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Abstract

The introduction section of this thesis is divided into two parts; the first
deals with the synthesis and properties of poly(sulphurnitride) and approaches to
other polymers containing sulphur nitrogen chains in their backbone. The second
part reviews 1,2-tetrathiafulvalenes and the role of 1,2-dithioles in charge transfer
complexes.

The reactions between sulphur dichloride or disulphur dichloride with
certain active methylene compounds is shown to give 1,2-dithiolium-4-olates, a
type B mesoionic ring system. The scope of this reaction and some chemistry of
the resultant compounds are described.

The reactions of amines and carbanions with 3,4,5-trichloro-1,2-dithiolium
chloride lead to neutral 5-substituted 54 -1,2-dithioles. The reactions of phenols
and naphthols with 3,4,5-trichloro-1,2-dithiolium chloride give salts in which the
phenols are bonded to the dithiole ring through carbon rather than oxygen.
Reaction of 3,4,5-trichloro-1,2-dithiolium chloride with thioacetamide gives 4,5-
dichloro-1,2-dithiol-3-thione in excellent yield.

Further reactions of the neutral S-substituted SH -1,2-dithioles with
nucleophiles leads to displacement of the chlorine in position 3. Displacement of
the less reactive chlorine in position 4 has been effected intramolecularly to give the
new [1,2]dithiol{4,5-b ][1,4]benzoxazine ring system.

Treatment of 4,5-dichloro-1,2-dithiol-3-one with the same range of
nucleophiles usually results in displacement of the chlorine in position 5 but with
the carbanion of dimedone a highly substituted pyrone is formed.
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Abbreviations

A Angstrom unit

BOC t -butoxycarbonyl

n -BuLi n -butyllithium

CS carbon monosulphide

(CS)n poly(carbonmonosulphide)

DBU 1,8-diazabicyclo-[5.4.0Jundecene-7
DCM dichloromethane

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
DMAP dimethylaminopyridine

DMF dimethylformamide

ESR electron spin resonance

IR infra-red

NMR nuclear magnetic resonance

Sa2N», disulphur dinitride

S4Ny4 tetrasulphur tetranitride

(SN)x poly(sulphumitride)

THF tetrahydrofuran

TLC thin layer chromatography

Uv ultra-violet



Chapter One

Sulphur nitrogen polymers and 1,2-dithioles in
charge transfer complexes



1.1 Introduction

It was suggested as long ago as 1911 that it may be possible 'to prepare
composite metallic substances from non-metallic constituent elements'.! In the past
two decades much research has been carried out on 'organic metals' and is the
subject of many excellent reviews.2-5

Organic metals fall broadly into two categories - conducting polymers and
charge transfer complexes. Conducting polymers are highly conjugated, and
conduction is believed to occur along the conjugated chain. This means the
electronic transport is highly anisotropic and so conducting polymers are one-
dimensional metals. |

Charge transfer complexes consist of a donor molecule and an acceptor
molecule. One or both of these components must be a planar molecule with a
delocalised z-electron system. In the crystal lattice the component molecules must
segregate into two types of stack; one of donor molecules and one of acceptor
molecules. These stack closely face to face which favours extensive n-overlap and
forms an energy band along the stacking axis; again this conductivity is highly
anisotropic. The first charge transfer complex of this type was made in 1973 which
consisted of 1,3-tetrathiafulvalene (TTF, 1) as the donor, and 7,7,8,8-tetracyano-p
-quinodimethane (TCNQ, 2) as the acceptor, and was found to be metallic in
character.6

H H
S S NC CN
L~X, O
H”™S S7™H NC CN
1 2

In the Hofmann laboratory, a group are studying the synthesis and
chemistry of various sulphur-nitrogen heterocycles with particular reference to their
possible use as organic'metals. The work I have undertaken involves synthesis
and modification of 1,2-dithioles, with a view to preparing monomers to give
conducting polymers. Thus this review will consider the preparation and properties
of conducting polymers which contain a large proportion of sulphur and/or
nitrogen, and synthetic approaches to these. Charge transfer complexes which
involve 1,2-dithiole rings, including the less known 1,2 -tetrathiafulvalene are also

reviewed.
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1.2  Poly(sulphur-nitride)

Poly(sulphur-nitride) (3) was first synthesized as bronze coloured crystals
by Burt in 1910 and is the first example of a polymeric metal.? Becke-Goehring
carried out some systematic work on the formation and properties of (SN)x in the
1950s and noted that it behaved as a semi-conductor.8 Labes er al. studied the
electrical conductivity and discovered that along the polymer chain the material was
metallic over the entire temperature range investigated (4.2-300 K).9 The exciting
observation that (SN)y is superconducting at 0.26 K was made in 1975 by Greene,
Street, and Suter.10 This latter discovery stimulated a lot of interest in (SN)y ;
however only crystals of high purity, which are prepared and maintained ir vacuo ,
are stable at room temperature indefinitely.11

N N N N
\/ \ 7,
\S/ \S/ \S/ \S/ \S/

3

As can be seen from the diagram above, the (SN)x polymer consists
formally of alternating sulphur and nitrogen atoms, with sulphur existing in the
oxidation states two and four when a valence bond model is used. Conduction
occurs along the SN chain and can be viewed, very simplistically, in terms of
electron movement as follows:

~

NN Na -
Nt~ 'S N

1.2.1. Synthesis of (SN)x

The (SN)x polymer was originally synthesized from tetrasulphur
tetranitride, S4N4, which is prepared from ammonia and disulphur dichloride.12
Tetrasulphur tetranitride is cleaved by passing the hot vapour in vacuo through
heated silver gauze, a fairly precarious proceeding considering the explosive nature
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of S4N4. Apart from a few modifications this is still the method used for the
preparation of (SN)x. Microcrystalline (SN)x has been prepared by treatment of
bistrimethylsilylsulphurdiimine with sulphur dichloride; however the conductivity
of this material is five orders of magnitude lower than for solid state polymerized
(SN)x.13

It is thought that the cleavage of S4N4 vapour occurs in two stages; the first
being reaction of S4N4 with silver to give silver sulphide and nitrogen. Then the
silver sulphide formed in the first stage catalyzes the thermal splitting of S4N4
(Scheme 1.1):11

S4N4 + 8Ag — 4AQZS + 2N2

Al
SN, —E3 SN,

Scheme 1.1

Disulphur dinitride is recognized to be the important intermediate in the
preparation of (SN)x.l14 It is a clear, colourless crystalline solid at room
temperature, however it is stable only at low temperatures and polymerizes in the
solid state to (SN)x.8 Modern methods of preparing (SN), involve the synthesis
and trapping of disulphur dinitride, followed by controlled solid state
polymerization. Formation of good quality crystals of disulphur dinitride seems
very important; this is achieved by transport of SoN2 to a trap at 0 °C where crystal
growth is allowed to take place. Polymerization has been effected in various ways,
at room temperature for several weeks, or by annealing at 75 °C for 2 h to cite just
two examples.15, 16 Crystal quality is very important in terms of the electrical
properties of (SN)x and there has been much debate about the best method to give
consistently good quality crystals.17

Well-formed crystals of (SN)x are usually several millimetres in length, and
are bright golden and lustrous in appearance. These crystals consist of highly
oriented parallel fibre bundles. The fibres themselves are made up of parallel (SN)
chains and are in the order of several hundred angstroms in diameter. The ends of
the crystals are blue-black due to the fibre bundle tips.!1

A common way of improving the conductivity of a polymer is to use a
procedure termed doping. This is a chemical manipulation, which involves adding
either an oxidizing or reducing agent to the polymer. It is not understood why this
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improves the conductivity. Hence when (SN)y is treated with bromine a new

substance is formed having a formula (SNBrg4). Street et al. prepared this and

reported its conductivity to be an order of magnitude higher than that for (SN),.18

However this is not a new material since it has been mentioned earlier by Goehring
“in a 1956 review.8
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1.3 Oligomeric analogues of poly(sulphur-nitride)

Since the discovery that (SN) is superconducting, several groups have
tried to prepare analogues in order to obtain materials with superior conducting
properties and better processing qualities as well as improved stability.

One area of this research was to build up chains of SN units i.e. oligomers
of (SN)x with suitable end groups in order to study their properties.
Sulphurdiimines (4) are the most common members of this group.1? Also well
established are the trisulphur diimines (5).20

[RNsNR|  [RSNsNsR]
4 5
R,R'=Any

The longest chains of SN units (apart from (SN)y) reported prior to 1974
were found in compounds (6).21

[R? NSNSNSNR?]

6
R2 = t-Bu, Me3Si, diphenylmethylene

In 1977, Kuyper and Street published a paper on oligomeric analogues of
(SN)x i.e. [R(SN)pR1] and [R(SN),SR1].22 They treated
bis(trimethylsilyl)sulphurdiimine (7) with arylsulphenyl chlorides; when a 1:1 ratio
of these reactants was used the 1-aryl-4-trimethylsilyldisulphurdinitride (8) was
obtained. If a 2:1 ratio of arylsulphenyl chloride to (7) was used the corresponding
symmetrical 1,5-diaryltrisulphurdinitride (9) was obtained in high yield (70-90%).
The mixed aryl derivatives could also be prepared although yields were lower.

ArSCI
Me,SiNSNSiMe; —= ArSNSNSiMe; + Me,SiCl
7 8

) . 2ArSClI
MesSiNSNSiMe; —— ArSNSNSAr + 2Me,;SiCl

9
9a Ar=4-CiCqHy; 9d Ar=2,4-(NO)2Cs Ha:
9b Ar=4-NO,Cg Hy; 9e Ar = 4~MeOC5 Hy;

9¢ Ar=2-NO,CgHy; 9f Ar =4-MeCgHy.
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There are two configurations proposed for compounds (8), trans,trans and
cis,trans. In the case of compounds (9), an X-ray has been reported for the 4-
chlorophenyl analogue which shows a cis,cis configuration.23 It is known that
there is some form of bonding between the 1,5 sulphurs as the distance between
them is less than the sum of their van der Waals radii.

— i .M P
Ar S‘N,,S\\ N,SnMeg N"S‘\N'& es N'S“N
Ar=S Ar—=S  S-Ar
trans,trans cis,trans cis,cis
8 9

In a similar way the 4-methoxyphenyl compound (9e) was prepared by
Chien et al. and conductivity measurements were carried out on this and the 4-
nitrophenyl compound (9b).24 They were found to have high resistivities;
however when doped with bromine they became semi-conductors. It was noted
that there was a marked disparity in doping rates, the 4-nitrophenyl compound
being much slower; this is attributed to the fact that a positive charge is formed by
the p -type bromine dopant which is stabilized by the electron-donating methoxy
group but destabilized by the electron-withdrawing nitro group.

In the case of the aryl groups being 4-chlorophenyl (9a) or 4-methylphenyl
(9f) an unusual reaction took place when these were treated with another
equivalent of arylsulphenyl chloride . Golden needles with a metallic appearance
were formed in high yield and found to be.a tetrasulphurtrinitride salt (10).25 4-
Methyldiphenyldisulphide (11) was observed also.

2(4-MePhSNSNSPhMe-4) + 4-MePhSCI

9b l
(4-MePhSNSNSNSPhMe-4)Cl : + (4-MePhS), + N,
10 11
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Some examples of trisulphur tetranitrides have been made. Appel er al.
obtained compound (13) by treating N -t -butyl-N’ -trimethylsilylsulphurdiimine
(12) with sulphur dichloride:26

2t -BuNSNSiMe; + SCl, —>  t-BuNSNSNSNBu-t
12 13

If two moles of bistrimethylsilylsulphurdiimine (7) were reacted with one
mole of sulphur dichloride the corresponding trisulphur tetranitride compound (14)
was obtained which had trimethylsilyl groups as end groups.2’ |

2 Me;SiNSNSiMe; + SCl, —— Me3SiNSNSNSNSiMeg
14

When (14) was treated with another mole of sulphur dichloride, instead of
getting another coupling reaction as hoped, tetrasulphur tetranitride was the only
product observed.

Pentasulphur tetranitride chains have also been made. In two examples the
sulphurs adjacent to the end groups are present as sulphone moieties. However
their preparations were very different; bis(methylsulphonyl)trisulphur tetranitride
(15) resulted from chlorotrithiadiazolium chloride (16) and
methylsulphonylamine;28 whereas bis(tosyl)trisulphur tetranitride (17) arises from
N -sulphinyltrimethylsilylamine (18) and S, -dichloro-N -tosyliminosulfurane
(19).29

+
S-N, — MeSO,NH,
| ‘s-Cl|Cl ———= MeSO,NSNSNSNSO,Me
N=S
16 15

MesSiN=S=0 + R-N=SCl, — RNSNSNSNR
18 19 17
R =tosyl
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Kuyper and Street also made pentasulphur tetranitride compounds (20) by
reaction of (8) with sulphur dichloride in a 2:1 ratio.22 These compounds were
golden metallic in appearance. They used UV-visible absorptions as a measure of
the extent of electron delocalization in the series of oligomeric SN compounds they
had prepared and observed an increase in red shift with increasing SN chain
length.

2ArSNSNSiMe; + SCl, —= ArSNSNSNSNSAr
8 20

The longest non-polymeric sulphur-nitrogen chain synthesized has eleven
alternating atoms.30 It was found that the S,S -dioxide of tetrasulphur tetranitride
(21) with triphenylarsane undergoes a ring contraction to give an adduct (22)
which is stable to air and hydrolysis. In acetone solution however (22) slowly
loses sulphur and tetrasulphur tetranitride to give the product (23) which contains a
pentasulphur hexanitride chain.

N~“* N
: NS PhaAs S‘.\,N~.S',N~"S\: NAsPh,
NN N-S
22
21 -S4N4
-Sg
QP P
PhsAs=N" N N7 N=AsPhg
s, s
'N’S'N
23

Chien and his group extended the work by making oligomers of (SN)x with
a phenyl group between two trisulphur dinitride chains.24 By treating p -
phenylenedisulphenyl chloride with two equivalents of
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bistrimethylsilylsulphurdiimine (7), compound (24) was obtained. This in turn,
when treated with a suitable substituted sulphenyl chloride, gave the oligomer (25).

cns-@-sm L. MessiNSNS—@—SNSNSiM%

24

R—@—SNSNS—@-SNSNS—@—R
25

R = Me, MeO, NO,

The conductivities of these compounds (25) were also measured, and it
was observed that the order of conductivity in the undoped compounds was MeO >
Me > NO3. When doped the conductivity was at least one order of magnitude
higher than the corresponding compounds (9) and the order upon doping was MeO
~Me >NOs,
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1.4 SN polymers with spacer groups
1.4.1 SN polymers with aromatic spacer groups

The first polymers containing SN units and spacer groups was published by
Scherer et al. in 1982.31 Their strategy was to use either sulphur dichloride or p -
phenylenedisulphenyl chlorides with silylated diamines and diimines to give several
polymers. The longest SN chain present in any of these polymers was a trisulphur
tetranitride unit. All the SN units were situated para to each other on the phenyl
rings. The simplest example had a sulphur diimine group between the phenylene
rings (26). It was prepared in two ways, either by treating disilyldiiminoquinone
(27) with sulphur dichloride, or, by reaction of p -phenylenediamine or its
tetratrimethylsilyl derivative with the reagent (28).

SCl, + RN=<:>=NR \
| 27

CIZSN—Q-NSCI2 + R2N—©—NR2
28

By taking p -phenylenedisulphenyl chloride with
bistrimethylsilylsulphurdiimine an analogous polymer was formed which had a
trisulphurdinitride group between the phenyl rings (29):

n
29
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If bistrimethylsilylcarbodiimine is taken with p -phenylenedisulphenyl
chloride a very similar polymer (30) is formed:

RNCNR
ClS—@—SCI e SNCNS

30

The longest chain of alternating sulphur nitrogen atoms between phenyl
rings was a trisulphur tetranitride unit (31) and was prepared in two ways; by
reaction of (28) with tetra(trimethylsilyl)sulphurdiamine and also by treatment of
compound (32), where R is TMS, with sulphur dichloride.

SCl
RNSN—@—NSNR —_—

32 — @NSNSNSN

n
CleN—®_N80|2 31
R2NSNR

28

If thionyl chloride was used instead of sulphur dichloride above, the
polymer obtained (33) had a sulphoxide group in the centre of the SN chain i.e.

SOCl, O
RNSN—@—NSNR — N=S=N-S-N=S=N
n
3

3

In each of the above cases there has been an odd number of sulphur atoms
between the phenyl rings. Examples with just one SN unit (34) and also two SN
units i.e. SNSN (35) between phenyl rings have also been prepared. p -
Phenylenedisulphenyl chloride with bistrimethylsilyldiiminoquinone (27) gave
(34), whereas use of () resulted in (35).
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ms—@—scn 27, «[@-sm:@:m
n
34
28
ms—@—scu 28 SNSN—@—NSNS
n
35

This work was extended to incorporate heterocyclic spacer units rather than
benzene rings.32  Using bistrimethylsilylsulphurdiimine (7) and
bistrimethylsilyltrisulphurtetranitride (14) to supply the sulphur nitrogen chains,
the heterocyclic units were based on thiophene, pyridine and thiadiazole. Thus
pyridine-2,6-bis(sulphenyl) chloride (36) was used to give the two polymers [(37)
and (38)] shown below:

7 RNSNR =
) == |

cis 3“6 SCl N™ “sNsNs

\

7
RNSNSNSNR 3

7

< |
N™ “SNSNSNSNS

38
This pyridine reagent was also reacted with bistrimethylsilyldiiminoquinone

(27) to give a polymer (39) with a much lower proportion of sulphur and nitrogen
compared to those already described.
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7
2 > l
Q - RN=C>=NH—> 4N SN=C>=NS
cis” "N” “sci i n
36 ' 27 39

The thiophene reagent used (40) was first prepared by Wud! by treating
2,5-diamino-3,4-dicyanothiophene with an excess of sulphur dichloride.33
Wolmerhauser and his group only report the reaction of this reagent with
bistrimethylsilylsulphurdiimine to give the polymer (41) shown.

NC CN NC CN
= RNSNR ={
———
CISN” 8" “NSCI 4{)\_3_S§ NSNSNSN-L
40 41

The final reagent used by Wolmershauser was the thiadiazole (42) which
was reacted with both (7) and (14) to give the corresponding polymers [(43) and
44)]:

N-N RNSNR N-N
AXNg — M
cIs” Ng” scl s~ “SNSNS
. n
42 43
RNSNSNSNR
N-N
/B

S” "SNSNSNSNS

44

Both these polymers were obtained as black or highly coloured powders
and are presumably microcrystalline. Only (44) is not stable to air and is stored in
a dry nitrogen atmosphere, and was not tested for conductivity. Of the other
polymers synthesized, all were found to be insulators in the pristine state except for
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(41) which was found to have a comparatively high conductivity. Doping with
iodine had no effect on the conductivity of (41), but increased the conductivity of
(37) and (43) by several orders of magnitude; a colour change from red to black
was also observed. The latter two polymers were similar in that they both contain
a trisulphur dinitride chain. The conductivity of (41) was six orders of magnitude
higher than any of the other undoped polymers and it was postulated that the
electronegative cyano groups present were causing this effect.

Wolmershauser er al. published an overview of their work, and drew some
conclusions about the conductivity of the polymers they had made.13 First of all
they noted that conductivity was higher when nitrogen was the link between the
organic group and sulphur nitrogen chain; conversely sulphur links gave low
conductivity. The highest conductivity values were shown by polymers containing
the group (45); this was attributed to intrinsic doping i.e. the highly
electronegative cyano groups reduce the electron density in the conjugated chain
hence acting as an intramolecular dopant. This explanation also accounts for the
inability to increase the conductivity of these polymers containing such a
'thiophene’ unit by use of an extrinsic dopant e.g. iodine.

NC CN
AN
45

Chien et al. made a series of polymers [(41), (46), (47), and (48)] with
(45) being the common spacer unit and varying the SN units by using reagents (7),
(14), and (24) respectively.34 Conductivity measurements on their sample of (41)
were found to be smaller than those reported by Wolmershauser et al. 13 However
the conductivity reported for (46) was the same for both groups. When the
measured
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NC, NC CN

CN
Iiee — 45
cisN” 87 Nscl 5 NSN=C>'=NSN

n
14 46
NC_ CN
24 -
S” NSNSNSNSNSN ==
47
Y
NC_ CON

o "
s NSNSNS—@—SNSNSN

48

conductivities for these polymers were compared it was found that (46)
and (48) have lower conductivity than (41) and (47), with (48) being the lowest.
Hence it seems that the presence of the quinonoid moiety reduces conductivity and
phenylene rings separating the SN segments even more so.

Different doping agents were tried with these polymers. AsFs5 is
commonly used as the dopant with conducting polymers such as polyacetylene,
poly-(p -phenylene) and poly(phenylene sulphide). However (41) degrades
rapidly if treated with AsFs, the colour of the polymer going from black to brown.
Iodine is another commonly used dopant but has been shown to have no effect on
SN polymers. Bromine when used as the dopant had a marked effect, if
conductivity was measured immediately after doping, with a rise in conductivity of
five orders of magnitude. However, after evacuation, the values of conductivity
were very similar to the original undoped samples showing the doping process to
be reversible. It was also noted that conductivity does not depend solely on
chemical composition of the polymer but also on morphology; all these polymers
are microcrystalline powders similar to (SN)y made from
bistrimethylsilylsulphurdiimine and sulphur dichloride.

All the polymers described so far are insoluble, which makes their
characterization and application complicated. Chien and Ramakrishnan prepared
some polymers with alkyl spacers to try to obtain soluble polymers with a high
sulphur-nitrogen content.35 The spacers they used were more flexible than any
used previously and consisted of a diester with either an alky! or ether linkage:



24

PhS—@—COZ—R—Coz—Q-SPh

R = (CHa)y, CHaCH,OCH,CH, , (CHyCH,0),CH,CH, .

49

It had been observed previously that electron-donating groups on the
phenylthiazyl segments enhanced the charge transfer complexing when doped with
bromine.2* However the weakly electron-withdrawing ester linkage was used to
link the phenylthiazy] and spacer units for two reasons, both synthetic. First of all
sulphuryl chloride which is used to chlorinolyze the benzyl sulphide also
chlorinates the aromatic ring if it contains electron-releasing groups. Also in
sulphenyl chlorides with electron-releasing groups a side reaction occurs leading
to the formation of a salt which would preclude the formation of a uniform high
polymer.22

Hence polymers (50) were made from (47) using sulphuryl chloride to
remove the benzyl protecting group and form the sulphenyl chloride. This was
followed by reaction of the bis(sulphenyl) chloride with
bistrimethylsilylsulphurdiimine, or in one case using the reagent (24) .

n
50

R'= SNSNS R? = (CHy)yo , CH;CH,OCH,CH,
or (CH20H20)2CH20H2
R'= SNSNSCgH,SNSNS  R?= (CH,CH,0),CH,CHp.

It was found that the polymer with the-triethylene glycol spacer and
phenyltrisulphurdiimine as the SN unit was soluble and fusible. However when
the SN unit was p —phenylenedithiobis(phenyldithiazyl) the polymer was insoluble;
this was attributed to stronger interactions between the longer thiazyl segments.
The conductivity of these polymers upon doping with bromine was comparable to
those mentioned previously.
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1.4.2 Alternative approaches to SN polymers

As early as 1977 Wudl had suggested that the future of organic metals, from
a conductivity point of view, lay in o-bonded systems with n-delocalization.36

Using (SN)x as a model he envisaged a polymeric system where the nitrogen
atoms were replaced by carbon (Scheme 1.2).

QS"N\S’NQSI’N‘S’Nésé — '\\S//LS/L\SJ\SJ\\SJ\S/

Scheme 1.2

Some work was undertaken to attempt to produce such a polymer (53) via
isobenzothiophene (51) which was chloromercurated to give (52) in quantitative
yield. This was treated with sulphur dichloride, however the product obtained was
shown still to contain mercury.

HgCl
HgCl>

\ A
Co =
51 52 HgCl
| so

Y
N7 s

53

Later Wudl extended this idea by making polymers from diaminothiophenes
using cyano substituents to try to stabilize the electron-rich heterocyclic ring.33 One
precursor was 3,4-dicyano-2,5-bis(sulphinylamino)thiophene (54) which was
prepared by prolonged reaction of 2,5-diamino-3,4-dicyanothiophene with neat
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thionyl chloride. When treated with pyridine a black polymeric substance (§5) was
obtained which was assumed to have the structure shown, but elemental analysis
indicated that pyridine had also been incorporated.

NC CN NC CN
W= [
OSN"Ng” NSO N“>s” "N=S

n
54 55

Other attempts to polymerize this monomer using heat or aluminum chloride
resulted in black intractable tars. Thus Wudl prepared (40) as red crystals from
2,5-diamino-3,4-dicyanothiophene and an excess of sulphur dichloride.

NC CN NC CN

CISN” *g” “NSCI

H,N" S” “NH,

a0

Treatment of (40) with an excess of tetrabutylammonium iodide afforded
complete dechlorination and reduction to a radical anion with tetrabutylammonium
as a counter ion. This is another exarhple where the reagent has become
incorporated into the polymeric product.

Thus it can be seen that several examples of polymers containing a high
proportion of sulphur and nitrogen in a conjugated chain analogous in structure to
(SN)x have been prepared. However there has been very little work on the
morphology of these polymers which appears to have a pronounced effect on the
conductivity, whereas much research on the synthesis of (SN)x has been devoted
to this.
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1.5 Polymerization of CS

The formation of CS was first reported by Loew in 1868 and Sidot in 1872
who observed the formation of a brown precipitate when carbon disulphide was
exposed to sunlight.37, 38 Dewar and Jones produced CS by treatment of nickel
tetracarbonyl with thiophosgene which gave a non-conductive brown black
powder.39 They also trapped monomeric CS at -196 °C from an electrical discharge
of CS». It was obtained as a crystalline colourless solid or a glassy, amorphous
condensate which slowly turned brown giving the polymer.40 (Scheme 1.3)

cS, —= (CS),

NiCO), + CSCl, —= (CS), + NiCl, + CO
cs, —=CS —= (CS),

Scheme 1.3

The polymerization of monomeric CS does not take place readily in the gas
phase; a surface is required, usually provided by carbon, which helps to control the
polymerization process. Otherwise the polymerization is violent.

(CS)n was found to be readily soluble only in concentrated sulphuric or
nitric acid, and solutions of sodium hydroxide or ammonia in water or alcohol. The
polymer could be precipitated by adding water to the acidic solutions and acid to
the basic solutions.

The polymer is stable to heat; only a slight evolution of hydrogen sulphide
was observed at 360 °C. Above 360 °C carbon disulphide was evolved leaving
mainly carbon. Elemental analysis showed a C:S molar ratio of 1:1. X-ray analyses
of the CS polymer showed that the material was amorphous. X-ray photoelectron
spectroscopy studies of the polymer showed that there were two types of carbon at
values which were suggestive of aromatic-like carbons. IR shows weak bands due
to C-S, C=S and C=C. No 13C signals were found in the NMR (solid state).41

There have been several structures postulated for this polymer. However it
has proved difficult to reproduce the polymer synthesis to give the same properties
and stoichiometry. One possible structure is given below based on a 1,2-dithiol
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ring system (Scheme 1.4), though it is possible that the actual structure of (CS); is
far more complex than this.

S- S—S+ S-

S § S ;
MH'/ \')WW
S 8§ § S S—S+ S S—S5+

Scheme 1.4
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1.6  1,2-Tetrathiafulvalenes

1,3-Tetrathiafulvalenes have been known for many years and their synthesis
and chemistry is well developed. Conversely 1,2-tetrathiafulvalene (56) was first
made in 1975 and the chemistry is poorly developed.#2 Most pathways to 1,2-TTF
start from 1,2 -dithioles, the syntheses of which are reviewed very briefly.

1.6.1. Syntheses of 1,2-dithioles

a) 1,2-Dithiol-3-thiones (57): High temperature sulphurization (200-500 °C)
of hydrocarbons yields 1,2-dithiol-3-thiones (trithiones). The yields are good in
some cases and may be increased by the use of basic catalysts e.g.
diphenylguanidine (Scheme 1.5).43

A, Sg S-8
or = —_— N
catalyst S
57
Scheme 1.5

Sulphurization of B-ketoesters (58) and their derivatives with phosphorous
pentasulphide in the presence of sulphur also gives these trithiones very
efficiently.#4 Use of the 2,4-diphospha-1,3-dithietane (Lawesson's reagent) as the
sulphurizing agent increases the yield in most cases.#3

O O
S-S
P4S10 .
OR —m—= N
or Lawesson's S
reagent
58

Trithiones can also be obtained from enamines, carbon disulphide and
sulphur (Scheme 1.6):46
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ANV 4 -
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——————
N\, DM A(KS
Scheme 1.6

b) 1,2-Dithiol-3-ones: Desulphurization of the corresponding 1,2-dithiol-3-
thiones using mercuric acetate gives the 1,2-dithiol-3-ones (59):47

578 Hgoa 7S

=

59

- They can also be synthesized from acyclic compounds e.g. the
sulphurization of cinnamic esters with sulphur at 250 °C gives 5-phenyl-1,2-dithiol-
3-one in 65% yield.48 A more versatile method of making 1,2-dithiol-3-ones is
from B-keto esters and proceeds via the B-acetyldithioacrylic esters (Scheme 1.7).49

O O .SAc _
S HCI, MeOH 5=
)H/U\OR: )ﬁ/COOMe —_— Aﬁo
Scheme 1.7

c¢) 3H -1,2-dithiolium salts: these are obtained from the trithiones by
oxidation using a suitable oxidizing agent e.g. peracetic acid, hydrogen peroxide or
nitric acid.’0 They are also available from simple acylic precursors such as 1,3-
diketones or from P-ketoallyl chlorides with diacetyl disulphide in the presence of
strong acids (Scheme 1.8).51 -
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S\—S H202, S S Aczsz
/Kﬁ S AcOOH or /H/u\
HNO3
Scheme 1.8

d) 3-Chloro-1,2-dithiolium salts: These are prepared from either the
corresponding 1,2-dithiol-3-thiones or 1,2-dithiol-3-ones by treatment with halogen
transfer agents e.g. phosphorous pentachloride, oxalyl chloride or phosphorous
oxychloride (Scheme 1.9).52

S-S S-S+

YCl> \
/SAX ‘ > /'\ C'

Y = PCl3, POC}, SO, CO.

X=0,8.
Scheme 1.9

e) Organylthio-1,2-dithiolium salts: The thione group in 1,2-dithiol-3-
thiones is strongly polar and is easily attacked by electrophiles. Sulphenyl halides
are formed if the trithiones are treated with halogens, anodic oxidation affords the
disulphides.53: 54 Acylation of the sulphur occurs with a suitable acylating agent
and perchloric acid;33 arylation of the sulphur occurs with aryldiazonium salts
(Scheme 1.10).56 As these organylthio groups can easily be replaced by
nucleophiles and are readily available they are of great synthetic interest.
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1.6.2. Synthesis of 1,2-TTF

The most successful and widely applicable method of forming 1,2 TTF has
been by reductive dimerization of 1,2-dithiolium salts. Cathodic reduction of the
dithiolium salts gives the corresponding 1,2-dithiolium radical (59) which can then
dimerize to give the dihydro-1,2-TTF derivative (60).57

59 60

The stability of the radical and the dimerization step depend on both the
nature of R! and R2 and also the temperature. In the case shown where R2is
hydrogen the equilibrium lies on the side of the dimers and conversely when R2 is
phenyl the equilibrium lies to the side of the radical. If the radical receives another
electron during the reduction process then the dithiolium anion is formed; this step
is irreversible due to the formation of the dithidiketonate anion (Scheme 1.11).
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Scheme 1.11

The usual reagents for the preparative reduction of the dithiolium salts to the
dimers are zinc and aqueous titanium (III) chloride solutions although silver has
been used.58 Several different oxidizing agents have been used to obtain the 1,2-
TTF (61) from the dihydro compound including air, DDQ, and selenium oxide.42
Oxidation of the dimers using iodine, bromine or electrochemical oxidation results
in dithiolium salts.5

S—S H R2 8—S R2?
_ Rl — ™ R
R? H N =Y \
R2" S—S RZ2 S—S
60 61

Reduction of 3-chloro-1,2-dithiolium salts with zinc, silver or aqueous
titanium (IIT) chloride gives 1,2 TTF directly (Scheme 1.12):58

—_— — 2
S—S+ zn Ag S—S R At
NS
)\KKCI or -rICIG R1M
R? S—S

Scheme 1.12

The dimerization of 3-alkylthio-1,2-dithiolium salts requires zinc as a
reducing agent and sometimes the presence of bromine to act as an oxidative
'extractor’ for the alkylthio groups (Scheme 1.13).59
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S—S+ S—S R?
N I _Z_nirz» N R1
R )\(ksa R’ )M
R? RZ S—S

Scheme 1.13

In certain cases i.e. where R! is phenyl and R2 is hydrogen and where R!
and R2 are (CH=CH)j, two isomers of 1,2-TTF are obtained, the trans (61a) and
cis "(61b) forms. These are characterized by their different UV-visible spectra and
conversion of one form to the other is carried out either thermally or
photochemically. In the cases where R2 is methyl or phenyl only one isomer is
obtained.59

—S 2
S i R! S—S
D
R2 §—§ R' N
R2 — S
R2
61a 61b R?

In all the above reactions not only is the relevant 1,2-TTF formed but also
the corresponding trithiones and in some cases also the 1,2-dithiol-3-ones and
thieno[3,2-b ]Jthiophenes.

Another method of synthesizing 1,2-TTF has been reported which uses the
thiolates, which are treated successively with carbon disulphide and hydrochloric
acid. This gives amino substituted 1,2-TTF in 7-30% yields (Scheme 1.14).60

S S—S R
RZ\ CSs 2 !
1'N,§ HCl R \Q]W\(N‘R2
R R - S—S

R'=Me; R?=Me, Ph
R' R?= (CHp)s, (CH;)20(CH,),.

Scheme 1.14



35

A procedure was also reported to synthesize 1,2 TTF with alkylthio and
acetyloxy-substituted groups. This was achieved by refluxing the substituted 1,2-
dithiolium salts or 3,5-bis(alkylthio)-1,2-dithiolium-4-olates in acetic anhydride in
the presence of a base e.g. triethylamine (Scheme 1.15).61

S-—-|S+ EteN, Ac,0 S—S xR'

N — ™ SR
RS SR RS =
XR XR! S—S

Where X=S,0 and R =H, alkyl, acetyl.

Scheme 1.15

1.6.3. Properties of 1,2-tetrathiafulvalenes.

1,2 -TTF are deeply coloured except the amino substituted analogues which
are reported to be yellow, and are sparingly soluble in common organic solvents.
1,2-TTF are less thermally stable than 1,3-TTF, for example in boiling tetraline
1,2-TTF (where R! and R2 are phenyl 62) is converted to the thieno[3,2-b
Jthiophene (63) in 80% yield.42

S—S Ph
N N Ph  tetralin, A Ph_ S Ph

Ph > \ /

\
Ph S§—8 o s”~Ph

62 63

1,2-TTF are very similar to 1,3-TTF in their redox properties. Oxidation to
the radical cation or the di-cation can be achieved by using an appropriate oxidizing
agent. The neutral 1,2-TTF can proportionate with the di-cations to the radical
cation. Zinc or titanium (IIT) chloride reduces the ;:au'ons back to neutral 1,2-TTF,
hence 1,2-TTF are typical reversible redox systems (Scheme 1.16).62
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S
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Scheme

1.64. Charge transfer complexes of 1,2-TTF

Charge transfer complexes of 1,2-TTF with several acceptors e.g. DDQ,
TCNQ, tetracyanoethylene, and tetrafluorotetracyanoquinodimethane have been
prepared. Only 1:1 donor-acceptor complexes have been isolated and the donor and
acceptor radical ions have been identified in the electron spectra. However the
experimental data available is very limited so general conclusions cannot be drawn.

1.6.5. Towards polymeric 1,2-TTF

Poly(acetylene) is known to be a semi-conductor; in 1977 it was noted that
if poly(acetylene) is doped with bromine, iodine or AsFs, then its resistance
decreases dramatically and gives polymers with metal-like properties.63 If a
polymeric form of 1,2-TTF (64) is considered then it can be seen to consist of a
poly(acetylene) backbone with the carbon atoms substituted with sulphur. Such a
polymer could be expected to have high electrical conductivity and is also a possible
stucture for (CS)x.64

There were two approaches to the synthesis of this polymer, The first
would be to synthesize the polyacetylenes (65), remove the protecting alkyl groups
and then connect the 1,3 sulphur atoms. Several examples of the acetylenes (65a)
were made and polymerized, however reductive alkylation failed as the sulphur-
polymer backbone bonds were cleaved as well as the sulphur-alkyl bonds.

S
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catalyst
RS—=—=—SR ——»
solvent
SH n
65a 65

The second strategy was to synthesize monomeric dithiolo-dithioles (66)
which was achieved by reaction of perchlorobutadiene with sodium pentasulphide
in DMF. Salts were made from this dithione in the usual way. However reduction
of the di-cation (67) gave many products which could not be isolated.

Cl Cl NagS S—S +SI.—S
axo5 Mel
C! ANAC -—*S}\fkfs——* MeS Z l SMe
cl Cl S—S S—S+

66a 66 67
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1.7 1,2-Dithioles in charge transfer complexes.

The first report of 1,2-dithioles acting as charge transfer agents came from
Pedersen and Loayza in 1975.65 They found that a mixture of the anion of 4-
phenyl-3-thiol-1,2-dithiol-3-thione and 1,2 dithiolium salts formed charge transfer
salts (Scheme 1.17).

S'-@-S . S—:S ' S'(—D—'S S——/—S
R! R3 S S- R1? R3S S-
R2 Ph R? Ph

Scheme 1.17

Only in the case where R! and R3 are pheny! and R2 is hydrogen is the
resultant charge transfer complex semi-conducting. It was postulated that the
formation of the neutral radical was due to the action of the thiolate anion as an
electron donor. These charge transfer salts with an ionic ground state and and an
excited state of two neutral radicals are known.56

A more detailed paper was published by the same authors in 1977 in which
a series of radical ion salts were synthesized from 1,2-dithiolium salts and 4-
phenyl-3-thiolate-1,2-dithiol-5-thione, and characterized.67 All these salts are dark
coloured and no charge transfer bands were observed in the UV-visible spectra.
However this was probably because any charge transfer bands were being obscured
by the intense absorption bands. Charge transfer was deduced to have taken place
as the extinction coefficient of the complex at any given wavelength was higher than
the sum of the extinction coefficients of the starting ions at the same wavelength..

Support for the complex being the pair of radicals shown was supplied by
ESR measurements. The complex containing the 3,5-diphenyl-1,2-dithiolium ion
had a weak ESR signal in the solid phase with a g value of 2.00 compared to the g
value of 2.003 measured for the electrochemically generated radical in acetonitrile.

The conductivity of these complexes was investigated. All complexes
except for those of the 3,5-diphenyl-1,2-dithiolylil;m ion had high resistance. The
crystal structure of this complex was determined. It is known that for good
conductivity in charge transfer complexes the crystals must be highly ordered and
consist of segregated stacks. In the 3,5-diphenyl-1,2-dithiolylium complex where
there is the highest packing density (the @ and b axes) the stacks are made up of
alternating donor and acceptor molecules. Packing in the ¢ axis has isolated stacks



39

but the distance between the dithiole rings is 8.47 A compared to the distance
between TTF molecules in the TTF-TCNQ complex which is 3.47 A. These
factors explain the low conductivity of this complex.

Catel and Mollier made a series of charge transfer complexes using
tetracyanopropene anion and the 1,2-dithiolium rings as the cation.68 (Scheme
1.18) They did not carry out any conductivity studies on the resultant compounds
but measurement of the UV spectra showed a band due to charge transfer. The
position and intensity of this band was dependent upon the polarity of the solvent.

Na* | NC, CN
STHCI07  ne N N s—s+ \§
X +  c-CA-C. =—= M M —JcH
Ar X NC CN  Ar X /¢
R R NC"CN

Scheme 1.18

There has also been a report of complexes being formed between 1,2-dithiolium
salts and TCNQ.69 The complexes formed have 1:2 stoichiometry (dithiole:TCNQ)
and conductivities comparable to other complexes involving two molecules of
TCNQ. When TCNQ was exchanged for dipotassium tetrathiosquarate (68),
black shiny 2:1 complexes were obtained in the micro crystalline state (Scheme
1.19). Dipotassium tetrathiosquarate complies with the requirements for acceptor
salts i.e. high symmetry, high polarizability, small molecular size and molecular
planarity. However the conductivity was found to be low, this could be attributed
to considerable electrostatic repulsion in the solid thus increasing the distance
between the molecules.
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Scheme 1.19

Complexes of 1,2-dithiolium salts were also made using TCNQ or metal
bis(dimercaptoisotrithione) where the metal is nickel, platinum or palladium.”0
The substituents on the dithiolium ring were alkylthio groups. The dithiolium salts
were obtained by treatment of the 1,2-dithiol-3-thiones with methyl iodide and then
the complexes were prepared (Scheme 1.20). The D.C. conductivity was measured
and was found to be low when metal bis(dimercaptoisotrithione) was the acceptor.
However when TCNQ was the acceptor and R! and R2=Me or R! and R2=-
(CH»)3-, the complexes were found to be semi-conductors at room temperature.
Moreover, conductivity temperature studies indicated that the complexes may
undergo a semiconductor / metal phase change above room temperature. It also
appears that they are 2D or 3D semiconductors as the conductivity of the
polycrystalline compressed discs did not differ significantly from that of single
crystals.

S—S S—SHr

R‘SM R‘S)YKSMe

SR? SR?

|

S-—;—S+

) TCNQ
R'S SMe| or M(dmit),

SR?

Scheme 1.20
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1.8  Summary

There have been two approaches to organic conducting metals, polymers
with a high level of conjugation, or complexes made up of discrete molecules,
which have extensive m-overlap. In both areas interest has been shown in
compounds which contain a high proportion of nitrogen and/ or sulphur and some
of the materials tested have shown promising results.



Chapter Two

Reaction of sulphur chlorides with organic
compounds
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2.1 Introduction

A series of papers was published by Naik in the early 1920's which dealt
with the reactions between disulphur dichloride and organic amides as well as active
methylene compounds. The work in these papers was based on a thesis written by
Naik for a Diploma of Imperial College.”7! He claimed some unusual structures for
the products that he obtained, based on microanalytical data and molecular weight
measurements. Some reinvestigation of these reactions had been carried out, but
not comprehensively; hence it was decided to look at disulphur dichloride as a
reagent to introduce sulphur into organic compounds and to see if any of the
unusual products claimed by Naik could be obtained.

In the first of the papers published by Naik,’2 he claimed to have
synthesized 'thiosulphines' (69) by reacting active methylene compounds with
disulphur dichloride i.e.

(RNHCO),CH, + S,Cl, — (RNHCO),C=S=S

R = Ph, PhCHp, Me. 69

This reaction was later repeated by Kutney and Still and they showed that
when N,N’ -substituted malondiamides were treated with disulphur dichloride, the
corresponding tetrathianes (70) were obtained:73

Q %
sC,  RNHC._ S-S_ CNHR
RNHCO),CH, ——
( )2CHe RNHQXS-SXQNHR
0
R = Ph, PhCH,, Me. 70

Naik investigated the reaction between disulphur dichloride and N,N’ -
diphenylmethylmalondiamide and also N,N’-diphenyldimethylmalondiamide
which he claimed to give thiosulphoxides but later he demonstrated that they were
non-branched disulphides (71).74



S:Cly CH;  CH;
(PhNHCO),CHCH; —»  (PhNHCO),C-S-S~C(CONHPh),

71

N,N’ -Diphenylbarbituric acid was reported by Naik to give a 'thiosulphine'
(72) with disulphur dichloride. When Gompper et al. repeated this work using
N,N’ -dimethylbarbituric acid they found that the sulphide (73) was formed;
however they used different conditions to those used by Naik.”> The reaction was
repeated by us using both sets of conditions on N,N’ -dimethylbarbituric acid.
When Gompper's method was used, with acetic acid as the solvent and heating at
100 °C the sulphide (73) was obtained in 27% yield. Using Naik's method only
starting material and sulphur was obtained in the case of NN’ -diphenylbarbituric
acid whereas in the case of N,N’ -dimethylbarbituric acid the corresponding
sulphide was obtained (42%). Barbituric acid did not react under either set of
conditions possibly due to its insolubility.

h 0
S:Cl2
o=( 7%» o=( S=S
Ph 0
72
Me O -Me, O O Me
N $:Clo N N
o= — o= S =0
N N N
Mé O Mé ©O O Me
73

When Naik treated N,N' -diphenylthiourea with disulphur dichloride in
refluxing benzene he claimed to have a dimeric product (74) where disulphur
dichloride had acted as an oxidizing agent.76 When we repeated this under the
same conditions the only product isolated was shown to have the structure
(75)(6%). Thus no sulphur from the disulphur dichloride had been incorporated
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When Naik treated N,N’ -diphenylthiourea with disulphur dichloride in
refluxing benzene he claimed to have a dimeric product (74) where disulphur
dichloride had acted as an oxidizing agent.76 When we repeated this under the
same conditions the only product isolated was shown to have the structure
(75)(6%). Thus no sulphur from the disulphur dichloride had been incorporated
into the product and oxidative cyclization had occurred to give the aromatic
benzothiazole. With thiourea itself, only starting material and sulphur were
recovered.

SCle N-N
(PhNH),C=S —f—~ s={ =S
N-N
Ph Ph
S.Cly I 74
N
H—NHPh
S
75

This was not the only instance where disulphur dichloride was shown to
behave as an oxidizing agent. When ethyl cyanoacetate was treated with disulphur
dichloride and heated in the absence of solvent the product obtained was identified
as being diethyl dicyanosuccinate (76):77

CN
S2Clp |
NCCH,CO.Et —— EtOZCCHCliHCOZEt
CN
76

The dianilide of acetone-1,3-dicarboxylic acid (77) was prepared by the
method of Besthorn and Garben from diethyl acetone-1,3-dicarboxylate and
aniline.”8 When this was treated with disulphur dichloride in refluxing benzene a
red solid formed. This was found to have an M+ in the mass spectrum which was
two units less than expected for the product (78) Naik had claimed. On the basis of
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this, its deep colour and very polar nature it was deduced to have the five
membered mesoionic ring structure (79).

Q
PhNHE
St PhNHg i bQNHPh
0 f A
H H
5-9
PhNHC
S.Ch 78
77 © \
Q O o0
PhNHCwCNHPh
S-S+
79

This was a pleasing result which warranted further investigation.
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2.2 1,2-Dithiolium-4-olates

The 1,2-dithiolium-4-olate ring is termed a type B mesoionic. According to
Newton and Ramsden "a compound may be appropriately called mesoionic if it is a
five-membered heterocycle which cannot be represented satisfactorily by any one
covalent or polar structure and possesses a sextet of electrons in association with
the five atoms comprising the ring ".79 They are sub-divided further into types A
and B according to the origin of the sextet of electrons. There are cight 7t -electrons
involved in this system , two are contributed from each sulphur atom, one from
each carbon atom and one from the oxygen atom. There are also three valence bond
structures which can be regarded to contribute to the overall structure (Scheme 2.1):

To date, seventeen examples of this particular ring system have been
published, most of which have phenyl or substituted benzene rings as the groups in
the 3- and 5- positions. The usual method of preparation involves converting a
suitably protected 2-hydroxy-1,3-diketone into the dithione followed by treatment
with a suitable base. In the case shown below phosphorus pentasulfide is used as
the sulphurizing agent (Scheme 2.2):80

O O S—=S - S—S

P4S10 ClO4s py
R‘I JKHL R2 HCIO4 R? )Yk R2 R1 A(k R2
OX (0).¢ o-
X =COCHgs, -
COPh Scheme 2.2

Many symmetrical examples were prepared from the acetyl protected 2-
hydroxy-1,3-diketone using hydrogen disulphide and hydrogen chloride as the
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sulphurizing agent. Again pyridine was used as the base to give the 1,2-dithiolium-
4-olate (Scheme 2.3):81

O O S'—S Cl-
H2S2
® L" BOR L
R OoX

X=CocH, | jpy

Scheme 2.3

In all the previous syntheses of these 1,2-dithiolium-4-olates trifunctionality
of the starting material is required and a source of sulphur which is nucleophilic. In
the present synthesis of the 1,2-dithiolium-4-olates using disulphur dichloride the
sulphur is electrophilic and requires attack by a nucleophile which is provided by
the monofunctional active methylene compound. The postulated mechanism of the
reaction is outlined overleaf (Scheme 2.4).
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Cl,
Y
Cl
R R = R%/\H
O OH
HS S H ¢
Rﬁﬁ(kﬂ RN
(0] OH
+5,Cl | -2HCI
-82
S—®-S
R R
o~ Scheme 2.4

Initial attack on the electrophilic sulphur could be by the n-electrons of the
double bond of the enol form of the ketone, with subsequent loss of HCl. The
same process occurs at the other side of the carbonyl function giving the dihydro
form of the 1,2-dithiolium-4-olate. This could be oxidized by another molecule of
disulphur dichloride, which has been shown to act in this manner in the previous
section, as excess of disulphur dichloride is present.

The product (79) from the dianilide (77) was obtained in only 23% yield
when carried out using Naik's conditions of refluxing benzene for 2 h. The yield
was improved dramatically (70%) by increasing the temperature to 110 °C by using
toluene as the solvent. The dianilide starting material (77) was obtained by the
method of Besthorn and Garben in poor yield (23%). If p -toluidine was used in
place of aniline the yield was better (45%) (Scheme 2.5).
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H O
EtO,C R—-< >—N—C
2 R—@-NHZ
0] —_— (o)
EtO,C —@—N—C
H O

R=H, yield 23%
CHa, yield 45%

Scheme 2.5

With disulphur dichloride in refluxing benzene the corresponding 1,2-
dithiolium-4-olate (80) was obtained in moderate yield (40%). Use of toluene as
solvent improved the yield slightly (50%). These results are summarized below
(Scheme 2.6).

SoCly

—@-NHCO\'/KrCONH—Q-

S—S
R solvent yield 79 R=H
80 R =CHj;
H benzene 23%
H toluene 70%
CHg benzene  40%

CHs toluene 50%

Scheme 2.6

With these results in mind, simpler ketones were considered, in particular
1,3-diphenylpropan-2-one. The corresponding 3,5-diphenyl-1,2-ditholium-4-olate
is known and was first synthesized by Schonberg and Frese in 1969 and obtained
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as brown crystals.82 Apart from the syntheses already outlined, two others had
also been used to make this compound; again all the starting materials were
trifunctional (Scheme 2.7).83

4KSCSOEt S'@'S
PhC(Br),COC(Br).,Ph ———> Ph Ph
0—
PhCOCOCOP Hese 1 (O
te———-
COCOPh CHCl3, EtOH Ph Ph
o—
Scheme 2.7

The reaction between 1,3-diphenylpropan-2-one and disulphur dichloride
was tried under various conditions. The best conditions were using THF as the
solvent and refluxing for two hours gave the hydrochloride salt as a yellow oil,
which when treated with pyridine gave 3,5-diphenyl-1,2-dithiolium-4-olate (81)
(25%) as purple crystals. This yield was improved to 40% by using two
equivalents of freshly distilled monosulphur dichloride. By analogy to the
mechanism postulated for the reaction with disulphur dichloride; sulphur dichloride
can react with loss of four moles of hydrogen chloride to give the dithiolium ring
(Scheme 2.8):

OH OH
) — H1
S & o
C L
O~ ) . o)
Ph\l)\rph Ph\n,U\n,Ph'___ Ph>‘/U\KPh
© ~ H H
s=s s s S s
81 Cl Cl

Scheme 2.8
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The use of sulphur dichloride was also tried with the acetone-1,3-
dicarboxyanilides (Scheme 2.5), the corresponding dithiolium-4-olates were
obtained but in poor yield (20% and 15%); this was due at least partly to
purification problems.

In order to explore the extent of this reaction it was decided to prepare some
suitably substituted 1,3-diphenylpropan-2-ones. The effect of the substituent
groups on the acidity of the methylene groups would be particularly interesting as
this may support our postulated mechanism. With this in mind it was decided to
prepare 1,3-bis(4-methoxyphenyl)propan-2-one and 1,3-bis(4-nitrophenyl)propan-
2-one. The former was prepared as colourless needles using the method of Coan et
al. 8 When treated with sulphur dichloride under the same conditions as used for
(81) the corresponding dithiolium-4-olate was obtained but in a very poor yield
(4%).

There were only three references in the literature to 1,3-bis(4-
nitrophenyl)propan-2-one, which had been synthesized by nitration of 1,3-
diphenylpropan-2-one.85 A mixture of three isomers was obtained. When repeated
the desired compound was obtained in very poor yield (5%) and this was not pure.
Hence a different method was desirable. The method used for the methoxy
analogue i.e. treatment of ethyl 4-nitrophenylacetate with base followed by
hydrolysis and decarboxylation failed at the first stage when a black tar was
obtained (Scheme 2.9).

base
R-—@—CHZCOZEt — R—@—CHZCOCH(COQEt)—Q—R

l H*, H.0

R = MeO, 22%
R=NO., blacktar. R_OCHZCOCHZ-@'R

Scheme 2.9

Another method devised to synthesize symmetrical ketones was using the
relevant benzyl halide and treating this with iron pentacarbonyl in the presence of a
phase transfer agent (Scheme 2.10).86 However with 4-nitrobenzylbromide none
of the desired product was obtained; with 4-cyanobenzylchloride the symmetrical
ketone was obtained but in very low yield (3%).
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Fe(CO)s
A Drorax - R )oreoo~_)-n

X=Br, Cl R=CN, 3%
R = NO3, no product.

Scheme 2.10

As an alternative approach it was decided to try masking the ketone
functionality using 1,3 dithiane.87 Formation of the anion of 1,3-dithiane and
reacting this with 4-nitrobenzyl bromide should give the corresponding substituted
dithiane. Repeating this procedure followed by treatment of the dithiane ring with
mercury (II) chloride should give the ketone functionality. The product actually
obtained from this procedure was 1,2-bis(4-nitrophenyl)ethane (Scheme 2.11):

'/\ 1. nBuLi, 4-OpN(CgHg)CH2Br
S S - OzN—O—‘CHchQ—Q—*NO‘Q
<7 2. nBuLl, 4-O2N(CgHq)CHBr

H H

Scheme 2.11

Another method which also involved protection of the carbonyl function
was Katritzky's method using benzotriazole and its reaction with aldehydes.88 The
proton on the carbon bearing the two benzotriazole groups can be removed using n
-butyllithium and the carbanion formed can act as a nucleophile; it is stabilized by
the benzotriazole groups. Although the reaction had been investigated extensively
there was no mention in the literature of the reaction between phenylacetaldehyde
and benzotriazole so this was tried as a model before trying 4-
nitrophenylacetaldehyde. Unfortunately no reaction occurred between
phenylacetaldehyde and benzotriazole (Scheme 2.12):

N
N\
PhCH,CHO + 2 @N/N—/f_.. PhCH,CH(BY),

H Bt = benzotriazole

Scheme 2.12
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Some other ketones with various functionality were reacted with disulphur
dichloride and sulphur dichloride in order to try and synthesize the 1,2-dithiolium-
4-olates. These included diethyl acetone-1,3-dicarboxylate, acetone-1,3-
dicarboxylic acid, pentan-3-one, and 1,5-diphenylpentan-1,3,5-trione. In each case
under various conditions the reactions were messy and no products could be
isolated cleanly (Scheme 2.13)

or SCi :
i : many products

(RCH,)C=0
R = EtO,C, HO.C, CHz, PhCO.

Scheme 2.13
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2.3 Attempts to synthesize 1,2-dithiolium-4-thiolates

There is only one example of this type B mesoionic (84) in the literature.89
Compound (83) was prepared by treatment of sodium cyanothioformate with two
equivalents of an appropriate benzoyl halide. Subsequent treatment of this
compound with sodium ethoxide cleaved the sulphur-carbon bond with loss of the
ester (RCO2Et). An acid wash of the sodium thiolate gave the mesoionic.

SCOR S-
NCWNCOFh 1. NaOEt NC@NHCOPh
83 84

It would be very attractive if this type of compound could be made using
the disulphur dichloride/ sulphur dichloride methodology. Hence 1,3-
diphenylpropan-2-thione was prepared from 1,3-diphenylpropan-2-one with
Lawesson's reagent in good yield (70%).90 Treatment of this with disulphur
dichloride and with sulphur dichloride under various conditions did not give the
corresponding 1,2-dithiolium-4-thiolate (Scheme 2.14).

MeO—Q—g' g—@-OMe

PhCH,COCH,Ph >  PhCH,CSCH,Ph
S-
Ph @ Ph
S==
Scheme 2.14

An alternative approach to this type of compound would be to treat 3,5-
diphenyl-1,2-dithiolium-4-olate with some sulphurizing agent such as phosphorus
pentasulphide or Lawesson's reagent. Both these reagents were tried using the
usual conditions of refluxing toluene, but no reaction occurred (Scheme 2.15).
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Scheme 2.15

The compound (79) was also treated with Lawesson's reagent; in this case
at room temperature no reaction occurred but after refluxing for one hour TLC
showed many products which could not be isolated cleanly.

Other groups to replace oxygen:

It would be interesting to obtain the 1,2-dithiolium ring system with a group
containing<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>