thioureas. The method involves the reaction or 

2-chloropyridinium iodide 17 with sodium trithiocarbonate to aff(ml the 

corresponding trithiocarbonatc derivative 18 in high yields. This was l'llrlhcr 

reacted with various primary amines to yield the intermediate dithiocm·ham;1te I 9. 

This dithiocarbamate on subsequent heating with amJJJcs a rf(mlcd the 

corresponding symmetrical thiourcas 1J in good yields (Schcmc-7). 

Cl I 
eN <'I 

1e I 
Me 

1-

17 

-Na( 'I ClnM 
CB N S-( -S N o 

s 
II 

I I m 7 I IH -
Me Me 

path a 
RNII, 
~////. 

I path h 

I Cl 
CB N S-C-NIIR ·- I 

::=:< ~s 
I 

Me Jl) 

J{N~ 
s 
~II. 

II 
RIIN-< ·-NIIR 

. 13 

Scheme 7 

(\ 
N ,,, S 
I 

I'd l' 

Specific methods have also been developed to make exclusively unsymmetrically 

substituted thioureas 13. Thus, benzoyl isothiocyanate 20 or ctho\vcarhonyl 

isothiocyanate 21 when reacted with secondary amines followed hv acid 

hydrolysis yielded unsymmetrical thioureas in both the cascs
2

'· 
22 

(Scheme- X). 
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Tamura and co-workers2:l reacted secondary ammcs with a 

combined reagent triphenylphosphine and thiocyanogen (TPPT) 22 111 

acetonitrile to afford the corresponding I, l '-disubstitutecl thioureas 1 J in good 

yields (Scheme 8). 

0 
II 

C' 6115-C-- N=C=S 

20 

0 
II 

CzH50-C- N=C'=S 

21 

22 

<±l 
RR'NJ-l/H10 

·-·---·-·- ·- .... 

<±l 
RR'NH/H/) 

----·------ _.,... 

Scheme 8 

ll 2N-

li7N 

1120 
-- ___ .,... ll2N-

0 
II 
c NRR' 

IJ 

() 

II 
C· NRR' 

IJ 

s R II 
c N 

' R' 
1J 

Another novel method for the synthesis of unsymmetrical 

thioureas 13 was been reported by Hirai and co-workers 24 involving activation 

of salts of dithiocarbamate by 2-halothiazolium salt 23 to yield the 

corresponding addition product 24a which in turn generated the active species 

24b in quantitative yield which was used for the synthesis of unsymmetrical 

thioureas nnd thiocarbamates depending on reaction conditions. These 

reactions represent a useful thiocarbonyl transfer process by activation with 2-

halothiazolium salts (Scheme-9). 
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s 
R~ li, 8~ 
VN-C-SZ + 

R 
J 2J 

Scheme 9 

1 
R~ 

,, "Nil 
R~/ 

s '· 

I 

s 
R, II 

N-C-X 
R'/ 

24h . 

R II 
"NAS 

)=} 
Ph 

A facile conversion of symmetrical thioureas to the corresponding 

unsymmetrical thioureas have been reported by Ranwclas and co-workers;". In 

their attempt to prepare guanidines 25 by adding primary amincs to diphcnyl 

thiourea in triethylamine they obtained unsymmetrically substituted thiomcas 

13. Probably the free ~SH group in the presence of triethylamine facilitates 

elimination of bulkier phenylaniline to give the unsymmetrical thiourcas lJ 

(Scheme-l 0). The same authors prepared a variety of substituted thiomcas 2
'' 

by reacting thiuramdisulphides 26 with various amines in rcfluxing IJM F 

(Scheme-l 0 ). 
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Ramadas and co-workers27 have reported yet another method of 

thiourea synthesis from dialkyl dithiocarbamate zinc salt 28 and amincs as 

formulated in (Scheme-l I). The dialkyl dithiocarbamatc 7.inc s<tlt IS 

comrncrcially available and the synthesis is of commercial importance. 

R R 
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_....N~SZn~/K... 1 2R'Nil 2 
1z 
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n 1z 
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RESULTS AND DISCUSSION 

I 11 the preceding section we have described vanous synthesis or 

methyl dithiocarbamatcs, symmetrical thioureas and unsymmetrical thiomeas 

using different reagents and reaction conditions. Thiourcas ha\"l' f(ntnd 

I. . . . I I l . . l 29 I r. . . I ., lR 1'' 10 S r· app JcatJon 111 agneu turc as 1cr )JCJc cs , an( •tlllgJcl< cs .ln · · .. ome o 

them arc phcnoloxid;tsc enzymatic inhibitors .:n3 u 2
" besides their <tpplication 

l . . . f I 121> , as )JOllllllletJc 1110( c s · · . They arc also f(wnd to be <lctivc <lg<tinst h;~etnial 

and microbial infection such as RSV-]7 as potential antitubercular 

rcagcntsnuo_ /\I so the antithyroid drug 31 is \veil known ( Schcmc-12 ). 

Methiuran 
(Herbicide) 

29 

N-C-N-C I (Q)- ;fX) 
II ~ II "s ~ 

N- ( henzothiozoly.l) N'-phenyl thiourea 
(Antithyroid activity) 

Jl 

s 

IIN)lNII 
\__} 

Fthylcnc thiourea 
(Corrosion Inhibitor) 

JJa 

s 
II 

rATN-('--NII< <H>I\k 

~~--('--Nil<., H >M<· 
II II 

s 
Thoiplwnatc 1\ktll\ I 

( Fungicide ) 

JO 

()

N-C-NII, 
II ~ . 

~ 

Phenyl thiourea 
(phenol oxidase inhibitor) 

.12 

II < ·- N--( ._ N--( ·1 I 1 1 
II II II 

s 

1 • .\-dlllll'thyl thiPIIIl':t 
(( 'orrosion Inhibitor) 

Sdtrmc 12 
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Also cyclic thiourea 33a and I ,]-dimethyl thiourea 34 arc \veil known 

corrosion inhibitors32
". There arc many thiourea derivatives used variously in 

many areas of modern life. They arc also excellent building blocks for the 

. f fi I . ~ ~ ~ 4 • · eonstntct1on o 1ve anc s1x membered heterocycles · · . I he reported methods 

for the synthesis of thioureas suffer from limitations due to many parameters 

such as availability of cheaper raw materials and handling problems due to 

environmental conditions. We have therefore investigated the reaction of 1 

and 2 with various amines and shown that the yields obtained by both the 

methods are extremely attractive and the results of these studies arc described 

in the following section. 

The synthesis of reagents I and 2 arc described in details in chapter 

II and they arc directly used as dithiocarbonyl and thiocarbonyl transfer 

reagents in this section. Thus when an equimolar mixture of reagent 1 and 

benzyl amine was refluxed in ethanol for a fev,, hours, and the reaction mixture 

after work up yielded the corresponding methyl N-benzyldithiocarbamatc 4a 

in 70% yield. However when reagent 2 was reacted with ben1.ylamine under 

similar reaction conditions 4a was obtained in an improved i.e. 9R% yield. 

Both compounds were found identical (m.m.p. superimposable I R ). 4a was 

reported earlier in the literature as a white solid and the dithiocarbamate 

prepared by the present method was found to identical to the reported 

compound. The reagents and 2 were also reacted with various 

aliphatic/aromatic pnmary and secondary amines 35b-j to yield the 



corresponding dithiocarbamates 4b-j (Table I) in ()7-'8.7% overall yields lf·om 1 

and 85-98% overall yields from 2. The mp's of various dithiocarbmnatcs and 

the literature mp's for the known dithiocarbamales have also been listed in the 

table. The properties of the known dithiocarbamatcs were identical with that 

reported in the literature. The unknown dithiocarbamates were fully 

established for their structural assignment (sec experimental). 

Table I 

35,4a 

Methyl dithiocarbamates 

s 
II 

/c'----
HsCoCH2~N SMe - H 

EtOH 
~--- ____ ________.. 

4 

o;;) Yield mp "C Reported 

from I 12 mp "c 

70/98 
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Table I 

Methyl dithiocarbamates 

35, 4c 

s 
HsCo" ~ 

4h N/ 'sMe 
H3C/ 

OJc, Yield 

from 1/2 

75/90 

mp "C 

58-59 

oil 

f/.0/97 () 7 -()8 

80/93 78-79 

67/92 76-77 

8 7/98 79-80 

Reported 

mp "c 

oil 

81/94 47-48 4i 0 

7(J/84 84-85 82.5-fU.5 1' 

Application of reagents I and 2 for the synthesis of symmrtrical and 

unsyrnmetl'ical thioureas. 

1-( methyldithiocarbonyl)i midazole when reacted with two 

equivalents of aniline in refluxing ethanol (Gh) (Tablc-2) the reaction mixture 
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after work up yielded the corresponding symmetrical thiourea IJa in g(}o;~) 

yield. ;\n improved yield of Wl%1 of this thiourea IJa was obtained when the 

reagent 2 was reacted with aniline under similar reaction conditions but with 

reduced time period of reaction i.e. (4.5h). The thiourea was reported as a 

white solid purified by recrystalisation from ethanol and it was found identical 

in its analytical data with that reported in the literature. Our analytical and 

spectral data of 13a were in conformity with the assigned structure. Our 

present method for the preparation of 13a using safe reagents 1 or 2 under 

mild reaction conditions is definitely superior to the earlier reported methods. 

Similarly the other acyclic or cyclic aliphatic and heteroaromatic pnmary 

ammes reacted with 1 and 2 in a 2: I ratio under the described reaction 

conditions to afford N,N-disubstitutcd thiourcas 13b-j (Table-2) 111 40-R2% 

yield from I and (>0-94%) yields from 2 respectively. 

[') 
N 
I 
c 

s-:::/ "'-: S M e I . 

or 
8 

I Cll 
0/ .1 

[') 
N 
I 
c 

~ "'-:s Me 
2 

EtOH 
+ 2 RNII 2 

s 
II 

RfiN-C- Nil R 

IJ 



Tahle-2 

I ,3-disubstiluted 
tllioureas (symm) 

c s I 01 ('() N-~1·-N ~ 
II II 
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0('1 s ~I 
d Vi''~~ MeO/ N-- ('-'-- N ~ OMe 

eCl s ~~ II 0-. 
N N-C-N N 

II II 

s 
II 

f ~------N-C ._ N-------~ 
I I 
II I I 

CH S CII, 
I .1 II I . 

g Cll -C-N-C-N-C-CI I 
·' I I I I ·' 

C IIJ-1 II C II, 

s-Q o-N-g'-N 
II II 

s 
.i C>-- N -~'·- N --<:::1 

%yield 
using 1/2 

79/<)2 

80/91 

7 5/8<) 

70/80 

75/90 

40/()0 

78/8(J 

82/94 

79/91 

mp"C 

151-152 

146-147 

91-92 

125-12(1 

153-154 

48-4 9 

128-129 

88-89 

Reported 
1np"( · 

152-l53 1Xh 

!45-l47~Xh 

<)().\<) 

I 23-12540 

I )2-1 ')J\Xh 

47-49n 

I 79-180 I 71)-18()1Xh 

I .10-1 3 I 
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The melting points of N, N'-disubstituted thiourcas reported 111 the literature 

are found to be identical with those prepared by the present method. The 

unreported thioureas were confirmed fhm1 their analytical and spectral data 

(sec experimental). 

llowever, secondary amines like N-mcthylanilinc and morpholinc 

t:1iled to give N,N'-tetrasuhstituted thioureas under identical conditiotls and 

stoichiometry and yielded only dithiocarbamatcs 4h and 4.i in RT~" and 7(>(~;~ 

yields, respectively. The diamincs such as o-phcnylcncdiaminc, 

ethylenediamine and ethanolamine reacted with I or 2 in rclluxing ethanol (4-

Sh) to give imidazolidinc-2-thione JJa, 2-mercaptoben/.imid<uolc JJh, and 

oxozolidinc-2-thionc JJc, in high yields (Scheme-l_)). 

s 
II 

,./"-, 

3Ja (7TYo) 
m.p. IW>-197"C 

(lit41 m.p. I 95-1 96"C) 

/~ _N 

tl -l ") -s11 
"-~--N 

II 
JJh (74(/';l) 

m.p. 10 1-302"(' 

(lit 42
" m.p. l01-303"C) 

Scheme I J 

s 
II 

() Nil 

\ I 

33c ( XO" ") 
lll.p. <J7_<JX"(. 

( lit4211 m.p 9X-<J<J"(' 

The overall yields obtained by using reagent I in some e<tscs ilre 

certainly much higher than those reported in the literature for thL' known 

thioureas. The yields from reagent 2 arc decidedly far higher than the methods 

described in the literature, making the present method superior to the hitherto 

described methods in the literature. 
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The application of reagents and 2 for the synthesis or 

unsymmetrical N,N'-di- and tri-substituted thioureas was next examined. Thus 

an cquimolar mixture of aniline and I was rcfluxcd in ethanol for 1.5h 

(monitored by TLC) followed by addition of benzylaminc (I cqv) and further 

refluxing (2.5h) till the disappearance of N-phcnylclithiocarbamatc 4h (TLC'). 

The reaction mixture after work up afforded the corresponding N-hcn;.yi-N'­

phenylthiourea 13k (Table 3) in 75(Yc> yield. The other unsymmetrical N. N'­

di-(131-q) and tri-substituted (13r-() thiourcas were similarly obtained in (JI-

89% and 79-88(% overall yields respectively by reacting 1 first with primary 

amine followed by treatment with second amine in sequential manner (Table 

3 ). The methodology could be extended further for the synthesis of mono 

(13u-v) and N,N-disubstituted (13w-x) thioureas by reacting 1 and 2 w·ith 

ammonia <mel primary or secondary amine sequentially under identical 

conditions. Here also the melting points of the unsymmetrical thiourcas 

prepared by our method are found identical with those reported in the 

literature. They were further confirmed from the spectral and analytical data 

(see experimental). 

Here again the reported methods of preparation of unsymmetrical 

thioureas and the yields reported in the literature are not as satisfactory as the 

yields obtained from 1 and amines. The yields of unsymmetrical thiourcas 

from amines and 2 are undoubtedly ncar quantitative making this method 

better than the reported procedures. 
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Table-3 

1.3-disuhsliluled %yield 
thiourea (unsymm) using 1/2 

s 
II 

13, k 11 5Cr,HN-C-NHCII2CrJL, 75/92 

s 
II 

H5Cr,HN-C- NIICH2CII2Cr,l15 73/93 

s 
II 

m H5C,HN-C-Nf1Cr,II4Mc0p 74/8() 

II H c IIN-~-NDN: 89191 
s r, H 

s 
II 

o ll,Cr,HN-C-NHCH-' ()5/94 

s 
p H5C(,HN-~-N-o 65/82 

H 

s 
q Jf~CJl2CN-~-N-o 61/96 

. H H 

s 
' II _......CIIJ 

r H,Cr,HN-C-N, 79/94 
- 'CI I~ 

mp"(, 

l 06-l 07 

142-143 

153-154 

152-153 

91-CJ2 

137-138 

Reported 
mp" C 

154-1574\ 

150-l'il4.\ 
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Tnhle-J 

1 J-disuhsliluled %,yield 111p"(. I~ ('poll cd 
lhiomcn (nnsyn1111) using 1/2 lllp" (. 

1 J, s II C CIIIIN J_;·) 
~ 0 ) . 

\ ___ 
R7/% P,(d0 XW11 

s ,---\ 
II (' liN ~)1.~-- 0 

~ (, 

\_ __ ) XX/1JO I\ I 112 1 l)tll 

s 
II 

II II~( '
1
,11N --~( . __ N I 1

7 (J(J!<Jtl lSI-I 'iii I 'i /1 ,, I 

s 

" II~( '1,11/'1 IN-(I._NJ 11 (,(,/Xtl I (Jil-l (l'i I() 'i IX a 

s 
(_:r,ll~ II 

lV 11 7N ( . - N 72/7X 10/-IOX I01 111
a 

('II, 

s ;-
) II ,,,, 

X 11 7N (' N 7(J!P,7 I J 'i I)() I )fl I JX 
\ 

In conclusion \Vc have nmply dcmonslralcd with '' large 1111111lwr of 

cxa111plcs the versatile reaclivily or reagents I and 2 ns uscfld di1hiocn1honyl 

and lhiocmhonyl lransrer rcngcnls ror high yield gencr<1l synthesis of nwlhyl-

dithiocmbamalcs, symmetrical lhiourcas and llllsymmclrical mo11o-, di-, and 

tri-subsliluled thiourcas in OllC pol pmcedmc. The ('OillJl<ll ison or yields 

between the 1·cagcnts I and 2 is evident flom the tables listed. The yields frnm 

reagent 2 with mnincs is much higher compared to the yields or n·flgcnl I wilh 

mnillCS thus proving the superiority or t·eagenl 2 from I. TilliS lhc <lhovc 

procedmc represents a convenient least haz;mlous proccd11rc f(Jr n vnricly of' 

thiourcas with wide struclmal varir~lion. 
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EXPERIMENTAL SECTION 

General 

Melting points were determined on a Thomas Hoover Capillary melting point 

apparatus and are uncorrected. IR spectra were recorded on a Perkin Elmer 

983 spectrometer. 1H NMR spectra were recorded on a Varian EM-J<JO, 

Bruker-ACF-300 and Jeoi-LA-400 spectrometer in CCI 4/CDCI 1/DMSO-clr, 

and the chemical shifts are reported in b (ppm) relative to tertamethyl silane. 

The coupling constants are given in Hertz (Hz). Mass spectra were obtained 

on a .leo! JMS-D-300 mass spectrometer. Elemental analysis was carried out 

on a lleraeus CHN-0-Rapid analyser. 

CHEMICALS AND REAGENTS 

Commercially available Nail (SO's) (75%) was used and all necessary 

precautions were taken while hnndling this reagent. Carbon disulphide and 

methyl iodide were used as such. Benzene was dried by keeping over sodium 

wire followed by distillation before use. DMSO and ethanol were dried as 

~0 reported· . 

STARTING MATERIALS 

Imidazole (Merck) mp 89-91 °C was used as such. Dimcthylaminc, allylmnine, 

ethanolamine, cyclopropylamine, morpholinc, aniline, ben1.ylamine, p-

methoxy phcnylethylam i ne, N-methylphcn ylam i ne, !crt. hu I yIn rn inc, 

phenylct hy lam i ne, cyclohex ylamine, ethylenediam inc, met h y Ia Ill i ne, 

piperidine were purified by distillation under reduced pressure before usc. 



The solid am1nes like 2-aminopyridine, p-anisidinc, o-phenylcncdimninc, 

hexadecyl amine were used as such. 

General method for the preparation nf 1-

(methyldithiocarbonyl)imidazole l 

ro a solution of imidazole (0.68g, 0.01 mol) in dry DMSO (50 ml) 

was added sodium hydride NaH (75%) (0.48g, 0.012 mol) at room 

temperature under nn atmosphere of nitrogen. After stirring for h<1lf an hour, 

carbon disulphicle (CS2) (0.93g, {).()) mol) was added at 0°C followed after 

half an hour by dimethyl sulphate (Me2S04) (1.9ml, ().()15 mol). The 

reaction mixture after stirring for 6 hours was poured into crushed icc, 

extracted with chloroform (50 ml). The combined organic extracts were 

washed with water (75 ml), dried (anhydrous Na 2S04) and evaporated under 

reduced pressure to afford crude 1-(methyldithiocarbonyl)imid<llolc I which 

was puri lied by passing through a short silicagcl column usmg 

hexane/ethylacetate (80:20) as eluent to give the corresponding compound 

( 1.5g, 98°!<,) as a yellow oil. 

General procedure for the preparation of N-(met hyi)-N'-

(methyldithiocarbonyl) imidazolinium iodide 2 • 

To an icc cooled stirring solution of 1-(mcthyldithiocarbonyl )imida/.olc 

( 1.58g, 0.0 I mol) in sodium dried benzene (]0 ml), methyl iodide (Mel) (2.5 

ml, 0.04 mol) was added dropwisc. After complete addition nf Mel, the 
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reaction mixture was brought to room temperature and refluxed f(n three 

hours, when the orange colored crystals separated out which were filtered and 

washed with dry benzene to give 95%> of pure 2. 

General procedure for the preparation of methyl dithiocarbamates (4a-j) 

To a solution (or suspension) of I ( 1.58g, 0.01 mol) or its salt 2 D.OOg, 0.01 

mol) in absolute ethanol, appropriate amine (().01 mol) in 20 ml of absolute 

ethanol was added and the reaction mixture was rcfluxed between f()J· 0.5-(> 

hours (monitored by TI ,C). Ethanol was removed under pressure and the 

residue was poured into water, extracted with chloroform (.\ x 25 ml), dried 

(anhydrous Na2S04 ) and evaporated under reduced pressure to afford methyl 

dithiocarbamates which were passed through a silic:1gel column using 

hexane/ethyl acetate (97:3) as eluent to give pure products. The an:1lvticnl and 

spectral data of methyl dithiocarbamatcs 4 are given below. 

Methyl henzyldithiocarbamate 4a: Colorless crystals: yield I. \Xg ( 7tn'!l) 

using I; yield 1.91g (98%) using 2: m.p. 55-5(> 0
(' (lit'h 5JC'C). IR (I<Br): \'"""-

](>53, 308(>, 30(>4, 1698, 1371, 1093,941 cm- 1
• 

111 NMR (90 Mil/, ('[)('ld:() 

2.65 (s, 311, SCJ-1 1); 4.87 (d, 211, Cll 2); 7.3 (m, 511, Arll); 7.4 (Ins, Ill, Nil). 

Anal. Calc. for C,II 11 NS 2 (197): C, 54.82; H, 5.58; N, 7.12%. Found C, 54.72: 

H, 5.57; N, 7.3 1!;;,. 

Methyl phenyldithiocarbamate 4b: Colorless crystals: yield I .Y>g (7(,";(,) 

using I; yield 1.57g (86%) using 2; m.p. 92-9Y.,C', (lit
14 

94-95°( '). IR (I<.Br): 

V 11 ~ax CCC 3110,3080, 1103, 1(>13, 1090,957 ci11- 1
• 

111 NMR (90 Mil;. CCld:i) 
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2.6 (s, 31-1, SCH~); 7.48 (m, 5H, Arll), 9.56 (brs, I H, NH). Anal. Calc. for 

C81LJNS2 ( 183 ): C, 52.46; H, 4.92; N, 7.(>5%. Found C, 52.82; II, 5.0; N, 

7.93%. 

Methyl (4'-mcthoxyphenyl)ethyl dithiocarbamate 4c: Colorless crystals; 

yield 1.69g (7YYc)) using I; yield 2.02g (90%) using 2; m.p.58-59'T.IR 

(KBr): V111ax = 3245,2991, 1607, 1506, 1384, 1247, 93C> cm 1
. 

1II NMR (90 

MI-Iz, CCL1):8 = 2.6 (s, 311, SCI I~); 2.8 (t, J =7Hz, 211, CII 2); 3.(1 (I,.!·- 7117., 

211, CH 2); 3.75 (s, 3H, OMe); C1.88 (dd, J = 8IIz, .J = 2II;., 211, Arii ); 7.1 (dd, 

J =8Hz,.!= 2Hz, 211, ArH); 7.8 ( brs, l H, Nil). Anal. Calc. for C' 11 II 1 ~NOS 2 

(241.37): C, 54.73; II, 6.26; N, 5.80%. Found C, 54.52; II, C1.l8; N, 5.92 1X,. 

Methyl allyldithiocarbamate 4d: viscous liquid; yield I. 12g (H1°/~1) using I; 

yield 1.41g (86%) using 2; IR (neat): V 11wx = 3225, 291(1, 1637, 1495, U70, 

1318, 1225,931 em-'. 1H NMR (90 MHz, CCI 4):8 = 2.55 (s, 3H, SCH,); 4.35 

(d,.! = 7.4 Hz, 21-1, CH2); 5.25 (m, I H, CH=CH2); 5.85 (rn, 211, C'II 2=CII ); 7.5 

(brs, IH, NH). Anal. Calc. forC 5H9NS2 (147.27): C, 40.78; II, C1.l(J; N, 9.51%. 

Found C, 40.91; H, 6.35; N, 9.35%. 

Methyl cyclopropyldithiocarbamatc 4c: Colorless crystals; yield I :2g (80%1) 

using 1; yield 1.4g (97%) using 2; m.p. 68°C IR (KBr): V 111 ax c- 3158, 29(10, 

1605, 1499, 1446, 1409, 1330, 967 em-'. 1H NMR (90 Mllz, CCI.t):8 -- 0.85-

1.1 (m, 5H, (CH 2)zCH-); 2.65 (s, 3H, SCH1); 8.85 (brs, 1 H, Nil) Anal. Calc. 

for C 5 H9 NS 2 ( 147.27): C, 40. 78; H, 6.16; N, 9.51 %. Found C, 4(U\(); II, (J.23; 



Methyl (N-carboethoxymethyl) dithiocarbamate 4f:Colorless crystals: yield 

1.54g (801%) using 1; yield 1.83g (931Yr,) using 2; m.p. 79°C'. IR (KBr): V 111 ax -

I I 3273, 3210, 2977, 1722, 1641, 1522, 141J, 1304, 125R, 1220 em . II NMR 

(300 Mllz, CDCI1/CCI 4):6 = 1.31 (t,.! = 7.5 Hz, 3H, Cll1); 2JA (s, 311, SCII d: 

4.27 (q, ./ = 7.5 liz, 2H, OCH 2); 4.46 (d, J = 7.5Hz, 211, CH 2NIIL 7.5 (hrs. Ill, 

NH). Anal. Calc. for C(,JI 11 N02S2 ( 193.30): C, 3 7.28; II, 5. 74; N, 7 .2Y~/;,. 

Found C, 37.08; H, 5.96; N, 7.45%. 

Methyl N-(2-hydroxyethyl) dithiocarbamate 4g:\'olorlcss crystals; yield 

I.Oig (671%) using 1; yield 1.39g (92%) using 2; rn.p. 7(J-7JOC. IR (KBr): 

V 111ax = 3301,2921,2674, I(J30, 1514, 1464, 1400, 1227, 1213, 1079 cm 1
. 

111 

NMR (90 MHz, CDCI 1/CCI 4):6 = 2.4 (s, 311, SCH 3); 2.()5 (brs, 211, CII 2Nll); 

3.5 (Ins, 2H, Cll 2011); (>.() (brs, III, Nil). Anal. ('ale. for c·~IL1 N(>SJ 

( 151.25): C, 31.76; H, 5.99; N, 9.2CJ%. Found C, 3 1.87; II, 6.11; N, 9.42 1
/;,. 

Methyl N-methyi-N-phenyldithiocarhamatc 4h:C'olorlcss crystals; yield 

1.71g (87%) using I; yield 1.9g (9R 1%) using 2; rn.p. 79-ROOC. IR (KBr): ,."''" 

o--= 2931, 1588, 1485, 142CJ, 1355, 1101 cm· 1
• 

111 NMR (]00 Mll1., ('J)Cid:i') 

2.54 (s, 3H, SCH1): 3.70 (s, 311, NCII 1); 7.2 (dd,./= 7.2117., 3.41lz, 211. J\rll); 

7.45(m, 3H, ArH). Anal. Calc. for C 111 11 NS 2 (197 .. 33): C. 54.78: II, SJ12: N, 

7.1 0%. Found C, 54.67; II, 5.()8; N, 7.29%. 

Methyl dimethyldithiocarbamate 4i:Colorless crystals; yield 1.09g (X In;,) 

using 1; yield 1.27g (94%) using 2; m.p. 47-4R 0 C, (lit 10 47°C). lR (KBr): \' 1nax 
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= 1658, 1311, 1054 cm- 1
• 

111 NMR (90 Mll7, CCI 11 ):8 c 2.()2 (s, Jll, SCII;): 

10.37<%. Found C, 35.50; II, (J.32; N, 10.0<~/c,. 

Methyl morpholinc-N-dithiocarbamaCe 4j:Colorless crystals: yield I.J4g 

IR (KBr): vmax = 2980, 2Wl0, 28(J0, 1444, 1420, 12(!3, 122(>, I I U. 1040, ()99 

( 177.30): C, 40.65; II, 6.25; N, 7.9%. Found C, 40.25: II, (J.21: N. X.12°o. 

General procedure for the preparation of Symmetrical Chioun·as ( IJa-j). 

In a typical experiment, a solution (or suspension) of I ( 1.5Xg. ().()1 mol) 

and 2 (3.00g, 0,0 I mol) and the appropriate amine (0.()2 mol) in absolute 

ethanol (20 ml) was refluxed for 2.5-6 hours (monitored by TLC'). The exL-css 

solvent was evaporated under reduced pressure to give crystalline thinurcas 

which were filtered and washed with ethanol. Rccrystilization from ethanol . . 
yielded pure symmetrical thioureas in 40-82<Yr, yields from I and (J0-80°.;, of 

pure thiourcas fi·otn 2. Their spectral and analytical data arc given hclov.:. 

N,N'-DiphenyHhiourea 13a: ( 'olorless crystals; yield 1.W>g (8(J<Yr!) using I: 

yield 2.19g (W!%1) using 2; m.p.I51-152°C: (lit'Rh 152-153°('). IR (KI3r): v,nax 

CCC 3207,2984,3032,1313, 10(>9 cm- 1
• 

1 11 NMR (90 Mll1., CDCI,): (') 7.5(brs, 



I OH, Arll); 8.35 (brs, 21-1, Nil). Anal. Calc. for Cull 17 N7S (22R): C, (JX.42: 

H, 5.26; N, 12.28%. Found C, (,~UW; II, 5.50; N, 12.44%). 

N,N'-Dihenzylthiourea 13h: Colorless crystals; yield 2.(l2g (79°~~,) usint-' I: 

yield 2.3(Jg (92%) using 2; m.p.I46-14JCC; (lit 1x" 145-147°C). IR (I<.Br): V 11 ,," 

= 3058,2912, 132(,, 1077 em-'. 111 NMR (90 Mllz, CDCI 1): 8 c 4.(14 (d. 411, 

(CH2h); 6.25 (brs, 21-1, NH). 7.34 (brs, IOH, Arll); Anal. Calc. for C,,11 1r,NJS 

(256): C, 70.31; H, 6.25; N, I 0.94%. Found C, (J9.9; H, (J.II; N 11.2'/;l. 

N,N'-Diphcnyl ethylthiourea l3c: Colorless crystals; yield 2.27g ( ~O'Yc,) 

using 1; yield 2.58g (91%) using 2; m.p. 91-92°C; (litJ9 90°C). IR ( K Br): V 111 a\ 

= 3247, 1319, I 098 em-'. 1 II NMR (90 MHz, CDCI1):8 = 3.0 (I, .f-c- 711;., 411, 

(CH 2h); 3.(15 (t, J =7Hz, 411, (CH 2h); 6.9 (del, J =8Hz,.!-=:- 2111. (,IJ, /\rll); 

7.35 (dd, .I= 8Hz,.!= 2llz, 4H, Arll); 7.9 (brs, 211, Nil). Anai.Calc.ror 

C,7Hz0N2S (284): C, 71.83; II, 7.04; N, 9.86%). Found C, 70.92; II, (J.89; N, 

9.45%. 

N,N'-(4'-methoxy)diphenylcthylthiourea lJd: Colorless crystals; yield g 

(75%) using 1; yield g (89%) using 2; m.p.125-126°C; (lit40 123-125°C). IR 

(KBr): vmax = 3037, 3018,1332, 1099 em- 1
• 

1H NMR (90 Mllz, CDCI1):0-,--

2.7 (t, .J = 7Hz, 4H, (CH 2)z); 3.5 (t, .J = 711z, 4H, (CII 2)z); :t<J (s, (,JJ, 

(OMch); 7.0 (del, J =8Hz, J = 2llz, 611, ArH); 7.3 (del,.!= 8llz, .Ic-c 2117., 411, 

Arll); 7.9 (brs, 211, NH). Anal. Calc. for C 1 sii 11~N 2S02 (344): C, ()(J.28; II, 

G.98; N, 8.14'Yo. Found C, 6(L0; I I, G.48; N, 7.92%,. 



N,N'-Bis(2-pyridyl)thiourea 13e: Colourless crystals; yield l.(l I g (70%) 

using J; yield 1.84g (80%) using 2; m.p.15.3-154°('; (lit 1
Rh 152-1 S:~ 0 ( '). IR 

(KBr): V111ax = .3201, 3036, 2823, 1317, 1090 cm- 1
. 

1JI NMR (90 Mill, 

CDCI.1/DMSO dr, ):6 = 6.88 (brs, I H,ArH);7.71 (del, .I =811z, .I -4.011;., 21 I, 

ArH); 8.42 (del, J =12Hz, .I =4Hz, 411, ArH); 8.8 (brs, 211, Nil). Anal. Calc. 

for C 11 11 10N4S (230): C, 57.39; H, 4.35; N, 24.3SCYo. Found C, 57.73; II. 4Jd; 

N, 24.55%. 

N,N'-Diallylthiourca 13f: Colorless crystals; yield 1.7 I g (75%) us1ng I; 

yield I .4g (90%) using 2; m.p. 48-49°C; (litJ 7 47-49°C). IR (KBr): v,nax ~ 

2993,2924, 1646, 1325, 1254,756 cm 1
• 

111 NMR (90 Mllz, CDCI 1):6 -·- 5.1 

(m, 4H, (CH 2)z); 5.9 (m, 211, (CI-Ih); 7.0 (s, 411, (CII 2)z); 8.9 (brs, 211, Nil). 

Anal. Calc. for C7H 12NzS ( 156): C, 53.85; H, 7.69; N, 17.9Y/~,. Found C, 

53.92; H, 7.99; N, 18.2%. 

N,N'-Di-tert-butylthiourea J3g: Colorless crystals; yield 0.75g (4m,-;,) using 

1; yield 1.13g (60%) using 2; m.p.I28-129°C; (lit3
R

11 129-131°C). JR (KBr): 

V 1113 x = 3265, 2960, 2922, 1537, 1317, 1055 Clll-l .
111 NMR (90 Mllz, 

CDCI 3):o = 1.4 (s, 9H, C(CH 3)J); 5.7 ( brs, I H, NH ). Anal. Calc. for 

C9H20N2S (188): C, 57.45; II, 10.64; N, 14.89. Found C, 57.72; II, 10.93; N, 

15.2%. 

N,N'-Dihexadccylthiourea 13h: Colorless crystals; yield 4.09g (78%,) using 

1; yield 4.51 g (86%) using 2; m.p. 88-89 °C. IR (KBr): V 111ax ,..,. 3072, 2!)53, 



2912, 2R48, 1570, 133R cm- 1
• 

111 NMR (90 Mll7., CDCI 1 ):0 =-- IA~-I.W1 (hrs, 

(1CJfl, lC'II,(C'II2)1,h); (1.(1(1 (hrs, 211, Nil). Anal. Calc. for Cnii 1,8 NyS 

(524.98): C, 75.50; H, 13.0(1; N, 5.341%. Found ( ·, 75.42; II, 1.\.J.\: N. 5 

.2R%. 

N,N'-dicyclohexylthiourea 13i: Colorless crystals; yield J.!ng (X2"~,) using 

I; yield 2.2(>g (94%,) using 2; m.p.179-180 oe; (lit'Rh 179-IROC'C). IR (KBr): 

Y 111 ax cc- 3242, 292(1, 1548, 1408, 1320, 1077 Clll 
1

. 
111 NMR (!)() Mill., 

CDCI1):0 CCC 1.27(m, 2H,CII); 1.61 (m, 1211, (CIIl'lli'II 2)J):2.0 (111. XII. 

(CH 2CII 2) 2 ); 5.9 (brs, 21-1, NH). Anal. Calc. for C 1,! 124 N2S (240): C ·• (J5.0: II. 

10.0; N, 11.(>7%. Found C, (15.51; II, 10.48; N, 11.92'Yc). 

N,N' -Dicyclopropylthiourea 13.i: Colorless crystals; yield I .23g ( 7()o,;,) 

using 1; yield 1.42g (91 1Yo) using 2; m.p.l30- I 3 I °C. I R ( K Br): \' 111a\ JY>4. 

3202, 2984, 2215, 1521, 1322, 1255, 1215, 1022, 900 cm 1 
•

111 NMR (400 

MHz, CDCil):() CCC' OJ>-0.7 (m, 6H, cyclopropyl); (U\-0.95 (m. 411. 

cyclopropyl); 6.53 ( brs, 211, Nil). Anal. Calc. for C7 11 12 N2S (15(1.25): c·, 

53.81; II, 7.73; N, 17.93. Found C, 53.92; II, 7J>7; N, 18.18%. 

General Procedure for the preparation of unsymmetrical thioureas 131<-x 

To a solution (or suspension) of imidazole dithioate I ( 1.58g. OJ) I mol) and 

its salt (3.0g, 0.01 mol) an appropriate amine (0.01 mol) in absolute ethanol 

was added and rcfluxed for 0.5-1.5. After disappearance or amine 



~1 

(monitored by TLC'), a solution of the second amine ((Ull mol) or <lllllnonia 

solution (2YYo, I ml) in ethanol was added and the reaction mixture was 

further refluxed and worked up as described earlier for symmetrical 

thioureas. The crude thiourea is rccrystalliscd fl·om ethanol to obtain pure 

crystals of pure unsymmetrical thioureas 13k-x in ()2-WJ% yields from I and 

90-98 1X, yields fl·om 2. Their spectral and analytical data arc given below. 

1-Phenyl-3-benzylthiourr~t 131<: Colorless crystals: yield I.R I g. ( 7'i 0 
o l using 

1: yield 2.2Jg (92%) using 2: m.p.I(J5-I(J(J"C: (littl 1 l(J2-I(J4"C). IR (I<Hr): 

Vlllax = ]](JI, 3147,1]29, 106R em·' .111 NMR (90 Mll:.r, ("1)('11):() 4.<) (d. 

J=6 H:.r, 211, C'll 2); 7.4 (m, 1011, Arll); 7.() (hrs, 211, Arll). An;d. <·ale. l'or 

C 1 t~H 14 N)S (242): C, 69.42; 1-1, 5.79; N, I 1.57%. Pound C. 70.1: II. ).<J<>: N, 

11.73%. 

1-Phenyl-3-phenylethylthiourea 131: Colorless crystals: yield l.)-.;7g (7Y'o) 

using I; yield 2.38g (93 1Yr,) using 2; m.p. I 0(J-I OJOC: ( lit 4 ~ I ()(1"< "l. IR (I< HI): 

Vlllax~3371,3021, 1312, 10(J(JCill 1
•

111 NMR(90MII:.r,CJ)('I1):() 2.<J(t,./ 

-,- 71Iz, 211, CH 2); 3.92 (t,.!- 711:.r., 2H CH 2 ): (1.15 (brs, I II, Nil l: 7A(l(m. 

101-1, Adl); R.(J2 (brs, Ill, NH). Anal. Calc. for C 1dl 1(lN 2S (2."\hl: C. 70 .. \1: 

II, (J.25; N, 10.941i;,. Found C, 70.59; II, 6.45: N. 11.2%. 

1-Phenyl-3-( 4, -met hoxy)phenylt hiourea 13m: Colorless crystals: yield I .<Jg 

(8(1%) using 1: yield 2.22g (86%) using 2: m.p.l42-143"C: (lif
1
'14Y'C). 1R 

(KBr): v,nax- 3217,2934, 1310, 1105 em·' . 1 11 NMR (<JO Mil;, Cl>Cld:iS 

3.97 (s, 311, 0('11 1 ): 7.72 (hrs,IOII, Arll); 8.21 (hrs,211, Nil). Anal. Calc. I(Jr 



C14H 14N2SO (258): C, 65.11; H, 5.43; N, I 0.85%. Found C, ()5.22; II, 5.21; 

N, 10.48%. 

1-Phenyl-3-pyridylthiourea 13n: Colorless crystals; yield 2.04g ON%) 

using 1; yield 2.08g (91%) using 2; m.p.I67-168°C; (lit46 167°C). IR (KBr): 

V111 ax = 3217,3100,3073, 1323, 1098 cm- 1 .111 NMR (90 Mill, CDCl 1):()-

7.3 (brs, 2H, ArH); 7.4 (dd, J = 7.5Hz, J = 4.211z, I H, i\rll); 7.44 (m, 511, 

ArH); 7.6(dd, J = 11.641-Iz, J = 4.7Hz, IH, Arll); 10.0 (brs, Ill, Nil) U.7 

(brs, 1 H, NH). Anal. Calc. for C12H 11 N2S (229): C, 62.88; II, 4.8; N, 18.:'4cYt~. 

Found C, 63.1; H, 5.0; N, 18.62%. 

1-Phenyl-3-methylthiourea 13o: Colorless crystals; yield 1.03g ((>YYo) using 

1; yield 1.54g (94%) using 2; m.p. 153-154°C; (Ji{'J54-15rC). IR (KBr): 

Vmax = 3257, 3215, 1306, 1068 cm-1. 1 H NMR (90 MHz, CDCI:d:0 - 3.1 ( d, 

31-I, CI-I 3); 7.39 (m, 5H, ArH); 8.75 (brs, 11-I, NH) 13.7 (brs, I H, NH). Anal. 

Calc. for C8H10N2S (166): C, 57.83; H, 6.02; N, 16.87%. Found C, 57.85; II, 

5.99; N, 16.90%. 

1-Phenyl-3-cyclohexylthiourea 13p: Colorless crystals; yield 1.43g ((>5%) 

using I; yield 2.25g (82%) using 2; m.p.152-153°C; (lit
41

150-151°('). IR 

(KBr): Vmax = 2987, 2926, 1314, 1110 cm- 1 
.
1H NMR (90 MHz, CDCh):o '"= 

1.35 (m, 411, (CH2)2); 1.6 (m, 3H, CHCH2); 2.1 (m, 4H (CII 2)2); 7.39 (m, 511, 

Ari-I); 8.49 (brs, 2H, NJI) . Anal. Calc. for C 13 H1sN 2S (234): C, M>J>7: II, 

·'\ 

7.69; N, 11.97%. Found C, 66.82; H, 7.91; N, 12.0%,. 



1-Bcnzyl-3-cyclohcxylthioun·a 13q: Colorless crystals; yield I.) I g ((,I "-;1) 

using I; yield 2.38g (W>%) using 2; m.p.91-92°C; (lit-1R93-94°C). I R ( K Br): 

V111ax = 2992,2934, 1320, 1118 cm- 1 
•
111 NMR (90 Ml-17., CDCh):()- 1._\_\ (m, 

4H, (CHz)l); 1.58 (m, 3ll, CIICII 2); 2.0 (m, 411 (CH 2) 2); 4.C> ( cl, 211, Cl L): 

7.34 (m, 511, Arl-1); 8.5 (brs, 211, Nil). Anal. Calc. for C 1-1II 20 N2S (24X): C, 

67.74; II, 8.06; N, 11.291%. Found C, (>7.98; II, 8.2C>; N, 11.421%. 

1-Phenyl-3-dimethylthiourea 13r: Colorl~ss crystals; yield 1.42g (7 1)
1
/;,) 

using 1; yield 1.69g (94%,) using 2; m.p. U7-13~FC; (lit41 13(J-!lR°C). IR 

(KBr): V 111.,, = 2923, 1304, 105(, cm- 1 
•
111 NMR (90 Mllz, CDCil):{)- 3.3 (s, 

C>ll, (CH1h); 7.35 (brs, 511, ArH); 7.45 (brs, IH, Nil). Anal. Calc. for 

C,H 12N2S ( 180): C, 60.0; H, 6.67; N, 15.56%. Found C, 59.9; II, C1.SR; N, 

15.5%. 

J -Benzyl-3-pipyridylthiourea 13s: Colorless crystals; yield 2. 04g ( R7%) 

using 1; yield 2.25g (96%) using 2; m.p.86-8]0C; (lit4788 °C). IR (K8r): vmax 

= 3052, 2932, 1324, I 075 cm- 1 
•

1 II NMR (90 Mllz, CDCh):o-= 1.54 (brs, C>ll, 

CI-1 2); 3.78 (brs, 4H, CH 2); 4.87 (brs, 211, CH 2); 5.70(brs, 211, Nil 

exchangeable with 0 20); 7.28 (111, 511, A.rll). Anal. Calc. f(H- C' 11II 11~N)S 

(234): C, (>(>.62; 1-1, 7.74; N, 11.95%. Found C, (,(,.53; II, 7J,2; N, 12.031X,. 

1-Phenyl-3-morpholinylthiourea 13t: Colorless crystals; yield J.<>)g P~W>;l) 

using 1; yield 2.0g (90%) using 2; rn.p.I31-IJ2°C; (lit
41

132°C). IR (Kfh): 

V111 ax = 3193, 3111, 1305, Ill 0 Clll 
1 

.
11-1 NMR (<JO MHz, CDCI1):0- 3. 7 (hrs, 



811, (CIIz)4); 7.29 (m, 5H, Arll); 7.85 (Ins, I II, Nil). Anal. Calc for 

C,,H,4N2SO (222): C, 59.46; II, 6.31; N, 12J>I 1Yc,. Found C, 59.47: H. (>.4.\ 

N, 12.65%,. 

Aniline thiourea 13u: Colorless crystals; yield 1.0g ((>(>%) using I; yield 

1.43g (941Yu) using 2; m.p.I53-154°C'; (lit43 154°C). IR (KBr): V 111a, c-· J41<J, 

3254,1312, 1060 em·' .111 NMR (90 MHz, CDCI.1):8 = 7.45 (brs. 511, Arll); 

8.48 (brs, 211, NH). Anal. Calc. for C711 8N2S ( 152): C, 55.2(>; II, 5.2(>; N, 

18.42%. Pound C, 55.51; H, 5.45; N, 18.53%>. 

Benzyl thiourea l3v: Colorless crystals; yield 1.1 Og ((>(> 0/r,) using I; yield 

1.39g (84%) using 2; m.p.l (>4-165°C; (lit18" 165°C). IR (KBr): V 111 ax = 3298, 

3040, 1325, 1077 em·' .1H NMR (90 MHz, C'DCI 3):8 = 4.(> (cl,.!- (>Iii, 211, 

CI-1 2); 6.35 (brs, I II, Nil); 7.35 (s, 5H, ArH); (1.3 (brs, 211, Nil). Anal (';de. 

for C8H 10N2S ( 166): C, 57.83; II, 6.02; N, I (>.87%. Found ( ·, 58.<J<J; II. (> .. ~I; 

N, 16.94%. 

N-methyi-N-Phcnylthiourra 13w: Colorless crystals; yield 1.1 1Jg (72 1 ~,) 

using 1; yield 1.29g (78%) using 2; m.p. 107-108°C; (lit 18
a l(l7°C). IR (KBr): 

V 111ax = 3398, 3255, 1612, 1525, 13(10 em·' .1 11 NMR (90 Mllz, CDCI1):()-

3.65 (s, 3H, Cl-11); 6.12 (brs, 211, Nil); 7.64 (m, 511, Arll). Anal. Calc. f(n 

C8II 10N2S (166): C, 57.83; II, 6.02; N, 1(1.87%. Found C, 58.05; II, (l.ll5: N. 

17.10%. 

PipyridyHhiourea 13x: Colorless crystals; yield 1.09g (7(>%) using I; yield 

1.25g (87%) using 2; m.p. 125-12(1°('; (lit '
111

12(>-128°C). IR (Kih): v,,,a,-



!J5 

3332,3170, 1648, 1515, 13(J2 cm-
1 

•
111 NMR (90 Mll7, CDCII):()- 1.74 (m. 

6H, (CH 2))); 3.79 (m, 411 (C11 2h); (J.I (brs, 211, Nll 2). Anal. Calc for 

C(,II 12N2S (144): C, 50.0; H, 8.33; N, 19.44%. Found C. 50.32; II, R.Cl2: N. 

19.50%. 
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CHAPTER IV 

REACTION OF ORGANO GRIGNARD REAGENTS WITII 

a- OXOKETENE DITIIIOACETALS IN TilE PRESENCE OF Zn< 'lz. 

TMEDA COMPLEX. A NI~W GENF:RAL MF:TIIOD FOR TIIF: SYNTHESIS 

OF HIGHLY STEREOSF:LECTIVE D-AI ,KYL-0-J\ 1 ,KYI ;n 110-<x,fi­

ENONES WITH £-CONFIGURATION 

The a-oxoketene dithioacetals 1 of general formula 1 (Scheme-l) 

possess ambident I )-dielectrophilic centers with two methylthio lcavin!!­

groups at the 0-carhon atom. The differential reactivity ol' v;mous 

nucleophiles with u-oxoketcne clithioacetals is an area of recent interest <tnd <l 

number of reagents have been developed for directed I ,2-attack or I ,4-att;tck 

so that these addition products from I ,2-attack and addition climin;ttinn 

products fi·om I ,4-attack could he used as important synthetic intcrrncdiatcs. 

The presence of P,l1-methylthio groups in C(-oxoketcnc dithinacct;Jis has 
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immensely altered the elcctrophilicity of ~-carbon 

carbonyl carbon. Generally, the soft sulfur atoms have contributed to the 

softness of ~3-carbon atom while carbonyl carbon remains either unaltered or 

even more elcctrophilic towards nucleophilcs. If it were oxygen the greater 

resonance interaction of non-bonded electrons would have rendered the carbon 

atom less electrophilic. On the other hand, the poor donor property of sulfur 

atoms has left carbonyl carbon more electrophilic towards nuclcophilcs. Thus 

a-oxoketenc dithioacetals arc unique I ,]-dielectrophilic structural units 

displaying di ffercntial clcctrophil ici ty towards various nuclcophi lcs. The 

reaction of various hydride reagents and carbon nucleophiles with n-

oxoketene dithioacctals has been examined in this laboratory to ascertain their 

regioselectivity towards I. The metal borohydridcs examined have been 

known to add exclusively in a I ,2-manncr to afford the corresponding carbinol 

acetals in ncar quantitative yields. These carbinol acetals underwent facile 

methanolysis to yield a,0-unsaturated esters in good yiclds2
. 

Subsequently it was shown in our laboratory that Grignard reagents 

particularly methyl magnesium iodide reacts with I in an exclusive I ,2-

fashion to yield the carbinol acctals 2 which on methanolysis in the presence 

of BF1.Et20 yielded crotonates 3 in excellent yiclds1 (Scheme-l). 
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The higher alkyl Grignard reagents, i.e. ethyl, 11-propyl, 11-hutyl etc. 

however followed sequential I ,4- and I ,2-addition modes to give the 

cotTesponding carbinols 4 which on hydrolysis in the presence of BF1.Eti) 

and methanol yielded the a,~-unsaturatecl ketones 5 in good yields~ (Scheme-

2). ~ lMe 
,R/~~SMe 
' R' ' / ...... __ / 

4 

1BF1.F1 201Mc011 

Scheme 2 
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The higher alkyl Grignard reagents unlike the lower ones have 

followed I ,4-addition-elimination mode followed by I ,2-aclclition. These 

controlled addition modes were subsequently extended to allyl anions which 

followed exclusively I ,2-addition mode to give the corresponding carbinol 

acetals 6 (Scheme-3). These carbinol acetals 6 when treated with BFd·~t/) in 

retluxing benzene underwent ring closure instead of simple dehydration to 

give substituted ben?.enes 8. Thus a new aromatic annelation methodology was 

discovered which has been extensively studied in our laborator/. These 

reactions were extended to benzyl Grignard reagent 9 to afford the carbinols 

10 which underwent acid assisted cyclization to yield the benzyl substituted 

~ jMe 

r/Y~SMe 
I R' 

n 
}~~SMe 
I 

8 

~MgCI 
------~ 

BFyEt 20 I 

GdlG 

Scheme 3 

p Me 

R SMe 
,' 011 

)~' 

7 

naphthalenes J J in good yields5 (Scheme-4 ). Obviously the ber11yl ( irignard 

reagent 9 followed sequential I ,4- and I ,2-adclition modes with 1 tn yield I 0, 



w JMc 

f/Y"'sMc 

I 
\ 

I 
\ 

,R 

l 

10 

1 1 

10~ 

Scheme 4 

9 

SMc 

12 

p, 'SMc 
I 
I 

' 
R' 

/ 

followed by BF~.Et 20 cyclization to yield benzyl substituted naphthalenes II 

in good yields. By changing the stoichiometry of 9 with I it was not possible 
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to isolate exclusively the I ,4-addition-climination product 12 and indeed 12 

was found to compete with 1 in its reactivity towards 9. Thus even with one 

equivalent of 9 only I 0 was obtained and not 12. The I A-<lddition-elimination 

products 12 were considered of interest due to the fact that these intermediates 

can be cyclized to get angularly substituted and annelated naphthalenes IJ and 

also 1-aryl naphthalenes (13, R = Ar), the skeleton of which is present in 

many naturally occuring lignans. 

However, it was possible to achieve the I ,4-addition-climiJwtion 

product J 2 by reacting 1 with organo copper reagent derived from 9 instead of 

9 itself Thus when I was reacted with 9 in the presence of ( 'u( l in 

THF/Et20 as reaction medium, the I ,4-addition-elimination product 12a was 

obtained in good yiek(' (Scheme-S). Also the stereochemistry of the product 

was found to be exclusively Z configuration and no traces of /:'-isomer was 

detected in the reaction mixture. The Z configuration of 12a was confirmed on 

the basis of NOE studies and also by its conversion to thiophene by the 

method developed in our laboratory as shown in scheme-S 7.R.<J. Thus 12a with 

thiomethyl group lying cis- to carbonyl function undergoes intramolecular 

aldol addition-elimination sequence when treated with Simmon-Smith reagent 

to yield the corresponding thiophene J 4 in good yields. The F-isomcr 12b 

however did not undergo thiophene formation because thiomethyl group is 

trans- to carbonyl functionality. Thus the Z configuration of the aclclition­

climination product J 2a was fully established. 
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CuCI/ Eti).TIIf< 
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Scheme 5 
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14 

Subsequently a number of alkyl and benzyl copper reagents derived 

from Grignard reagents were reacted with various Ci-oxokctene ditllioacetals, 

and in all the cases I ,4-adclition-climination products were obtained with 

exclusive Z configuration. Methoxy substituted ben1.yl copper reagents also 

reacted with a-oxoketene dithioacetals and the I ,4-addition-climination 

product 16 was obtained exclusively, though the correspondin_g Cirignard 

reagents arc known to add exclusively in a I ,2-fashion to give 15 in good 

yields ( Schcme-6 ). 



107 

OMcCr,lli,'ll_, Sl\ k 

Mc<~C6iipi 2MgC~ R t,rj SMc 

R' 

15 

0 SMc 

M~C_)_Co_114~~g(~ !l" JJ (J ( 'fl,( "II,OMc 

Cu I/Et20/TJ 1 F R' 

16 
Scheme 6 

The displacement of alkylthio group of a-oxoketene dithioacetals 1, on the 

other hand by alkyl groups were indeed known in the literature and one of the 

earlier studies for the displacement of methylthio group by methyl .uroup ''as 

investigated by Corey and Chen as early as 197) 10
. They reacted dimethyl 

lithiocupratcs with two equivalents of 1 to afford the corresponding 2-

isopropylidine cyclohcxanonc 17 in 9(>% overall yields (Schcmc-7). 

0 SMe 

JL Me 
SMe Me2CuLi 

-----~----- -----~ 

17 

Scheme 7 

Subsequently Dieter and co-workers 11
.JJ..II made solllc dct<tikd 

investigation of organo cupratcs with 1. When they reacted one eqrJiv;tlcnt of 
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organo cupratcs with I, the product isolated ( 18) was found to he a mixture of 

E and Z-isomers. Similarly, when cx-oxokctene dithioacetals were reacted with 

two equivalents of organo cuprates, both thiornethyl groups were displaced to 

give the f3,0-dialkyl-a,0-unsaturated carbonyl compound 19. They also 

reacted three equivalents of organo cuprates with I to afford [~-tertiary alkyl 

ketones 20 in high yields involving the third addition in the M ichacl f~1shion 

(Schemc-8). 

R2CuLi ( 1 cq) v l
2 

r/ Y'"'sMe 
A~' 

I R 

v /r 
~/r~R2 
\ 

', --'R' 

19 

Scheme-R 
20 

Apparently in the preceding examples the organo ( lrignard reagents 

have shown I 4-addition mode exclusively, when reacted in the presence of ' -

Cu (I) salts. A literature survey revealed that that there arc no spcci fie reagents 

or methods available for the preparation of I ,4-addition-elimin:ltion products 
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derived from u-oxoketene dithioacetals in their exclusive F configuration. In 

search of these reagents as well as in continuation of a programmed study of 

the C-C bond forming reactions of organomctnllic rengcnts with u-oxoketcne 

dithioacctals, we examined the reactivity of organo Cirignard reagents with n-

oxoketene dithioacetnls Ill the presence of (N,N,N',N'-

Tetramethylethylenediaminc )Zinc( II) chloride 21
. Surprisingly when u­

oxoketene dithioacetals 1 were reacted with Cirignard reagents in the presence 

of ZnCI 2.TMEDA complex, I ,4-addition-elimination products 22 were 

obtained exclusively in E configuration which proved to be a general method 

for the synthesis of E-0-alkyl-0-methylthio-cx,f~-cnones. It may be noted here 

that Z-isomers 21 were not formed at all in these reactions. The results or this 

study arc described in the following section. 

RESULTS AND DISCUSSION 

In the preceding section of this chapter the Jl!Jcleophilic addition studies 

on a-oxokctcne dithioacetals have been described. u-oxokctcnc dithioacctals have 

been found to react with organa GrignanJ reagents, showing variation or preference 

depending on the nature of the reagent. Bulkier organo Grignard reagents generally 

followed sequential 1,4- followed by 1 ,2-addition mode while the smaller groups 

generally followed 1 ,2-addition mode with a-oxokclene dithioacclals. The presence 

of Cu (I) salts however directed the organo Grignard reagents to react in a I A­

fashion yielding exclusively I ,4-acld ition-el i m i nat ion products of 7 con fi g11 rat in11. 

We have in the present investig(ltion thus found that when rt-

oxoketenc dithioacetnls reacted with orgnno (lrignard reagents in the presence 
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of Znci 2.TMED;\ complex I ,4-addition-climination products were obtained 

but exclusively in the E configuration. Thus in a typical experiment 

magnesium triorganozincate, was prepared by reacting three equivalents of 

Grigna rei reagents with with one equivalent of 7nc1 2.TM ED;\ complex. using 

diethyl ether/THF (solvent combination) 50: 50 at -20°C. 

3 RMgX + I ZnCb. TME[)!'r-----~ (equation I) 

Since there is no indication of the formation of magnesium triorganm.incatc, 

trial experiments were carried out and it was found that generally the 

magnesium triorganozincates formed within twenty minutes of the reaction. 

The magnesium triorganozincate prepared in this way were reacted with o.-

oxoketene clithioacetals at -20°C in ether/ THF solvent combination and stirred 

for 45 minutes to yield I ,4-addition-elimination products 22 (Scheme-<)). 

R 2 M gX (3 c.-Lt • .L__-J 

ZnCb TMEDA (I eq. 
-20 °C/Et 20ITII£7 

Scheme 9 

__ __., 

.. 

22 

~~~(~:{) 
,R' 

21 

Acetophenone mercaptal was first reacted with nl3uJnl\·1gCI. I o a 

cooled solution i.e. -20°C of nBu1ZnMgCI in EV)/TIIF solvent ro1nhination a 
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solution of acetophenone mercaptal was slowly added maintaining a temperature or·-

20°C, until the addition was complete. The temperature of the reaction mixture was 

gradually raised to ooc and stirring continued for another 45 minutes. The reaction 

mixture after work up yielded I -phenyi-J-mcthylthio-2-hepten-1-one 22d in 71 ·~,~, 

yield. The structure of 22d was confirmed from its analytical and spectral data. 

DATA 

IR (CCL,) VIlla~= 2950, 1670, 15(,(), 1240 cm· 1
. 

111 NMR (90 Mil;,('])('!,):() 

2.8 (q, J ,.-(,Hz, 211, CH 2); 6.42 (s, Ill, =CII); 7.31-7.49 (m, 311, /\rll): 7.X-

7.91 (m, 211, /\rll). MS m/z (235.74) (M+, 37.(1) 187 (18.3), 117 ( 100); Anal. 

Calcd. for c 14 II IROS (234 ): C, 71.32; II, 8.29%. Found C, 71 .48: II' X.50°1;,. 

Assignment of E configuration 
. . 

1-phenyl-3-methylthio-2-hepten-1-onc 22d was ft111nd to he <1 single 

geometrical isomer since all the signals in 111 NMR spectrum were l(nllld to he 

sharp and ncar overlapping signals were not detected. Therci(Jrc it was 

presumed that the compound must be a single geometrical isomer. J'he vinylic 

proton of 22d was observed at () (J.42 which is far below from those svstcms 

for which we had assigned Z configuration, which was in turn obtained by 

reacting (lrignard reagents in the presence of Cu (I) chloride with n-oxokctene 

dithioacetals as described earlier. The Z-isomers generally displayed the 

vinylic protons at () (,.94, indicating approximate idea of the possible trans 
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,) 6.42 II'<~ 
~~ R 

R'lbC SMc 

z 

geometry for 22d. This was further con firmed by subjecting 22d f(1r NOF 

studies. 

1-bl 
1' H2 

1:1-12 
Cl-h 
22 d 

') 
SMc 

From NOE studies cai"J·ied out, the absorption signals of appropriate proton 

centres indicated the compounds 22 in its E configuration. The detailed studies 

are graphically represented in the structure 22d where the enhancement of the 

vinylic protons was 3.35% when thiomethyl protons were irradi<ttcd. The 

vinylic proton showed an enhancement of X.I9%, when II a was irradiated. On 

the other hand enhancement of the proton of n-butyl group was a minim:1l 
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O.Y% when the vinylic proton was irradiated, confirming the thiomcthyl group 

and 11-atom on the same side of the double bond. Thus 1~· configuration was 

confirmed unequivocally for 22d. It is also important to note that the chemical 

shifts of the vinylic protons at () (l.4 or values below this \VCIT taken as 

markers to assign E configuration to the other open chain systems examined in 

this work. 

Similarly nwgnesrum trimethyl, triethyL n-tripropyl ;incatcs were 

prepared and reacted \Vith acetophenone mercaptal as described carl icr to 

afford the corresponding I ,4-addition-elimination products 22a-22r in ()()-

80% overall yields. The vinylic protons in 22a appeared at () (1.40, of 22h 

appeared at () (L50 and 22c at o 6.48 con firming /:· confornwtion of the 

products 22a-22c (Table 1). Acetone mercaptal was next examined as a typical 

example or aliphatic ketone derivative. Thus when <teetone JllCIC<lpt;ll \\"(lS 

reacted with magnesium trimethyl;,incate under similar reaction conditions as 

described above the unreactcd reagent, acetone mercaptal w;1s observed 

(TLC). The reaction did not proceed even after prolonging the reaction time 

and raising the temperature of the reaction. In a particular attempt the reaction 

mixture containing magnesium trimethylzincate and acetone mercaptal was 

cooled to -78°C, but the reaction failed in our hands. It was then decided to 

cxnminc some of' !he higher alkylmugncsitllll 1.incn!c rcilj!,l'ltls nnd rt'ilrl it with 

acetone mercapta I. 
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E isomers of 
rLalkyl thio aJLcnoens 

PhVsMc 
H 

JY:lls 
Ph SMc 

H 

0 nPr 

Ph¥sMc 
II 

JY(' 
HJC SMe 

H 

0 nBu 

''-'c¥sMe 
II 

' IT IH2(CII2)4CIII 

IIJC/~SMc 
H 

'Yo yield hll vinylic 

() 7 (J.40 

(J() (J. )() 

80 (J.48 

71 

6(> 5.70 

(J7 ) . 70 

."i. 70 



117 
Thus magnesium 11-tripropylzincatc reagent was prepared as dcscrilwd carlin 

followed by addition of acetone mercaptal maintaining reaction temperature at 

-20°( '. The reaction temperature was raised to 0°C and stirring continued f'or 

an additional 45 minutes and subsequent work up yielded the compound 22r 

which was characterised as 4-mcthylthio-3-hcplen-2-onc in ()()cy;, overall 

yields. The structure and configuration of 22e was confirmed fl·om its spectral 

and analytical data (sec experimental). The vinyl protons appeared at 8 5. 7 on 

the basis of'which E configuration was assigned to 22c (Table 1). Similarly 22f 

was prepared by reacting magnesium n-lributylzincale with acetone mercaptal 

to yield the corresponding 4-methylthio-3-octen-2-onc 22f in 6 7%, overall 

yields. The position of the vinylic proton in this compound also appeared at (~ 

5.7 confirming the assignment of E configuration (Table I). /\lso acetone 

mercaptal was reacted with magnesium 11-trihcxyl 7,incatc to yield the 

corresponding 4-methylthio-3-deccn-2-one 22g in (lYYc, overall yields (Table 

I). The position of the vinylic proton in this compound also appeared <11 () ).7 

confirming the assignment of E confirmation. It is thus evident that the higher 

alkyl magnesium 7.incates reacted in a facile manner with u-oxokctcnc 

dithioacetals to yield the desired products. 

Magnesium n-tributylzincate was next reacted with mcrcnpt<ll 

derived from 2-acetyl furan which, under the described reaction conditions to 

yield the desired product 22h in 82% overall yields. The position or vinylir 
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proton at 0 (>.4(, was again used as a marker to assign F configtrr<ltinn to the 

product cnone (Table II). 

(Tahir II) E isomers or (Yr, yield <') II vinvlic 
22 p-alkylthio <r.p-cnones 

nBu SMe 

h 82 
0 II 

0 

.i 82 

50 
k 

0 nBu 

SMe 89 

The reactivity of these magnesium zincate reagents with cyclic u-

oxoketcne dithioacctals was next examined. Thus when cyclohe.x;1nonc 

mercaptal was reacted with lll<lgnesium 11-trihutyl, n-trihcxyl and triphcnyl 
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zinc reagents under similar reaction conditions as described earlier it afforded 

the corresponding P-alkyi-B-methylthio-a,f~-enones 22i, 22j and 221<. in (J.\ 

82 and 50% yields respectively (Table II). The structures of 22i, 22.i and 221{ 

were in conformity with their analytical and spectral data (sec experimental). 

The E con figuration is tentatively assigned on the basis of the geometry 

observed in the open chain systems. 

Tetralone mercaptal 221 was also reacted with magncs1um n-

tributyl zincate and it yielded the corresponding P-n-butyl-1\-

methylthiotetralone 221 in 89rYo overall yields (Table II). The structure of 221 

was confirmed from its analytical and spectral data (see experimental). The 

NMR and IR data of all these compounds 22a-221 however, could not be used 

to distinguish between E and Z-isomers. The exact geometry needs to be 

confirmed possibly by X-ray studies of one of the crystalline compounds. /\II 

these compounds derived from alkyl, aryl, cyclic ketones etc. were liquids and 

efforts are being made to prepare one of the solid derivatives to get good 

crystals suitable for X-ray analysis. 

In Scheme-l 0 we have described that simple n-butyl magncs1um 

chloride is shown to react with J due to its bulk in a sequential I ,4- and I ,2-

addition mode to yield 23. llowever when 11-butyl magnesium halide is 

reacted with 1 in the presence of Cu (I) iodide the reaction assumes full rcgio­

and stereo control to afford the corresponding Z-B-methylthio-f~-n- butyl o:,p-

enones 24 exclusively. Under these conditions no I ,2-adducts were detected. 
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n-BuMgX 

n-BuMgX (Cui) 

n-BuMgX (3 cq.) 

ZnCb. TMEDA (I eq.) 

Et20/T! IF/ -20 nc 

Scheme 10 

nBu nBu 

R~ ~SMc ~ ~ J)l~ " 
R' 

B 

0 SMc 

~V"n" I 

\ R' 
--- / 24 

0 nBu 

~VSMc 
' w 

/ 22 

Under no circumstances it was possible to alter the course of the reaction 

using these conditions of Cu (I) assisted organa Grignarcl reagents to obtain 

1 ,2-addition products. It was found that these reactions yielded I A-addition-

elimination products exclusively in its Z configuration. It thcrcflm.: became 

necessary to develop another reagent to get only £-isomers of these I A-

addition-elimination products so that we have ready methods in hand to 

prepare either Z- or £-isomers as the case may be. In this context the work 

described in this chapter using magnesium triorganozincatc as reagent of 

choice is a good method to obtain only the corresponding £-isomers without 

any trace of Z-isomers. Thus we have methods to prepare either cis- or lrans-

~-alkyl-~-methylthio-a,f)-enones in good yields. 
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In conclusion we have been able to make some important generalisations on 

the stereoelectronic control process of reagents and their reactivity towards 

ambident I ,3-electrpophilic centers in a-oxoketcnc dithioacctal.s. 

EXPERIMENTAL SECTION 

General 

Proton NMR spectra were recorded as CCI4 or CDCI 3 solutions either 

on a Varian EM-390 or Brukcr 300 MHz spectrometer instrument. Chemical 

shifts arc reported relative to tetramethyl silane as internal standard. IR spectra 

were recorded on a Perkin-Elmer 297 and 983 spectrometer in CCI1 solutions. 

Mass spectra were recorded on a .Jeol JMS-D-300 spectrometer. Flclllcntal 

analysis were carried out on a Ilearaeus CIIN-0-RJ\.PID analyser. 

CHEMICALS AND REAGENTS 

Grignard grade magnesium turnings (SISCO) were used for. preparing 

various Grignard reagents which were carried out under an atmosphere of 

oxygen free dry nitrogen. Methyl iodide, ethyl bromide, n-propyl bromide, n-

butylchloridc, hexyl chloride, phenyl bromide, were purchased and used as 

supplied. Tctramcthylethylencdiaminc (TMEDA) was purchased ( F Merck) 

and purified before use by distillation under reduced pressure. Til F was 

initially deperoxidised and then dried by keeping over sodium wire followed 
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by distillation. ZnCI 2 (E Merck) was used as such. Tl .( · (silica gel Acme's) 

was used for monitoring the reactions. 

STARTING MATERIALS 

The com111crcially available acetophenone, acetone, cyrlohex;tnonc 

were puri ficd by distillation under pressure before usc. I -Tetra lone. bp.140-

l 50°C (I Omm) 14 were prepared according to reported procedures. 

Furfuraldchyde was distilled before usc. The a-oxoketcnc dithioacctals 

required for the present investigation were prepared according to the earlier 

reported procedures 15-17 . The following u-oxokctenc dithioacctals were 

prepared according to the general procedure described in the following 

section, 3)-[Bis (methylthio)]-1-phenyl-2-propen-1-one. mp 93°(" 1 ~<, 4,4-[bis 

(methylthio)]-3-buten-2-one mp 57°(' 19
, 2-[his (methylthio) methylene] 

eyclohexanone bp 118°C ( lmm )20
, 3,3-[bis (methyl thin ll-1-(2 '-fury! )-2-

propcn-l-one18, 2-[ bis (methylthio )J mcthylenc-1-tctralone mp SW'C 1'. 

General method for the preparation of a-oxolu~tene difhioarrfals using 

sodium-t-hutoxide 

A mixture of corresponding ketone (0.5 mol) and carbon disulphidc 

(0.5 mol) in dry benzene (I 00 ml) was added drop wise to an icc cooled and 

well stirred suspension of sodium-t-butoxidc ( 1.0 mol) in dry bcrucnc and the 

reaction mixture was stirred for 4-5 Ins. Methyl iodide ( 1.1 mol) \Vas then 

gradually added with cooling and the reaction mixture wns further stirred for (J 

hrs, cooled and poured into icc cold water. The bcn7,ene layer was separated 
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and the aqueous phase was extracted with ben1cne (200 ml ), dried (anhydrous 

Na2S04) and evaporated to give the crude dithioacctals which were puri fled 

either by crystallization or by distillation under reduced pressure. 

General procedure for the preparation of N,N,N',N'-TMEDA Zn(ll) 

chloride. 

Five ml TMED/\ was added to I 0 ml saturated ZnCI 2 _Til F solution and 

allowed to stand for several hours at room temperature. The crystalline 

product was filtered and recrystallised from TIIF mp 177 °('
21

. 

General procedure for the reaction of a-oxolu•tenc dithio~u.·ctals with 

organozinc reagents : 

The reaction of a-oxoketene dithioacetals with organozinc reagents is 

representative. To a stirred suspension of N,N,N ',N '-TM ED/\ Zinc( II) 

chloride (0.01 mol) in 25 ml of dry TI IF, under nitrogen atmosphere at -20nC, 

n-butyl magnesium chloride (0.03 mol), prepared fl·om magnesium (0.5 g, 

0.02 mol) and 11-butyl chloride (0.92 ml, 0.01 mol) in 150 ml of Et/).TIIF 

( 1:1) was added drop wise and the reaction mixture was further stirred f(H· 20 

min followed by addition of acetophenone mercaptal (0.005 mol) in Til F ( 15 

ml) at -20°C. The reaction mixture was continuously stirred for 45 min 

(monitored by TLC) at 0°C and poured into saturated Nl 14CI solution (I 00 

ml), extracted with chloroform (3 x 50ml) nnd the organic extracts were 



126 

washed with water (2 x 50ml), dried (anhydrous NaJSO,t) and cv;tporatcd 

under reduced pressure to give the crude product which was purified by 

column chromatography over silica gel using hexane as eluent. Similar 

reaction conditions were maintained when other a-oxokctcnc dithioacctals 

were reacted with organozinc reagents to afford crude thiomcthyl displaced 

products which after purification gave analytically pure r~-alkyl-1~-lllcthylthio-

a,~-enoncs. The analytical and spectral data of 13-alkyl-1~-mcthylthio-u.P-

cnoncs 22 arc given below. 

1-phenyl-3-methylthio-2-huten-1-onc (22a): yield 6 TYc,; brown dense oi I: IR 

(CCI4) vmax = 2950, 17(10, 1720, I (120, 1420, 1290, 820, cm- 1
• 

111 NMR (90 

MHz, CCI4) 8 = 0.9 (t, 31-1, Cl-1_1); 1.4-1.6 (m, 411, (CI-1 2)2); 2.25 (s, 311, Cll1): 

2.35 (s, 311, SCI h); (1.40 (s, 111, =CII); 7.2-7.4 (m, 31 L Arl I); 7Jl(l-7.90 (m, 

2H, i\rll). Anal. Calcd. for C 11 11 120S (193.19): C, 68.38; II (1.75%. Found C, 

(18.55; H, (~.90%. 

1-phenyl-3-methylthio-2-pente-1-onc (22h): yield om;;,; ycllmv liquid; IR 

I I (CCJ4) V 111 ax = 2913, 23(17, 1566, 1232, 1177, 780, 7(l() Clll . II NMR (C)() 

MHz, CCI 4 ) 8 = 1.26 (t, 3H, CH1); 2.36 (s, 311, SCif 1); 2.9 (q, 211, C'll 1 ): (J.50 

(s, 11-I, =CH); 7.48-7.64 (m, 311, ArH); 7.2- 8.1 (111, 211, Arll). MS m/1 

(207.37); (M 1
, 18.5%) 157 (71.1), 105 (84.8), 77 (100); Anal. Calcd. for 

C 12 H 140S (207.37): C, 69.50; II, 7.33%. Found C, 70.0; II, 7.M{%. 

1-phenyl-3-methylthio-2-hexcn-1-one (22c): yield 80%; brown ,·,scous 

liquid; IR (CCI4) V111 ax = 2930, 1645, 1552, 122(1, 700 em 1
• 

1 II NMR (C)() M 1!1. 
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CCI4) 8 = 1.0 (t, 2H, CH 2); I.G5 (q, :111, CII1); 2.35 (s, 311, SCII 1 ); 2.R5 (t, 211. 

CH2); 6.48 (s, I II, =CH); 7.35-7.52 (m, 311, Arll); 7.84-8.0 (m, 211, /\rll). 

Anal. Calcd. for C 11 H 1r,OS (221.5(,): C, 70.47; 11, 7.841
/;,_ hH1nd C, 70.23; II, 

7.52%. 

1-phenyl-3-methylthio-2-hepten-1-one (22d): yield 7 I%; yellow oi I; I R 

(CCI4) vmax = 2950, 1670, 15(,0, 1240 em- 1
• 

111 NMR (90 Mll1, CDCid R o.<J 

(t, 1 = 61f7., 3H, CH1); 1.40-1.62 (m, 4H, CH 2CII2); 2.29 (s, Jlf, SCII 1 ); 2.X (q, 

.I= 6Hz, 2H, Cl-1 2); 6.45 (s, 111, =CH); 7.31-7.49 (m, 311, Arll); 7.R- 7.91 (m. 

2H, ArH). MS m/z (235.74) (M 1
, 37.6) 187 (18.3), I 17 (100); Anal. Calc<!. for 

C 14 1-1 180S (235. 74 ): C, 71.32; II, 8.29%. Found C, 7 I .48; II, 8.501i;,_ 

4-methyUhio-3-hepten-2-one (22e): yield 6(1%; yellow oil; IR (CCI 4 ) V111a, 

2926, 1673, 1427, 1353, 1188, 867 enf 1
• 

1H NMR (90 MHz., CCLd () ,_ 0.9 (t, 

3H, Cl-1 1); 1.46 (m, 211, Cl-1 2); 2.0 (s, 31-1, Cl-1 1); 2.18 (s, 311, SCIId; 2.(1 (t, 211, 

Cl-h) 5.70 (s, I H, =CI-1). Anal. Calcd. for Cgii 140S ( 159.33 ): C ·, (,tL\0; II, 

9.54%. Found C, 60. 72; H, 9. 73%. 

4-methylthio-3-octen-2-one (22f): yield 67%,; yellow oil; I R (( '( '14) vn,ax--

2940, 1690, 1590, 1365, 925 ctn-
1
• 

1H NMR (90 Ml-lz, CCI4) () -- 0.9 (t, 211, 

CH 2); 1.31-1.5 (t, 2ll, CH3); 2.1 (s, 311, CH1); 2.2 (s, 311, SCHl); 2.(,9 (t, 211. 

CH 2); 5.70 (s, I H, =CH). Anal. Caled. for C>H 1r,OS ( 173.52): C, (12.29; II, 

10.01%. Found C, 62.08; II, 9.s<YYo. 

4-methylthio-3-decen-2-one (22g): yield (>y;,~,; yellow oil; IR (( '( ld v,n;" -

2925, 1673, 1556, 1454, 1256, 1010,971 em 1
• 

111 NMR (90 Mil;, CCLd () cc· 
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0.74-0.94 (m, 211, CH 2); 1.3-1.4() (111, 811, (('11 2),1 ); 2.1 (s, 311, Cll 1); 2.2 (s, 

31-I, SCH3); 2.66 ( q, 3H,CH3); 5.70 (s, I H, =CH). Anal. C<dcd. for C 11 11 2oOS 

(201.88): C, 65.44; H, 10.76%. Found C, 65.12; II, I 0.45%). 

1-(2-furyl)-3-methylthio-2-hepten-1-one (22h): yield 821Yrl; yellow nil; IR 

(CCI4) V111 ax = 2923, 1623, 1542, 1431, 1248, 883 en,-'. 111 NMR (90 Mil;., 

CDCI 3) 8 = 0.95 (t, 3H, CH 3); 1.43 (m, 211, Cll 2); l.(d (m, 211, Cll 2): 2.40 (s, 

3H, SCH 3); 2.86 (t, 3H,CH3); 6.46 (s, I H, =CH) 6.5 (m, Iff, furfuryl): 7.14 ( d, 

IH, furfuryl); 7.51 (d, 1H, furfuryl). MS m/z (225.54) (M', 18.0) 195 (74. 1)), 

147 (38.2), 95 ( 1 00). Anal. Calcd. for C 1211 1(l02S (225.54): C, ()3. 1)0; II, 

7.70%. Found C, 64.0; H, 7.88%. 

2-(1 '-(methylthio)pentylidenelcyclohexauone (22i): yield 63%: yellow oil; 

IR (CCI4) V111 ax = 2933,2826,1716, 1566, 1448, 1420, 1323, 1245, 1119, J0(J7, 

970,888 en,-'. 1H NMR (90 Ml-lz, CCI 3) 8 = 0.9-1.2 (t, 311, Cll~): 1.32-1.5() 

(m, 41-l, (CH 2)z); 1.78 (t, 2H, CH 2); 2.28 (s, 3H, SCH 3); 2.2-2.4 (m, 

4H,(CH 2)z); 2.41-2.78 (m, 41-1, (CH 2h). MS m/z (212) (M', 40.(>); 197 (100) 

165 (19.8); 135 (39.0). Anal. Calcd. for C 12 11 200S (213.89): C, (J7 .. ~X; II, 

10.15%. Found C, 67.59; H, 10.48%. 

2-11 '-(methylthio)heptylidenelcyclohexanone (22j): yield 82%; yellow oil; 

IR (CCI4) v111ax = 2853,1651, 1456, 1265, 1135, 968, 889, (J82 cm
1
. 

1
11 NMR 

(90 MI-Iz, CDCI3) 8 = 0.89 (t, 3H, CH3); 1.26 (brs, ISH, (CHz)rJ); 2.35 ( s. 311, 

70.02; H, I 0.93%. 
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2-11 '-(mel h )'11 h io) IH' ll:r.y lid ill(' I rydoh<· X a II OJ)(' ( 221<): v icl d ')( n·;,: \'('II()\\' ni I: 

m (CCI~)"""" 11J)'i, I(J.'iX, j')(,,l, 1002, 97~. (,IJX c111
1 1

11 Nf\•11< (IJO lVIII;, 

C'DCI,) ()- I .2-1 .l2 (m, 211, <'I 17); 1 .77-2.01) (1n, (,1 I, (( ·r 11hl: J U (s. q I, 

SC'JJ,) 7.1S 7.2 (Ill, .'ill, Arll). i\n;1l. CalnL l(ll C 1,111 1,,()S (J'' 'i)) c·. 71 1)1): 

],4-Dihydro-2-11 '-(mdhylfhio)fH'llfylid<'ll<'lllapltlhaleue-1-one ( 221) \'icld 

X!)%,; y c II (l \\' () i I : I R ( (' ( l1 ) \'II"" 2 I )II ') , I () () 0' I ( l tl (), I ;j ) (), I w (I ' I} (l 0 ' I) I " 

em·'. 1
11 NIV11Z (1JO Ml !1., ('!)( '1 1 ) ()- 0. 1)0 (1, Jll, ( '11 7 ); I AX (q, \II. C 'II d: ) ~ 

( s' _H I, s ( 'II d; 2. () ( d, 211' ( 'II)): ) . X 2 (Ill, (,j I, ( ( 'II)) d; 7 " 1. \ ') ( Ill' \ II . (\ " I ): 

7_9 (rn, Ill, ;\rll). Anal. Calcd. f(,r <' 1r,11 700S (J(JI _9~): C, n_ \h: II, ~ )IJ";, 

Found ( ·, 7 UQ; II, X.,U(j~~. 



130 

References 

I. Reviews: Asokan, C.V.; lla, H.; Jut~jappa, II. Tctmhcdron 1990, 4(J. 

5423. 

2. Myrboh, B.; Ila, II.; Jt11~jappa, II. .J.Org. Chcm. 1983,48,5327. 

3. Singh, G.; Purkayastha, M. L.; Ila, II.; Junjappa, II. .1. Chcm. ,)'oc. f>crkin. 

Trmzs. I 1985, 1289. 

4. Singh, G.; lla, II.; Jut~jappa, II. Tetra. Lett. 1984, 25, 5095. 

5. Baht, M.P.: Singh, Ci.; lla, II.; Junjappa, II. Tctm. Lett. 1986.27. 117. 

6. Mehta, B. K.; lla, II.; Jut~jappa, II. Tetm. !~ell. 1995, 3(J, I<J25. 

7. Thomas, A.; Singh, G.; lla, II.; Jut~jappa, II. Tetm. Lett. 1989, 30, 3093. 

8. Bhat, L. N.; Thomas, A.; lla, II.; Junjappa, II. Tetrahedron 1992, 48, 

10377. 

9. Bhat, L. N.; Ila, H.; Junjappa, II. ,))1nthcsis 1993, 959 

I 0. Corey, E. J .; Chen, R. 1-1. K. Tetra. Lett. I 973, 3817. 

II. Dieter, R. K.; Fishpaugh, J. R.; Silks, I,. A. Tetro. /,ell. I 982, 2\ J 751. 

12. Dieter, R. K.; Silks, L.A. III; Fishpaugh, J.R.: Kastner, M. F . .!. Am. 

Chem. Soc. 1985, 107, 4(J97. 

13. Dieter. R. K.; Silks, L. A..!. Org. Clzem. 1983, 48, 278(). 

I 4. Olson, C. E.; Bader, A. D. 0FJ;aflic c\)lflthes/\· Col/. Vol. 4, 1963, 8(J8. 

IS. Chauhan, S.M. S.; Junjappa, II. Tetrahedrmt 1976,32, 1779. 

16.Thuillier, A.; Viallc, .J. /lull. ,)'oc. C!Jim. Fr. 1962,2182,2187. 

17. Maigm111, J.; Vialle, .J. /lull. Soc. Chim. Fr. 1973, 2388. 



131 
18. Thuillicr, /\.; Vialle, .1. /Ju/1. ,)'oc. Chi111. Fr. 1959. U9X. 

19. Noller, C.R.; Adams, R . .!. Am. Chem. Soc. 1924,46, U98. 

20. Thuillicr, /\.; Viallc, .I. Hull. Soc. Chim. Fr. 1962, 21 <>4. 

21.1sobc, M.; Kondo, S.; Nagasawa, N.; Goto, T. Chem. rett. 1977. 



CURRICULUM VITAE 

Name 

Permanent Address 

Education 

Exam Year 

B.Sc. 1991 

M.Sc. 1993 

Ph.D 1999 
(Synthetic Organic 
Chemistry) 

Thesis Work 

Research Puhlications 

SANCIIITA DHAR 

C/o Shri P. B. Dhar 
Udayachal Path 
Christian Basti. Dispur 
Guwl:lhati- 781 005, 
Assam. 
Ph. No. + 91-.1(> 1-56% I(>. 

University Subject 

NEifU Chemistry 

NEHU Chemistry 

NEIIU Su hm i lied 

Class CYo) 

I ((<~ . .\7) 

I (72.50) 

Synthesised useful compounds vi7 .. 1\-oxodithioatcs. 
methyl clithiocarbamates, symmetrical & unsymmetrical 
thioureas using 1-(methyldithiocarbonyl)imidazolc and 
3-methy 1-1-(met hylcl ithiocarbony I )im idaw 1 i ttm iodide 
by economical synthetic strategy. Also using org;mo ;.inc 
reagents synthesis of ~-alkyl-f3-methylthio-o.,l~-cnoncs 
was carried out. 

!· Mehta, B. K.; Dhar. S.; !Ia, H.; .Ttll~jappa, II. T'C'tm. !_C'tl. 1995 . .\(>, cr~77. 

2.· Dhar, S.; Mahanta, P. K.; Samal, S. K.; II a, 1-1.; Junjappa, H. Tetrohrdmn 1999, 000 

(accepted for publication). 

3. 1-(methyldithiocarbony1)imidazole: An efficient reagent for the synthesis nf' P-

oxodithioatcs. (manuscript under prepar:1tion) 



4· Highly Efficient and Selective Displacement of Alkylthio group on S, S·-acetals hy 

organo 7.inc reagents: A novel route to r~-alkyl-f3-methylthio-a,f~-enones. 

(manuscript under preparation). 

Other exams/interviews qualified: 

1· GATE 1996, Percentile score-88.73%. 

2· CSIR (SRF)- I 996. 

Fellowships/ Awards 

1· NEHU PG Scholarship, 199 I -93. 
' .~ ~' ,. 

2.· Fellowship under SAP, NEIIU, I 995- I 996. 

3· CSIR · SRF (individual), I 996-99. 

4. Gold Medal (Rank I st in M.Sc.) 

Professibnal References 

Prof. II. Junjappa 

Prof. H. lla 

Dr. Duncan Lyngdoh 

Emeritius Scientist 
Department of Chemistry 
Indian Institute of Technology 
Kanpur- 2080 I(>. 

Ph. No. - +9 1-5 I 2-597870 

same as above 
c-m<1il; hil<1 0) iitk.ernet.in 

Department of chemistry 
I3ijni Complex 
North Eastern Hill University 
Shillong- 793003. 
Mcghalaya 
Ph. No.- +91-JM-226593 
e-mail: lwrku @! nchus.rcn.nic.in. 



f'.t7 t'_.~·--1f_j ~:~ :1f!~.:·; :~ -22 


