SYNTHETIC AND MECHANISTIC INVESTIGATIONS
ON a- OXOKETENE DITHIOACETALS

BY
SANCHITA DHAR

DEPARTMENT OF CHEMISTRY

A THESIS
SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENT

OF THE DEGREE OF
DOCTOR OF PHILOSOPHY

IN
CHEMISTRY

NORTH-EASTERN HILL UNIVERSITY
SHILLONG - 793 003
INDIA
1999.






DEDICATED

TO

LATE SAMIR K. SAMAL..



THE NORTH-EASTERN HILL UNIVERSITY

July 1999

[, Sanchita Dhar do herehy declare that the subject matter of this thesis is the record of
work done by me, that the contents of this thesis did not form basis of the award of any
previous degree to me or to the best of my knowledge to anvbody else. and that the
thesis has not been submitted by me for any rescarch degree in any  other

University/Institute.

This is being submitted to the North-Fastern Hill University for the Ph.D. degree in

Chemistry.

danciito Dhas

SANCHITA DHAR

PR Mﬂ/w,/“it.— ATy

(HEAD) (SUPERVISOR)

mad
Peparima of Chomistry
Worth-ta ion Hill Untyerst®

Shillong-793 088



ACKNOWLEDGEMENT
“ I cannot achieve anything alone. To gather ideas and build on them-
I need others.”

The research work described in this thesis was carried out under the supervision
of Dr. Duncan Lyngdoh, department of chemistry, NEHU, Shillong. | would like
to sincerely thank him for his constant encouragement and guidance during the
course of this investigation. I would also like to express my sincere gratitude to
Prof. H. Junjappa (Emeritius Scientist, Dept. of Chemistry, 1I'T Kanpur) for his
excellent guidance and constant encouragement. | am also indebted to Prof. 1. Ila
(Faculty, Dept. of chemistry, [IT Kanpur) for her inspiration and invaluable
suggestions.

I am deeply indebted to Dr. M.K. Mahanti (Head, Dept. Chemistry, NEHU,
Shillong) for his help and encouragement. 1 would also like to thank all the
faculty members of the dept. of Chemistry, NEHU, Shillong for their kind help
and suggestions.

I take this opportunity to thank the Director and the entire technical staff of RSIC
NEHU, Shiltong and Central Drug Research Institute, Lucknow for providing

excellent analytical and spectral facilities.



I thank the faculty members of the Dept. of Chemistry, NEHUL Shillong for
providing linancial assistance under  SAP. 1 also thank CSIR, New Delhi for
Scnior Rescarch I'ellowship.

I wish to cxpress my gratitude to all the senior rescarch scholars, at home and
abroad who have taught me the fundamentals of rescarch. I especially thank Dr.
B. K. Mchta and Dr. I.R. Suresh for their invaluable help. Fam also thankiul to P
K. Mohanta, Okram Barun, K. Kishore and V. Shriram for their kind suggestions.
I also take this opportunity to thank all my seniors and colleagues of the dept. of
Chemistry, NEHU, Shillong for their kind help and constant support. 1 would like
to express my hcartfelt gratitude cspecially to Dr. M. AL Borbhuiya, Amirita Roy,
and Sushmita Dutta for their invaluable help, constant inspiration and for standing
by me at all times. I am also thank{ul to Anand K. Biswas and all the junior
rescarch scholars of the dept. of Chemistry, 1T Kanpur for their invaluable help
during my thesis work.

I am indebted to all the Library Staff and non-tcaching Staff of the Dept. of
Chemistry, NEHU, Shillong and Mr. Banarast Lal, II'T" Kanpur for their co-
operation and help.

I am thankful to the Director and the entire stall of computer centre, NI
Shiltong, and Mr. Ranjan Das, [ilite computers, Guwahati for providing me with

compulter assistance during my thesis work.



I would also like to take this opportunity to thank Mr. B. Das Purkayastha and
Mrs. Purkayastha for their kind support. The love, kindness and support of my
Uncle & Aunt, Mr. J. B. Dhar & Mrs. L. Dhar and also my cousins Sushmita &
Subhashis will always remain with me.

Last but not the least, the patience and support of my family members is beyond
expression. The blessings of my father and my mother have helped me achicve
my goal. The support and encouragement given by my sisters Deepanjana, Ruby
and also my brother-in-law Raj is beyond compare.

“ God is Great™

Shillon
8 Janctito Dhaa
July 1999 SANCHITA DHAR.



Preface

The a-oxoketene dithioacetals are versatile three carbon synthons with ambident
[,3-electrophillic centres permitting the designs of various carbocyelic and
heterocyclic molccules. Our conlinglqis interest 1n these class of compounds has
centered around in exploiting the differential clectrophilicity of 1. 3-carbon
centres for the regioselective construction of new C-H and C-C bonds mvolving
cither 1,2- or 1.4- nuclcophilic additions leading to a number of synthetic routes
for the synthesis of a wide range of organic compounds.

The work presented in this thesis has been carricd out as a part of our ongoing
investigations on «-oxoketene dithioacetals and their sister counterparts. The
work undertaken describes the synthesis  of  [S-oxodithioates.  methyl
dithiocarbamates, thiourcas and also a synthetic transformation using -
oxoketene dithtoacetal as the precursor.

The first chapter of this thesis provides a bricf account on the general reactivity
profile of o-oxoketene dithioacctals  and some of the recently developed
synthetic strategies employing these class of compounds.

The second chapter describes the reaction of 1-(methyldithiocarbonvl) imidazole
and 3-methyl-1-(methyldithiocarbonyl)imidazolium iodide with active methylenc

compounds, to obtain ff-oxodithioates using a new synthetic strategy.



An efficient route for the synthesis of methyl dithiocarbamates, symmetrical
thioureas and unsymmetrical thiourcas on rcacting [-(mcthyldithiocarbonyl)
imidazole and 3-methyl-1-(methyldithiocarbonyl)imidazolium iodide with amines
has been developed and the results of this investigation has been presented in the
third chapter.

The last chapter of this thesis describes that a-oxoketene dithioacetals undergo
1,4-addition in a highly regio- and stereo- sclective manner using organo zinc
reagents to give B-alkyl-p-alkylthio-o,B-enones by the displacement of onc

methylthio group.
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CHAPTER-I

INTRODUCTION

Study of the chemistry of a-oxoketene dithioacetals and the
corresponding S,N-, N,N- and O,S-acetals has attractcd 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 a-oxoketene
dithioacetals in the context of their potential application to organic synthesis.

This chapter has been simplified into sections. The first section
gives a brief review of a-oxoketene dithioacetals and the second scction
describes the present work.

Section I. o-oxoketene dithioacetals are having the structure



These are masked f-ketoesters in which the cster functionality is manifested as

ketene dithioacctal moicty.
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Kelber and co-workers' > had given the first report on a-oxoketene
dithioacetals in the year 1910. Much of the carlier work on «¢-oxoketene
dithioacctals was confined to their preparation and properties, while little
attention was paid to their synthetic utility. Later on Thuillicr and Vialle
prepared these compounds in a one pot rcaction by reacting the active
methylenc ketones with carbon disulphide in the presence of sodium tertiary
amylate followed by alkylation®®. Subsequently these reaction conditions have
been greatly improved using different bases and reaction conditions”"' A
large number of a-oxoketene dithioacetals have now been reported and their

 in 1986 and by Junjappa and co-

chemistry has becn reviewed by Dieter’
a2 T
workers ™ in 1990.
The a-oxoketene dithioacetals, generally exhibit well defined .
physical propertics and can be easily purified by conventional methods. They
are stable under mild acidic and alkaline conditions and can be stirred

indefinitely without decomposition. The «-oxoketenc dithioacctals have

attained recognition in being used as building blocks in strategic synthetic
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operations'”. The reaction of enolate anions derived from active methylenc
carbonyl compounds in the presence of suitable base/solvent combination
(coupled with temperature manipulation) with carbon disulphide followed by
alkylation, continues to be the most preferred method for the preparation of
this class of compounds & 7'",

The  a-oxoketene  dithioacetals  arc  f,3-disubstituted .3

unsaturated ketones having 1,3-elctrophilic centres with differing clectrophilic

propcrties.

R’

hard electrophilic soft electrophilic
centre centre

The carbonyl carbon can be regarded as the hard clectrophilic
centre since it is attached to oxygen atom which is a hard basc. The B-carbon
atom can be regarded as the soft clectrophilic centre since it is flanked by two
methylthio groups of which sulphur is a soft base. The [,3-dicarbonyl
compounds arc attacked by nuclcophiles at both carbonyl ccnters while their
counter parts show differential electrophilicity permitting hard nucleophiles (o
attack via charge controlled [,2-addition mode. The soft nucleophiles follow
orbital controlled I,4-addition-elimination sequence with the sulphur analogs.
Thus the sulphur analogs display greater regiosclectivity as compared to the

oxygen analogs.
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The a-oxoketene dithioacetals arc also primary precursors for the synthesis of
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corresponding N.N-, N,S-/ and O,S-acetals. The preparation of O.S-acctals is
accomplished, by the displacement, by oxygen nuclcophiles of the sulphonium
salts" of the corresponding S,S-acetals. The N,S-acetals can be prepared from
a-oxoketene dithioacetals by the displacement of one thiomethyl group by a
suitable amine in refluxing ethanol'"*. Alternatively, they can be prepared
directly from active methylene kctones by reacting their enolate anions with
alkyl and aryl isothiocyanates followed by alkylation'®.

The a-oxoketene N,N-acetals can be prepared in high yiclds by
displacing both the thiomethyl groups of a-oxoketenc dithioacctal by amincs

- - : ST
in refluxing acetic acid”". 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'?.

In Scheme-1, various reactivity profiles of a-oxoketene S, S-accetals
of general formula 1 have been outlined. Hydrides and organomctallic
reagents give 1,2-addition products typical of carbonyl function reactivity'™.
These additions can be directed in a 1,4-manner by suitably manipulating the

]R]() . . R
. Further transformations after the initial

reagent and reaction conditions
[,2- or 1,4-addition are further reported'®. Then enolate ion formed by the
deprotonation (when R'=alkyl) can undergo condensation with aldehydecs to
give a-enoyl ketene dithioacetals®.

Also deprotonation on the thiomethyl group followed by
intramolecular aldol type condensation to thiophene is also reported’”". The
reactivity of the mercaptal double bond is also exploited with clectrophiles.
The a-oxoketene dithioacetals 1 undergo bromination at a-position with N-
bromo succimide®. Thus, it is apparent that the a-oxoketene S.S-acctals of
general formula 1 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. Somc of the
selected transformations reported from this laboratory are briefly described in
the following section.

The carbonyl group of a-oxokctene dithioacetals can be selectively

reduced using sodium borohydride in a 1,2-fashion to give the carbmnol
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acetals?>%",

These carbinol acetals were shown to undergo smooth
methanolysis in the presence of boron trifluoride etherate to afford o.f-
unsaturated methyl esters 2*° in high vyields (Schemec-2). The overall
transformation 1s considered as homologation of active methylene kctones
involving 1,3-carbonyl transformation methodology.

The Grignard and organolithium reagents undergo cither
regioselective 1,2-addition to afford a-hydroxy ketenc dithioacctals or
sequential 1,4- and 1,2-additions to afford the 3-hydroxy vinyl sulfides'™'"?.
The boron trifluoride etherate catalysed solvolysis or the hydrolysis of these
carbinols yield either [-substituted o f-unsaturated esters 8 or the
corresponding ketones 9'* (Scheme-2) in good yields.

However, when the R’ is alkyl or aryl group the open chain
cinnamates were not formed, instead the corresponding 2,3-disubstituted
indenones were formed'®. The reaction of phenyl magnesium bromide

followed by BF;.Et,0 treatment is reported to give the [-mecthylthio-I-
phenylidencs 112, Diene esters 14 and o,p-unsaturated esters 13”7 were
reported when Reformatsky reaction was carried oult with «-oxokcienc
dithioacetals. Dieter and co-workers have reported the chemo- and sterco-
selective addition of organo cuprates to 1 which undergo conjugate addition fo
give pB-alkyl thio-B-substituted o.f3-unsaturated ketones 12" In another study

from this laboratory, base catalysed rearrangement of a-oxoketene
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9
dithioacetals derived from propiophenone is reported®’. The 2-alkyl thiomethyl
acrylo-phenones 6 are formed by the 1,3-SR shift. A base assisted 1,5-SR shift
to the diencs 7 is also reported™. The a-oxoketenc dithioacctals 1 are shown to
undergo nickel boride (NaBH,/NiCl,) reduction to afford the corresponding f3-
methylthio alkenyl ketones 4°2. These intermediates arc hydrolysed to o.f-
unsaturated aldehydes 3% (Scheme- 2).

The differential electrophilicities of the 1,3-carbon atoms of o-
oxoketene dithioacetals have been exploited for the synthesis of various fused
five and six membered heterocycles™ ™ by reacting with appropriate 1,2- and
1,3-hetero binucleophiles (Scheme-3). a-oxoketene dithioacetals on rcaction
with hydroxyl amine at pH 7-9 gave isomeric isooxazoles 2077 in good yiclds.
From thesc transformations it is apparent that the o-oxoketene dithioacctals
with wide functional variation and many casily accessible reagents and
reaction intermediates manifest various possibilities leading to a diverse range
of products.

Various transformations developed, based on a-cinnamoyl and 5-
aryl 2,4-pentadienoy! ketene dithioacetals 31 are outlined in (Scheme-4). A
general method for the synthesis of polyene esters 32" has been reported by
1,2-reduction of 31 followed by mecthanolysis in the presence of boron
trifluoride ctherate. In Hg (1I) assisted hydrolysis the corresponding y.0-

unsaturated [3-keto csters 34 are formed™®. In the case of 2.4-disubstituted (R~
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R'= CHj;), the corresponding cyclopentanones 33 and 35 are formed in both
reaction conditions'™"’. Styryl pyrimidines 36, pyridones 37 and 38 were also

4

. . . . 4849 . . S
synthesized using these intermediates™™ . The cinnamoyl ketene dithioacetals

31 have been reported to undergo regio-sclective epoxidation to give 39 and

S0.51

cyclopropanation to give 41 at the styryl double bond™"". The intermcediales

39 and 41 were further cxploited for the synthesis of pyrones 40 and
cyclopentanones 42 and 43 respectively™’"

The synthctic outcome of the aromatic annulation approach via -
oxoketene dithioacetals developed in this laboratory is depicted in (Scheme-5).
Allyl magnesium bromide has been shown to undergo exclusive 1,2-addition
to yield the corresponding carbinol acetals in high yields, which on BF;.[:t,0
assisted cationic cyclization afforded the substituted and fused benzence
derivatives 44, The method is extended for the synthesis of other benzenoids
45, 46 and 47°%%. The method is further shown to be extremely versatile and
found general application for the synthesis of pyridines 48, quinolizinium
salts 49°7 1 2-benz isooxazoles 50°® and condensed indoles 5177, ’
Section 11 The work presented in this thesis

From a survey of the synthetic applicability of various a-oxoketene
dithioacetals it is evident that they are versatile intermediates for performing
carbon-carbon bond formation, synthesis of carbocycles, heterocycles etc. In

our present investigation we have taken up the synthesis of B-oxodithioates,

dimethy! dithiocarbamates and thioureas using a ncw novel mecthod of
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14
approach. We also attempted to undertake some transformations on «-
oxoketene dithioacetals.

The second chapter deals with the reactions of |-
(methyldithiocarbonyl)imidazole 52 and 3-methyl-1-(mecthyldithiocarbonyl)
imidazolium iodide 54 with active methylenc ketones. The preparation of |-
(methyldithiocarbonyl)imidazole 52 can be achieved by the reaction of
imidazole with carbondisulfide and dimethyl sulphate in the presence of
sodium hydride using DMSO as solvent. Sun and co workers™ had prepared
the same compound using similar reagents and rcaction 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-0).

__,N N
[ > Nall/DMSO N s, N
N g l\®/> [ )
N

> \
N r.t. 2. Me,SO,/Bz/0°C N
§7 “SMe
s2
Me,SO/B7/A Mcl/B7iA
o e)
® MeSO, o 1
N—CIl, N CH,
[ L]
S)\SMC 7 D SMe
53 54

Scheme 0
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On refluxing 52 with Me,S0Oy in dry benzene 53 was obtained. On reacting 1-
(mcthyldithiocarbonyl)imidazole 52 with active methylene ketones in the
presence of sodium hydride, DMSO and dry benzenc at room temperature for
a period of three to four hours the corresponding B-oxo dithioates 56 arc
obtained in good yiclds. When the quarternary salt 54 is rcacted with active
methylene ketones under the same reaction conditions excepting with reduced
time period of reaction, the corresponding f-oxodithioates 56 were no doubt
obtained, but this time in quantitative yiclds as compared to that when reacting

I-(methyldithiocarbonyl)imidazole 52 with active methylenc  ketones

(Scheme-7).

j\
0 S SMe 0
K82
‘R , or NEIH/B7 R S'\4C
\ t r.t. N |
. _/,R @ l@ R
55 [N) CH, 56
N
SJ\SMe
54

Scheme 7

These p-oxodithiotes could be further alkylated to obtain quantitative yiclds of
symmetrical and unsymmetrical a-oxoketene dithioacctals which can be uscd

further for multiple synthetic transformations. The novelty underlying this



16

method of approach for making f-oxodithiotes as comparced to the hiterature
methods®' is highlighted in detail in the second chapter.

The third chapter describes the rcactions of I-(methyldithio
carbonyl)imidazole 52 and its corresponding quarternary salt 54 with various
amines. Taking advantage of the fact that 52 or 54 scrves as cffective
dithiocarbonyl transfer reagents, we decided to react 52 or 54 with aminces
(R'=R?= alkyl/aryl group). Thus, when I-(mcthyldithiocarbonyl)imidarole 52
or its quarternary salt 54 was treated with only one equivalent of primary or
sccondary amine in refluxing cthanol, a controlled rcaction gave mcthyl

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

£
Lo

! S
RN ~ EtOH R
JNH ot ——— > N—C—SMe
R 1@ R
Clh 57

Scheme 8
A literature survey revealed that there exists no general satisfactory method for
the preparation of alkyl/aryl dithiocarbamates, excepting by reacting carbon

disulphide with various amines in the presence of a base followed by
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alkylation. Also kecping in view that dithiocarbamates show fungistatic action
as well as other important properties, we decided to prepare a number of
derivatives of methyl dithiocarbamates to test the general applicability
underlying our method of preparation of these compounds. T'he third chapter
gives a broad view and discusses the important propertics of this class of
compounds.

Next when 52 or 54 was reacted with two equivalents of amines (R
= alkyl/aryl group) in refluxing ecthanol, symmetrical thioureas S8 were

obtained in good yields (Scheme-9).

¢

S¢‘\SMe

52 S
or [EIOH Il

o +  2RNH, ——  » RNH—C—NIIR

® 58
N—Cl,

[

N

4*\

S SMe

54

Scheme 9
Preparation of symmetrical thioureas usually involves the use of hazardous
chemicals®® or very severe reaction conditions™. Nonctheless thioureas display
important industrial applications in both pharmaceutical and agrochemical
sectors and hence the above described method can easily and cconomically be

used to prepare such compounds quite effectively. The third chapter gives in
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detail various literature mecthods of preparation, propertics and also the
synthctic and industrial aspects of symmetrical thiourcas.

We next attempted to synthesize unsymmetrical thiourcas 59 using
I-(methyldithiocarbonyl)imidazole 52 and  3-methyl-1-(mecthyldithio
carbonyl)imidazolium iodide 54 and amines, because of their synthetic utility
9 In order to synthesize various unsymmetrical thioureas starting from and
amines (R' = alkyl/aryl group) and 52 and 54 we first prepared various methyl
dithiocarbamates, as per earlier described procedure. Next without 1solating
that particular methyl dithiocarbamate we added our sccond alkyl or aryl

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

few hours to obtain the desired unsymmetrical thiourcas §9 (Scheme-10).

52 N
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| EO1 I " i
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Scheme 10
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To test the feasibility of this method we prepared a number of
unsymmectrical thioureas, starting from 1-(mmethyldithiocarbonyl)imidazole 52
or its quarternary salt 54. It was found that when 54 reacted with amines betier
yields of unsymmetrical thiourcas 59 were obtained compared to that when 52
was rcacted with amines. The details regarding their comparative vield and
synthetic utility of unsymmetrical thiourcas 59 have been described in detail in
the third chapter.

[n the last chapter, the nucleophilic addition studies on a-oxoketene

dithioacetals are described. The a-oxoketene dithioacetals when reacted with
various Grignard reagents using ZnCl, TMEDA complex at -20"C under
nitrogen atmosphere, 1,4-addition products 60 were obtained in modcrate to
good yields in a stereospeciflic manncr, by the displacement of onc methylthio

group (Scheme-11).

P
0 Mc
R’MgX (3 eq.) R e
E{ SMe ZnCl, TMEDA (leq,)' '\\ L
R 220 °C/BLOITHT
! 60

Scheme 11
Experiments in which the ratio of Grignard to ZnCl,. TMEDA was 3:1 yiclded
good results. A number of additions were carried which are highlighted in the
fourth chapter. From 'H NMR and NOE experiments we have concluded that

the product present is only the F-isomer (Scheme-12).
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A broad survey of 1,2- and [,4-additions and also the results of this study is

presented in detail in the fourth chapter.
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CHAPTER I

REACTION OF [-(METHYLDITHIOCARBONYL)IMIDAZOLE AND 3-
METHYL-1-(METHYLDITHIOCARBONYL)IMIDAZOLIUM 10DIDE
WITH ACTIVE METHYLENE COMPOUNDS: AN EFFICIENT METHOD
FOR THE SYNTHESIS OF 3-OXODITHIOATES

A brief review on the synthesis of dithioesters
The dithioesters of general formula 1 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.

The dithiocsters 1 are different in many ways from their oxygen counterparts

. . . . C 12 .
and they have recently found application in organic synthesis ™ as well as n
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. . 345 o . e . .
industries™ ™. The corresponding dithioic acids however, are relatively
unstable and undergo transformations characteristic of sulphur reactivity. For
example, they may undergo oxidative coupling to yield the corresponding
lisulphides®” dergo inter |
disulphides™" or undergo intermolecular or intramolecular transformations.
depending on the reaction conditions. The dithioesters can generally be
classified in the following two categories;

Category I,

S
R/U\SMC
R = alkyl, aryl groups
Category II;
S
R! /[k
e > SMe
&2

(R'= COR, COAr, COOR, CN, NO,, SO,R.)
(R?=H, Alkyl, Aryl, COOR, CN.)

The (category 1) dithioesters are generally prepared by reacting
alkyl and aryl anions (derived from Grignard, Reformatsky, Gilman and other
alkali mctal reagents) with carbon disulphide followed by alkylation. The
other dithiocsters (category I) are generally obtained by rcacting active
methylene compounds with carbon disulphide followed by alkylation. The
methods describing the synthesis of dithioesters have been reviewed'” in 1983,

and the present chapter briefly describes, selected examples of this category as
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introductory information of this chapter. The organo Grignard rcagents of
general formula 2 (Scheme-1) are known to react with carbon disulphide to
yield the corresponding dithioate salts 3, which are generally alkylated with
alkyl halides to yield the corresponding dithioesters 1 in good yields''.
However, when the corresponding dithioic acids are required, salts 3 are
acidified, to achicve the desired transformation. A number of dithiocsters of

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

Ether/THF

A=W

RMgX , CS,
2

\J

R™ SMgX

Nl —————— 1,

~—r

R l‘\SMc
Scheme |
In another type of reaction sequence, the easily available
isothiocyanates of general formula 4 (Scheme-2) have been uscd 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 H,S in acetonitrile, yielded the corresponding methyl

dithioesters 1 in 59-72 % overall yields'*".
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RMgX/THF N—=Clls
HC,—N=C=S > R—C__
CH,l SMe
4 5
H,S/CH,CN
R = Alkyl/Aryl
NH, S
J
(

v RTSCH,

Scheme 2
An inferesting example of the synthesis of o f-unsaturated  dithioesters
involves [242] cycloaddition of aromatic thiones 6 with acctylencs having S-
alkyl substituents 7. The [2 + 2] cycloadduct 8 is unstable and rapidly clcaves

to the corresponding o,B-unsaturated dithioester 9131 (Scheme-3).

O ?R
X g | |(” hv(A=525 mn)
o >
I
SR
6 7 I
O S
(”‘ SR
X=S (/ :
\
SR

()
Scheme 3

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

starting from the corresponding nitriles 10.
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©
Cl
[ c=n 4+ p2ey HCI /U\ K,COVH,0 /U\
10 11 12
.S
S
R')J\SRZ

Scheme 4 !

Thus diffcrent mercaptals when added to nitriles 10 in the presence of
hydrochloric acid yielded the corresponding immonium salts {1 which when
in situ was trcated with aqueous potassium carbonate afforded the
corresponding immino estcr 12 which were transformed to the corresponding

dithioesters 1 by passing dry hydrogen sulphide'’.

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 f-oxodithioates

and the corresponding a-oxoketene dithioacetals were reported through a

18.19.20 :
They reported the reaction

scrics of papers by Thuillicr and co-workers.
of active methylene ketones 13 with carbon disulphide in the presence of

sodium tertiary amylate followed by alkylation to afford a mixture of 3
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oxodithioates 14 and the corresponding o-oxoketene dithioacetals 15

(Scheme-5).

0O S

RMS(‘I I
RI

R—CO~—-CHZ—~RI s, I. Na tert amylale=
2.CH,I 14
13 .
0 SCiL

R SClI,
1
R = CHa, C,lhs,CoHs, elc. R
R' =11, Cll,, C,H,, CH,, C s, ctc. 15

Scheme 5
Interestingly using one equivalent of alkylating agent the formation of 15
prevailed under the reaction conditions reported”. It was therefore not
possible to use this direct approach to prepare exclusively B-oxodithioates 14
without having 15 as a mixture. [lowever when excess of methyl iodide was
used the entire reaction procceded to yield 15 exclusively. Thercfore
Thuillier’s method was good for the synthesis of a-oxokctene dithioacetals 15,
but not very efficient for the preparation of (-oxodithioates 14 from active

methylene compounds.
Gompper and co-workers®' observed that acetophenone 13 reacted
with carbon disulfide in the presence of potassium tertiary butoxide to yicld

the corresponding dipotassium sait of dithioate 16 in exccllent yiclds. The
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dipotassium salt 16 was carcfully acidified with cxactly onc cquivalent of
hydrochloric acid to give the monopotassium salt 17 followed by its alkylation
to afford the corresponding f-oxodithioates 14 in good yields. They have also
shown that B-oxodithioates cxist in tautomers 14a and 14b as shown in

Scheme-0.

oO®

Ph—CO—C1I —Eq2—> Ph—(‘()-—(‘ll:("/SK HCl b —cr =]
. h CBuOK \gg > Ph—CO—(T1 = -
13 16 17 Om

Me,S0O,
I’h\ﬂ ) ‘//S ' //S /Sll
()11/( :(l,—(,\ — Ph——co—(rnz—c:\ == Ph—CO—Cl=(_
11 SCI, SCl, S,
u M “
I)h\(_'/()\l_l Pho_ ‘4(),%
» .
HC_ A5 LSNP
' ]
SC1, SCHy
f4a 14h

Scheme 6

Subsequently in 1972 Larsson and Lawesson?” reported an cfficient
synthesis of B-oxodithioates as shown in Scheme-7. The method involves
treatment of acetophenone 13 with base and carbon disulphide followed by
acidification to get the dithioic acid 17a. The dithioic acid 17a was then

trcated with tetrabutylammonium hydroxide to obtain the monosodium salt of
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dithioatc 18 as intermediatc followed by alkylation to obtain B-oxodithioates

14 in good yields.

0 O .
O  SNa ”\(_ S
©0 7 s
CH;, ) O® H 2
(-BuONa S Na O—11
CS,
13 16 172
® o
NBu,OH
on
0 s H\C__(/SNB‘L,
& s
SR RX So—1
-
14 18
H,
AN
o) S
SR
14a

Scheme 7
. . . 9-3 12
By this time a large of active methylene ketones' ™', aldchydes™,
13 34 : 3435 . )
lactones™, f-ketoesters™, sulfox1des”, sulphones™ ™, nitromethane,”’ and

. TR F 1t
doubly  activated  methylene  compounds as  malononitrile,

21.2330,34.37.38.39 " : :
839 were reacted with carbon disulphide. In all

cyanoacetamide
these cases, alkali metal hydroxides, alkali mctal alkoxides, alkali mectal
hydrides and alkali metal amides were used as bases. In most of these cases i

was noticed that only the corresponding dianion werc formed cxclusively,

which yiclded the corresponding a-oxoketene dithioacctals after alkylation.
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However Gompper and co-workers had obscrved the formation of 17 by
adding onc cquivalent of hydrochloric acid to 16. They also observed that alter
complete acidification the resultant dithioic acids were often unstable and
underwent decomposition. The unequivocal synthesis of alkyl dithioates

are 1mportant as intermediates to prepare their corresponding mixed -
oxoketene dithioacetals which are in turn useful intermediates for various
synthetic purposes. The B-oxodithioates are also excellent precursors for the

synthesis of thiophenes 20" as formulated in Scheme-8.

O S /Mc
CICH,CO,Me 2= SCILCOMe
MeO SMe > I Co(”
- o=¢"
X \ :
MC O MC
14 = 19
Ac Me
T3,
HS™ 57 Ac
Scheme 8 20

Therefore the only methods available for the synthesis of B-oxodithioates were
the ones developed by Gompper (Scheme-6) and the other by Lawesson and
Larsson (Scheme-7). Both these methods involve careful acidification of the
disodium or dipotassium salts to get the monosalt or dithioic acids followed by

further alkylation to get the f-oxodithioates. The dithioic acids were further

found to be unstable and thus resulted in overall poor yiclds of the [3-




J4

oxodithioates. Also Lawesson and co-workers have used these dithioates to
prepare the corresponding mixed a-oxoketenc dithioacetals with allyl
alkylating group to examinc their thioclaisen rearrangement®. Thercfore
Lawesson and co-workers developed an unequivocal method for the synthesis
of alkyl dithioates applying ion-pair extraction technique discovered by

142 43 ,
and Starks™. It was found that in order to have the monocster

Brandstrom®
we have to get the corresponding monosalt and thesc monosalts should be
alkylated to yield the desired dithioates. The Brandstrom’s ion pair cxtraction
technique was successfully applied as shown in Scheme-7. Thus instcad ol
preparing thc monoacid as Gompper 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 was
alkylated with appropriate alkylating agent to give cxcellent yiclds of [3-
dithioates 14. The dithioates were then used for vartous other studics by these
authors.

Another direct method for the synthesis of p-oxodithioates was
reported from our laboratory itself in 1982. Thus, enolates derived from active
methylene ketones when reacted with dimethyl trithiocarbonate 21 in boiling

benzene it afforded the corresponding dithioate 14 in 50-60% overall yiclds"

(Scheme-9).
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Scheme 9

The cyclic ketones also reacted under these conditions to afford moderate
yields of the corresponding dithioates. Howcever a-tetralone gave only 24%
yield of the desired product. The alkyl ketones examined also did not give
satisfactory yields of dithioates by this method. Phenyl acetonitrile also
reacted with 21 to give the corresponding dithioate in only 45% vyicld. The
method failed to yield the corresponding dithioates from methyl cyanoacctalte,
dicthyl malonate, malononitrile, and nitromethanc.

Recently Voss and co-workers have rcacted acid chlorides 22 with
diazomethane to get the corresponding diazoketones 23 and reacted these with
elemental sulphur in the presence of tricthylamine to afford in site the
corresponding  dithioate salt 24 which was alkylated to afford the
corresponding P-oxodithioates in good yields® (Scheme-10). Here again most

of the examples selected were aromatic ketones and very few alkyl ketones
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were used to make the corresponding dithioates. It is interesting to note that

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

. 0O
| P CH;N, x
R——C\ —_—_— R—C—CH=N,
Cl ether
22 23
Sg/(Czl];)xN/[)[\/]':
2()H(w
Op O < (D
2, 5- S n
RS R7, 5-10°C R NI,
i4 24

Scheme 10

From these selected reports on the synthesis of dithioates it is
apparent that alkyl and aryl organometallic reagents react with carbon
disulphide to afford the corresponding mono Grignard salts which are
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 werce the substrates in these reactions the mono
alkali metal salts further activated the o-hydrogens with increased activity
pushing forward competitive formation of dialkali metal salts instcad of their
mono alkali metal salts. In order to synthesize B-oxodithioates two approaches
were therefore employed to circumvent this problem. Onc developed by

Gompper generated the mono sodium salt by carefully acidifying the dialkali
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metal salt with hydrochloric acid. The mono sodium salt so obtained was then
alkylated using one cquivalent of methyl iodide to obtain the corresponding [3-
oxodithioates, However, the usc of hydrochloric acid to exactly ncutralisc one
of the negative centers of the dithioate was not always an casy task, in many ol
the systems and no aliphatic system was cver examined by this mecthod.
Subscquently Larsson and Lawesson improved this method by using cxcess of
acid to get the dithioic acid first and then treated this acid with
tetrabutylammonium hydroxide to get the mono tetrabutylammonium salt
which could be alkylated to afford the p-oxodithioates. owever they have
also examingd only aromatic kctones possibly because their dithioic acids arc
more stable than their aliphatic counterparts. Our own past results did not give
satisfactory yields of dithioates from aliphatic ketones or aldchydes, when
reacted with dimethyl trithiocarbonate, while many active methylene
compounds failed to yield the desired dithioates. Subscquent innovative
discoverics by Voss and co-workers did not succced to give aliphatic
dithioates lcaving the problem still unsolved. Thus there was a necd to develop
a satisfactory preparative methodology which could be applicd for the
preparation of both aromatic as well as aliphatic dithioates in high yiclds.

We have, in the present work, investigated the application of 1-
(methyldithiocarbonyl)imidazole 25 and 3-methyl-1-(mcthyldithiocarbonyl)
imidazolium iodide 27 (Scheme-11) as efficient rcagents for dithioate

synthesis.
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NalH/DMSO F N 1.CS T
[ MalVDMSO, [rgy) LSS - A
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H
$7 “SMe
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N @S o
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Y
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Scheme 11
Thus enolates derived from both aliphatic and aromatic ketones when reacted
with either 25 or 26/27 give high yields of desired dithioates. The expected
improved yields of [}-oxodithioates from thc quaternary salt 26 or 27 are also
observed through this mvestigation which arc also presented in the following

scction.
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RESULTS AND DISCUSSION

In the preceding scction of this chapter a bricl survey on the
synthesis of simple 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 B-oxodithioates. Only aryl ketones
have been found to give satisfactory results and therefore the literature
methods for the synthesis of J-oxodithioates has remaincd limited only for
these group of dithioates.

Many attempts were made in this laboratory to apply carbon
disulphide or dimethyl trithiocarbonate methodology to enolates derived from
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. 1t was
therefore considered of practical importance that one can explore possibilitics
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-
Il was reported carlier by Pianka and co-workers in 1980™. They reacted
heterocyclic methyl trithiocarbonate with imidazole in the presence of
tricthylaminc to afford 25 in 93% overall yiclds. However the Japancse

4 .. . . . .
workers'” have reported that imidazole reacts with carbon disulphide in the
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presence of alkali metal to give sodium dithioate in quantitative yields. The
sodium salt 25a (Scheme-11) was reacted with a-bromoketones to afford the
corresponding 1,3-oxathiol-2-thiones 28 in very high yiclds. Subscquently Sun
and co-workers*® 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
I-(methyldithiocarbonyl)imidazole was being used by them to synthezisc
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 quaternised 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 20 or
27 were not reported earlier. The structure of  3-mecthyl-1-
(methyldithiocarbonyl)imidazolium iodide 27 was characterised from its
analytical and spectral data given below.

DATA
m.p. 75-76°C (decomposed)

L.R. (KBr) 3066, 1641, 1611, 1582, 1178, 1088 cm’'

'H NMR (300 MHz CDCl/DMSO) 2.96 (s, 31, SCH;). 4.02 (S, 3H,
NCH,), 7.95 (s, 1H, HC=CH), 8.34 (brs, 111, NHC=N), 10.18 (s, I,
NCH=N).

Mass (m /7, %) = 173 (M" =127, 97%)
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Molccular formula C HgN,S;I
Molecular weight = 300.18
Elemental analysis C 24.01, H 3.02 and N 9.33 %. Found C 24.20, 11
2.98, N 9.47%.
The cxperimental procedure employed for the synthesis of [3-
oxodithioates 14 using 25 or 27 as uscful dithioate transfer reagents to active

methylenc compounds is depicted in Scheme-12.

j\

0 S . SMe 0 g
I:{ o or@ o Nali/B7 R SMe
R N—CIH, r.t ) ?

- / ) ‘ S

|

3 N 14

S)\SMC
27

Scheme 12

The yields from both 25 and 27 are listed in the subsequent tables and the
improved yield profile obtained from 27 are also depicted. Also the yiclds and
methods of preparation of the reported dithioates arc incorporated wherever available
so that the superiority of the present method can be justified. Since carlicr reported

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

v

reacted by our present mcthod. Thus acetophenone 13a when reacted with 25 i
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benzene and sodium hydride and stirred for a few hours at room temperature, the
reaction mixture after work up yielded the corresponding dithioate 14a in 78% yicld
(Scheme-13). The properties of dithioate 14a was fully in conformity with the
properties reported earlier”. It may be noted that 13a reacted with 27 in the presence
of sodium hydride in benzene/DMSO solvent combination under the same reaction
condition but with reduced time period of reaction to yield 14a in a much improved
1.e. 90% overall yield. Thus the quaternary salt 27 is more rcactive and consequently
the yield of 14a is the best so far reported. Apparently the dimethyl trithiocarbonate
method reported™ carlier for the synthesis of 14a yiclded only 60% of the producl.
The present method is therefore superior to the trithiocarbonate mcthod also.
Similarly, paramethyl acetophenone 13b yielded 14b in two different reactions. The
one with 25 and 13b and the other 27 with 13b under the conditions described above
gave 14b in 82 and 85% yiclds respectively. The dithioate 14h was fully
characterised from its analytical and spectral data with that reported earlier’’. The
dimethy! trithiocarbonate method yiclded only 62% of the desired product. Also
propiophenone 13¢ when rcacted with 25 and sodium hydride in benzene and afler
stirring for a few hours followed by work up yielded an impressive 83% yicld of
dithioate 14¢ which was found to be identical with the data as reported earlier" It
may be noted that 13¢ reacted with 27 in the presence of sodium hydride and
benzene/DMSO solvent combination to give 87% of 14c. The dimcthyl
trithiocarbonate method gave 61% yield of the desired B-oxodithioate (Scheme-13).

Very few cyclic ketones were studied by the trithiocarbonate method carlier with
variably low yields. Thus when cyclopentanone was reacted with 25 under the same

reaction condition as described earlier, it afforded the corresponding dithioate
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O 0 S
3
. ; Nal /37 SMe
R! R 27 R! R
13a-c [4a-c

% Yield % Yield % Yicld mp°C Reported

" from25  f{rom 27 S=C<;’:’4': mp”(

a R=H, R!=1I 78 90 60 56-57 572
b R=H, R'=CH, 82 85 62 55 54-554
¢ R=CH, R' =1 83 87 6l liq lig "

Scheme 13
13d in 71% yield which was fully in confirmity with the data reported earlicr'”. The

yield with trithiocarbonate as can be seen from the table (Scheme-14) was only 57%.

0] 0 N
25 Nall/iBz .
- or > SMe
n 27 In
13d-g 14d-g
%Yicld % Yield % Yield mp°C  Reported
(3.14 from 25 from 27 S:("issr\:fc mp"C

d n=3 71 79 57 41 40-41
e n=4 70 89 05 liq lig 44
f n=0 70 88 - lig -
g n=10 60 83 - liq -

Scheme 14
The reaction of 13d with 27 also yielded 14d in an improved i.e. 79% yield. The
other cyclic ketones 13e-13g were reacled with both 25 and 27 using respective
reaction conditions as described earlier to afford the corresponding dithioates 14e-

14g in 60 to 70% overall yields from 25 and 81-89% overall yiclds from 27. The
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trithiocarbonate method has only been reported with cyclopentanone 13d and
cyclohexanone 13e to give 57% and 05% yield of the corresponding dithioates 14d
and 14e, respectively (Scheme-14).

The analytical and spectral data of these dithioatcs arc in conformity with tha
reported earlier™. The unreported dithioates 14f and 14g were characterised on the
basis of its analytical and spectral data (see experimental). As secn from the table, an
improved yield of -oxodithioates is obtained when the corresponding ketones were
reacted with 27.

Tetralone 13h reacted with trithiocarbonate to give only 24% yicld
of dithioate while in the present method 13h reacted with 25 to yield 62% of
the corresponding dithioate 14h, while it was improved to an impressive 80%
when 13h was reacted with 27. 6-methoxy tetralone 13i reacted with 25 and
27 to yield the corresponding dithioate 14i in 69% and 82% yiclds respectively

(Scheme-15). The analytical and spectral properties of these dithioates arc in

Q O S
25 Nall/Bz SMe
+ o —m8 ¥ —»
R 27 R
13h-i 14h-i
% Yield % Yield % Yield mp °C Reported
from 25 from 27 o C/SMC mp "C
13,14 N oMe .
h R=H 62 80 24 76-77 76-77"
i R=OMe 09 82 - 96-98 .

Scheme 15
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conformity with that reported*. 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 yiclds 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 % Yield % Yield mp ¢ Reported
SMe o
Heterocyclic Ketones from 25 from 27 s=l ‘ mp C
S SMe
SMe
80 95 - 120-121 -
N7 0 ™ r'q/ 0
Me Me
13j 14j
O 0 S
=
SMe 65 80 - o2 -
\ =~
SO.Ph %ozvh
13k 14k

Scheme 16
Inte.restingly, the present method for the synthesis of B-oxodithioates was very
successful with the aliphatic ketones examined, which had earlicr cither failed
or gave low yiclds by trithiocarbonate mcthod. Thus when acctone 131 was

reacted with 25 and sodium hydride in benzenc after stirring for a few hours at



46
r.t. followed by work up yiclded 80% of the corresponding dithioate 141,
which was obtained in only 40% yield by the carlier reported method™. The
dithioatc 141 was confirmed for its structural assignment by analytical and
spectral data which arc identical with those reported in the literature. Acectone
also rcacted with 27 as described earlier to afford 141 in an improved 88%
yicld. The other kctones which possibly failed by trithiocarbonate method
reacted with 25 and 27 under the same reaction conditions as described carlier
to afford the corresponding dithioate 14m to 140 in 64 to 91% ovcerall yicld

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

0O
)H O S
R 25 NaH/Bz
Wt ———— RJ\(U\SMC
o R'
131-0 14 1-o0
% Yield % Yield % Yield mp °C Reported
from25 from27 o (7 SMe mp "C
SMe
13, 14
I R=CH, R'=1 80 88 40 lig lig
m R=CH,, R!=CH, 04 84 - lig -
n R=CH, p!=Cll, 9 95 - lig R
OMe i .
0o R =1 R'=H 05 86 - liq -

Scheme 17
dithioates when 27 was reacted with aliphatic ketones is again much higher as
observed for the other ketones also. It is to be noted that nonc of the systems

examined in this investigation has failed to yicld the corresponding dithioate.
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The reagents 25 and 27 therefore possess superior reactivity towards a varicty
of enolates and serves as an efficient dithiocarbonyl transfer reagent to afford
the correcsponding dithioates in attractive yields.

The importance of thesc dithioates arc briefly depicted in Scheme-
18. The p-oxodithioates are cxcellent precursors for the synthesis of a-
oxoketene dithioacctals both symmetrical 29 and unsymmctrical 30”7, The
dithioates arc reactive with various primary and sccondary amines and afTords

the corresponding thioamides 31 (Scheme-18) in cxcellent yiclds.

O SMe 0 8 ORI

: R R

K,COy/Acetone NG |

R SMe l!/“\HL SMe  R7UR <|<"’
\\ Mest4 '\ RI v R

29 31

Me()
MeO PhCI1, X
Cll,
0

Scheme 18

SCH,Ph

These thioamides 31 are cxcellent precursors for the synthesis of a varicly of
a-oxoketene S, N-acetals. The f-oxodithioates also rcact with 3,4--dihydro
6,7-dimethoxy-1-methyl isoquinolines in a one pot reaction to afford the
corresponding condensed tricyclic heterocycles 32 in very high yiclds under

mild reaction conditions. This is thercfore of practical importance since it can
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be applied to many natural products containing this structural moicty which
are being currently explored in our laboratory.

In conclusion we have demonstrated the synthetic application of |-
(methyldithiocarbonyl)imidazole 25 as an efficient dithiocarbony! transfer
reagent to prepare -oxodithioates 14 in high yields. We have for the first time
prepared the reagent 3-methyl-1-(methydithiocarbonyl)imidazolium todide 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.
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Experimental Section
General:

Melting points were determined on a Thomas Hoover Capillary
melting point apparatus and arc uncorrected. The IR spectra were recorded on
a Perkin Elmer 983 spectrophotometer. 'H NMR spectra were recorded on a
Varian EM-390, 90 MHz spectrometer and are reported in 6 units downficld
from Mc,Si. The coupling constants are given in Hertz, (Hz). TLC (silica gel,
ACME’s) was used for monitoring the reactions. Elemental analysis was

carried out on a Heraeus C'HN-O-Rapid instrument.

CHEMICALS AND REAGENTS
Commoercially available Nall (SD) (75%) was used and all
nccessary precautions were taken while handling this rcagent. Carbon
disulphide and methyl iodide were used as such. DMSO was dried by
refluxing with calcium hydride, distilling and then keeping over molecular
scives™, (prior to use). Dimethyl sulphate was uscd after neutralisation with

K,CO4/NallCO5 and then passing through anhydrous sodium sulphate.

STARTING MATERIALS
Imidazole (Merck) mp 89-91°C was used as such. Acctophenone,

p-methyl aacctophenone, cyclopentanone, cyclohexanone, acctonce, cthyl



methyl ketone, dimethoxy acetone were purified by distillation under reduced
pressure before use. p-methoxy I-tetralone, b.p. 171°C (1 1mm) was used by
distillation under reduced pressure. Propiophenone, b.p. 105-110 (8 mm)™’, 1-
tetralone, b.p. 140-150°C (10 mm)*, N-methyl oxindole (mp 126-127°C)*" N-
phenyl sulphonyl quinolone (mp 133-139°C)** were prepared according to
reported procedures. Commercially available cyclooctanone (mp 38-41C )
cyclododecanone (mp 59-61°C) was used as such.

General Procedure for the Preparation of 1-(methyldithiocarbonyl)
imidazole 25.

To 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 an atmosphere of nitrogen. After stirring for 0.5 hour,
carbon disulphide (CS,) (0.93g, 0.01 mol) was added at 0°C and the rcaction
mixture was further stirred for 0.5 hour at room temperature followed by
addition of dimethyl sulfate (Me,SO4) (1.9ml, 0.015 mol). The reaction
mixture after stirring for 6 hours was poured into crushed ice, extracted with
chloroform (3 x 25ml). The combined organic extracts were washed with
water (2 x 75 ml), dried (anhydrous Na,SO,4) and evaporated 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 for the Preparation of N-methyl salt 26 or 27.
To an ice cooled stirring solution of [-
(methyldithiocarbonyl)imidazole 25 (1.58g, 0.01 mol) in sodium dricd
benzene (30 ml), dimethyl sulphate (1.9 ml, 0.015 mol) or methyl iodide (2.5
ml, 0.04 mol) was added drop wise. After complete addition of Mc¢,SO4 or
Mel, the reaction mixture was refluxed for three hours, when orange colored
crystals separated out. The salt was filtered and washed with dry benzence to
yield 95% of pure compound 26 or 27.

Preparation of B-oxodithioates

General procedure for the preparartion of p-oxodithioates wusing 1-
(methyldithiocarbonyl)imidazole and 3-methyl-1-(methyldithiocarbonyl)

imidazolium iodide and ketones.

To a well stirred suspension of sodium hydride (75%) (2.5 g,
0.05 mol) in dry benzenc (25 ml) and DMSO (5 ml) appropriate ketone
(0.01 mol) is added and stirred for 10 nun. A solution of |-
(methyldithiocarbonyl)imidazole 25 (1.58g, 0.0lmol) in dry benzenc (25
ml) is slowly added drop wise and the mixture stirred for a period of
four hours at room temperature. After completion of the rcaction (TLC)
the reaction mixture is poured in ice cold water. The aqueous layer is
separated, acidified with 3N hydrochloric acid, and extracted with benzene (3
x 75 ml). The combined organic extracts were washed with water (2 x

75ml) dried (anhydrous Na,SO,4) 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 (60g) using hexane cthyl acetate (3:1) as
cluent to give the compound 14 in 60-91% ovcrall yiclds. Under identical
rcaction conditions appropriatc ketone and the quaternary salt 27 i
- DMSO/Benzene was stirred, for a period of 3 hours at room temperature and
the reaction mixture after work up yielded the corresponding dithioates in 79-
95% overall yield. All the known [-oxodithioates were characterised by
comparision of their melting points, NMR| IR spectra with those reported and
of authentic samples. The unknown f3-oxodithioates arc characterised from
their analytical and spectral data. Their spectral and analytical data arc given
below.

Methyl 3-oxo-3-phenylpropanedithiocarboxylate (14a): colorless solid;
m.p. 56-57°C; (lit”> m.p. 57°C); yicld using 25 78%: yicld using 27 90%: IR
(KB):Vpae = 1235, 1554,1582 cm™’; 'HTNMR (90 Mz, CCly): & — 2.6 (s, 31,
SCH3); 6.9 (s, 1H, =CH); 7.4 (m, 3H1, ArH); 7.8-7.9 (m, 21LAtH); 15.5 (s, 1,
OH). Anal. Calcd. for C;yH,,0S, (210) : C, 57.14 ; H, 4.7% . Found: (", 57.2;
H, 4.5%.

Methyl 3-0xo0-3-(p-methyh)phenylpropanedithiocarboxylate (14b):colorless
solid; m.p. 55°C (it" m.p. 54-55°C); yicld using 25 82%; yicld using 27 85%:
IR (KBU): Ve = 1227, 1557,1582 em™; '"TENMR (90 Mz, CCly): 6 = 2.35 (5,

301, CHL): 2.6 (s, 3HL SCHS); 6.85 (s, T, =ClH), 7.15-7.8 (m, 4H ArlT) 15.05
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(s, TH, OH). Anal. Caled. for Cy,11,,08S, (224) : ',58.92; 1}, 5.36%. Found:

58.7, H, 5.12%.

Methyl 2-methyl-3-oxo-3-plhicnylpropanedithiocarboxylate  (14c¢):viscous
liquid; (1it" liq); yield using 25 83%; yield using 27 87%: IR (CCLy) vy
1218, 1546,1689 cm™; 'TI NMR (90 MHz, CCly): & = 1.65 (d, 311, ] = 6 12,
CHy); 2.6 (s, 3H, SCH;); 5.1 (q. 1HL, T = 611z, CHCHL); 7.5 (m, 31, Artly,
7.95-8.15 (m, 211, Artl). Anal. Caled. for CH,08S, (224) : C, 58.2 : |1,
5.306%. Found: C, 58.0, I, 5.2%.

Methyl 2-oxocyclopentane carbodithiocarboxylate (14d): ycllow solid: mp
41°C mp (1it" 40-41°C); yicld using 25 71%; yicld using 27 79%; IR (KBr)
Vo = 1232, 1548,1578 cm™; 'H NMR (90 Mz, CClg): & = 1.8-1.93 (i, 211,
CH,); 2.3 (m, 41, CHy), 2.01 (s, 3H, SCHy); 14.26 (s, 1, OH). Anal. Caled.
for C7H,,08S,; (174) : C, 48.28; H, 5.75%. Found C, 48.0, H, 5.5%.

Methyl 2-oxocyclohexanonedithiocarboxylate (14e): viscous hquid; ("
liq); yield using 25 70%; yicld using 27 89%; IR (CCly) vy = 1258,
1297,1540 cm™; "H NMR (90 Mz, CCly): & = 1.8 (m, 411, CI1,); 2.55 (s, 311,
SCHy); 2.38-2.75 (i, 4, Cl1,); 15.9 (s, TH, OIN. Anal. Caled. for C¢l1,0S,
(188): C, 51.00; H, 6.38%. I'ound: C, 50.1; 11, 6.0%.

Methyl 2-oxocyclooctanonedithiocarboxylate (14f): ycllow liquid; yicld

using 25 70%; yicld using 27 88%; IR (CCly) Vo = 1132, 13331535 cm Y
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NMR (90 MHz, CCly): 8 = 1.4-1.95 (m, 1211, CH,); 2.6 (s, 311, SCHL); 2.85 (1,
IHHL,CH); 16.0 (s, TH, O). Anal. Caled. for C,H,,0S, (210) : C, 55.50: 11,

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

Methyl 2-oxocyclododecanonedithiocarboxylate (14g): viscous liquid; vicld
using 25 60%; yield using 27 83%; IR (CCly) Vi = 1261, 1520,1651 cm 'l
NMR (90 Mz, CCly): & = 1.35 (m, 2011, CH;); 2.6 (s, 31, SCHR); 2.45-2.7
(m, THLCT). Anal. Caled. for CsH,408S; (284): €', 63.38; 11, 8.45%. Found: (',
03.5; H, 8.6%.

Methyl 1-tetralone-2-dithiocarboxylate (14h): yellow solid; m.p. 76-77°C";
(Iit44 m.p. 70-77 °CY; yicld using 25 62%; yicld using 27 80%; IR (KBr): v,
= 1150, 1296,1519,1649 cm™: '"1H NMR (90 Mz, CCly): & = 2.59 (s, 311,
SCHy); 2.81 (m, 4H, CHLCHY); 7.1-7.36 (m, 3H ArH); 7.9-8.01 (m. HHLAvH;
16.0 (s, 11, OH). Anal. Calcd. for C;1,08S, (263) : C, 54.75 ; H, 4.50%.

Found: C, 54.92; H, 4.83%.

Methyl 6-methoxy-1-tetralone-2-dithiocarboxylate (14i) : yellow solid:
m.p. 96-98°C; yield using 25 69%; yicld using 27 82%; IR (KBr). vy,

1195, 1248.1522, 1591, 1602 cm™; "1 NMR (90 MHz, CCly): § = 2.6 (s, 31,
SCH3); 2.9 (m, 5H, CHLCH); 3.8 (s, 311, OCH4); 6.65-6.9 (m, 2H ArIT): 8.0 (.
111, J=9 Hz). Anal. Calcd. for C3H,40,S; (260) : C, 58.04 ; H, 5.20%. [Found:

C, 58.72; 1, 5.33%.
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Methyl [-methyl oxindole-3-dithiocarboxylate (14j): colorless solid; mp
120-121°C; yicld using 25 80%; yicld using 27 95%; IR (KBr): v,
1213,1595, 1615 em™; 'H NMR (90 Mz, CCly): § = 2.8 (s, 311, S=CI1y): 3.6
(s, 3H, NCH3); 6.61 (s, 111,=CH); 7.45 (m, 3H, Arll); 8.35-8.55 (m, 11}, Artl);
16.1 (s, 1H, OH). Anal. Caled. for Cy;H;;ONS, (237) : C, 55.7 ; H, 4.04; N,

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

Methyl 4-oxo-1-phenylsuphonyl-1,2,3,4-tetrahydroquinoline-3-dithiocar-
boxylate. (14Kk): colorless solid; m.p. 110-112°C; yicld using 25 65%; yicld
using 27 80%; IR (KBr) vy = 1258,1542, 1602 cm™; 'H NMR (90 Mllz,
CCly): 0= 2.09 (s, 3H, SCH;); 5.0 (s, 2H, CHy); 7.0 (s, 1H,=CH); 7.1 (m, 311,
ArH); 7.23 (m, 4H, ArH); 7.34 (m, 11, ArH); 7.36 (m, 111, ArH). Anal. Calcd.
for Cy7H5sOsNS; (377) : C, 54.11; 1, 3.98; N, 3.71%. Found: C, 54.2: 11, 4.00;
N, 3.8%.

Methyl 3-oxo butanedithiocarboxylate (141): viscous liquid; (1it" viscous
liq); yield using 25 80%; yield using 27 88%; IR (CCly): Vi = 1215,1560,
1580 cm™: 'H NMR (90 Mtlz, CCly): & = 2.0 (s, 3H, CHy); 2.52 (s, 3H,
SCH;y); 6.25 (s, 1H, =CH); 15.0 (s, 1H, OH). Anal. Calcd. for C5HgOS, (148)
C, 40.54 ; 11, 5.40%. Found: C, 40.52; H, 5.41%.

Methyl 2-methyl 3-oxo butanedithiocarboxylate (14m):viscous liquid; yicld
using 25 64%; yield using 27 84%; IR (CCly): IR vy = 1256,1354, 1545 cm
' TH NMR (90 MHz, CCly): & = 1.49 (d, 3H, J = 6 11z, CH3); 2.2 (s, 3H, CI1);
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2.7 (s, 3H, SCHy); 4.35 (m, 1H, CI); 16.0 (s, 11, OH). Anal. Calcd. for
Col10OS, (162) : C,44.44 ; H, 6.17%. Found: C, 44.24; 11, 6.23%.

Methyl 2-methyl 3-oxo-pentanedithiocarboxylate (14n) : viscous liquid:
yicld using 25 91%; yicld using 27 95%; IR (CCly) vy = 1258,1545, 1722
cm’'; "H NMR (90 MHz, CCly): 8 = 1.0 (4, 3ILCH;,); 1.5 (d.3H, T = 6 117,
CHs); 2.5 (m, 1H, CH); 2.6 (s, 31, SCI13); 4.32 (q, J = 611z, 2H, Cl1). Anal.
Caled. for C4H,,08S, (176) : C,47.73 1, 6.82 %. Found: C, 47.43; 1, 60.45%.
Methyl 3-oxo0-4,4-dimethoxybutanedithiocarboxylate (140): liquid; yicld
using 25 65%; yicld using 27 86%; IR (CCly) Viax = 1158,1329, 1594 em ' 'l
NMR (90 MHz, CCly): & = 2.6 (s, 311, SCH;); 3.38 (s, 61, (OCTH),); 4.80 (s,
1H, CH); 6.58 (s, I1H, =CH); 14.38 (s, 1H, OH). Anal. Calcd. for C511;,0:S,

(208) : €, 40.38 ; H, 5.77 %. IFound: C, 40.2; 11, 5.85%.
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CHAPTER 1H

REACTION OF - (METHYLDITHIOCARBONYL)IMIDAZOLE AND 3-
METHYL-1-(METHYLDITHIOCARBONYL)IMIDAZOILIUM 10DIDE WITH
AMINES: AN EFFICIENT SYNTHESIS OF DITIHHOCARBAMATES,

SYMMETRICAL AND UNSYMMETRICAL THIOUREAS.

The rcaction of carbon disulphide with ammoma and amine
derivatives to yield the corresponding dithiocarbamates were described  as
carly as 1850'. Soon after this discovery their strong affinity towards heavy
metal binding and their propertics were recognised largely by the work of
Delepine’ and co-workers. Due to the ability of dithiocarbamates to chelate
with different metal ions many of the dithiocarbamates have found application

in inorganic analysis”. A number of these dithiocarbamates have been used in



the rubber industry as vulcanization 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 as
enzyme inhibitors. Their usefulness is largely due to their metal combining
capacity and their interaction with sulphydryl groups. The tetramethylthiuram
disulphides were found to be active against scabies as carly as 1942 Their
application in soap industry as preventive ingredients is also very common.
They are also recognised insecticides which arc applied in agriculture against
leaf feeding insects™ .

The dithiocarbamates posscss powerful fungicidal properties’. The
biological application of the dithiocarbamate metal salts are well documented®.
An extensive literaturc on both preparation and applications of these class of
compounds are described in the Elsevier monograph by Thorn and Ludwig’.

The alkyl dithiocarbamates are well defined liquids or solids which
are stable enough to be stored without decomposition. These dithiocarbamates
arc extremely important intermediates since they can be the starting matcrials
for the synthesis of isothiocyanates, symmetrical thiourcas, unsymmetrical
thiourcas and a variety of heterocyclic compounds. In the present investigation
reaction of 1-(methyldithiocarbonyl)imidazole 1 and  N-(methyl)-N'-
(methyldithiocarbonyl)imidazolium iodide 2 with various primary and

sccondary amines have been investigated, which under different recaction

conditions yield dithiocarbamates, symmetrical and unsymmetrical thiourcas.
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A brief review on the reported methods of preparation and
importance of alkyl/aryl dithiocarbamates, symmetrical thiourcas and
unsymmetrical thioureas has been presented in this section. One of the most
common mcthods of preparation of dithiocarbamates, deseribed in the
literaturc as early as 1850 involves simple alkylation of sodium salt of N,N-
dimethyl dithiocarbamate by methyl ijodide in ethanol to yicld the
corresponding methyl dimethyl dithiocarbamatc 4 in good yiclds. The sodium
dithiocarbamate 3 was preparcd by rcacting dimethyl amine in carbon

disulphide in the presence of NaOH (Scheme-1).

. . 7 . [€XO)
(CILL,NH 1+ CS, + NaOll —— » ((,‘H‘)2N~—(”,‘—S Na
3
CH
ELOIH
i
HLC
! SN—C—SMe
H,C

Scheme 1
Subsequently Grunwell'” has reported the reaction of various
Grignard rcagents with tetramethylthiuram disulphide § in dicthy! cther. The
reaction mixture after reaction and subsequent work up with ammonium
chloride yiclded the corresponding dithiocarbamate 4 in only 33% yicld

(Scheme-2).
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Scheme 2
The synthetic advantage of this reaction is clcarly understood since iso- and
tertiary alkyl carbon atoms can be used for alkylation which are otherwise not
casy to make by classical alkylation methods.

Barret and co-workers'' developed a novel method for the synthesis
of dithiocarbamates (dithiourcthanes) 4 through aminolysis of ftertiary alkyl
xanthates 6. Interestingly the xanthates when prepared from primary alcohols
reacted with amines to afford the corresponding thioneurcthancs 8 by the
climination of methyl mercaptan which is a good leaving group. On the other
hand Barrct and co workers'" prepared the xanthates from tertiary alcohols and
showed that the amines react with these xanthates to afford the corresponding
dithiourcthanes 4 in good yields. The steric hindrance of these tertiary alkyl
group facilitates the climination of alcohol during this reaction giving risc to
dithiocarbamates 4. Also secondary amines give high yiclds of
dithiocarbamates. In this way hindered xanthatcs were also used as rcagents of
choice to prepare the dithiocarbamates 9 from L-a-amino acid. The synthetic
application of tertiary butyl xanthates is of potential use in other arcas which

are not yet explored (Scheme-3).
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Scheme 3

A factle modification of the dithiocarbamate synthesis for the
preparation of methyl N-aryl dithiocarbamates 4 (Scheme-4) was later on
developed'z. The reaction of anilines 10 with aqueous 20 M sodium hydroxide
and carbon disulphide in DMSO as solvent yiclded initially the corresponding
sodium N-aryl dithiocarbamates 3 which are converted in situ 1o the
corresponding methyl N-aryl dithiocarbamates 4 by alkylation with methyl

iodide (Scheme-4).

R 4 R S
1. 20 molar NaOH /DMSO (l
NI, > NH—C—SNa
2.CS, 1t

3

10
l(‘ll}l. .
S
R 5
NH—C—(1,

Scheme 4 4
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A series of 2-alkylthio-4,5-dihydro-5-methoxythiazoles 12 was prepared by
thermal or BFj.etherate assisted cyclization of the corresponding N-(2,2-
dimethoxy cthyl) dithiocarbamic acid esters 4. These dithiocarbamic acid
esters arc in turn prepared from aminoacetaldchyde dimethyl acctal with
carbon disulphide in the presence of tricthylamine'’ (Scheme-5). This paper
represents the usefulness of functionalised 4 for the synthesis of important

heterocycles.

OMe OMe

1.CS,/ELN/ THE
J\/NH2 0-5°C, 1h /‘\/NH SR
OMe » OMe \”/

2. RX. 1.0, 0.5-2h
11 72-97% S

4
Aot ELOBI
(62-99%,
N

SR

oy

12

OMe

Scheme 5
A new synthesis of thioureas
The dithiocarbamate chemistry was further extended for the
synthesis of symmetrical and unsymmetrical thioureas by reacting them in situ
with various amines. As seen from literature thiourcas have been prepared
using different reagents and reaction conditions and many hazardous

conditions were employed for thiourea synthesis. One of the earliest known
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methods'" for the synthesis of thiourcas 13 has been described by Hugershof
and co-workers in 1899, involving the heating of a primary arylamine with
carbon disulphide and sulphur in ethanol (Scheme-0).

The application of thiophosgene for the synthesis of thiourcas'™'*
has becn described in a patent literature published in 1973 and 1977,
Thiophosgene readily reacts with primary amines to afford the corresponding
aminothiocarbonyl chloride 14 which readily undergo dehydro halogenation
upon heating or in aqueous medium to yield isothiocyanates 15 in good yiclds.

These isothiocyanates 15 are readily converted to the corresponding thiourcas

13 in the presence ol excess amine (Scheme-6).

S
ethanol Il
RNH, + CS, + S > RNI—C— NHR
13
S S
ol JHC . .
RNH2 + ¢~ RHN=C—Cl ——— > R=N=(=S$
cr™ ol 14 s
S —N S
N=\ L [T I
|\/N——C-—N y + 2RNH, ———u» RHN—C—NHR
Nl
13

Scheme 0
Heterocyclic  thiocarbonyl transfer reagents  such as 1,1°-
thiocarbonyldiimidazole 16 was prepared by Staab and co-workers. Thesce
reagents have been rcacted with primary amines to give the corresponding

N.N’-disubstituted thioureas' "'*'” in good yiclds (Scheme-6).
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Takikawa and co-workers™ have reported a novel method for the
preparation of N, N’-disubstituted thioureas. The method involves the reaction of
2-chloropyridinium iodide 17 with sodium trithiocarbonate to afford the
corresponding trithiocarbonate derivative 18 in high yields. This was further
reacted with various primary aminces to yield the intermediate dithiocarbamate 19,
This dithiocarbamate  on subscquent  heating  with amines  afforded  the

corresponding symmectrical thiourcas 13 in good yields (Scheme-7).

/
| —Na( | S
~ -t Nﬂg(‘s\ ”
)
| Me l\4t‘ M('
17 path a I path b
RNIT, . N
C
= “ A
S | TN
\ | I Se=s | [
o N7 S—C—NIHR I o
' ) N f4) S
Me 19 |
/ Me
RNI, RNII,
S
Il
RIIN—C—NIIR
13

Scheme 7
Specific methods have also been developed to make exclusively unsymmetrically
substituted thiourcas 13. Thus, benzoyl isothiocyanate 20 or cthoxyvcarbonyl
isothiocyanate 21 when reacted with secondary amines followed by acid

L : - - 21,22 ¢
hydrolysis yiclded unsymmetrical thiourcas in both the cases (Scheme-K).
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Tamura and co-workers™ reacted sccondary amincs with a
combined reagent triphenylphosphinc and thiocyanogen (TPPT) 22 in
acetonitrile to afford the corresponding 1,1°-disubstituted thioureas 13 in good

yields (Scheme 8).

I f ?
, RR'NH/H;(
CeHg—C—-N=C==S 10 > H,N- - NRR’
20 13
i 0 i
RR'NH/I
CyHsO—C N=C=§ _RRNHMO N ¢ NRR
21 13
S| R H0 ﬁ R
Phy(SCN),  + RR'NH ——— |P,N—C—~N_ e LN CON
II R' I{'
22 - 13

Scheme 8
Another  novel method for the synthesis of unsymmetrical
thioureas 13 was been reported by Hirai and co-workers”” involving activation
of salts of dithiocarbamate by 2-halothiazolium salt 23 to yicld 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 and 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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A facile conversion of symmetrical thioureas to the corresponding
unsymmetrical thioureas have been reported by Ramadas and co-workers’". In
their attempt to prepare guanidines 25 by adding primary amines to dipheny!
thiourea in triecthylamine they obtained unsymmetrically substituted thiourcas
13. Probably the free —SH group in the presence of tricthylamine facilitates
elimination of bulkier phenylaniline to give the unsymmetrical thiourcas 13
(Scheme-10). The same authors preparcd a varicty of substituted thiourcas®”

by reacting thiuramdisulphides 26 with various amines in refluxing DMI-

(Scheme-10).
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Ramadas and co-workers®” have reported yet another method of
thiourea synthesis from dialkyl dithiocarbamate zinc salt 28 and amines as
formulated in (Scheme-11). The dialkyl dithiocarbamate zinc salt s

commercially available and the synthesis is of commercial importance.

R R R 1
N S7Zn T|\J + 2R'NH DMF Til Il\l
- It ~ - = N~y 4 ZnS
R \u/ S\H/ R 2 - R T Rt 7nS
S S (HOCH,CHLN), N
18 65-70°C 0"
+ 4 R'NH,
DM

E(N-( ORCH,CH,N ),
vigrous reflux

l|{ H

S
13

+ 7nS

Scheme 11



RESULTS AND DISCUSSION

In the preceding section we have described various synthesis of
mcthyl dithiocarbamates, symmetrical thioureas and unsymmetrical thiourcas
using different reagents and reaction conditions. Thiourcas have  found

282030 -
CSome of

apphication in agriculture as herbicides 29, and fungicides 30
. .. S 11324 . . . .

them arc phenoloxidase enzymatic inhibitors 327" besides their application
. ) ) Wb o - ) . :

as biomimetic models™™ . They are also found to be active against bacterial

and microbial infection such as RSV-37 as potential  antitubercular

28,30 : : . . -
rcagents™ . Also the antithyroid drug 31 is well known (Scheme-12).

CH,
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N—¢— NI,
) ,//N |l ‘
N—C—N—C S
1 T TR
S N
N- ( benzothiozolyl) N'-phenyl thiourca Phenyl thiourea
(Antithyroid activity) (phenol oxidase inhibitor)
3 32
S Hy(C—N—C—N--Cll,
Yoo
S
HIN NI
Ethylene thiourca . 3-dimethyl hiowrea
(Corrosion Inhibitor) {Corrosion Inhibitor)
33a RE|

Scheme 12
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Also cyclic thiourea 33a and 1,3-dimcthyl thiourca 34 arc well known

d

corrosion inhibitors**". There are many thiourca derivatives used variously in
many areas of modcrn life. They arc also excellent building blocks for the
construction of five and six membered heterocycles™™. The reported methods
for the synthesis of thioureas suffer from limitations due to many parameters
such as availability of cheaper raw materials and handling problems duc to
environmental conditions. We have therefore investigated the rcaction of t
and 2 with various amines and shown that the yields obtained by both the
methods are extremely attractive and the results of these studies are described
in the following section.

The synthesis of reagents 1 and 2 are described in details in chapter
Il and they are directly used as dithiocarbonyl and thiocarbonyl transfer
reagents in this section. Thus when an equimolar mixture of rcagent I and
benzyl aminc was refluxed in ethanol for a few hours, and the reaction mixture
after work up yielded the corresponding methyl N-benzyldithiocarbamate 4a
in 70% vyield. However when rcagent 2 was rcacted with benzylamine under
similar reaction conditions 4a was obtained in an improved i.e. 98% yicld.
Both compounds were found identical (m.m.p. supcrimposable 1R). 4a was
reported carlier in the literature as a whitc solid and the dithiocarbamate
prepared by the present method was found to identical to the reported

compound. The reagents 1 and 2 werc also reacted with various

aliphatic/aromatic primary and sccondary amines 35b-j to yicld the
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corresponding dithiocarbamates 4b-j (‘Table ) in 67-87% overall yields from 1
and 85-98% overall yields from 2. The mp’s of various dithiocarbamates and
the literature mp’s for the known dithiocarbamatces have also been listed in the
table. The properties of the known dithiocarbamates were identical with that
reported in the literature. The unknown dithiocarbamates were fully

established for their structural assignment (sec cxperimental).

S “SMe
1 1 S
R\ E{OH R )
/NH + Ol e N- - SMc
R’ l@ RY
35 @//C“; 4
N
o
N
S/I\SMC
2
Table I
Methy! dithiocarbamates % Yield mp°C  Reported
S from 172 mp 'C
ICL
35,4a HsCeCl— N7 “SMe 70/98  55-56 57

2]

|
4b HsCe—N~ “SMe 76/86  92-93  94.95"
’ H

q_
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Table 1

Methyl dithiocarbamates % Yield mp°C  Reported

S from 172 _ mp "C
g
35, 4c 4MeOH4C6CI~12CHr—H/ SSMe  75/90  58-59 -

S
|Ct
4d ///-\\/IQJ/ SMe 76/86 ol oil
S
Ié
Ae DH/ ~SMe ROMT  67-68
S
é';
af ElO\C/CHy{;J/ “SMe 80/93  78-79 .
I
O S
('_L
4g HO-—CHrCHZ—Id/ SMe 67/92  76-77
S
HeCo O
4h N~ “SMe 87/98  79-80) -
Hy ('~
S
HiC é'; ,
4 N~ “SMe 81/94  47-48 47"
Ha¢” ﬁ
/N _C .
4j O N~ “SMe 76/84  84-85  82.5-83.5"

n_/

Application of reagents 1 and 2 for the synthesis of symmetrical and

unsymmetrical thioureas.
1-(methyldithiocarbonyl)imidazole 1 when rcacted with (wo

equivalents of aniline in refluxing ethanol (6h) (Table-2) the reaction mixturc
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after work up yielded the corresponding symmetrical thiourca 13a in 86%
yield. An improved yield of 96% of this thiourca 13a was obtained when the
reagent 2 was rcacted with aniline under similar reaction conditions but with
reduced time period of reaction i.e. (4.5h). The thiourca 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 literaturc. Our analytical and
spectral data of 13a were in conformity with the assigned structurc. Our
present mecthod for the preparation of 13a using safe rcagents 1 or 2 under
mild reaction conditions is definitely superior to the carlicr reported methods.
Similarly the other acyclic or cyclic aliphatic and heteroaromatic primary
amines reacted with 1 and 2 in a 2:1 ratio under the described rcaction
conditions to afford N, N-disubstituted thiourcas 13b-j (Table-2) in 40-82%

yield from 1 and 60-94% yields from 2 respectively.

3
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57 I531\/& S
EtOH 1
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o ClI,
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Table-2

[,3-disubstituted Yoyicld
thioureas (symm) using 1/2

S
13, a N I(' N
I, < (- K
i i 86/90

i
Cll— N C— N
b TR
79192
¢ {::::]//A\j 5 [//\\I::::] RO/91
N—(—N

H R
o S
d [ Vo \ 75/89
Me) n - H OMe
XN =
e | S | © 70/80
P I ~
N N—(C— N
| I
;
f =N 75190
g 1
8 Cl,
g CHy— (= N—C=N—(—Cll, 40/60
CILH It CH,
]
h CILCH) = N—C=N= () CH 78/80
H I
i
i N—C—N
]
i _”NWCANW<il 79/91
i i

mp°C

IS1-152

146-147

91-92

125-1260

153-154

48-49

128-129

8&-89

179-180)

130-131

Reported
mpC

152-1532%h

145-14738b

920

12312540

152-15338h

47-49%7

129-13138b

170-18038b
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The melting points of N, N’-disubstituted thioureas reported in the literature
are found to be tdentical with those prepared by the present method. The
unreported thiourcas were confirmed from their analytical and spectral data
(sce experimental).

[However, sccondary amines like N-methylaniline and morpholine
failed to give N.N'-tctrasubstituted thiourcas under identical conditions and
stoichiometry and yiclded only dithiocarbamates 4h and 4j in 87% and 76%
yields, respectively.  The diamines such as  o-phenylencdiamine,
ethylenediamine and cthanolamine reacted with 1 or 2 in refluxing cthanol (4-
Sh) to give imidazolidine-2-thione 33a, 2-mcrcaptobenzimidazole 33b, and

oxozolidine-2-thione 33c¢, in high yields (Scheme-13).

S S
HN NH || ] Y s O NI
/ ~~ N \ ,
H
33a (77%) 33b (74%) 33c (80")
m.p. 196-197°C m.p. 301-302°C m.p. 97-98C
(lit" m.p. 195-196°C) (1it™ m.p. 301-303°C) (it m.p. 98-99"C

Scheme 13
The overall yields obtained by using reagent I in some cases are
certainly much higher than those reported in the literature for the known
thiourcas. 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 1 and 2 for the synthesis of
unsymmetrical N,N’-di- and tri-substituted thiourcas was ncxt examined. Thus
an cquimolar mixture of aniline and 1 was refluxed in ethanol for 1.5h
(monitored by TLC) followed by addition of benzylamine (1 eqv) and further
refluxing (2.5h) tull the disappearance of N-phenyldithiocarbamate 4b (11.0).
The reaction mixture after work up afforded the corresponding N-benzyl-N'-
phenylthiourea 13k (Table 3) in 75% yield. The other unsymmetrical N, N'-
di-(131-q) and tri-substituted (13r-t) thiourcas werc similarly obtained in 61-
89% and 79-88% overall yields respectively by reacting 1 first with primary
amine followed by treatment with second amine in scquential manner (Table
3). The mcthodology could be extended further for the synthesis of mono
(13u-v) and N,N-disubstituted (13w-x) thiourcas by reacting I and 2 with
ammonia and primary or secondary aminc sequentially under identical
conditions. Herc also thc melting points of the unsymmetrical thiourcas
prepared by our mecthod are found identical with those reported in the
literature. They were further confirmed from the spectral and analytical data
(see expertmental).

Here again the reported methods of preparation of uqsymmclricnl
thioureas and the yields reported in the literature are not as satisfactory as the
yields obtained from 1 and amines. The yiclds of unsymmctrical thiourcas
from amines and 2 are undoubtedly near quantitative making this method

better than the reported procedures.
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Table-3
1.3-disubstituted %yield mp°C Reported
thiourea (unsynim) using 1/2 mp” ¢
I
13, k HCHN—C—NHCH,CH; 75/92 165-166 162-10443
I
I HsCgHN—C—NHCH,CH,C¢Hs  73/93 106-107 10645
i
m H,C HN—C—NHC{;McOp 74/86 142-143 14344

' 9/ ~10¢ 40
n HCHN— C NO 89/91 167-168 167

S
[

0 HC HN—C—NHCH, 05/94 153-154 15415743
S

p HSC(,HN—H—H—O 65/82 152-153 150-15143

i

q _I»ISCGHZCH—C~§\II“© 61/96 91-92 93-94"%
S

r HCHN—C=NQ 79/94 137-138 [36-13843
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Table-3

13,s
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w

1, 3-disubstituted
(hiourca (unsynum)
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using 1/2

87/90

8R/90

06/94

06/84

12/78

76/87

mp"C

8G-87

Fyt-132

[53-154

164-105

107-10K

125-120
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mp” ¢
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RPZR

RVER

“‘S!X;l

AR
TIVAR
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In conclusion we have amply demonstrated with a large number of

examples the versatile reactivity of reagents 1 and 2 as uscful dithiocarhonyl

and thiocarbonyl transfer reagents for high yicld gencral synthesis of methyl-

dithiocarbamates, symmetrical thiourcas and unsymmetrical mono-, di-, and

tri-substituted thioureas in onc pot procedurce. The comparison ol yiclds

between the reagents 1 and 2 is evident from the tables listed. The yiclds from

reagent 2 with amines is much higher compared to the yiclds ol reagent T with

amines thus proving the superiorily of reagent 2 from L. Thus the above

procedure represents a convenient least hazardous procedure for a variety of

thiourecas with wide structural variation.



82

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. 'H NMR spectra were recorded on a Varian EM-390,
Bruker-ACF-300 and Jeol-LA-400 spectrometer in CCly/CDCl/DMSO-d,
and the chemical shifts are reported in & (ppm) relative to tertamethyl silane.
The coupling constants are given in Hertz (Hz). Mass spectra were obtained
on a Jeol JIMS-D-300 mass spectrometer. Elemental analysis was carricd out
on a Heracus CHN-O-Rapid analyser.

CHEMICALS AND REAGENTS

Commercially available NaH (SD’s) (75%) was used and all necessary
precautions were taken while handling 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 cthanol were dried as
reported™.

STARTING MATERIALS

Imidazole (Merck) mp 89-91°C was used as such. Dimcthylamine, allylamine,
ethanolaminc, cyclopropylamine, morpholine, aniline, benzylamine, p-
methoxy  phenylethylamine, N-methylphenylamine, tert.butylamine,
phenylcthylamine,  cyclohexylamine,  ecthylencdiamine,  mecthylamine,

piperidine were purified by distillation under reduced pressurc belore use.
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The solid amines like 2-aminopyridine, p-anisidine, o-phenylencdiamine,

hexadecyl amine were used as such.

General method for the preparation of I-
(methyldithiocarbonyl)imidazole 1

To 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
temperaturc under an atmosphere of nitrogen. After stirring for half an hour,
carbon disulphide (CS;) (0.93g, 0.01 mol) was added at 0°C followed after
half an hour by dimethyl sulphate (Me,SO4) (1.9ml, 0.015 mol).  The
reaction mixture after stirring for 6 hours was poured into crushed ice,
extracted with chloroform (50 ml). The combined organic cxtracts were
washed with water (75 ml), dried (anhydrous Na,SQy) and cvaporated under
reduced pressure to afford crude [-(methyldithiocarbonyl)imidazoic I which
was purified by passing through a short silicagel column using
hexane/ethylacetate (80:20) as eluent to give the corresponding compound
(1.5g, 98%) as a ycllow oil.
General procedure for the preparation of N-(methyl)-N’-
(methyldithiocarbonyl) imidazolinium iodide 2 .
To an icc cooled stirring solution of l-(methyldithiocarbonyl)imidazole 1
(1.58g, 0.01mol) in sodium dried benzene (30 ml), methyl iodide (Mcl) (2.5

ml, 0.04 mol) was added dropwise. Afler complete addition of Mcl, the
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reaction mixture was brought to room temperature and refluxed for 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 1 (1.58g, 0.01 mol) or its salt 2 (3.00g, .01
mol) in absolute cthanol, appropriate amine (0.01 mol) in 20 ml of absolute
ethanol was added and the reaction mixture was refluxed between for (0.5-0
hours (monitored by TLC). Ethanol was removed under pressure and the
residue was poured into water, extracted with chloroform (3 x 25 ml), dried
(anhydrous Na,S0O,) and evaporated under reduced pressurc to afford methyl
dithiocarbamates which were passed through a silicagel column using
hexane/ethyl acetate (97:3) as cluent to give purc products. The analytical and
spectral data of methyl dithiocarbamates 4 are given below.
Methyl benzyldithiocarbamate 4a: Colorless crystals: yield 1.38g (70%)
using 1; yield 1.91g (98%) using 2: m.p. 55-56°C (I 57°C). IR (KB vy, -
3653, 3080, 3064, 1698, 1371, 1093, 941 cm™. "I NMR (90 M1/, CDC1L):8
2.65 (s, 3H, SCHy); 4.87 (d, 2H, CH,); 7.3 (m, SH, ArlD); 7.4 (brs, TH, NH).
Anal. Calc. for CoH NS, (197): (', 54.82; H, 5.58; N, 7.12%. Found (', 54.72:
H, 5.57; N, 7.3%.
Methyl phenyldithiocarbamate 4b: Colorless crystals; yield 1.39g (76%)
using 1; yield 1.57g (86%) using 2; m.p. 92-93°C, Ait* 94-95°C). IR (KBr):

= 3110, 3080, 1103, 1613, 1090, 957 cin”". "1 NMR (90 M7 CCl1,):6

i
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2.0 (s, 3H, SCHy); 7.48 (m, SH, Arll), 9.56 (brs, IH, NH). Anal. Calc. for
CgHgNS, (183): C, 52.40; H, 4.92; N, 7.65%. Found C, 52.82; I, 5.0; N,
7.93%.

Methyl (4’-methoxyphenyl)ethyl dithiocarbamate 4¢: Colorless crystals;
yield 1.69g (75%) using 1; yicld 2.02g (90%) using 2; m.p.58-59°C IR
(KBI): Ve = 3245, 2991, 1607, 1506, 1384, 1247, 936 cm™'. 't NMR (90
MHz, CCly):6 = 2.6 (s, 3H, SCl,); 2.8 (t, J = 7Hz, 2H, CH,); 3.6 (t,.] — 7H7,
2H, CHy); 3.75 (s, 3H, OMe); 6.88 (dd, J = 8z, J = 211z, 211, Arlly, 7.1 (dd,
J=28Hz,.J=2Hz, 21, ArH); 7.8 ( brs, I1H, NH). Anal. Calc. for C11,sNOS,
(241.37): C, 54.73; H, 6.20; N, 5.80%. Found C, 54.52; 11, 6.18; N, 5.92%.
Methyl allyldithiocarbamate 4d: viscous liquid; yield 1.12g (76%) using 1;
yield 1.41g (80%) using 2; IR (neat): vy = 3225, 29106, 1637, 1495, 1370,
1318, 1225, 931 em™. '"H NMR (90 MHz, CCly):8 = 2.55 (s, 3H, SCH,); 4.35
(d, J=17.4 Hz, 2H, CH,); 5.25 (m, 1H, CH=CH,); 5.85 (m, 2H, CI1,=C1); 7.5
(brs, TH, NH). Anal. Calc. for CsHoNS, (147.27): C, 40.78; H, 6.16: N, 9.51%.
Found C, 40.91; H, 6.35; N, 9.35%.

Methyl cyclopropyldithiocarbamate 4e: Colorless crystals; yield 1.2g (80%)
using 1; yield 1.4g (97%) using 2; m.p. 68°C. IR (KBr): v, = 3158, 2960,
1605, 1499, 1446, 1409, 1330, 967 cm’. 'H NMR (90 Mz, CCly):8 ~ 0.85-
1.1 (m, SH, (CH,),CH-); 2.065 (s, 3H, SCHj;); 8.85 (brs, 1H, NI) Anal. Calc.
for CsHoNS, (147.27): C, 40.78; H, 6.16; N, 9.51%. Found C, 40.80; I, 60.23;

N, 9.67%.



86

Methyl (N-carboethoxymethyl) dithiocarbamate 4f:Colorless crystals: yicld
1.54g (80%) using 1; yield 1.83g (93%) using 2; m.p. 79°C. IR (KBr): vy, ~
3273, 3210, 2977, 1722, 1641, 1522, 1413, 1304, 1258, 1220 cm' "I1 NMR
(300 MHz, CDCI/CCly):d = 1.31 (t,.J = 7.5 Hz, 3H, CHy); 2.64 (s, 311, SCHL):
427 (q,.J = 7.5 Hz, 2H, OCH,); 4.46 (d, J = 7.5Hz, 2H, CH,NIT); 7.5 (brs, T,
NH). Anal. Calc. for Cl|NO,S, (193.30): C, 37.28; H, 5.74, N, 7.25%.
Found C, 37.08; H, 5.96; N, 7.45%.

Methyl N-(2-hydroxyethyl) dithiocarbamate 4g:(olorless crystals; yicld
1.01g (67%) using 1; yield 1.39g (92%) using 2; m.p. 76-77°C. IR (KBr):
Viax = 3301, 2921, 2674, 1630, 1514, 1464, 1400, 1227, 1213, 1079 cm . "1}
NMR (90 MHz, CDCI/CCly):6 = 2.4 (s, 31, SCH;); 2.65 (brs, 2H, CH,NID;
3.5 (brs, 2H, CH,0H); 6.0 (brs, TH, NIH). Anal. Calc. for (41,NOS,
(151.25): C, 31.76; H, 5.99; N, 9.26%. IFound C, 31.87; H, 6.11; N, 9.42%.
Methyl N-methyl-N-phenyldithiocarbamate 4h:Colorless crystals: yicld
1.71g (87%) using 1; yield 1.9g (98%) using 2; m.p. 79-80°C. IR (KBr): v,
= 2931, 1588, 1485, 1420, 1355, 1101 em™. '"H NMR (300 MHz, CDClL):6
2.54 (s, 3H, SCH;): 3.70 (s, 3H, NCHy); 7.2 (dd, .J = 7.2H7, 3.4117, 211, Avll);
7.45(m, 3H, ArH). Anal. Calc. for Coll| NS, (197.33): (', 54.78; H, 5.62. N,
7.10%. Found C, 54.67; 1, 5.68; N, 7.29%.

Methyl dimethyldithiocarbamate 4i:Colorless crystals; yield 1.09g (81°%)

using 1; yicld 1.27g (94%) using 2; m.p. 47-48°C, (1it'* 47°C) IR (KBr): vy,
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= 1658, 1311, 1054 cm™. "H NMR (90 MHz, CCly):8 = 2.62 (s, 311, SCHy);
3.58 (s, OHL, (C1H,);N). Anal. Calc. for C4HoNS, (135): ¢, 35.55; 11, 6.67. N,
10.37%. FFound €, 35.50; H, 6.32: N, 10.0%.

Methyl morpholine-N-dithiocarbamate 4j:Colorless crystals; yield 1.34g
(70%) using 1; yield 1.74g (84%) using 2; m.p. 84-85 °C (lit" 82.5-83.5°0).
IR (KBr): v = 2980, 2960, 2800, 1444, 1420, 1263, 1226, 11131040, 999
cm™ . 'H NMR (90 MHz, CCly):0 = 2.65 (s, 311, SCH3); 3.75 [t,.] 741/, 411,
N(CH, )1 4.2 [, J =7.4Hz, 411, O(CH,),];  Anal. Calc. for CHNOS,

(177.30): €, 40.65; 1, 06.25: N, 7.9%. FFound ', 40.25; 11, 6.21; N. 8.12%.

General procedure for the preparation of Symmetrical thiourcas (13a-j).
In a typical experiment, a solution (or suspension) of 1 (1.58g. 0.01 mol)
and 2 (3.00g, 0,01 mol) and the appropriate amine (0.02 mol) in absolute
ethanol (20 ml) was refluxed for 2.5-6 hours (monitored by T1.C"). The excess
solvent was evaporated under reduced pressure to give crystalline thiourcas
which were filtered and washed with ethanol. Recrystilization from cthanol
yielded pure symmetrical thioureas in 40-82% yiclds from 1 and 60-80% of
pure thiourcas from 2. Their spectral and analytical data arc given below.

N,N’-Diphenylthiourea 13a: Colorless crystals; yield 1.90g (86%) using 1;
yield 2.19¢g (96%) using 2; m.p.151-152°C; (ht"™ 152-153°C). IR (KBr): vy

= 3207, 2984, 3032,1313, 1069 cm™ . '"H NMR (90 M1z, CDCly): & - 7.5(brs,
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10H, Arll); 8.35 (brs, 2H, NH). Anal. Calc. for C;1;N,S (228): (7, 68.42;
H, 5.20: N, 12.28%. Found C, 68.80; H, 5.50; N, 12.44%.
N,N’-Dibenzylthiourea 13b: Colorless crystals; yield 2.02g (79%) using 1.
yield 2.36g (92%) using Z; m.p.146-147°C; (1it"™" 145-147°C). IR (KBr): vy,
= 3058, 2912, 1320, 1077 em™. '"H NMR (90 M1z, CDCl): & = 4.04 (d, 411,
(CHj;),); 6.25 (brs, 2H, NH). 7.34 (brs, 10H, ArH); Anal. Calc. for C<I1,N,S
(256): C, 70.31; H, 6.25; N, 10.94%. Found C, 69.9; H, 6.11; N 11.2%.
N,N’-Diphenyl ethylthiourea 13c: Colorless crystals; yield 2.27g (80%)
using 1; yield 2.58g (91%) using 2; m.p.91-92°C; (1it" 90°C). IR (KBr): vy
= 3247, 1319, 1098 cm™. '"H NMR (90 MHz, CDCHL):8 = 3.0 (t,./ = 7117, 411,
(CH,),); 3.65 (t, J = THz, 411, (CH,),); 6.9 (dd, J = 8Hz, .J = 2117, 6I1, Arll):
7.35 (dd, .J = 8Hz, J = 2l1z, 4H, Arll); 7.9 (brs, 211, NII). Anal.Calc for
Cy7HoN,S (284): C, 71.83; H, 7.04; N, 9.86%. Found (', 70.92; 11, 6.89; N,
9.45%.

N,N’-(4’-methoxy)diphenylethylthiourea 13d: Colorless crystals; yicld g
(75%) using 1; yield g (89%) using 2; m.p.125-126°C: (1it"" 123-125°C"). IR
(KBP): Vi = 3037, 3018,1332, 1099 cm™. 'H NMR (90 MHz, CDC1L):8 =
2.7 (t, J = THz, 4H, (CH,)): 3.5 (t, J = THz, 4H, (Cll,),): 3.9 (s, Ol
(OMe),); 7.0 (dd, J = 8Hz, J = 2z, 6H, ArH); 7.3 (dd, .J = 81z, ./ = 2117, 4H,
Arll); 7.9 (brs, 21, NH). Anal. Calc. for CsH gN,SO, (344). (7, 66.28; [,

0.98; N, 8.14%. Found C, 60.0; I, 6.48; N, 7.92%.



89

N,N’-Bis(2-pyridyhthiourea 13e: Colourless crystals; yicld 1.61g (70%)
using 1; yield 1.84g (80%) using 2; m.p.153-154°C; ("™ 152-153°C). IR
(KBr): v = 3201, 3036, 2823, 1317, 1090 cm. '"H NMR (90 Milz,
CDCI1/DMSO dg, ):0 = 0.88 (brs, |H ArH);7.71 (dd, } =8Iz, ] —4.0117, 2H,
ArH); 8.42 (dd, J =12Hz, ] =4Hz, 411, ArH); 8.8 (brs, 211, NI1). Anal. Calc.
for Cy HgN4S(230): C, 57.39; H, 4.35; N, 24.35%. Found C, 57.73; 11, 4.01;
N, 24.55%.

N,N’-Diallylthiourea 13f: Colorless crystals; yield 1.71g (75%) using I,
yield 1.4g (90%) using 2; m.p. 48-49°C; (lit’’ 47-49°C). IR (KBt): vy =
2993, 2924, 1646, 1325, 1254, 756 cm ™. 'H NMR (90 Ml1z, CDC13):8 — 5.1
(m, 4H, (CHy),); 5.9 (m, 2H, (CH),); 7.0 (s, 4H, (Cl,),); 8.9 (brs, 211, NII).
Anal. Calc. for C;H;3N,S (156): C, 53.85; H, 7.69; N, 17.95%. Found (,
53.92; H, 7.99; N, 18.2%.

N,N’-Di-tert-butylthiourea 13g: Colorless crystals; yield 0.75g (40%) using
1; yield 1.13g (60%) using 2; m.p.128-129°C; (1it*™ 129-131°C). IR (KBr):
Viax = 32065, 2960, 2922, 1537, 1317, 1055 cm’ M NMR (90 Mliz,
CDClL):0 = 1.4 (s, 9H, C(CHai)s); 5.7 ( brs, IH, NH ). Anal. Calc. for
CoH,0N,S (188): C, 57.45; H, 10.64; N, 14.89. Found C, 57.72: 11, 10.93; N,

15.2%.

N,N’-Dihexadecylthiourea 13h: Colorless crystals; yield 4.09g (78%) using

1; yield 4.51g (86%) using 2; m.p. 88-89 °C. IR (KBr): v, = 3072, 2953,
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2912, 2848, 1570, 1338 cm™. "1 NMR (90 M1z, CDC1L):S = 1.48-1.90 (brs,
O0H, {CHAWCH,)st;): 6.00 (brs, 2H, NH). Anal. Cale. for CulleN,S
(524.98): C, 75.50; 11, 13.06: N, 5.34%. Found ., 75.42: 1. 13.13: N. 5§

28%.

N.N’-dicyclohexylthiourea 13i: Colorless crystals; yield 1.97g (82%) using
1; yield 2.26g (94%) using 2; m.p.179-180 °C:; (1it™ 179-180°C). IR (KBr):
Vimax = 3242, 2920, 1548, 1408, 1320, 1077 cm’. 11T NMR (90 Ml
CDCL):S = 1.27(m, 2H,CH); 1.61 (m, 12H, (CH,CH,Cl1,),):2.0 (m, 811,
(CH,CH,),): 5.9 (brs, 2H, NH). Anal. Calc. for C1H4N,S (240): ¢, 65.0; 11,
10.0; N, 11.67%. Found C, 65.51; H, 10.48; N, 11.92%,.

N,N’-Dicyclopropylthiourea 13j: Colorless crystals; yicld 1.23g (79%)
using 1; yield 1.42g (91%) using 2; m.p. 130-131°C. IR (KBr): v, 3394,
3202, 2984, 2215, 1521, 1322, 1255, 1215, 1022, 900 cm™' .'I1 NMR (400
MHz, CDCL):S = 0.6-0.7 (m, OH, cyclopropyl); 0.8-0.95 (m, 4l
cyclopropyl); 0.53 ( brs, 2H, NH ). Anal. Calc. for C5H1;NGS (156.25)0 O

53.81: H, 7.73; N, 17.93. Found ', 53.92; H, 7.67; N, 18.18%.

General Procedure for the preparation of unsymmetrical thioureasi3k-x
To a solution (or suspension) of imidazole dithioate 1 (1.58g, 0.01 mol) and
its salt (3.0g, 0.01 mol) an appropriatc amine (0.01 mol) in absolute cthanol

was added and refluxed for 0.5-1.5. After disappearance of amine
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(monitored by TLC), a solution of the second amine (0.01 mol) or ammonta
solution (25%, I ml) in cthanol was added and the rcaction mixture was
further refluxed and worked up as described earlier for symmetrical
thioureas. The crude thiourea is recrystallised from cthanol to obtain pure
crystals of pure unsymmetrical thiourcas 13k-x in 62-96% yiclds from 1 and
90-98% yiclds from 2. Their spectral and analytical data are given below.
I-Phenyl-3-benzylthiourea 13k: Colorless crystals; yield 1.81g (75%) using
1; yield 2.23g (92%) using 2; m.p.165-166°C, it 162-164°C). IR (KBr):
Viax = 3301, 31471329, 10068 em” TH NMR (90 MiT7, CDCL):S 4.9 (d.
J=6 Hz, 211, C'H,); 7.4 (m, 101, Arll); 7.6 (brs, 2H, Arll). Anal. Cale. for
CiaHaN,S (242): C, 069.42; H, 5.79; N, 11.57%. Found €', 70.1: 11, 5.99: N,
11.73%.

1-Phenyl-3-phenylethylthiourea 131: Colorless crystals: yield 1.87g (73%0)
using 1; yicld 2.38g (93%) using 2; m.p. 100-107°C; (T T06°C). IR (KBr):
Viae = 3371,3021, 1312, 1066 cm™ "1 NMR (90 MHz, CDCLY:S - 2.9 (L]
= 7Hyz, 211, CHy); 3.92 (t, J = 7Hz, 2H CH,); 6,15 (brs, TH, NI 7.406(0m.
1O, ArH): 8.62 (brs, 111, NH). Anal. Calc. for CsH(N,S (250): €L 7031,
I, 6.25; N, 10.94%. FFound C, 70.59; 11, 6.45. N, 11.2%.
I—l’ﬁenyl-fﬁ-(4’-methoxy)phenyl(hiourea 13m: Colorless crystals: yield 1.9¢
(86%) using 1; yield 2.22g (86%) using 2. m.p.142-143°C; (it 14300y, IR
(KBr): vy = 3217, 2934, 1310, 1105 em™ 1T NMR (90 Mz, CDCL):S

3.97 (s, 3, OCHy); 7.72 (brs, 10H, ArHD); 8.21 (brs, 21, NIT) . Anal. Calc. for
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Ci4aH1aN,SO (258): C, 65.11; H, 5.43; N, 10.85%. Found C, 65.22; H, 5.21;
N, 10.48%.

1-Phenyl-3-pyridylthiourea 13n: Colorless crystals; yield 2.04g (89%)
using 1; yield 2.08g (91%) using 2; m.p.167-168°C; (11t 167°C). IR (KBr):
Viax = 3217, 3100, 3073, 1323, 1098 cm™ .'H NMR (90 MIz, (DCly):6 =
7.3 (brs, 2H, ArH); 7.4 (dd, J = 7.5Hz, J = 4.2Hz, 1H, ArH); 7.44 (m, 511,
ArH); 7.0(dd, J = 11.64Hz, J = 4.7Hz, 1H, Artl); 10.0 (brs, 111, NH) 13.7
(brs,IH, NH). Anal. Calc. for C,H1N,S (229): C, 62.88; H, 4.8; N, 18.34%.
Found C, 63.1; H, 5.0; N, 18.62%.

1-Phenyl-3-methylthiourea 130: Colorless crystals; yield 1.03g (65%) using
1; yield 1.54g (94%) using 2; m.p. 153-154°C; (Iit43154—157°(f). IR (KBr):
Vimax = 3257, 3215, 1306, 1068 cm™. 'H NMR (90 MHz, CDClL):8 = 3.1 (d,
3H, CH3); 7.39 (m, 5H, ArH); 8.75 (brs, 1H, NH) 13.7 (brs, 1H, NH). Anal.
Calc. for CgHoN,S (10606): C, 57.83; H, 6.02; N, 16.87%. Found C, 57.85; H,
5.99; N, 16.90%.

1-Phenyl-3-cyclohexylthiourea 13p: Colorless crystals; yield 1.43g (65%)
using 1; yield 2.25g (82%) using 2; m.p.152-153°C; (lit"'150-151°C). IR
(KBI): Ve = 2987, 2926, 1314, 1110 cm™ ."H NMR (90 MHz, CDC11):8 =
1.35 (m, 4H, (CH},),); 1.6 (m, 3H, CHCH,); 2.1 (i, 4H (Cl1,),); 7.39 (m, SH,
ArH); 8.49 (brs, 2H, NH) . Anal. Calc. for Cj3HgN,S (234): €, 606.07: H,

2
7.69: N, 11.97%. Found C, 60.82; H, 7.91; N, 12.0%.
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1-Benzyl-3-cyclohexylthiourea 13q: Colorless crystals; yield 1.5Tg (01%)
using 1; yield 2.38g (96%) using 2; m.p.91-92°C; (1it*93-94°C). IR (KBr):
Viax = 2992, 2934, 1320, 1118 cm™ .'"H NMR (90 MHz, CDCl3):8 = 1.33 (m,
4H, (CHy),); 1.58 (m, 3H, CHCII,); 2.0 (m, 4H (CH,),); 4.6 ( d. 211, CH,);
7.34 (m, SH, ArH); 8.5 (brs, 21, NI1). Anal. Calc. for C4H,,N,S (248): (.,
07.74; H, 8.00; N, 11.29%. Found C, 67.98; H, 8.20; N, 11.42%.
I-Phenyl-3-dimethylthiourea 13r: Coloricss crystals; yicld 1.42g (79%)
using 1; yicld 1.69g (94%) using 2; m.p. 137-138°C; (lit"* 136-138°C). IR
(KBr): vy = 2923, 1304, 1056 cm’’ 1 NMR (90 Miz, CDCLY):S = 3.3 (s,
O, (CHy);); 7.35 (brs, SH, Artl); 7.45 (brs, IH, NIH). Anal. Calc. for
CoH ,N,S (180): C, 60.0; H, 6.67; N, 15.56%. Found C, 59.9; 1, 6.58; N,
15.5%.

1-Benzyl-3-pipyridylthiourea 13s: Colorless crystals; yicld 2.04g (87%)
using 1; yicld 2.25g (96%) using 2; m.p.86-87°C; (1it"788 °C). IR (KBr): vy
= 3052, 2932, 1324, 1075 ecm™ .'"H NMR (90 MHz, CDCl3):8 = 1.54 (brs, 61,
CH,); 3.78 (brs, 4H, CH,); 4.87 (brs, 2, CH,); 5.70(brs, 2I1, NH
exchangeable with D,0); 7.28 (m, SH, Artl). Anal. Calc. for CHgN,S
(234): C, 66.62; H, 7.74; N, 11.95%. FFound C, 66.53; H, 7.02; N, 12.03%,.
1-Phenyl-3-morpholinylthiourea 13t: Colorless crystals; yield 1.95g (88%)
using 1; yield 2.0g (90%) using 2; m.p.131-132°C; (11" 132°C). IR (KBr):

Viax = 3193, 3111, 1305, 1110 em' ."H NMR (90 MHz, CDClL):8 = 3.7 (brs,



8H, (CHy)g): 7.29 (m, SH, Arll); 7.85 (brs, 1H, NIH). Anal. Calc for
CiH1aN;SO (222): C, 59.40; H, 6.31; N, 12.61%. Found C, 59.47; I, 6.45;
N, 12.65%.

Aniline thiourea 13u: Colorless crystals; yicld 1.0g (66%) using 1; yicld
1.43g (94%) using 2; m.p.153-154°C; (1it"154°C). IR (KBr): vy, = 3419,
3254,1312, 1060 cm™ 'H NMR (90 MHz, CDC13):8 = 7.45 (brs. 511, Arll);
8.48 (brs, 2H, NH). Anal. Calc. for C5HgN,S (152): (', 55.20; H., 5.20; N,
18.42%. FFound C, 55.51; H, 5.45; N, 18.53%.

Benzyl thiourea 13v: Colorless crystals; yicld 1.10g (66%) using 1; yield
1.39g (84%) using 2; m.p.164-165°C; (li'*165°C). IR (KBr): vy, = 3298,
3040, 1325, 1077 cm™ .'"H NMR (90 MHz, CDCL):8 = 4.0 (d, J = 0Lz, 211,
CH,); 6.35 (brs, TH, NH); 7.3.5 (s, SH, Arl1); 6.3 (brs, 2H, NIT). Anal Cale.
for CgH1gN,S (166): C, 57.83; 11, 6.02; N, 16.87%. Found (', 58.99. 1, 6.31;
N, 16.94%.

N-methyl-N-Phenylthiourea 13w: Colorless crystals; yicld 1.19g (72%)
using 1; yicld 1.29g (78%) using 2; m.p. 107-108°C; (1it"™ 107°C). IR (KBr):
Vi = 3398, 3255, 1612, 1525, 1360 cm™ 'I1 NMR (90 Mz, CDC1):8 -
3.65 (s, 3H, CHy); 6.12 (brs, 2H, NII); 7.64 (m, 51, Aril). Anal. Calc. for
Cgll1oN;S (166): C, 57.83; H, 6.02; N, 16.87%. Found (7, 58.05; 11, 6.05: N,
17.10%.

Pipyridylthiourea 13x: Colorless crystals; yicld 1.09g (76%) using I yicld

1.25g (87%) using 2; m.p. 125-126°C; (lit *126-128°C). IR (KBr): vy, ~
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3332, 3170, 1648, 1515, 1362 cm™ ."H NMR (90 MHz, CDCly):8 - 1.74 (m.
6H, (CH,)3); 3.79 (m, 4H (CIL,)y); 6.1 (brs, 211, NH,).  Anal. Calc. for
Col115N,S (144): C, 50.0; H, 8.33; N, 19.44%. Found C, 50.32: 11, 8.62: N,

19.50%.
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CHAPTER 1V

REACTION OF ()RGANO GRIGNARD REAGENTS WITH

o - OXOKETENE DITHIOACETALS IN THE PRESENCE OF ZnCl,.
TMEDA COMPLEX. ANEW GENERAL METHOD FOR THE SYNTHESIS

OF HIGHLY STEREOSELECTIVE (-ALKYL-J-ALKYLTHIO-1,[}-

ENONES WITH E-CONFIGURATION

The a-oxoketene dithioacetals' of gencral formula I (Scheme-1)
possess ambident 1 3-diclectrophilic centers with two mecthylthio lcaving
groups at the P-carbon atom. The differential reactivity of wvarious
nucleophiles with a-oxoketene dithioacetals is an arca of recent interest and a
number of reagents have been developed for directed 1,2-attack or I 4-attack
so that these addition products from 1,2-attack and addition-climination
products from [ ,4-attack could be used as important synthetic itermediates.

The presence of f,B-methylthio groups in a-oxoketene dithioacetals has
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immensely altered the electrophilicity of B-carbon atom
carbonyl carbon. Generally, the soft sulfur atoms have contributed to the
softness of P-carbon atom while carbonyl carbon remains either unaltered or
even more clectrophilic towards nucleophiles. If it were oxygen the greater
resonance interaction of non-bonded electrons would have rendered the carbon
atom less clectrophilic. On the other hand, the poor donor property of sulfur
atoms has left carbonyl carbon more clectrophilic towards nucleophiles. Thus
a-oxoketene dithioacetals arc unique 1,3-diclectrophilic  structural units
displaying differential clectrophilicity towards various nuclcophiles. The
reaction of various hydride reagents and carbon nucleophiles with «-
oxoketene dithioacetals has been examined in this laboratory to ascertain their
regioselectivity towards 1. The metal borohydrides examined have been
known to add exclusively in a 1,2-manner to afford the corresponding carbinol
acetals in ncar quantitative yiclds. These carbinol acctals underwent facile
methanolysis to yield o,f-unsaturated esters in good yiclds®.

Subsequently it was shown in our laboratory that Grignard reagents
particularly methyl magnesium iodide reacts with 1 in an cxclusive 12-

fashion to yield the carbinol acetals 2 which on methanolysis in the presence

of BF.E(,O yielded crotonates 3 in excellent yiclds3 (Scheme-1).



Scheme 1

BF 1,0/

MecO1
Me O
R/%/U\()Mc
N R
N 3

The higher alkyl Grignard reagents, i.e. cthyl, n-propyl, n-butyl cte.

however followed scquential

1,4- and 1,2-addition modes to give the

corresponding carbinols 4 which on hydrolysis in the presence of BI;.ELO

and methanol yielded the o, B-unsaturated ketones 5 in good yiclds (Scheme-

2).

2
R*MgX

Scheme 2

2

R SMe
.
R?
' OH
R
4

BE, 11,0/McOll
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The higher alkyl Grignard reagents unlike the lower ones have
followed 1,4-addition-elimination mode followed by 1,2-addition. These
controlled addition modes were subsequently extended to allyl anions which
followed exclusively 1,2-addition mode to give the corresponding carbinol
acetals 6 (Scheme-3). These carbinol acetals 6 when trecated with BFL.ELO in
refluxing benzene underwent ring closure instead of simple dehydration to
give substituted benzenes 8. Thus a ncw aromatic annclation methodology was
discovered which has been extensively studied in our laboratory®. These
reactions were extended to benzyl Grignard reagent 9 to afford the carbinols

10 which underwent acid assisted cyclization to yield the benzyl substituted

AN
SMe
Mg(‘]
» SMe
[ OH
' R
1 0

BF . Etz()/ BI,.[1GO /

CoHa
v
\
X~ _-COSMe
R
R

Scheme 3

naphthalenes 11 in good yields® (Scheme-4). Obviously the benzyl Grignard

reagent 9 followed sequential 1.4- and [,2-addition modes with T (o yicld 10,
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Scheme 4
followed by BF;.Et,O cyclization to yicld benzyl substituted naphthalences 11

in good yields. By changing the stoichiometry of 9 with 1 it was not possible
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to isolate exclusively the 1,4-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 10 was obtained and not 12. The [.4-addition-climination
products 12 were considered of interest due to the fact that these intermediates
can be cyclized to get angularly substituted and annelated naphthalenes 13 and
also 1-aryl naphthalenes (13, R = Ar), the skelcton of which is present in
many naturally occuring lignans.

However, it was possible to achieve the 1.4-addition-climination
product 12 by reacting 1 with organo copper reagent derived from 9 instcad of
9 itself. Thus when 1 was reacted with 9 in the prescnce of  CuCl, in
THF/Et,O as reaction medium, the 1,4-addition-elimination product 12a was
obtained in good yield® (Scheme-5). 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-5"%". Thus 12a with
thiomethyl group lying cis- to carbonyl function undergoes intramolccular
aldol addition-climination sequence when trcated with Simmon-Smith reagent
to yield the corresponding thiophene 14 in good yields. The F-isomer 12b
however did not undergo thiophene formation because thiomethyl group is
trans- to carbonyl functionality. Thus the Z configuration of the addition-

climination product 12a was fully established.
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Scheme 5

Subsequently a number of alkyl and benzyl copper reagents derived
from Grignard reagents were reacted with various a-oxoketene dithioacetals,
and i all the cases I,4-addition-elimination products were obtained with
exclusive Z configuration. Methoxy substituted benzyl copper rcagents also
reacted with  o-oxoketene dithioacctals and the 1.4-addition-climination
product 16 was obtained exclusively, though thc corresponding Grignard
reagents arc known to add exclusively in a 1,2-fashion to give 15 in good

yields (Scheme-0).
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Scheme 6

The displacement of alkylthio group of a-oxoketenc dithioacetals 1, on the
other hand by alkyl groups were indeed known in the literature and onc of the
earlier studies for the displacement of methyithio group by methyl group was
investigated by Corey and Chen as carly as 1973'". They reacted dimethyl
lithiocuprates with two equivalents of 1 to afford the corresponding 2-

isopropylidine cyclohexanone 17 in 96% overall vields (Scheme-7).

O Me
0 SMe H [
SMe  Me,CulLi L . [
—— R - -
R
1 17
Scheme 7
L1213

. . 1 .
Subsequently Diecter and co-workers made some detailed

investigation of organo cuprates with 1. When they recacted one equivalent of
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organo cuprates with 1, the product isolated (18) was found to be a mixture of
E and Z-isomers. Similarly, when a-oxoketene dithioacetals were reacted with
two equivalents of organo cuprates, both thiomethyl groups were displaced to
give the [,B-dialkyl-a,p-unsaturated carbonyl compound 19. They also
reacted three equivalents of organo cuprates with 1 to afford f-tertiary alkyl

ketones 20 in high yields involving the third addition in the Michael fashion

(Scheme-8).

<2
RECuli (1 eq) -
- R SMe
3\
R
18
{?
Me 1
R?Culi (2f~‘(])> R ~R2
lR SMe )
\\\ J,I{' \_,__,’I{
o 19
l 2
5 t k2
R°CuLi(3¢cq)
R R?
\\\ B ,/R'
20

Sche me-8

Apparently in the preceding examples the organo Grignard reagents
have shown 1,4-addition mode exclusively, when reacted in the presence of
Cu (1) salts. A literature survey revealed that that therc are no specific reagents

or methods available for the preparation of 1.4-addition-climination products
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derived (rom o-oxoketene dithioacetals in their exclusive £ configuration. In
search of these reagents as well as in continuation of a programmed study of
the C-C bond forming reactions of organometallic reagents with «-oxoketene
dithtoacetals, we examined the rcactivity of organo Grignard reagents with -
oxoketene dithioacctals in the presence of (N.N.N’ N'-
Tetramethylethylenediamine)Zinc(1)  chloride’’.  Surprisingly  when  a-
oxoketene dithioacetals 1 were reacted with Grignard reagents in the presence
of ZnCl, TMEDA complex, [4-addition-elimination products 22 were
obtained exclusively in I configuration which proved to be a general method
for the synthesis of £-f3-alkyl-f3-methylthio-a,3-enones. It may be noted here
that Z-isomers 21 were not formed at all in these reactions. The results of this
study are described in the following section.
RESULTS AND DISCUSSION

In the preceding scction of this chapter the nucleophilic addition studies
on o-oxokelene dithioacelals have been described. a-oxoketene dithioacctals have
been found to react with organo Grignard reagents, showing variation of 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 (ollowed 1,2-addition mode with a-oxoketene dithioacetals. The presence
of Cu (1) salts however directed the organo Grignard reagents to rcact in a 1.4-
fashion yielding exclusively 1,4-addition-elimination products of Z configuration.

We have in the present investigation thus found that when o-

oxoketene dithioacetals reacted with organo Grignard rcagents in the presence
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of Zncl,, TMEDA complex [.4-addition-¢limination products were obtained
but exclusively in the £ configuration. Thus in a typical experiment
magnesium triorganozincate, was preparcd by reacting three cequivalents of
Grignard reagents with with one equivalent of Znch,, TMEDA complex using
dicthyl ether/THF (solvent combination) 50: 50 at -20°C".

JRMgX + | ZnCl. TMEDA———> RyZnMgX (cquation 1)
Since there is no indication of the formation of magnesium (riorganozincale,
trial experiments were carried out and it was found that generally the
magnesium triorganozincates formed within twenty minutes of the rcaction.
The magnesium triorganozincate prepared in this way were rcacted with -
oxoketene dithioacetals at -20°C in ether/ THF solvent combination and stirred

for 45 minutes to yield 1,4-addition-elimination products 22 (Scheme-9).

R MgX (3 eq.)
R SMe  7nCl; TMEDA (leg.

. R 220 °C/EGO/THF J])\ SMe
i 2N

21
Scheme 9

Acetophenone mercaptal was first reacted with nBuZnMgCl To a

cooled solution i.e. -20°C of nBu:ZnMgCl in EGO/THE solvent combination a
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solution of acetophenone mercaptal was slowly added maintaining a temperature of -
20°C, until the addition was complete. The temperaturc of the rcaction mixture was

gradually raised to 0°C and stirring continued for another 45 minutes. The reaction

0/

mixture after work up yielded |-phenyl-3-methylthio-2-hepten-1-one 22d in 71%
yield. The structure of 22d was confirmed from its analytical and spectral data.
DATA
IR (CCL) Viae = 2950, 1670, 1560, 1240 cm”'. "I NMR (90 MIlz, CDCL): §
= 0.9 (t, ]~ oHz, 311, CHy); 1.40-1.62 (m, 411, CI1L,CH,): 2.29 (s, 31, SCHY),
2.8 (q, J = 6Hz, 2H, CHy); 6.42 (s, 111, =CI); 7.31-7.49 (m, 3H, Arll); 7.8-
7.91 (m, 2H, ArH). MS m/7 (235.74) (M+, 37.6) 187 (18.3), 117 (100); Anal.
Calced. for C4H,sOS (234): ¢, 71.32: H, 8.29%. Found ¢, 71.48; 11, 8.50%.
Assignment of E configuration

[-phenyl-3-methylthio-2-hepten-t-one 22d was found to be a single
geometrical isomer since all the signals in "1 NMR spectrum were found to be
sharp and ncar overlapping signals were not detected. Therclore it was
presumed that the compound must be a single gcometrical isomer. The vinylic
proton of 22d was observed at & 6.42 which is far below from those systems
for which we had assigned Z configuration, which was in turn obtamed by
reacting Grignard reagents in the presence of Cu (1) chloride with a-oxoketene
dithioacetals as described carlier. The Z-isomers gencrally displayed the

vinylic protons at & 6.94, indicating approximate idea of the possible (rans
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O

56.94 H ) 6 642y M
R

McS CHR R'H,C SMece
7 I
22d R = Ph, R” = CHLCILCH,
geometry for 22d. This was further confirmed by subjecting 22d for NOI:

studies.

1.09%

3.35%

SMe

Hzﬁ‘,

ﬁ‘,' H>

ﬁ‘: H,

CHa

22 d
From NOE studies catried out, the absorption signals of appropriate proton
centres indicated the compounds 22 in its /£ configuration. The detailed studices
are graphically represented in the structure 22d wherce the enhancement of the
vinylic protons was 3.35% when thiomethyl protons were irradiated. The

vinylic proton showed an enhancement of 8.19% when Ha was irradiated. On

the other hand enhancement of the proton of n-butyl group was a minimal
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0.5% when the vinylic proton was irradiated, confirming the thiomethyl group
and H-atom on the same side of the double bond. Thus I configuration was
confirmed unequivocally for 22d. 1t is also important to note that the chemical
shifts of the vinylic protons at & 0.4 or values below this were taken as
markers to assign [ configuration to the other open chain systems examined in
this work.

Similarly magnesium trimethyl, tricthyl, n-tripropyl zincates were
prepared and reacted with acctophenone mercaptal as described carlier to
afford the corresponding 1,4-addition-elimination products 22a-22¢ in 606-
80% overall yields. The vinylic protons in 22a appcared at § 6.40, of 22b
appearcd at 0 0.50 and 22c¢ at & 0.48 confirming /[ conformation of the
products 22a-22¢ (Table I). Acetone mercaptal was next examined as a typical
examplc of aliphatic kctone derivative. Thus when acctone mercaptal was
reacted with magnesium trimethylzincate under similar reaction conditions as
described above the unreacted reagent, acetone mercaptal was observed
(TLC). The reaction did not proceed cven after prolonging the reaction time
and raising the temperature of the reaction. In a particular attempt the reaction
mixture containing magnesium trimethylzincate and acectone mercaptal was
cooled to -78°C, but the reaction failed in our hands. It was then decided to
examine some of the higher atkyl magnesium zincate reagents and react it with

acetone mercaptal.
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Table-1

22

a

b

116

E isomers of
B-alkyl thio o B-enoens

Ph SMC

HiC SMe

"H2ACH2)ClHa
HiC SMe
H

% vyickd

67

06

80

71

60

07

05

OH vinylic

6.40)

(.50

(.48

0.45

5.70

570

5.70
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Thus magncsium n-tripropylzincate reagent was prepared as described carlier
followed by addition of acetone mercaptal maintaining rcaction temperature at
-20°C. The reaction temperature was raised to 0°C and stirring continued for
an additional 45 minutes and subsequent work up yielded the compound 22e
which  was characterised as 4-mcthylthio-3-hepten-2-onc in 60% overall
yields. The structure and configuration of 22e was confirmed from its spectral
and analytical data (sce experimental). The vinyl protons appcarcd at § 5.7 on
the basis of which £ configuration was assigned to 22e (‘Table 1). Similarly 22f
was prepared by reacting magnesium n-tributylzincate with acctone mercaptal
to yicld the corresponding 4-methylthio-3-octen-2-one 22f in 67% overall
yields. The position of the vinylic proton in this compound also appcared at &
5.7 confirming the assignment of £ configuration (Table 1). Also acetone
mercaptal was reacted with magnesium n-trihexyl zincate to vield the
corresponding 4-methylthio-3-decen-2-one 22g in 65% ovcerall yiclds (Table
I). The position of the vinylic proton in this compound also appearcd at 6 5.7
confirming the assignment of [£ confirmation. It is thus evident that the higher
alkyl magnesium zincates reacted in a facile manner with «-oxokelene

dithioacetals to yield the desired products.

Magnesium n-tributylzincatc was next reacted with mercaptal
derived from 2-acetyl furan which, under the described reaction conditions to

yield the desired product 22h in 82% overall yields. The position of vinylic
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proton at 6 0.46 was again uscd as a marker (o assign /- configuration to the

product enone (Table I1).

(Table 1) E isomers of % yicld o H vinvlic
22 f-alkylthio o.p-cnones

nBu SMe
h / \ 82 ()‘4()
O H
O
1834
) SMe 03 -
i

O CHz(CH4Clh

i &/LS Me ]2 .
olls
SMe 50
k

0 ub3u

1

The reactivity of thcse magnesium zincate rcagents with cyclic «-
oxoketenc dithioacetals was next cxamined. Thus when cyclohexanone

mercaplal was rcacted with magnesium n-tributyl, n-trihexyl and triphenyl
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zinc reagents under similar reaction conditions as described carlier it afforded

Al

the corresponding  f-alkyl-B-methylthio-o,B-cnones 22i, 22j and 22k in 063,
82 and 50% yields respectively (Table 11). The structures of 22i, 22j and 22k
were in conformity with their analytical and spectral data (scc cxperimental).
The £ configuration is tentatively assigned on the basis of the gcometry
observed in the open chain systems.

Tetralone mercaptal 221 was also reacted with magnesium -
tributyl  zincate and it yiclded the corresponding  fi-n-butyl-3-
methylthiotetralone 221 in 89% overall yields (Table 11). The structurc of 22I
was confirmed from its analytical and spectral data (sce cxperimental). The
NMR and IR data of all these compounds 22a-221 however, could not be used
to distinguish between £ and Z-isomers. The exact gcometry needs to be
confirmed possibly by X-ray studies of one of the crystalline compounds. All
these compounds derived from alkyl, aryl, cyclic ketones ete. were hquids and
efforts are being made to prepare one of the solid derivatives to get good
crystals suitable for X-ray analysis.

In Scheme-10 we have described that simple n-butyl magnesium
chloride is shown to react with 1 due to its bulk in a sequential . 4- and 1,2-
addition mode to yield 23. However when n-butyl magnesium halide is
reacted with 1 in the presence of Cu (1) iodide the reaction assumes full regio-
and sterco control to afford the corresponding Z-f3-methylthio-f3-n-butyl o[-

enones 24 exclusively. Under these conditions no 1,2-adducts were detected.
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nBu  nf3u
n-BuMgX =

SN . R SI\/’IC
v OH
) R’
R X
0 Me 0 SMe
n-BuMgX (Cul)
R SMe EO/THF/-78 °C R nu
\\\ /.R' l\\ l{'
- ~--7 24
1 O nBu
n-BuMgX (3 eq.) =

R
ZnCly. TMEDA (leq.)
ELO/THF 20°C R

Scheme 10

Under no circumstances it was possible to alter the course of the rcaction
using these conditions of Cu (1) assisted organo Grignard rcagents to obtain
1,2-addition products. It was found that these reactions yielded 1 .4-addition-
elimination products exclusively in its Z configuration. It thercfore became
necessary to develop another reagent to get only [F-isomers of these 1.4-
addition-elimination products so that we have ready methods in hand to
prepare either Z- or E-isomers as the case may be. In this context the work
described in this chapter using magnesium triorganozincate as reagent of
choice is a good method to obtain only the corresponding E-isomers without

any trace of Z-isomers. Thus we have methods to prepare cither cis- or trans-

f-alkyl-B-methylthio-a,B-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 |,3-electrpophilic centers in a-oxoketene dithioacetals.

EXPERIMENTAL SECTION
General

Proton NMR spectra were recorded as CCl, or CDCly solutions cither
on a Varian EM-390 or Bruker 300 MHz spectrometer instrument. Chemical
shifts are reported relative to tetramethyl silane as internal standard. 1R spectra
were recorded on a Perkin-Elmer 297 and 983 spectrometer in CCly solutions.
Mass spectra were recorded on a Jeol JIMS-D-300 spectrometer. Llemental

analysis were carricd out on a Hearacus CHN-O-RAPID analyscr.

CHEMICALS AND REAGENTS

Grignard grade magnesium turnings (SISCO) were uscd 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-
butylchloride, hexy!l chloride, phenyl bromide, were purchased and used as
supplied. Tetramcthylethylencdiamine (TMEDA) was purchased (I8 Merck)
and purified before use by distillation under reduced pressurc. THIE was

initially deperoxidised and then dried by keeping over sodium wire followed
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by distillation. ZnC'l;, (EE Merck) was used as such. T1.C (silica gel Acme’'s)
was used for monitoring the reactions.
STARTING MATERIALS

The commercially available acctophenone, acctone, cyclohexanone
were purified by distillation under pressure before use. I-Tetralone, bp.140-
150°C  (10omm)"*  were prepared according to rcported procedures.
Furfuraldehyde was distilled before use. The a-oxoketene dithioacetals
required for the present investigation were prepared according to the carlier
reported procedures” . The following a-oxoketenc dithioacctals  were
prepared according to the gencral procedure described in the following
section, 3,3-[Bis (methylthio)]- 1-phenyl-2-propen-1-one, mp 93°C'%, 4.4-|bis
(methylthio)]-3-buten-2-onc mp 57°C", 2-[bis (methylthio) methylenc)
cyclohexanone bp 118°C (Imm)™, 3.3-[bis (methylthio)]-1-(2"-furyl)-2-
propen-1-one'®, 2-[ bis (methylthio)] methylcnc-I—lelralo.nc mp 58°C'".
General method for the preparation of a-oxoketene dithioacetals using
sodium-t-butoxide

A mixture of corresponding kctone (0.5 mol) and carbon disulphide
(0.5 mol) in dry benzene (100 ml) was added drop wisc to an ice cooled and
well stirred suspension of sodium-t-butoxide (1.0 mol) in dry benzene and the
reaction mixture was stirred for 4-5 hrs. Methyl iodide (1.1 mol) was then
gradually added with cooling and the reaction mixturc was further stirred for 6

hrs, cooled and poured into ice cold water. The benzence layer was separated
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and the aqueous phase was extracted with benzene (200 ml), dried (anhydrous
Na,SOy4) and cvaporated to give the crude dithioacetals which were purificd

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 TMEDA was added to 10 ml saturated ZnCl, THI solution and
allowed to stand for several hours at room temperature. The crystalline

product was filtered and recrystallised from TIE mp 177 °C*.

General procedure for the reaction of a-oxoketene dithioacetals with
organozinc reagents :

The reaction of a-oxoketene dithioacetals with organozine reagents is
representative. To a sturred suspension of N,N.N'.N’-TMEDA  Zinc(1l)
chloride (0.01 mol) in 25 ml of dry THF, under nitrogen atmosphcre at -20°C,
n-butyl magnesium chloride (0.03 mol), prepared from magnesium (0.5 g,
0.02 mol) and #n-butyl chloride (0.92 mli, 0.01 mol) in 150 ml of ELO.THI
(1:1) was added drop wise and the reaction mixture was further stirred for 20
min followed by addition of acctophenonc mercaptal (0.005 mol) in THI (15
ml) at -20°C. The reaction mixture was continuously stirred for 45 min
(monitored by TLC) at 0°C and poured into saturated NH4Cl solution (100

ml), extracted with chloroform (3 x 50ml) and the organic cxtracts were
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washed with water (2 x SOml), dricd (anhydrous Na,SO,) and cvaporated
under reduced pressure to give the crude product which was purified by
column chromatography over silica gel using hexance as cluent. Similar
reaction conditions were maintained when other o-oxoketenc dithioacetals
were reacted with organozinc reagents to afford crude thiomethyl displaced
products which after purification gave analytically purc f-alkyl-f3-methylthio-
o,pB-enones. The analytical and spectral data of B-alkyl--methylthio-o,f3-
cnones 22 arc given below.

I-phenyl-3-methylthio-2-buten-1-one (22a): yicld 67%: brown dense oil; IR
(CCly) Vo = 2950, 1760, 1720, 1620, 1420, 1290, 820, cm™. 'IT NMR (90
MHz, CCly) 6 = 0.9 (t, 3H, CHjy); 1.4-1.6 (m, 411, (CH;),); 2.25 (s, 3H, CHy);
2.35 (s, 31, SCHy); 6.40 (s, 1H, =CH); 7.2-7.4 (m, 3H, Arll); 7.66-7.90 (m,
2H, Arll). Anal. Calcd. for C;H,,08 (193.19): , 68.38 ; H 6.75%. IF'ound
08.55; H, 6.90%.

I-phenyl-3-methylthio-2-pente-1-one (22b): yicld 66%; ycllow hquid; IR
(CCly) Vi = 2913, 2367, 1566, 1232, 1177, 780, 700 cm'. 'T1 NMR (90
MHz, CCly) 8 = 1.26 (t, 3H, CHy); 2.36 (s, 311, SCHA); 2.9 (q, 2H, CH,): 6.50
(s, 1H, =CH); 7.48-7.04 (m, 3H, ArH); 7.2- &1 (m, 21, Arll). MS m/7
(207.37), (M', 18.5%) 157 (71.1), 105 (84.8), 77 (100); Anal. Calcd. for
C,H 1408 (207.37): C, 69.50; H, 7.33%. Found (', 70.0; 1, 7.08%.
1-phenyl-3-methylthio-2-hexen-1-one (22¢): yield 80%; brown viscous

liquid; TR (CCly) Vaae = 2930, 1645, 1552, 1226, 700 cm’. T NMR (90 M1z,
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CCly) & = 1.0 (1, 2H, CHy); 1.65 (q, 311, CI13); 2.35 (s, 311, SCH4); 2.85 (4, 211,
CH,); 6.48 (s, IH, =CH); 7.35-7.52 (m, 3H, Arll); 7.84-8.0 (m. 211, Arll).
Anal. Caled. for C3H,OS (221.56): C, 70.47; 11, 7.84%. Found (', 70.23; 11,
7.52%.
I-phenyl-3-methylthio-2-hepten-1-one (22d): yield 71%:; yellow oil; IR
(CCly) Vinax = 2950, 1670, 1560, 1240 cm™. "1 NMR (90 MI1z, CDCl) & 0.9
(, J = 0Hz, 3H, CH;); 1.40-1.62 (m, 4H, CH,Cl,); 2.29 (s, 311, SCl5); 2.8 (q,
J =06 Hz, 2H, CH,); 6.45 (s, 111, =CH); 7.31-7.49 (m, 3H, Arll); 7.8- 7.901 (m,
2H, ArH). MS m/z (235.74) (M', 37.6) 187 (18.3), 117 (100); Anal. Calcd. for
C14H 508 (235.74): C, 71.32; 1, 8.29%. Found C, 71.48; H, 8.50%.
4-methylthio-3-hepten-2-one (22e): yicld 66%; yellow oil; IR (CCly) v
2926, 1673, 1427, 1353, 1188, 867 cm™. 'H NMR (90 MHz, CCly) 8 = 0.9 (1,
3H, CH;); 1.46 (m, 2H, CH,); 2.0 (s, 3H, CHy); 2.18 (s, 3H, SCTH5); 2.0 (1, 21,
CH,) 5.70 (s, IH, =CH). Anal. Calcd. for Cgll;,OS (159.33). (", 60.30; H,
9.54%. Found C, 60.72; H, 9.73%.
4-methylthio-3-octen-2-one (22f): yield 67%; yellow otl; IR (CCly) Vi —
2940, 1690, 1590, 1365, 925 cm™. 'H NMR (90 MHz, CCly) & = 0.9 (1, 211,
CH,); 1.31-1.5 (t, 2H, CH;); 2.1 (s, 3H, CH3): 2.2 (s, 3H, SCH3): 2.69 (1, 2H,
CH,); 5.70 (s, 1H, =CH). Anal. Caled. for Col1,OS (173.52): (', 62.29; H,
10.01%. Found C, 62.08; H, 9.89%.
4-methylthio-3-decen-2-one (22g): yicld 65%; yellow oil; IR (CCLy) vy -

2925, 1673, 1550, 1454, 1256, 1010, 971 em . 'H NMR (90 Mt/ CClLy) § =
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0.74-0.94 (m, 2H, CH,); 1.3-1.46 (m, 8H, (Clly), ); 2.1 (s, 3H, CHy); 2.2 (s,
3H, SCH3); 2.66 (q, 3H,CH;); 5.70 (s, IH, =CH). Anal. Calcd. for CH,0S
(201.88): C, 65.44; H, 10.76%. Found C, 65.12; H, 10.45%.
1-(2-furyl)-3-methylthio-2-hepten-1-one (22h): yield 82%; yellow oil; IR
(CCly) vimae = 2923, 1623, 1542, 1431, 1248, 883 e T NMR (90 Mz,
CDCl3) 6 = 0.95 (t, 3H, CHy); 1.43 (m, 2H, C11y); 1.01 (m, 211, C11,); 2.40 (s,
3H, SCHy); 2.806 (t, 3H,CH3); 6.46 (s, 1H, =CH) 6.5 (m, 1H, furfuryl); 7.14 (d,
IH, furfuryl); 7.51 (d, 1H, furfuryl). MS m/z (225.54) (M, 18.0) 195 (74.9),
147 (38.2), 95 (100). Anal. Calcd. for C;;H,,0,S (225.54): €, 63.90; I,
7.70%. Found C, 04.0; H, 7.88%.
2-]1’-(methylthio)pentylidene|cyclohexanone (22i): yicld 63%; yellow oil;
[R (CCly) Vinax = 2933, 2820,17106, 15006, 1448, 1420, 1323, 1245, 1119, 1067,
970, 888 cm'. '"H NMR (90 MHz, CCly) & = 0.9-1.2 (t, 311, CHy): 1.32-1.56
(m, 4H, (CH,),); 1.78 (t, 2H, CHy); 2.28 (s, 3H, SCH»); 2.2-2.4 (m,
4H,(CH,),); 2.41-2.78 (m, 4H, (CH,),). MS m/z (212) (M', 40.0); 197 (100)
165 (19.8); 135 (39.0). Anal. Calcd. for C11,0OS (213.89): €, 67.3&; I,
10.15%. Found C, 67.59; H, 10.48%.
2-|1°-(methylthio)heptylidene]cyclohexanone (22j): yicld 82%; yellow oil;
IR (CCly) vinax = 2853,1651, 1456, 1265, 1135, 968, 889, (682 em. 'H NMR
(90 MHz, CDCl3) & = 0.89 (t, 31, CHs); 1.26 (brs, 1811, (CHy)o): 2.35 (s, 311,
SCH;). Anal. Caled. for C4H,,0S (242.25): C, 69.41; H, 10.76%. Found C,

70.02; H, 10.93%.
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2-1’-(methylthio)benzylidine]cyclohexanone (22k): yicld 50%: vellow ol
IR (CCly) Vi~ 2925, 1658, 1504, 1002, 978, 698 em . " NMR (90 M1/,
CDCLY & = 1.2-1.32 (my, 211, CHy); 1.77-2.00 (g 6L (CTE)y) 237 (800 3
SCHy) 7.05-7.2 (m, SH A Anal. Caled. for Cy L, OS8 (233.57) €0 71,99,

11, 7.44%. Found ', 72.0; 11, 7.63%.

3. 4-Dihydro-2-[’-(methylthio)pentylidene]naphithalene-T-one (221): vield
80%: yellow ol IR (CClL) Ve 2945, 1660, 1640, 1420, 1300, 160, 015
e THENMR (90 Mz, CDCTY S = 0.90 (1 201 CHY 1AR (qu M CHE); 23
(s, 3, SCHE); 2.0 (dy 20, CHE) 2,282 (m, OFFL (CHE) )5 7.5 735 (e 3T AT
7.9 (m, TH, Arll). Anal. Caled. for Cio008 (2005.93): €0 73.30: F R.29%,

Found ', 73.82; 1, 8.32%.
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