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ABSTRACT

The reactions of tetrasulphur tetranitride (SANA)’
thiotrithiazyl chloride (SdNSCl) and trithiazyl trichloride
(53N3C13) with organic substrates are revieuwed.

A claim that 54N4 reacted with benzil monohydrazone to
give a 2H-imidazole is shown to be incorrect. The "imidazole"
is identified as the mixed azine of benzil and benzophsenons
by spectroscopy and by independent synthesis. This azine is
formed via the novel transformation of diphenylketens to
thiobenzophenone and carbon monoxide and the mechanism of
this reaction is discussed. Attempts to synthesise a proposed
intermediate in this reaction failed, but did lead to the
discovery of an oxidative decarboxylation reaction with
dimethyl sulphoxide as the oxidant.

The reaction of diphenylacetylene and SAN4 is shoun to
give 3,5-diphenyl-1,4,2,6~dithiadiazine which was incorrectly
described in the literature as a 1,3,2,4-dithiadiazine. The
structure is elucidated by independent synthesis and X-ray
crystallography, but attempts to prepare reasonable gquantities
of the material by various synthetic pathways were
unsuccessful. The chemistry of the dithiadiazine is briefly
discussed.

54N4 reacts with dimethyl acetylenedicarboxylate to
give two unique 10T electron aromatic seven membered ring

systems. These. tuo compounds are dimethyl 1,3,5,2,4-

trithiadiazepine-6,7-dicarboxylate and methyl 1,3,5,2,4,6-



trithiatriazepine-7-carboxylate the structures of which
were solved by X-ray crystallography. Both compounds are
planar and molecular orbital calculations support the
proposal that they are aromatic, Mechanisms for their
formation are suggested together with a preliminary account
of their chemistry. The structures of both compounds were
again incorrectly assigned in the literature, the
trithiadiazepine having been given two different structures.
The reaction of 84N4 with phenylacetylene gives
41 ,5-diphenyl=N-(1',2',5'=thiadiaz-3~-yl)=1,3,2~dithiazol-
4~imine, as shown by X-ray crystallography. This novel
heterocyclic system is discussed and a mechanism for its
formation proposed.
4 83N3Cl3 and SaNSCl with selected

. organic substrates are reported where the major products

Other reactions of 54N

are generally 1,2,5-thiadiazoles.,
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INTRODUC TION

Tetrasulphur tetranitride (1), first prepared in
1835 by Gregory1’2 in a reaction of sulphur dichloride
and ammonia, is one of the longest knoun and most
studied inorganic heterocycles. To gquote a recent
review on the subject,"Tétrasulphur tetranitride is
opening up the mental horizons of the inorganic chemist
as benzene did for the organic chemist of the last
century."3

The structure of SANA was a subject of much
controversy and several formulae including linear,
branched and polycyclic ones were proposed until Lu
and Donhua4 established the correct structure (1) on

the basis of vapour phase electron diffraction studies.

This structure has D?d symmetry, with the four nitrogen
atoms lying at the corners of a square and the sulphur
atoms at the corners of a tetrahedron, interpenetrating

the square of the nitrogen atoms. The molecule is often



regarded as a ring of 0, symmetry,5 with structure (2)
but the argument for the cage structure is the short S5=§

o :
distance of 2.58 A which, according to molecular orbital

calculations, qgives a'bond order of 0.3.5
S=N S™N
/ AN /
\id S NN
(2) 's\ N T l{ [
A
N=5” N—S

SANA is a powerful explosive liable to detonate
when struck, ground or suddenly heated, (there is one
report6 of an explosion of 0.5 which clearly shous
the risks) its instability increasing with increasing
purity.7 The material is pfepared from chlorinated
disulphur dichloride and‘ammonia;7 to give the following

sequence of reactions.

282Cl2 + 4NH3 - NSC1 + 3NH4C1 + 3§

2NSC1 +;52c12 3N2C1)Cl + 5c12

c12 —c Z(SQNS)Cl + 3s5C1,

3(S4N,C1)CL + 5,

+ 2 sC1 —c 5

(SANB)Cl + ANH3 2 4”4

N .
+ SAHACl + 52C12
fach step has been indiuiduélly verified.3

The inorganic chemistry of SNy is well documented3’8’9
and will not be discussed here, but in order to

emphasise the diversity of sulphur nitrogen species,

Table I lists those which have been fully characterised



by X-ray crystallography.9

Table 1
Cations Neutral Anions
+ -
SN (SN)X SN
+ 1
82N 52N2 Sah
+ -
SdN3 84N2 53!\13
2+ -
|
Salhg S4Ny S4Ms
J4N5+ SN
+
!
SgNg
2+
SBNa
!+
86“5

The major use of § in organic chemistry caomes

4N4
from its ability to give 1,2,5-thiadiazoles (3) from

a wide variety of reagents. The most successful of these

precursors are acetylenes (a)11 and ketones (5),12 vhich

react uith § in refluxing toluene to nive the yields

Ny

showun 1in Tables 2 and 3 respectively.

> \< R—=—R RCH,COR'

(3) 4y (5)

10



Table 2

R R1 A At/n w yield
COZMe C02Ne 6 60
CDzme Ph 8 22
CDZMe H 6 7
Ph H , 6 16
pMeCcH, " H 6 12
Q_BrCGH4 H 6 6
Ph Ph 48 g7
Q_I‘GGCGH4 EMBCGH4 48 56
pMelC H, pMelC H, 48 56
pClC H, RCLCGH, 48 46
PhC O " PhCO 12 39
pMeCcH,CO pMeCH,CO 12 45
pC1CH,CO pCLC.H,CO 12 49

The reaction of acetylenes also gives rise to other
10

. : 1 )
novel heterocyclic systems such as (6) " ang (7),
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Table 3
R ' Rt At/h % yield

Ph Ph 24 42
EClcsHa Ph 24 40
Ph EC1C6H4 24 39
Q_MeCGH4 Ph 24 47
Ph Q_NeCSH4 24 32
EUZNC6H4 Ph 24 41
Ph Me : 24 47
Ph PhCH2 24 32
Indan-2-one 24 ‘ 20
Acanaphthyl-1-one . 24 7

but a detailed discussion of these claims and mechanistic
pathuways will be left until later in this thesis.

1,2,5-Thiadiazoles (3) are also produced from the

reaction of SANA with hydrocarbons (8),13’14

and conditions for which are given in Table 4.

the yields

Table 4
R R! At/n solvent % yield
Ph H & neat 12.06
Ph Ph 6 n 6.5
2-naphthyl H 6 L 9
9, 10~dibydrophenanthrene 6 xylene 10

tetrahydronaphthalene 12 neat 46
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) S

RCH,CH,R'  (8) Y
(10)

N—S

[\

Y/

(9) ‘

)

(11) s’

The last two reagents,1a also qave the products (5) to (11)
in 887, 11.5" and 2.5” respectively. This reaction obviously
utilises the oxidising pouers of SaN4 and products (9) and
(10) are indicative of this.

Further thiadiazole precursors are the saturated amines
(12) which after heating under reflux in xylene for three
15

hours with S N, produce the yields of {3) given in Table S.

Table 5
R R' ¥ yield
H H a0
Me H 97
Ph H 20

Ph ' Ph 60
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RCH, CHR Ph Ph~ ZNNH,

NH,
Ph NNH, Ph NNH?

(12) (13) (14)

Both benzil mono (13) and bis (14) hydrazones give

(3, R-= R!' = Ph) in B.5% and 16% yields respectively when

reacterd with SANA in refluxing toluene.16 These hydrazone

reactions will be discussed in detail later, but suffice

it to say that the bis-hydrazone reaction most probably
proceeds via the acetylene. Oxidation of (14) will give
the bis-diazo species, which is known to lose two moles

of nitrogen to qive the acetylene.17 This assumption 1is

in keeping with the result that if the molar ratio of

SANa to bis~hydrazone is increased from 1:2 to 1:1 the

yield of (3, R = R' = Ph) is' increased from 16% to 22‘/'-3.16

The thiadiazole (3, R = R' = Ph) is again a product of

the reaction of benzil mono-oxime with SaNa, other products

being benzonitrile and benzamide. ' °
Multi-thiadiazole systems such as (15) and (16) have

been prepared fram substituted anisoles (17) but, as can

be seen from Table 6, the yields are very poor and in some

. 19
cases minute.



(17)

e

a¥

* Doubling the amount of §

reaction under nitrogen.

2

pre)

s

0

i

OCH,R
Rl
(17)
R' = H
H R' = oMel
H R! = mMed
H R' = nMel
Ph RY = H
(15a)
1.9
0.7
0
0
3.6
445

15

v
g
I
T
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—
o]

-

1
=
4]
()

aNa and carrying out the
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1,2,5=-Thiadiazole chemistry has been revieued,zo

and two typical forms of preparation are given belou.

// S?Cl7
//C\\ L / \q
H CN BL\S/’
R R R R
SCl? v Q
N —_—
| r\KS/N
OH OH

The ring system shows more "aromaticity" than thiophene,?0

and its electron deficient character is indicated by its

lack of reactivity with electrophiles and hence oxidation.

HOZC. ./N\S

S
=N/ HO,C -~ =N/

/‘—N\

1,2,5-Thiadiazoles have found very little practical use,
although some biological activity such as antidiabetic

and antihelmintic, have been shoun by compounds (18) and



(19) respectively.zo

H
H,NC  CNH, —N N
7 \_d
/ \ : N N—
N
(18) (19)

More complex heterocyclic systems have been farmed
betwueen SANA and strained olefins, and these have been
the subject of much discussion in the literature.
Becke-Goehring and Schlaf‘erz1 first reported that Sa”a
formed 1:2 adducts with norbornene, norbornadiene and
cyclopentadiene (1:4 in the latter rcase) and assinned

the structure (20) for the last product, though offerinqg

no evidence to verifyv this choice.

(20)

Glieter22 then proposed the structure (21) on the hasis

of M.0. calculations and orbital symmetry considerations,
but this was disputed by Brinkman and Allen23 who claimed
the structure (22) from 1H nmr and infrared spectral

data.

17
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N
N

Il

S—

I
/

\
N\

S

I

(21)

N‘x.s,/’N

(22)

However, both these structures were proved incorrect by

X-ray analysis (23)24’25 and chemical degradative studies?®

which are shown below for the adduct of §,N

Na with trans-

cyclo-octene.

. Sa
Et,0 -5 c H,..

1) Zn, HCl- HZO

Me 11) Me,CO0, W
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\

S\\‘N
S =5
\N\IS

(23) | \\v

The 1,3 addition across the S-N=S unit is also
supported by M.0. calculétions,z7 and therefore Glieter'522
deduction that addition would take place to sulphur wuas
carrect but he specified 1.5 addition. Further confusion
was caused when it was claimed that the radical (24) was
observed28 when the norbornene adduct was photolised; a
massive rearrangement would have been required to generate
(24) from (23). However a reappraisal and more detailed
study of the data,29 led to the structure (25) being
assigned, and of course this is much more in keeping

with the proven structure.24

(24) o (25)

The fact that normally reactive olefins such as maleic
anhydride and tetracyanoethylene are inert to SANA implies

that S,N, is an electron poor species.30

474
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The cycloaddition of reactive isonitriles is also

reported,31 but this will be discussed later.
SaNa is reactive towards nucleophiles and it is this
area of chemistry that will be discussed in the next section.

The reaction of 54N4 with benzylamine is well documented;32

it produces a yellow solid which has also been obtained from
the reaction af benzylamine with sulphur dichloride

or lead oxide.32 This product had up until 1971 been
assigned five differentbétructures, the th most probable

being (26) and (27). However, as has often been the case

S S Ph " Ph
Ph Ph e _<
NS5 H> VTSN,
H H :
(26) - (27)

in this area of chemistry, an X-ray analysis finally showed

that none of the previous structures were correct and the

molecule was (28).33
H .
SN
PhN_o” P NS 57 N\ph
H ;
(28) | (29)

The reaction of S4Ny, with diphenyldiazomethane gives

the acyclic compound (29),34 the structure of which has



21

been solved by X-ray analysis.35
The same =S=-N=5=N-S- unit is found in the product from

the reaction of SaNa with Grignard reagents,36’37and here
again an X-ray study of the product (30) has been carried
out.38

NSy

/ \ Ar—S—S—Ar

Cl S S a
(30) | » | (31)

This product (30) is reported to decompose to S,N, and
et

‘the disulphide (31) when heated above 80°C. Tashiro al

report the disulphide to be the major product from their
reaction.37 |
The reaction of SAN4 with alkyl lithium reagents has

also been reported;37 an example of ane such reaction is

given.
Ph—S—S—Ph +  Ph,C=0
Ph SuNy
Ph—S—C~ Li* —_——
\Ph Ph

Ph
o
Ph Ph
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This reaction is said to give thiobenzophenone, which is
described by the authors37 as an unstable green oil.
However, in the present work thiobenzophenone has aluays
been bright blue, so this claim may be in some doubt.,

The oxidising pouef of SaN4 has already been mentioned
and this property is again illustrated by its reaction
with the hydrazones (32) and (33) to yield the azinss (34)

in 89% and 86% respectively.39

R S, N R R
>:NNH2 L. >=N—-N:<
R R R

Toluene

(32), R = Ph , A 24 h (34)

The reactions of 84N4 with hydrazines give the results

shoun.39
Benzene
+ hC
PhCONHNH, + S, N, m—p PhCONH,, (PhCONH),

27% 28

An extension of the hydrazone reaction has been that of



84N4 with oximes and imines,1

are illustrated below.

Ph
S, N
:>>:3N““OH 4 o
" Ph Toluene

24 h

S, N
Fl=N=-0H -ii—-(>
: Toluens

5 h

SN,

————
Toluene

F1l=NH

5 h

The authors of this paper,18

23

somes examples of which

Ph Ph
S
Ph Ph

1 8%

X = o
X = 4 3%
PhZCD PhCONHPHh
(35)
34% 1%
Fl=N-Sx-N=Fl + Fl=0
(36), x =1 22% (38)

(37), x = 4 10%  14%

F1=NH FL1=N~S=NH,
(39) (40)
4% 10%
(36) 41% (375 14%
(38) 25% (40) 0.6%

say the mechanism for

the formation of N-phenylbenzamide (35) is obscure, though

it is the expected product of a Beckmann rearrangement.
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Reactive anhydrides of the type (41) react with SaNfO

to give products which have been assigned the structures (42)

ccl, —N
5,N, + XOX —;?;T*> N\\S/,—-N~——X
(41) or 50°C (42)
X % yield (42)
S0,F 55
COCF, 72
coccl, 95

The Wittig reagent (43) reacts with 54N, to give the

compound (44).41

—

+ - DMF L \
PhoP-CH, + S,N, ;::j—*> Ph3P=N S\ N
L] L] _—S
(44)

(43)

Compound (44), whose structure has been determined by

X-ray diffraction,42 is also formed when triphenylphosphine

is reacted with S,N, in benzene at room temperature.43 A

44
recent study of this phosphine reaction has shown it to be

complex and solvent dependent.44
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Two other sulphur nitrogen heterocycles have been
briefly studied in the present work; these are trichloro-

trithiazene S,N Cl3 (45) and cyclotetrathiatriazenium

373
chloride 84N3Cl‘(46). Their structures have been elucidated
by X-ray analysis?s’46 (iIn the latter case it was the
46

nitrate salt whose structure was determined.

)

O =N
O=s
() = Cl
S—S
N
(45) ‘ (46)

The inorganic chemistry of these two ring systems 1is
well revieued3’8 and will not be discussed here. Very feu
reactions have been performed with organic substrates on

either molecule, but 53N3Cl3 is reported to react with
47

nitriles to give the novel dithiadiazolium ion (47)

24 h NS
RCN + S.N,Cl, = ——c e
3V3°T3 g0, R
' N
(47)
R = CMey, CCly, Ph.
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The following reaction has also been claimed,8 although
no experimental conditions or structural information have

been given.
_CH,ClL
SsNCly + YCJ7- ——  [vs.ocH(cH,C1),]4

The monomer NSCl is formed when S;N,Cl; is heated in a
vacuum or in a stream of inert gas,3 and thefefore it is
not surprising that some reactions of 53N3Cl3 show monomeric
behaviour. One such example is the reaction with DMSO to
give the salt (48).48 The‘analoé@s behaviour of cyanogen
chloride can clearly be seén by its reaction with the same

49
compound.

nNsCL! + Me.SQ —_——r (M925=N=Sm82)+ Cl-

2
(48)
NCCL  + Me,50 ——e= (Me,5=n=sMe,)” c1°
’ 50 : .
Barton and Bubb studied the reactions of 54”4'54N3Cl and
83N3Cl3 with a variety of organic substrates, and some of

their results are outlined belou.

Ph 5 ,N4C1 Ph
>::N\N—Ph'“—*> >;:N‘S—Ph
Ph H A 20 min  Ph ‘

benzene



Me Me

OH —=

At/h Y=

40 S,N

1.25 S,N,Cl

473

0.5 S3N3Cl3

83N3Cl3

benzene
_.>

A 20 min

53N3Cl3
———
pyridine
benzene

R.T. 80 min

27

Me

—N—" S>~N= 0

- Me
(49)

% yield (49)

17
34

44

N
\

31%

AcO

[

(50) or

35%
AcO

E_

(51)



They 50 could not distinguish between the structures

(50) or (51) on spectral data, but (50) was the preferred

product by their proposed mechanism (Scheme 1).

7

Cls N§ _~Cl //
+
ST UON=

o= N\ /

- HC1

- HSN

(50)

—_— H

Py AcO 2t L=

- NSC1
AcO 4 )
\\F/N i9[[
l
Q¢
|
Ct
Scheme I

28
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5
In this study 0 it was concluded that reactivity
increased in the sequence SANA’ SANSCl’ 53N3Cl3.
From this brief review it can be seen that S5,N, and

474
related compounds react with various organic substrates to
give a variety of products, often in low yield. There is as

yet little mechanistic rationalisation of these reactions:

and few generalisations have emerged.



DISCUSSION
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Chapter 2 Reaction of Saﬁa and Benzil monohydrazone

2.1, Isolation of benzil-benzophenaone azine.,

It was claimed that when benzil monchydrazone (13)
(2 mol) and 54(\!'4 (1 mol) were heated in boiling toluene for

24 hours the following products were formed and isolated

in the yields shoun.16
N PhrNXCOPh PhIN>
+
(13) (52) 20% (53) 8%
Ph /,O ‘ ‘ |
:I:j + PhZCHCONH2
Ph- NNy
(54) 5% (55) 3%

Products (53) to (55) seemed entirely reasonable but we
were surprised at the stability of the 2H-imidazole (52)
which uould‘be gxpected to undergo a rapid D,S] benzoyl
shift to nitrogen to give 1-benzoyl-2,4,5-triphenylimidazole,
as indeed it was proposed to do in the standard preparation
of 2,4,5-triphenylimidazole from benzil and ammonia.51 Being
aware of this, Tashiro and Mataka subjected their product
(52) to the conditions of the benzil-ammonia reaction,
heating'it under reflux with ammonium acetate in acetic acid

for 1 hour.16 Since no change was observed they concluded
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that the 2H-imidazole (52) is not an intermediate in the
U8i8351 reaction and that his mechanistic pathway is
incorrect., It was also stated16 that the 2H-imidazole (52)
on treatment with acid gave benzilazine (54), but a
mechanism for this hydrolysis is hard to envisage, so this
again cast doubt on tha-proposed structure (52).

Although the assignment of structure (52) was apparently
firmly based on analysis, spectroscopy, including 13[2 nmr
and the above mentioned chemical degradation, we decided to
repeat the reaction of SuNg with the hydrazone (13). Ue
obtained the same four products in similar yields and

confirmed structures (53) to (55), but the structure (52)

is incorrect and the compound is actually the mixed azine (56).

Ph 0
SN N{Ph
Ph Ph
(56)

Evidence for this comes from elemental analysis

(C,,H,aN,0 and not C,ogHogN,0 as claihed16), 3¢ nmr and

272072
mass spectrometry. The carbon nmr spectrum gave C=0 at

198.1 ppm and C=N at 165.3 and 163.5 ppm, whereas the

16

Japanese authars quoted 198.2 ppm for C=0 and just one

C=N at 163.7 ppm as in their structure (52) the imine

carbons would be equivalent.
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Their failure to observe the two imine peaks could bé
attributed to our spectrum being produced at 62.9 MHz

and although the Japanese do not state the pouwer of their
spectrometér some 13C spectra are recorded at 15,07 MHz and
at this lower value it is possible that the two imine peaks
coalesced, The azine (Sﬁj'uas synthesised from benzil and

benzophenone hydrazone in accord with the literatur952

and
this product was identical with the compound isolated from
the SQN4 reaction by mixed melting point and spectral

properties.

2.2 Mechanism of formation of the mixed azine.

The mechanism which we initially considered for the

formation of the mixed azine (56) is illustrated in Scheme II.

Ph~_0 SN, Ph 0
2 - —_— 2 + S NgH,
Ph XINNH, - Ph XN,
(13)
Ph
. Ph Ph h
|IJA G0 —_— qﬁj‘\;\:
N> ~ C
(57) Ph 122 11

(56) Scheme I1
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There is precedent39 for the dehydrogenation of
hydrazones by 54N4, and loss of nitrogen from azibenzil
with rearrangement to diphenylketene is well knoun.
Involvement of diphsnylketene was first suggested by
isolation of the small amount of diphenylacetamide, the

ammonia presumably being generated from the knoun thermal

‘s 53
decomposition of 54N4H4.
| 110%
3 SuN4H, —_—= 4S5 + 4 NH, + 2 SuNg

This was confirmed by conducting the reaction under an
atmosphere of dry ammonia gas, when diphenylacetamide'uas
isolated as the major product (60%) to the exclusion of the
mixed azine.

The salient points of the mechanism in Scheme 11 are the
cycloaddition to give (57) and cheletropic extrusion of
carbon monoxide from this molecule to give the mixed azine
(56). To verify these two proposals azibenzil>* and
diphenylketene55 wvere prepared independently and, in accord
with the literature,56 broduced‘no reaction at roam
temperature. On addition of 84N4 the reaction darkened and
a gas, shown to be carbon monoxide by the palladium chlaride
tesf,s7 was evolved,‘but the aziﬁe (56) was not formed.

Investigation of the reaction revealed the major
products to be (58) and (59), which are the known adducts
of thiobenzophenone with azibenzil58 and with diphenylketene59

respectively.
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Ph 0
Ph 0 Ph Ph——-S
(58) | PR (s9)

The reaction of diphenylketene, diphenyldiazomethane
and SaNa, although evolving carbon monoxide, failed to give
any benzophenone azine, which would be the expected product
from the mechanism given in Scheme II. The only product
isolated was tetraphenylthiirane which is the knoun product
from the reactidh of thiobenzophenone and diazomethane.60

Further evidence for the formation of thiobenzaophenone
was a blue compound, observable by tlc, which decomposed
on column chromatography to give benzophenone, the
expected decomposition product. Subsequent experiments
showed that diphenylketene reacted with 84N4 to give
thiobenzophenone and carbon monoxide and this former product

combined with unreacted hydrazone (13) to give the azine (56)

as shown in Scheme III.

Thiobenzophenone,'prepared by the method of Motoki et 3161

reacted with the hydrazone (13) in refluxing toluene to give
the azine (56) in 70% yield based on recovered benzophenone.
An independent experiment shoued that benzophenone does not

react with benzil monohydrazone under the same neutral

conditions.



Ph

0 5N 20 -y
7 2
| e . —0= ph,(=C=0
Ph~" XNNH,  Ph N2 ~
13
( ? A
Ph 0
:: Ph U8 Ph,C(=S
N—N=
Ph oh + CO
(56) Scheme 111

AR possible mechanism for the transformation of ketene
to thioketone is given in Scheme IV. Support for. this
mechanism is that a 2:1 molar ratio of ketene to 54N4 is
required for total consumption of the ketene, and no carbene
derived products Qere isolated when the reaction was carried
out in cyclohexene.

From the amounf oF'palladium precipitated from the
carbon monoxide test it would appesar that the reaction was
virtually quantitative at room temperature. The quantity
of precipitated metal appeared by visual examination to be
very similar to the amount of palladium precipitated by the

same amount of carbon monoxide required for complete reaction.

This carbon monoxide was generated by the dehydration of
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formic acid.,

/[__ S : S—
“./('-//\f/ - Ph  Ph </ CN+ Ph

N Ph >}N@S\ Ph
_ o+ =
S/UN\S Ph Ph
0

0
) |

IONAPR o hcs ¢ co o+ N,

NL/ NPh |

(60) Scheme 1V

In order to check the. scope of the carbon monoxide
extrusion reaction from diphenylketene,‘the molecule was
reacted uitﬁ sulphur, 53N3Cl3 and 54N3Cl. The two former
reagents gave a negative carbon monox1de‘test, but this gas
was detected from the last reaction and a 30% yield of
benzopﬁenone was obtainéd. Scheme V shows that a similar

mechanism, to that with SaNa,can be envisaged for this

~transformation:-
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-

\ 4 \ S
S—S—N=S N
Ph ,Flﬁ/ Ph c,ﬁ’/ 3
Ph N Ph N 2N
S S— L.E/
$H_Nésn
0]
Ph TN
o Dgﬁ” e Ph,CS + CO + Ny

The lower yield 6? this. reaction could be attributed to the
chloride counter ion participating in the reaction.
Chromatography of the sulphur and 53N3Cl3 reactions gave
benzophenone in 9% and 10% yields respectively. Houever
benzophenone is =2 producﬁ of the reaction of diphenylketene
and oxygen,62 and as a blank experiment gave a 14% yield of
benzophenone, it can be concluded that the ketone is formed
via the oxidative route. As all reactions were carried out

under nitrogen it is preéumed the oxygen came from dissolved
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gas in the solvent or on chromatography.
If a reaction analogous to the ketene -‘SANA reaction,
occurred with the isocyanate group this would give a route

to the almost unknowun thionitroso compounds

Ph=N=C=0 + 54N4 —— Ph=N=5 + Co

Houwever, phenyl isocyanate failed to give any recognisable
product or carbon monoxide even after heating in toluene
with S4 4t the more reactive chlorosulphonyl isocyanate
gave a negative carbon monoxide test, but a 1:1 adduct uas
obtained. This compdund is in the literature31 where it was
proposed to have either of the structures (61) or (62) but
.subsequent X-ray analysis of the related fluorosulphonyl

isocyanate adduct showed it to be the ylid'(63.),‘.63

OY S——N\tﬁ“’ 0 Yw—s\ig

S\
— J
Clozs/ E\N_—S/ | ClOzS/N\§_N//
(61) (62)
07\ N
-N RNy
\ , \5\
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The incomplete cycloaddition reaction can be attributed to
the stabilisation of the negative charge which can formally
be written on nitrogen. |

The decomposition of the intermediate (60) seems reasonable
as compound (64) is proposed64 as the intermediate in the
reaction of benszhehone hydrazone and disulphur dichloride,
and this decomposes to give nitrogen, sulphur and
thiobenzophenone. The compound (65) prepared by the oxidation
of the N - N dihydro species decomposes at room temperature

to benzonitrile and carbon monoxide.65

- Ph Ph
TV T
S

(64) (65) O

Attempted synthesis of the intermediate (60) was
undertaken by the route shown in Scheme VI. Thiobenzylic
acid (66) was prepared by the method of Becker et al66 and
converted into the methyl ester (67) by treatment with dry
hydrogen chloride and dimethyl sulphate in methanal.
Attempts to prebaré the sulphenyl chloride (68) directly
by both N—chlorosuccihimide67 and sulphuryl chloride 69gave,
after treatment with anhydrous hydrazine and DBU, starting
material and a small amount of the disulphide.

68

It is knoun that sulphenyl chlorides are prepared in
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better yields from disulphides, but not enough time was
available to conduct these experiments, although it is felt
that this synthetic route (Scheme VI) could yield the

intermediate (60).

Ph,CCO,H - e, HCL L cCO,Me
| Me,50 ‘ |

SH 24 SH
(66) (67) \
| -
Ph S/-NH -MelH SCl
(69) -HC1 (68)

/pb(UAC)4

Ph
Ph

==

(60) Scheme VI
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2.3. A DMSO oxidative decarboxylation reaction.

Whilst running the nmr of thiobenzilic acid in DMSO it
was noted that the solution was a pale blue, indicating
that thiobenzophenone was present. DMSO is a known oxidant70
and will oxidise thiols to disulphides,70 but this would
appear to be the first time DMSO has been instrumental in
an oxidative decarboxylation., Indeed it appears to be the
only oxidising agent capable of producing this transformation
as the oxidants:- air, iodine, N-chlorosuccinimide, MCPBA
and lead tetraacetate (LTA) all gave no reaction, or
produced the disulphide (70).

A propocsed méchanism for this oxidation is given in
Scheme VII. It is presumed the reaction does not proceed
via the disulphide (70), as this compound, prepared from
the acid by oxidation with LTA, took 24 hours to generate

the blue colour of the thioketone, when reacted with DMSO.

Ph Ph

'S\\H S~—~
. Me H M
Ph ‘0—S =— Ph ,5 b—£}§/ c
5 S *\Me T Me

OJ 0 L}Q-
(71)

thcl‘—séi | co, + Ph,C=S + H,0 + Te,S

COZH Scheme VII
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This can be contrasted with the pfactically instant reaction
of the acid (66) itself. The originality of DMSO as the
oxidising agent in this reactioﬁ is attributed to the
geometric requirements of the proposed seven membered ring
intermediate (71). The characteristic odour of dimethyl
sulphide was detected from this reaction.

This oxidative decarboxylation also proceeds, but less
readily, with benzilic acid to give benzophenone and here
again a similar mechanism can be envisaged. However an
this occasion other oxidants such as N-iodosuccinimide,
LTA, and sodium periodate are knouwn to perform this

transformation.7j

Investigation into this reaction as a possible synthetic
route to thioketones has failed for two reasons. Firstly
the DMSO appeared to azeotrope with the thiobenzophenone
when distilling the product from the reaction, and sec=
ondly "in a further expefiment the reaction seqguence
depicted below took place. The disulphidev(72) is the known

product from the reduction of thiobenzophenone with

ammonium sulphide.72

N9280
PhZC(SH)CozH Ph,C=s + + Me,S
(66) / \
Ph C(H)se§ Ph,C=0 + H,S

(72)
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Chapter 3 3,5-0iphenyl-1,4,2,6-dithiadiazine.

3.1. 1Isolation and attempted synthesis,

The follouwing reactions have been reported16

' Ph Ph
P NNH, s ,u, Pha My
— s /W 4+ | I
Ph NNH, S)\l Ph /N

S
(53) 16% (6) Trace
SN,
Ph=C=C-Ph ——m (53) 87% (6) Trace

and, as stated earlier, it was assumed that the latter
reaction proceeds via the acetylene. In a full paper the
same authors'' do not assign a structure to compound (6)
but represent it by Ph=C=C-Ph N252, as in this report they
give the 13C nmr spectrum, which indicated that the tuwo
quaternary carbons and phenyl rings were equivalent, thus
invalidating théir proposed structure (6). Despite this
they made no attempt to correct the cyclic sulphur diimide
(6) so it uas thought'the reaction warranted further
investigation.

These reactions were repeated and both products were
isolated, the compound "(6)" in 1% yields from both reactions.
The mass spectrum showed no loss of nitrogen and gave no

peak for diphenylacetylene so it was concluded that there

were no N-N or C-C bonds in the molecule., Although the



45

Japanese16 claim there is an N=S=N adsocrption in the U.V.
spectrum, analysis of the infra red data showed no

¥ and 1265 cm” ] required

absorption in the regions 1070 cm™
by a sulphur diimide,73 so0 this again shouws Tashiro and
co-uworkers failed to analyse the spectral data correctly
in assigning the structure "(6)". This data led us to the

conclusion that the compound was a dithiadiazine with either

struture (73) or (74).
Ph S Ph . S |
T\ﬁ/ o />—ph
~S S—N
(73) (74

The compound was shoun to be 3,5-diphenyl-1,4,2,6-
dithiadiazine (73) by the independent synthesis given in

Scheme VIII.

sc1, Ph\fs SYPh
PhCSNH2 —_—

Schemé VIII (73)
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The synthesis in Scheme VIII presumably proceeds via
the intermediate (75) which spontaneously loses hydrogen
sulphide (detected by lead acetate paper) to give (73). The
major obstacle in this synthesis is the formation of the 1,2,4~-
thiadiazole (76) as the major product, arising from the
oxidation of the thioben;amide by the sulphur dichloride,
reducing the yield of (73) to a maximum of 5%. Attempts to
scale the procedure up led'to zero yield of (73). The
oxidation of thiobenzamide to the thiadiazole (76) is well
documented with oxidising agents ranging from hydrogen .

74

peroxide, disulphur dichloride and thionyl chloride. A

mechanism for this oxidation is given in Scheme IX.

Phw_ ~°" S\_ _Ph
Oxe
PhCSNH, ——= [ h/

NH SH bh

(76) Scheme IX

'Houever, in the reactions of sulphur dichloride,
thionyl chloride and sulphuryl chloride it would appear

that the mechanism given in Scheme IX does not operate.



47

Evidence for this comes from the isolation of E-nitrbr
benzonitrile from the reaction of p-nitrothiobenzamide and
sulphur dichloride, and the isolation of compound (77)
from thiobenzamide with thionyl chloride and sulphuryl
chloride., Therefore the mechanism proposed is given

in Scheme X and this is documented

SOnCl2
PhCSNH2 —_— PhCN + . PhCSNH

n = 0,1,2. l
H

Ph Ph
(16) = WNW/

NH S
Scheme X (77)

2

in the literature.74 The 1H and 13C nmr spectra for the

compound (78) obtained from the reaction of 4-nitro-

thiobenzamide and sulphur dichloride show some interesting

anomalies,
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In the 1H nmr the protons H1 and HS’ and H2 and Ha, are
equivalent, whereas in the unsubstituted compound (76) H,

1SC nmr spectrum

and H3 are separated by 0.3 6. The
of (78) also indicates that C4 and CB, and CS and C6’

are equivalent and yet there is a difference of 1 ppm

between Cq and C7 and betueen C6 and C10. No real explanation

for these abnormalities can be offered, but all other spectral

data and the analysis are in agreement with the proposed
structure (78).

Other sulphur insertion reagents used in place of
‘'sulphur dichloride are ('79)75 and (80).76 Both these
compounds have been used in the somewhat related

transformations given belou :--77’78

0 0
NHR ' i
E + N—S—N — [r}
NHR |
0 0 R
(79)
NH SCl

(80)



49

Houever both these reagents gave the oxidation reaction
with thiobenzamide to give the 1,2,4-thiadiazole (76)
exclusively.

The following reaction has been claimed79 although the-

Ph S Ph

PRCN  +  PhCSNH, _HCL

only evidence for this intermediate (81) was that on
hydrelysis it gave N-benzoylthiobenzamide. However this
result must surely discredit the claim to structure (81) as
it is the expected hydrolysis product of compound (77)
which is known to form in this reaction. Therefore all
attempts to trap (81) with sulphur dichloride to give the
dithiadiazine (73) did in fact give the 1,2,4~thiadiazole
(76) as the only product.

The same author'® also claimed to isolate (82) from

the reaction of thiobenzamide and iodine and this compound

NH,

S—S
Ph Ph
NH NH
(R 1,

(82) (83)
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(82) could be a possible precursor to (73). Howsver
examination of the mass spectrum and infrared spectrum
suggest that (82) is better represented by the structure
(83).

Attempts to prevent the oxidation of thiobenzamide to
the thiadiazole (76) by s-methylation, to give compound
(85) failed.

NH 5C1 Ph SMe SMe Ph_me 5
h -2 2
" 1=

SMe ~c—

(84) (85)

Compound (8&) was prepared by the method of Ohno et glao

but when reacted with sulphur dichloride or with N,N-bis-
phthalimida sulphide the thiadiazole (76) ués the only
product isolated.

Forming the anion of thiobenzamide with sodium hydride
and then reacting with sulphur dichloride also led to
1,2,4~thiadiazole (76) formation. The thiadiazole (76) was
again formed in the reaction of CSI with thiobenzamide,
instead of the anticipated product (86), which is related
to the dithiadiazine (73). The literature prededent for -
this reaction comes from the work of Weinstock and

co-uorkers,81 who observed the follouwing:
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// \\

Ph\( \f E_'YNHZ ES_TN\E/%O

0
(86)

Although the thiobenzamide could have added in two ways, on
the basis of hard and soft‘centres, the addition would
have been predicted to give the desired product (86).

The following reaction of bis-oximes is a well knoun

route to 1,2,5~-thiadiazoles.

R R R
N?/ { e 7Y
e by N

It was hoped that the analogous reaction would yield the
dithiadiazine (73)

Ph\\Tf/S\JI/’Ph _Zéii>' Ph\\T(/S\TT//Ph
g N\\Sy/N

(73)

¢
H OH
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However the following synthesis failed to give compound (73)

ohe CL Ph Ph Ph Ph
i Et.N H.S
l;_%b Tl Ve [
= I/ _ /B
EH T N/ 0 Lot

- (87) (88)

The only recognisable products were the oxadiazoles (87)
and (88), the known dimerisation products of the nitrile

oxide., The conditions used in this reaction were those of

Gibson82 who has carried out the Follouing transformation
Ar\ﬂ/ X .Ar\’/ SYA;-
N ' Et N H,S NI L
N g §
NHPh PhNH  NHPh

which, although similar, excludes the formation of the

nitrile oxide and hence dimerisation as observed in the

previous example.

The product from the reaction of the thichydroxamic acid

(89)83 and the chloro-oxime was not isolated but treated

Ph S Nad  Cl_ _Ph
\[( \[( _%L.D )
N N scl,
OH OH
(89)
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directly with sulphur dichloride to yield an intractable

tar of which the dithiadiazine was not a part.
The.dibenzilidenesulphamide (90) was prepared from

benzaldehyde and sulphamideg4 and it was hoped this compound

might be a precursor to the 1,1 dioxide derivative (91)

Ph\l.l '[(Ph Ph\“/ SY Ph

However attempts to bring about this transformation
failed as no réaction was observed when (90) was reacted
with sulphur dichloride, disulphur dichloride and N,N-bis-
phthalimido sulphide (79). The compound (90) was inert to C e
halogenation as using the conditions to chlorinate
‘benzaldoxime 85 gave no reaction at the recommended
temperature (ZDOC),and on increasing tHe temperature to
SOOC,decomposition.of starting material was observed.
Similar results were obtained using Scott'586 procedure
for brominating hydrazones and using tert butyl hypochlorite
which has been used for chlarinating imines.S?

The following transformation is reportéd88 but on
applying these conditions to compound (90) an intractable

tar was aobtained.,



Ph Ph s
piperidine

:>:::N————N::3<f —_—

H H 120°C s

In the synthesis of compound (90)
is (92) and related species have besn

sulphide to give a six membered ring,

following work of Seidel et gisg
S
RHN//JL\‘NHR
: HZS TsOH
+ —_—
A CHCl3
CH,0
0 O
\/
HN” Z NH
) (92)
OH OH

5S4

a probable intermediate
treated with hydrogen

as shown by the

RN

r)

| OH  OH

R

R NR

>

On applying these reaction conditions to benzaldehyde

and sulphamide the reaction did not proceed as anticipated

but gave a good yield of the thiobenzaldehyde trimer (93)

in « and ﬁ forms, which is the known product of the reacton of
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benzaldehyde and hydrogen sulphide.90

Attempts to prepare compound (91) via the condensation

shown belou

Ph

h Ph~_ Ph ’ s
H/t:/S\jI\H - f\ﬁ/S\g// +  S0,(NH;), 12£L> (91)

0

P;>x<a ' ‘ A toluene
(93)

failed to give a product, presumably due to the deactivation
of the thioanhydride, as the analogous reaction of the

diketone proceeds in good yield.91

Ph\\r/«\T//Ph | wc1 Ph Ph
|| + SO0p(NHz)2 ——= ]| |
0 O

A EtOoH N
~

00
95% -

The N,N-thibbisbenzamide (94) appeared to be an
excellent precursor to the dithiadiazine (73), as its
structure is closely related to the proposed intermediate
(75) which is known to spontaneously lose hydrogen sulphide
to give (73). _

The bisamide (94) was prepared from benzamide and
disulphur dichloride92 but all attempts to ﬁhionate the
molecule led to the formation of benzamide and

thiobenzamide. The reagents used in these experiments were
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PhYO OYPh Ph\fs SYPh -H,5 Ph\“/S\I(Ph
H H . |
N\\\S,//N fﬁN\~\S,//NP{ N\\S”N

(94) " (75) (73)

as follous:

i) phosphorus pentasulphide‘in refluxing toluene with
and without pyridine. (The latter conditions have been used

by Takata et gig3 to perform the following transformation)

" Ph
P,S
L ., Uy
/Jtt 0 | toluene N ‘/’%
Ph 0 '
Ph

ii) Lauessogs Reagent (95)9a in refluxing toluene
which is a known method for the thionation of amides,95
iii) Lauesson's Reagent again.but in the thermaily

milder conditions of refluxing in benzene with HI"]PA.96

As the compound (94) could not be thionated it was then
‘decided to try to dehydrate it in the presence of hydrogen
sulphide; however this reaction gave only benzamide and
none of the anticipated dithiadiazine (73). In fact the

molecule (94) was resistant to dehydration under the

following conditions:
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i) p-toluenesulphonic acid in refluxing toluene under
Dean and Stark conditions,

ii) p-toluenesulphonic acid in refluxing toluene with
the solvent being recycled through a Soxhlet thimble filled
with calcium hydride,

iii) Thionyl chldride in both refluxing benzene and
toluene

iv) dicyclohexylcarbodiimide at room temperature.

The above reactions either yielded benzamide or recovered
starting material. Attempts to mesylate (94) with mesyl
chloride also gave no reaction. ‘

Due .to these results it was thought thebstructure (94)
may have been incorrect but a detailed study of the spectral
data including 13:C nmr confirmed structure (94). However,
the resistance of the compound to dehydration was reinforced
by the mass spectrum which gave noApeak at M - 18. The only
possible reason which can be envisaged is that the compaund
(94) adopts the conformation (96) and on heating undergoes

the facile rearrangement to give benzamide and the species (97).

Ph . Ph
;fo Kf{ A toluene Z0
e r\ll op — | +  PhCONH,
\/\S/ Y AN

(s6) O (97)
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Evidence that the amide proton is hydrogen bonded is
given by Ty nmr, as for campound (94) the axchangeable
protons are at $10.81 whereas for compound (98) the
exchangeable protons are at 57.58. .For this latter compound
it is considered that the sulphamide oxygens will disrupt
the hydrogen bonding as proposed for structure (96) by
forming intermolecular hydrogen bonds. To see if compound
(96) does fragment in the above.manner it was heated in
toluene in the presence of 1,3-cyclohexadiene. The mass
spectrum of the reaction mixture gave a peak at 231 uwhich
corresponds to the product (99), but the reaction was very
messy and it was not possible to isoléte compound (99) in
a pure state. Therefore the proposed decomposition route

must remain as speculative.

0
)k, | Ph 0 0 Ph
N~ Ph \f
é HN NH
(99) | ey N

Compound (98) and its dehydrated derivative (100)% uere
prepared by the reaction of N-chlorobenzamide and thionyl

chloride.97 Compounds (98) and (100) were also prepared

*
Both théese compounds are interconvertible which is further

evidence to support the absence of intramolecular hydrogen

bonding in compound (98).
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from sulphamide and benzoyl chloride, although the former
synthesis is preferable since the starting materials are
more readily available..

Attempts to thionate compound (98) using the procedures
described for compound (94) again yielded only benzamide
and thiobenzamids.

Treatment of compound (100) with Eﬁtolueﬁesulphonic
acid in refluxing toluene under an atmosphere of hydrogen
sulphide failed to yield any of the dithiadiazine derivative
(91). However variable temperature mass spectra did give a
molecular ion at 238 which corresponds to the 2,5 diphenyl
-1,3,4=thiadiazole, that could be formed from compound (91)
by extrusion of sulphur dioxide. Conducting the reaction in
refluxing benzene, in the hope of avoiding this thermal
decomposition, produced no reaction.

Aﬁtempts to prepare N-cﬁlorothiobenzamide employing
hydrochloric acid-and chlorine, the conditions used for
preparing its oxygen analogue?7a gave only ﬁhe 192,4~-

thiadiazole (76).

Ph 0 Ph
T Y
N AN
VN
0 0

(100)
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3.2, Related ring systems.

Our own literature survey and a recent review on six
membered rings with three or more hetero atoms98 showed
the 1,4,2,6-dithiadiazine to be novel, with the exception
of a 1,1=-dioxide derivative (101)99 that was synthesised

in the following manner .

OSiME3
— (=0 Y
0N
¢ bSGSiMes); —e D
0=\ 0Z
N=C=0 N=—=
(101) 0SiMes
H+
H—{O
N
- ‘
O/\m
0

As detailed earlier there is an oxygen analogue (100)

of (101) and two further examples of this ring system (102)100
“and (103)j01 are given.
One report of a 1,4,3,5-dithiadiazine (104)192 has

been corrected103 and shown to be the dimer (105).
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0 O
\V/4 \ng
sg, + clon  —e= I LlcN | |
¢ //l\\
| Cl 0 Ct
' 0
(102)
0 O
\\S//
i) nvaH =-78°C
Me0.CNHSO,CL e~ :
#02LN50, ii) MecN //lL\ |
) Me 0 OMe
(103)
Cl Cl

u—{i}—-u N\/ N_S\N

(104) (105) Cl
The following reaction has been claimed in a patent 104 but
| | ! |
E+0,C S COZEt wan,  EtOsC '5“\/:<c025f
NC: S\ :CN | NC: :M_g - N\CN

H
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as no spectral data was given it should bse viewed with caution,
Magnus and co-uorkers105 have prepared a 1,2,4,5~

dithiadiazine (106) from the following reaction and found

that it decomposed in refluxing acetone to‘give the

dihydrothiadiazole (107)

Ph
>==NNHPh —
S DDQ Ph
| - = ' :X( / Ph
PAN==N""\
—— NNHPh Vi
Ph Ph

(106)

A MeZCO

Ph
PhN=N /
N——
ph”

(107)
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3.3. A mechanism of formation.

A mechanism for the formation of the dithiadiazine (73)
must deal with the problem of carbon-carbon triple bond
cleavage, Control experiments established that compound
(73) was not formed via the thiadiazole (53) so it was then

considered that the thiirens (108) might be an intermediats.

0
S & Ph
Ph~" SPh Ph Ph
(108) (109)

(110)

However, the foilouing experiments gave no particular
support to this' proposition:

i) reaction of the cyclopropenone (109) with S4N,
gave none of the analogous product (110), but gave low
yields of compounds (53) and (73) presumably by
decomposition to the acetylene

ii) the addition of’dimorpholeﬁodisulphide which is
reported to give (108) when reacted with diphenylacetylene106
failed to increase the yield of the dithiadiazine (73)

iii) a thiirane might be isolated if an analogous
reaction qccurred with an alkene, but no reaction wvas
observed betueen tetraphenylethylene and SyuNge

The dithiadiazine (73) is an adduct of the acetylene
with SN |

oNos and as this latter compound is in equilibrium

N at elevated temperatures,3 it was plausible that

with 54 4
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52N2 might be the reacting species. This was showun to be
unlikely as slow addition of the acetylene, over a forty
hour period, to SaN4 in refluxing toluene gave no increase
in the yield of the dithiadiazine (73).

Therefore the mechanism in Scheme X1 was considered;
this is in keeping with the low yield of compound (73) as
the entropy factor for the anionic sulphur to attack carbon

must be lew. The intermediate (111) can also add another

Ph
v
Za
Ph 3 Ly :
\ — .
NAT \? s
G
N::S/, N::S/’
(111)

. S
P — &L
N\SjN\\s} NN >s7
$-52N2
Ph S Ph Ph S Ph
N L
NQESﬁjN ‘N\\S/’N

(R Scheme XI (73)
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molecule of acetylene to give (112) which, as Scheme XII
shous, is a proposed intermediate in the formation of the
thiadiazole (53)., In agreement with the proposed mechanism
in Scheme XI, when the molar ratio of SANA to acetylene
was vraised from 1:2 to 2:1, the yield of the dithiadiazine

increased from 1% to 7%.

Ph—,CEC—P h

/, SIS

/\?\f\ Ph N/S\/\
S A h
S;:N/ ’ \_>\ //
R | (112)
Ph—C=C—Ph é

S
Scheme XII 53)

A recent report107 gave an example of carbon-carbon

triple bond fission

Ph-C=C-Ph
octane
p-MePh-C=C=-Ph + Mo(CO), + PhOH ———c +
259

p~-MePh-C=C-PhMe~p

-and as this phenonemon occurs in our reaction, we thought

that the reagents might find application here., However none
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of the dithiadiazine (73) was observed when phenylacetylense,
54N4’ molybdenum hexacarbonyl and phenol were refluxed
for 24 hours in petrol (bp 60-80?).

The addition of aluminium trichloride, (see Chaptser V)
although again suppressing the yield df the thiadiazaole (53),

gave no increase in the yield of compound (73).
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3.4, Chemical Properties.

The dithiadiazine (73) showed exceptional thermal
stability in that after six hours reflux in decalin, HPLC
showed only 10% of the material had decomposed to the

thiadiazole (53). Although it is also possible to extrude

Ph Ph A
Z’ W\ /ﬁ &
(53) (113)

sulphur to give the isomeric thiadiazole (113) the loss of
S, was expected, as it is almost unknown for sulphur
extrusion to lead to nitrogen=-nitrogen bond f‘ormation108
Photolysis at 300 nm for 2 hours again yielded the
1,2,5-thiadiazole in 48% yield. The remaining 50% of the

material presumably decomposed via an alternative pathuway,

perhaps related to that shown for the dithiazine (114)109
SMe
0
160-180°C |
S\Tr//spki _,—:gx7 ‘\\S/)q
S/N h
(114) T > trapped by
-MeSCN

XS Mo(CO)¢
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The compound (73) was rapidly decolourised by one
equivalent of MCPBA at room temperature, but preparative
plate chromatography produced seven compounds and because
of the small amount of starting material none of these
could be fully'characterised. However a variable temperature
mass spectrum of the crude'product indicated that tuwo
thiadiazoles uwere present as the peak at 238 gave tuwo

maxima at two different temperatures, Therefore it is

0 o

Phe_ S Ph Phe. S Ph
LT T
8

(115) (116)

proposed that both S-~oxides (115) and (116) are formed,
but that both extrude sulphur monoxide to give the

thiadiazoles (53) and (113).-

The following reaction has been reported110

S Ph Se_€
\TT// DMAD

S’/N 180°¢ S £

6 h 80%
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so it was decided to react the dithiadiazine (73) with
DMAD under the same conditions as on this occasion two

products (117) and (118) are possible. The reagents

X LK

(117) (118)

failed to faact,at 130°C but on raising the tempefature
to 180°C the dithiin (118) uas obtained (48%), and the
1,2,5-thiadiazole (53) (8%), which was presumably formed

by thermal decomposition of starting material,
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3.5, Crystallographic Analysis.

_Owing to the intense orange colour of the dithiadiazine
(73), (the thiadiazole (53) is colourless) and its
excellent thermal stability, it was decided to investigate
the molecule b9 X~ray crystallography. This would reveal
uhether a resonance form such as (119) made a significant
contribution to the moleculse, |

Suitable crystals were grown from petrol (bp 60—800)
by room temperature evaporation and were triclinic,

a = 3.951(1), Q‘= 12.527(6), c = 12.950(5) z, a = 77.29(4),
p = 82.61(3), Y =185.37(3); U = 61923 Z = 2, Space

group 21

A total of 1563 independent reflections were measured
on a diffractometer (& < 55°) using Cu-K_ radiation and
and of these 119 have |Fo| <3¢ (|Fo]) and were classed

as unobserved.

0
- . 1
Ph )
\(/S l Ph { S Ph
~Ng Ph S
+
(119) (120)

The str&cture was solved by direct methods and refined
anisotropically to give R = 0.039, and is shown in figs.
1,2 and 3., From this dafa it can be concluded that resanance

forms such as (119) make a negligible contribution to the
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structure of the dithiadiazine (73) as the bond lengths

for C=N, C~S and N=S correlate well with those reported

for unperturbed systems.111’3 For comparative purposes the

bond lengths of C=N and N-S in the 1,2,5-thiadiazole (53)

o : ° 112
are 1.342A and 1.635A respectively,

both these distances
being shorter than the correspaonding bonds in compound (73)
The molecule (73) adopts a boat confi. guration (Figs.

1 and 2) which is similar to that of the 1,4-dithiin-1-oxide

(120). 113
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Chapter 4 Two novel 10Tl electron aromatic heterocycles.

4,7 Isolation.

The following reaction has been reported by Tashiro

and co-uorkers-.11

> ( € S €
S, N 4
E-(=(-€ —— T \N]( \U/

| / \
A toluene N
\\S/N

6 h (121) 60% (122) 5%
Xx +y =3
€ = C02Me |
-_ £
YT
S
» N

Moy’ N e

(123) 6% (124) 8%

Qur interest in this reaction was in compound (122) as it

was thought that it could be a precuréor to the dithiadiazine
ring system by'extrusion of a sulphur atom. Reactions of
electron deficient acetylenes and 84N4 had previously been
réportedg to give adducts caontaining an N283 unit but they
were assigned structure (7).

1 dismissaed this structure

However Tashiroc and co-workers
as when they prepared the corresponding compound (125) fron

methyl propiolate, the 1H nmr gave a singlet at b68.90 which
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S< R = CN
,/T'N R
éfi»N // R = Cfq
(7)

H S € Ph S; €
Ve T
\\S;/N X +y =3 N\\S’J“

(125) . : .(fze)

he assigned to an azomethine proton and not an olefinic as
structure (7 ) would require, Tashiro11 then states that
compounds (122), (125) and (126) have the structure (127)
i.es ¥y =0, x = 3 on the Fdllouing doubtful argument. The
methyl ester in (126) is observed at § 3,51 which is at
higher field than the ester protons of compound (129) which

resonate at § 4.01. Therefore Tashiro suggests that the

R R Ph €
7 =

S s

(127) (129)

R=R=E-= (128)
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methyl and phenyl grﬁups are closer together in compound
(126) than in the thiadiazole (129) and this can only be
accomplished when y = 0 and x = 3 to give (127).

We therefore thought the reaction warrented further
investigation énd repeated it to obtain the same four
products in apﬁroximately the same yields. Suspicion that
the structure (128) was incorrect arose from mass spectral
data which gave no peaks at 85 and 202, corresponding to
methyl cyanoformate and the 1,2,5-thiadiazole (121); both
of which uould.be expected fragments from a compound with
structure (128). This spectrum did give a peak at 103

. +
which corresponds to the ion MeO0O,CC=S so this gave the

2
first indications that C-S and not C-N bonds were present
in the molecule "(128)". This was further substantiated

by the infrared spectrum which had no absorptions in the

region of 1600 cm-1 as would be required for a C=N,
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4.,2.. Crystallographic analysis.

The compound "(128)" was submitted Fér X-ray analysis,
suitable crystals being groun by room temperature evaporation
of a solution in petrol (bp GU-BOOC). These were monoclinic,
a = 19.676(3),'b = 5,798(1), c.= 18.646(5) R, p = 9&.17(2)0,
u ‘ 3

Il

2122 33, sﬁace group = C2/c, Z = 8, D, = 1.67 g cm
A total of 1328 independent reflections‘uere measured on a
diffractomster (8 < 550) using Cu-K. radiation and of these
104 had |F°|<3dﬂﬁﬂ) and were classed. as unobsérved. The
structure was solved by direct methods and refined
anié&ropically by full matrix least squares to R = 0,070,
There was disorder in one of the methyl esters.

 The dimensions for the dimethyl 1,3,5,2,4~ trithia-
diazepine-6,7-dicarboxylate (130) are given in Fig.'a and
a space filling representation is shown in Fig. 5. The
structure (130) shous that the suspicion that no C-N bonding
was present in the molecule was correct and tha planarity

suggests the resonance from (131) may make a contribution,

.although (130)_uill be by far the larger part. This planarity

S— S—
;T |
€7 Ng_-N £ g
g€ = co,Me ’

(130) 2 (131)



(estimated standard deviations in parentheses)
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and an electron count also indicates that the seven membered
ring (130) may be considered as a 10T electron aromatic 14
system and this will be discussed later. The analogous bond
lengths in thiophene are 1.370 A for C=C and 1.714 A for

5115

and both these compare favourably with the observed
values here, The sulphur-nitrogen bond lengths are well
below the 1.67 K value for a single bond, but approximate
to the value of 1,55 K for a doubls bond.3

The ultra violet spectrum of compound (130) in ethandl,
Ay 276 nm, log € = 4,26 and 334 nm, log € = 3.56 is
similar to that of compound (123) in the same solvent,
4nax 266 nm, log € = 4,09 and 332 nm, log € = 3,40, which
suggests that the compound. has an electronic configuration
similar to (130) and this cannot be accommodated in the
structure (123) proposed by the Japanese.11 These authors
of fered no evidence to support the structure (123) and as
there were no large losses in the mass spectrum of 28 and
32, as would be expected from a structure such as (123)
that could lose nitrogen and sulphur, we began to doubt the
validity of their claim. The infrared spectrum of (123)
had similarities with that of (130) although some differences
existed and the '°C nmr of (123) gave the ring carbon at
151.2 ppm which is slightly higher than the value of 140.9
ppm for compound (130). From this information no certain

structure could be assigned for (123) and the compound was

subjected to X-ray crystallographic analysis, suitable
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crystals being groun from room temperature evaporation from
a solution of petrol (bp 60-80°C). These were monoclinic,

o
= 3.816(2), b = 14.682(9), ¢ = 6.725(6) A,ﬁ<= 93.43(6)0,

u = 376 A3, space group = Pn, 7= 2, DC = 1.,85 g cm—z. A

I
!

total of 596 independent reflections were measured on a
diffractometer (0 <58) using Cu-K_radiation and of these 9
had |F°|<K36(h3|)ahd were classed as unobserved, The structure
was solved by direct methods with the non hydrogen atoms
being solved ani;}ropically and the methyl‘hydrogens being
placed in a staggered conformation and reFined‘as a rigid
-body. Refinement was by full matrix least squares to give
R = 0.069.

The X-ray ;tructuré, with bond lengths and angles, is
given in Figs. 6 and 7; structure (123) is therefore incorrect

and the molecule is in fact methyl 1,3,5,2,4,6~trithia-

triazepene-7-carboxylate (132). Here again the molecule is

€ S— £ S=
YN - T

S—

(132) (133)

totally planar and the similarities between structures (130)
and (132) can be seen in that both compounds have analogous
resonance forms (131) and (133). The structure (132) makes

the major contribution as the carbon nitrogen bond length



o
Fig. 6 (all bond lengths in A)
(estimated standard deviations

in paretheses)
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of 1.284 ﬁ is the norm for a double bond and the carbon

sulphur bond of 1.746 & approximates to a single bond.111

85
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4,3, Mechanism of formation.

Tuo mechanistic pathuways for the formation of compound
(130) are given in Schemes XIII and XIV. In both of these
there is a step involving 1,5 addition of the acetylene
across the 54N4 ring, buﬁ the two mechanisms differ in
the timing of this step. In Scheme XIII it is shouwn as
the first step to give the intermediate (134); compounds
(136) to (139) are knowun examples of 1,5.addition products

of 54N4 with related structures.

AN A
e

X = php=N- (136)"°
X = Cl (137)17 (139)11°
x = Me,N-  (138)"1°

Me.S5i-N=5=N-SiMe

5 3 (140)

The best method of preparing (139) is to react (137)

120

with (140). This compound (139) is known to lose N,S

with relative ease,120 and the same fragment is lost in

the following reaction.121

SN,

_y ot - 2 -y nt
(thp—) N SN —=—  (PhgP=),N" S;N,

2 475



E —,C__:__'- &

U\S

£ = co,Me

Scheme XIII

E-(==(-&
j?J \
s{

chi)\\N>
\
N

7
n
\

N +

(121)

Scheme XIV

(130)

Q_—

m
m
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Therefore an N25 fragment could be lost as shoun in
Scheme XIII., Alternatively a further moiecule of acaetylene
could add to give the intermediate (135), which then
fragments as shown in Scheme XIV. The mechanism in Scheme
XIV starts with the acetylene addition exactly as for
thiadiazole Forﬁation (Scheme XII, page 65) followed by 1,5
addition of a further acetylene molecule to give (135),
which decomposes as illustrated. fFrom the evidence presented
it is impossible to distinguish between the two routes,
which are speculative at the present time.

Two mechanistic pathways are again presented for the
formation of (132) and these are shown in Scheme XVY. Both
go via the adduct (136), which can be the thiadiazole
precursor, but on this occasion, by fragmenting as in paths
a or b, the campound (132) is formed. In route a sulphur
extrusion gives (137) and if this species were flat it would
formally bs a 127 electron anti-aromatic species, so this
could provide the driving force for the ring closure to
give (138) which loses methyl cyanoformate to give (132).

A gas liquid chromatograph of the solvent from the 54N4~
DMAD reaction showed none of the nitrile uasvpresent, and
independent experiment shouwed that this compound did survive
refluxing in toluene with SANA‘ However, as the nitrile is
only formed in small yields and other reactive species may

be present in the actual reaction, this result should be

viewed with caution and does not necessarily discount this
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JRESE——_ N

(140)
or ECN + S

Scheme XV

£-C=C-€ € £
I _S '

~€—C=N-S

"

\ /

89
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mechanism,

The route b given in Scheme XV shows the intermediate
(136) ring close to give the intermediate (139), which
can fragment to give (132) and the nitrile sulphide (140).
This fragment could be lost as sulphur and the nitrile,
The nitrile sulphide (140) could be a precursor to the
1,2,4~-thiadiazole (124) as reaction of (140) with methyl
cyanoformate would yield this product and reactions of this
type are known to be facile with electron deficient

nitriles. 22 However, formation of the nitrile sulphide
o

(140) appears doubtful since none of the thiazole (141) is

observed, and this is the expected product of DMAD and (140).

/ \N € = CO,Me
E NG

(141)

Also the yield of (124) is too high for it all to have been
formed by the nitrile sulphide route.

Attempts to increase the yield of compounds (130) and
(132) by varying the conditions of the reaction of SNy

with DMAD are given in Table 7.
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Table 7
Ratio Solvent t/h % Yield
S4N, : DMAD (121) (124) (130) (132)
1 2 -~ toluene 6 67 3 5 14
1 1 toluene 6.6 55 1.5 6 9
1 2 - toluene 1.6° 30 trace 8 0.5
1 2 toluene Gb 37 trace 1 15
1 2  benzene 15.5 52 3.5 5 18

a One equivélent of AlCl:5 added to 54N4 prior to reaction
b DMAD added to the 54N4 in refluxing toluene over the

first 5 hours.

No precise rationale can be given to explain the results
in Table 7, but they do show that with manipulation it may
be possible to produce compounds (130) and (132) in

reasonable yields.,
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4,4, Related ring systems.

A literature survey has shown that the seven membered
rings of compounds (130) and (132) are totally novel with

the only compound approaching their étructures being the

thiotrithiazylcation (47).

~Nx ~N~
N
N\

\f_s/ N\S__i/)‘

(47)

This compound (47) is planar46 with a sulphur-nitrogen
bond length of 1,56 R and 1s regarded as a 10T electron

aromatic system. The ultra violet spectrum (taken in 12N

123

HCl) has two peaks at 270 nm and 342 nm which is similar

to the ultra violet spectrum of compounds (130) and (132)
and therefore suggests a similarity in electronic

configuratione.

Other sulphur nitrogen compounds which are regarded as

- 2+
3N3 and 54N4 . The
53N3 anion is a planar six membered ring with sulphur

124

10T electron aromatic species are S

: 0
nitrogen bond distances in the range 1.58 to 1.63 A.

‘"The anion can be prepared by the reaction of 54N4 with azides

of large cations e.g. Cs+, BuaNf etc.125 and the ultra

violet spectrum of Bu4N+ 83N3- in ethanol gives a Am

ax
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360 nm log € = 3.9.125

The SAN4 dication is prepared from the oxidation of

126

in liquid sulphur dioxide with SbF_. or SbClc. It

SeNg 5
exists in three forms, two of which are planar and the
third type present in the crystals of SaNa(SbClG)2 deviates
slightly from planarity..126 No ultra violet spectral data
was available for this compound.

A compound that appears to be in the same category as
the two azepine derivatives is the eight membered ring
compound (142) which is reported by Woodward and
co-uorkers.127 Efven the preparation given below 1is
reminiscent of an SyNy reaction as it is stated to be "very

messy" and gives compound (142) in 5% yield as the only

identifiable product.,

NH 7N
. SC1
2
ph—( R \>—Ph
DBU ‘
NH, M§S¢N_
(142)
N””ST\\N S~
=N
Me,N | NMe, °h \, °

(142a) : ~S~
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The heteroccyclic ring in compound (142) is also planar
with sulphur nitrogen bond lengths in the range 1.56 to
1.57 A and carbon nitrogen bond lengths between 1.32 and
1.33 5,127 and it is suggested that the eight membered ring
is a 10TMelectron aromatic system, very similar to compounds
(130) and (132). The planarity of this eight membered ring
is lost when the phenyl groups afe replaced with dimethyl~
amino groups as in (142a); the sulphur~sulphur distance of
127

o _
2.06 A suggests some transannular bonding interaction,

The phosphorus analogue (143) of compound (142) is knoun

f S~

N$3St: | O
Ph~_ F{ : N\P/P h F\P/\J NP/F
Ph/\l\\‘ // > Ph F~\ /IF

(143) (143a)

and adopts a puckered conformation similar to compound
(142a). However theoretical calculations suggest that

electron'uithdrauing groups attatched to phosphorus may

127a and Chivers and co-workers have

induce planarity,
stated they hope to prepare the tetra fluoro compound
(143a) to test this hypothesis,

The ultra violet spectrum of compound (142) in

ethanol gave,Amax at 271, 281, 294, 306, 318 and 419 am. 127
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4,5, Chemical Properties,

We have undertaken a preliminary investigation into
the chemistry of compounds (130) and (132) and this shous
certain parallels with the chemistry described for

Woodward's compound (142).127

Both azepine derivatives

(130) and (132) gave no decomposition after being heated
under reflux in xylene for 24 hours, a property shared by
compound (142). On increasing the temperature to refluxing
decalin, compound (130) was totally decomposed in 5.5. hours
and tlc analysis indicated that the 1,2,5-thiadiazole (121)
was a probable produét. Compound (132) exhibited greater
thermal stability in that after heating for 33 hours in
decalin tlc analysis showed starting material still remained,
and that the molecule decdmposed to base line material rather
than any single’product; When compound (142) was heated at

220°% it decomposed to give benzonitrile.127

Photolysis at
300 nm for 1.6 hours of compound (130) gave sulphur and a
50% yield of the 1,2,5-thiadiazole (121). The greater
stability of compound (132) was again illustrated in that
this compound required photolysis for 4 houfs at 300 nm to
effect complete decomposition and this gave sulphur and

S4Ny, (12%) as the only identifiable products. A possible

mechanism is given overleaf; SZNQ is known to dimerise to

54N4.3 There is also the possibility of nitrile sulphide
extrusion followed by its subsequent decomposition to the

nitrile and sulphur. There is no report on the photolysis
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—_—= S,N + Me0,CCN + S
@ (ﬁy 300 nm 272 : 2
S/
(132) E = CO,Me

of compound (142),

Both azepine derivatives (130) and (132) failed to shou
any significant reaction with MCPBA in dichloromethane,
even when heated at reflux for 4.0 hours. Compound (142)
was also inert to this oxidising agent under the same
conditions.127l

The greater stability of compound (132) was again
illustrated by its failure to react with trlphenylphosphlne
even after heating at reflux in toluene for 57 hours,
whereas compound (130) was decomposed by two equivalents
of triphenylphosphine after 15.5 hours in refluxing toluene.

Attempts to hydrolyse both compounds (130) and (132) to
the acids were unsuccessful., They both dissolved slouly at
room temperature in 1N NaOH, but neutralisation with 1N HCl
produced no precipitata. Extraction of these solutions gave
very little product, for which the mass spectrum gave no

identifiable ions except starting material., Similar

results were obtained with ethanoclic potassium hydroxide.
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Therefore it would appear that both materials (130) and
(132) are decomposed by base and this is not too surprising
as compound (142) is also unstable to base, being

hydrolysed to benzamide by potassium hydroxide in aqueous

dioxan.127
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4.6. Theoretical calculations.

MNDO=-SCF calculations* using the RHF method have
been applied to the ring systems of compounds (130) and
(132), The results are in agreement with the proposal that
both are 10Trelectron aromatic sy;tems. The calculations
were actually performed on the as yet unknouwn decarboxylated
species (144) and (145) and the predicted bond lengths,
angles and charge densities are shown overleaf.

Both ring systems are predicted to be planar and the
bond distances and angles are‘in very good agreement with
those obtained from the X-ray analysis.

The charge distribution Figurés suggest that the
trithiadiazepiné (144) is best represented by the resonance
forms (146) to (152).

The dipolar structures (146) to (149) will make a
greater contribution than the higher energy quadrupolar
forms (150) to (152); S, having double the electrophilic
character of 51 and S5 as there are two structures in which
this atom bears a positive charge,

Seven analogous resonanée forms can also be written for
the trithiatriazepine (145) and the increased stability of
this compound can then be rationalised. The structures (153)

and (154), which correspond to (151) and (152) in the previous

* performed by Dr. H. Rzeppa of this Department.
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Outer figures ars
bond lengths in E.
Inner figures are

R
angles in —,

Calculated Bond Lengths

and Angles

(145)

example, will make a much greater cbntfibution since the
negative charge which was on carbon in the previous example
can now be placed on nitrogen. The greater cont:ibution of
these tuo resonance forms (153) and (154) can be seen from

the charge density figures which shou S3 to have less than
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-0059 -0.61

0.32 5///N\\\ 0.27 s///N\\\

S 0.78 S 0.81

() Vo ) v

N—3S
-0.22 0.32 -0.37 0.47
(144) (145)

Calculated Charge Densities

S~& . —~ S~ —~ S~~~
Ei/ l\é }\l \I\\ +)\/1
(146) (147) ﬁ/7 (148)
- S~-=- -~ 5~

(151) - (152)
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.
/\J/S\

R_” _f

(155) (154)

double the electrophilic character of 55 in the hypothetical
compound (145).

Other calculated parameters are given below and here

(144) (145)
Heat of Formatlon/kcal mo1= ] 127 137
Dipole moment/D » 1.6 0.5
Ionisation potetlal/eV 8.9 9.1

again these figures indicate that system (145) should be
the more stable., This is in good agreement with our findings
that compound (132) is thermally and photochemically more
stable and less reactive towards triphenylphosphene than
compound (130).

In conclusion it can be stated that the reaction of DMAD
and 54N4 produces two novel seven membered ring heterocycles
which may be regarded as 10T electron aromatic systems.

Evidence for the aromatic character of the two compounds
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comes from X-ray crystallography, MO calculations and

ultra violet spectral data. If Tashiro's data for compound
(125), which presumably has the related structure shoun
beloQ, can be trusted then the proton at 6 8.90 indicates

a ring current.may well bavpresent. The compounds (130) and
(132) may be regarded as the bis and mono carbon analogues
of the unknouwn S3N4 which is predicted to be a 10T

electron aromatic molecule.

e
>N

. l g§+ € CO,Me
S L M~

"(125)"



103

Chapter 5 A novel bicyclic haeteracycle,

Sele Isolation,

The following reaction has been reported by Tashiro

and co-uorkars.'11

S,N } \
h=-C=C~- .-li..i.> / \ / \
Phmes=een Toluens N\S/N * N\S/N

6 h (155) 16% (157) 5%

(156a) 8% ' (156b) Ph

They could not distinguish between the two structures
proposed for the tricyclic prﬁduct, (156a) or (156b).

Their main evidence for either of these structures came
from chemical degradation in which the compound (156a) or
(156b) was hydrolysed by ethanolic potassium hydroxide to
the aminothiadiazole (157) and a trace of phenylacetic acid.
We felt that thé reaﬁtion deserved further investigation
because of the unique heterocyclic skeleton of compound

(156a) or (156b). On repeating this reaction compounds
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(154) and (156a or b) were obtained in similar yields'but
compound (157) was not isolated. The aminothiadiazole (157)
is presumably formed by hydrolysis of the tricyclic material
(156a or b) and its non-isolation may be attributed to our
reaction being carried out in dry toluene under nitrogen.
Neither of these conditions was specified by Tasiro and
co-uorkars,11 but we Found that4the dry solvent and inert
atmosphere gave a cleaner reaction. fFrom the spectral data
including the mass spect:um, 1H and 13C nmr, infrared and
ultraviolet spectra it was not possible to distinguish
between (156a) or (156b) or even to say if either of these
structures was correct, as the dithiadiazine derivative

(158) also fitted the spectral data, if not perhaps the

chemical degradation. However, on the following chemical

Ph Ph

IS N

| h—(==(—(=(-
S—N N—S

(156) (159)

evidence it was shown that the structure (158) was unlikely
to be correct. If it were, reaction of the di-yne (159) or
the thiadiazole (160) would be expected to yield the same
product. Although this reaction (see Chapter 6, page )
gave compounds (160) and (161), no product corresponding

to (156a or b) or (158) was isolated.
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Ph '
Ph /C/ Ph Ph
7 Y. N
h/ N
<N —N N—S
(160) : - (161)

On thermolysis the dithiadiazine derivative (158) would
yield the bis-thiadiazole (161), but uwhen compound (156)
was thermolysed tlc analysis showed that the bis-thiadiazols .

(161) was not a product.
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5.2. Crystallagraphic analysis

Hence X-ray crystallography appeared to be the best
method of resolving the structure of the compound (156),
but growing crystals suitable for this technique proved an
arduous task. Slow evaporation from a vastAarray of solvent
systems, ranging in polarity from petrol thrbugh methanol
to DMSU produced minute twinned needles that uere totally
unsuitable, Other methods that inéluded the diffusion
together of tuwo solvents,128 slou cooling,128 and sublimation
also produced these unsuitablevcrystals. The only technique
that produced anything approaching crystals suitable for
X-ray analysisruas that of room temperature evaporation of
ethanol = chloroform solutions and after sighteen months of
varying concentrations and geometries of flasks, suitable
crystals were obtained. These came from evaporation of a

saturated solution of the compound in chloroform containing

30% ethanol. They were mono-clinic, space group Cc’

]

a

b

A total of 1072 independent reflections were measured on a

18.502(7), b = 11.388(3), c = 7.422(2) A

o 073 - - -3
96.46(3) ", U = 1554 A, Z = 4, DC = 1,52 g cm

diffractometer (& < 55°) using Cu-K_ radiation, and of
these 158 had |Fo | < 3¢ (iFo}) and were classed as
unobserved, The structure was solved by direct methods
with the non-hydrogen atoms refined anistropically and the

hydrogen atoms placed in calculated positions and allowed



107

to ride on their parent carbon atoms. Refinement by full
matrix least squares gavé R = 0,051 and the structure (162)

is shoun in figs. 8,9 and 10.

Tt
AN N

(162)

This fascinating étructure (162) is almost that of
(156a) described by Tashiro  and co-workers except that
there is no formal bond betuween Nz.and 83, thus allowing
the 1,2,5~thiadiazole ring to remain unpe;turbed. The N2"53
distance of 2,67 R is shorter than the sum of the van der
Waals radii, 3.3 K, which suggests that there is only a
small interaction between the ﬁuo atoms as. shoun by the
space filling representation in'fig. 9, This interaction is
much less than a formal single bond, uwhich would require
a distance of 1.74 ﬂ and may result simply from the molecular
geometry since the C-N-C angle at the imine nitrogén is
normal for a sp2 Hybridised nitrogen. As the C-N bond lengths
to N, correlate well with those values for C-~N single and
double bonds it can be concluded that the structure (156a)

contributes only a very small amount to the resonance form

of {162).
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5.%3. Mechanism of formation.

A mechanism for the formation of the substituted
1,3,2-dithiazole (162) is given in Scheme XVI. Whether
N-S=N or 5-N=5 addition takes place first is not known but
the mode of addition to give (163) rather than (164) is
favoured on the.basis of steric repulsion of the phenyl
groups from examination of a model. Migration of the
proposed thionitroso group as in (165) is the most dubious
vstep, the only argument in its favour is that migration
does occur through a six membered ring intermediate,

54N4 is known to form adducts with Lewis acids,129 so
it was decided to investigate its reaction with phenylacetylene
in the presence: of aluminium trichloride. The reagents were
‘heated at reflux in toluene for 3 hours to yield 3% of the
thiadiazole (155) and 20% of compound (162) To check that
SaNaAlCl3 was ihe species that altered the course of the
reaction, the adduct was independently synthesised,130 but
not isolated because of its air sensitivity.ylnstead it was
reacted directly with phenylacetylene in its mother liquor
of 1,2-dichloroethane, but the lower reflux temperature
appeared to have an adverse effect on the reaction, in that
after 52 hours at reflux temperafure only compound (162)
could be isolated in 3% yield.

The structure of 54N4A1C13 has not been deduced but it

is believed to have the same conformation as that of the
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\S;N N§S; \CI
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«
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Ph H
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CN\S/ TN s e
(165) (163) Ph (H)
()= (164)

Scheme XVI (162)
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BF., adduct whose structure (166) has been solved by X-ray

3
analysis,

O o O
]

o]
]
ﬂj

)
(166)

The main difference in geometry of the adduct with that
of the parent compound is that in the former (166) the sulphur
this

atoms lie in the plane of the square, whereas in S ,6N

474
situation is reversed, i.e. it is the nitrogen atoms that
lie in the plane of the square (1).

Therefore it is proposed that in order to suppress the
yield of thiadiazole ( as mentioned earlier this has
cccurred in preQious examples) and to increase the yield of
(162) the adduct must encourage the acetylene to attack at
sulphur. This theory is in agreement with the yield of
compound (130) being increased in the presence of aluminiunm
trichloride as here again it is proposed that addition to
sulphur is required for the formation of this product.

A rational for the difference in reactivity of SN,
in the presence of aluminium trichloride is difficult to
envisage, especially as a recent publication has shown that
3)2 and 52N+A1C14- can be isoiated from the
131a

the reaction of SaN4 and the lLewis acid,

both S,N,(AlCL
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5.4, Chemical Propertiss,

The 1,3,2-dithiazole ring, which is a part of (162), is
novel; there is just one report of a saturated 1,3,2-

dithiazolidine (167) that was prepared from the bis=-sulphenyl

chloridee 1o
SCl MeNHy g\
_— [ )\J-—Me
SCl S

(167)

The thermal stability of the bicyclic compound (162) is
surprising in view of its novel 1,3,2-dithiazole moiety;
even after 80 hours at reflux in decalin tlec analysis
showed starting material still remained. The decomposition
products were base line material,

An explanation of this thermal stabilty, that would
also incorporate the planarity of the molecule, would be
to consider the compound as a tricyclic 14T electron
aromatic system (156a) as originally written by Tashiro
and co-workers, However the mdlecula was decolourised by
by MCPBA after 2 hours at room ﬁemperature so clearly it
shaows greater reactivity tHan either of the 10T electron
compounds described previously in Chapter 4 and, as we
have seen, this structure is not in good agreement with the

X-ray results,



Chapter 6 Further Examples of the Chemistry of Sulphur

Nitrogen Heterocycles,

6.1 Further reactions of 84ﬁ4°

During the éourse of the work already described some
N

further exploratory reactions of § with various organic

474
compounds were investigated. Some of these reactions are
related to the earlier work, whilst others are in entirsely
different areas. Since these.reactions were largely
unproauctive they are collected together briefly in this
chapter.

N

An equimolar” ratio of S , and 1,4,-diphenyl-

4
butadiyne were heated at reflux in toluene for 7 hours
"before all starting material was consumed. This produced a
complex reaction mixture, a small aliquot of which was
separated by preparative plate chromatography, to give six

components. Two of these wers proposed to be the thiadiazoles

(160) and (161) on the basis of their mass spectra. Attempts

Ph Ph Ph
~ C(=C-Ph

/s

S—N
(160)

to isoclate both compounds in sufficient quantity to obtain

analytical samples by column chromatography were unsuccessful
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because of incomplete resclution of the individual
components, The only product that was isolated in a pure
state (1% yield) was a bright orange solid for which the
tentative strusture (168) is proposed. The evidence for

this comes from the 1H nmr spectrum which showed singlets

oh Ha Ph

T X, Ph

I N SHN=(
H
AN "

(168)

at & 6,84 and 7.54 thch are assighable to Ha and Hb,
reépectively, and the 13[: nmr spectrum which gave C1 and
Cziat 117.6 and,152.8 ppm, respectively. This spectrum gave
the correct number of lines for hydrogen bearing carbons,
but two of the quaternary carbons were missing. These were
assigned to those of the thiadiazole ring, their absence
being attributed to the low concentration of the solution
from which the spectrum was obtained, The mass spectrum gave
a strong molecular ion, with losses of 104 and 136, the
dotted lines indicating these fragments. It is not possible
to state the stereochemistry of the double bonds in structure
(168). It is interesting to note that in this product (168)
toluene has most probably become incaorporated. This is the

first time that we have observed solvent participation,

although other authors have claimed that SuNg reacts with
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132 ,
in trace amounts; ue

toluene to give the triazine (169)

have never observed this product in any of our reactions.
Slow addition of the ynamine (170), and of the enamine

(171) to s

N, in benzene at room temperature produced esxo-

474
thermic rsactiqns that gave complex mixtures that were un-
stable to chromatography; attempts to produce more stable
products by heating the reaction solution at reflux or

allowing it to stand over silica gel yielded only intractable

tars.

Ph
L, wesce OO
' PhJLN/'tPh Me-C=C—NEt,

(169) (170) (171)

The 3-nitroso-indolizine (172) gave the nitrile (173) in
21% yield in what at first sight appears to shou S,N, as a

reducing agent.

N A ’z AN Ph
y Ph 4 4. S
AN toluene NS CN
R = NO = (172) R A4'5 h ' (173)

R=H = (175)

pos)
1}
=
x
N
1}
~~
-
-
»
-

However this does not seem to be the case as the nitrile
(173) was also obtained when the indolizines (174) (60%)
and (175) (20%) were treated under the same conditionsj33
Therefore the most probable route to the nitrile (173) fron

indolizine (174) is dehydrogenation of the amino group and

decomposition via the nitrene, whereas for the other



two compounds (172) and (175) the 3- position is most
probably substituted with a nitrogen bearing fragment from
84N4 with subseguent decomposition yielding the nitrile
- (173). Further evidence that S4N, is not a reducing agent
was provided by its fallure to react with azoxybenzene
even after the reagents were heated at reflux in toluene
for 20 hours.

The reaction bf benzyne, generated from phenyldiazonium
tetraf‘luoroborate134 produced a complex reaction, from

which only the sulphur diimide (176) could be isolated in

minute yield (1%)-as a pure product.

"  Phe__S I €
PhS—N=S=N—SPh \f >___(
, € = CO,Me

SBy" £ I
(176) ' (177) (178)

In some attempted reactions 84N proved to be unreactive;

4
this was the case with the reagents phenylmecuric chloride,
the dithio-ester (177) and the diiodo-alkene'(178). They
showed neqgligible reaction even after being heated at reflux
in toluene for up to 72 hours.

The oxides (179) and (180) of s,N, are both reported135’136
but both are prepared from complex starting méterials, so ue
investigated the possibility of their preparation by direct
oxidation.

SQN4 reacted slowly at room temperature with 2 equivalents

of MCPBA in dichloromethane, but after 48 hours the original
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TN
. OQ/N/ '\'\40
2(Me,SiN),5 + 2(F0,8),0 ——= /§ S\O
Accy, 07 A
N:>315
(179) 5%
Z5%
(s.N,cl)Tc1™ + so,(NH,), —= S}\l N\'//O
372 P2 Acny, \ /SQO
N::S:;N
(180) 50%

orange solution was colourless. Standard work up of this
reaction gave a crude solid, uwhose mass spectrum contained
no peaks corresponding to the S-oxides (179) or (180), but
gave 58 as the only identifiable product. This reaction was
repeated with slight variations in the work up procedure but
Sg and m-chlorobenzoic acid were the only identifiable

products,
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6.2. Reactions of SSESELS'

A study of the reactions of S,N,Cl., with a small number

373773
of organic substrates are reported in this section. In
keeping with the observations of Barton and co-uorkers50 ue

found that 53N3Cl3

but again yieldslof pure products are generally lou.

exhibits greater reactivity than SANA’

Slow addition of an acetylene to 53N3C13 in benzene at

room temperature gave the following yields of 1,2,5-

thiadiazoles (3).

Acetylene % yield (3)
Ph=C=C-H 40
Ph=-C=C=Ph 19
é-CEEC-ﬁ 91

The slow addition of the acetylene, diluted in benzene and
added over 20 minutes, was favoured since with phenylacetylene
this procedure raised the yield of thiadiazole From.23% to
40%. A possible mechanism for this transformation is given

in Scheme XYIl. Evidence for the mechanism presented is that-
on addition of the acetylene the light yellow solution becomes
green which is the colour of the thiazyl chlorids ﬁonomer,s
and a 17% yield of 84N3Cl was isaolated from the diphenyl=-

acetylene reaction. The equations for the f‘ormation3 of this

compound are:

2NSC1 + S C12 — S3N2

2 Cl, + stl,
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rr/\,\ ) Reo N
)Cl/ \N/Z\Cl - ‘ ljf\a\ “
\\ \J ‘ N\su

R (181)

R /N> ' -SC12 R =Ny
R-=N \K}

Y
(3) . <7scl
Scheme XVII Cl
353N2C12 + 82012 — 284N3Cl + 3SC12
and as the equilibrium
28C12 —_—= 52C12 + C12
137

is well knoun, the mechanism presented provides both

species ne cessary for the formation of SaNSCl'
The reaction with diphenylacetylene also gave a 6% yield
of benzil, this product providing an illustration of the

oxidative powers af 83N3Cl which are hardly surprising as
it can be written as a source of Cl+. As all these reactions
were performed under an atmosphere of nitrogen the oxygen in
benzil possibly arosé during column chromatography.

The reaction of deoxybenzoin and S.N

3 3Cl3 proceeded at
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'\ 1§
o Oy
C¥ = +
u/g*N/_v\u XN

room temperature to yield benzil (&%) and thé expected
thiadiazole (3) (7%). The major product, a solid obtained
by filtration (45% yield by weight), could not be
characterised because of its air sensitivity. The mechanism
for the formation of the thiadiazole from the ketone can

be envisaged as. addition of the encl form of deoxybenzdin,
in a mode similar to the acetylene shown in Scheme XVII,
with subseguent dehydration giving the same intermediate
(181).

The oxidative powers of 83N Cl3 were again illustrated
when it was treated with thiopheﬁol and sodium thiophenoxide
in the hope of displacing the chlorine atoms to give
compound (182), Diphenyldisulphide was obtained in yields

ranging from 30 to 70%.
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6.3, Reactions of 54g3c1.

The resactions of phenylacetylene and DMAD with 54N3Cl
are discussed in this section. Both reactions produced
complex mixtures, from which only trace amounts of bure
compounds could be isolated.

When §,N,Cl was heated at reflux for 4.5 hours in
toluene with phenylacetylene a complex reaction mixture
was obtained., One product isolated from this was a yellouw
solid.(1%); analysis and mass spectrum indicated that this
had the same molecular formula as compound (162), buf a
close resemblaqpe in strucfure was thought unlikely as thers
was no peak at 121 in the mass spectrﬁm corresponding to
Ph—g=s, indicafing that there was probably ﬁo benzylic
sulphur bonding. The ultra violet spectrum of this compound
showed similarities to that of the spectrum of the bicyclic

material (162) and the |

H nmr showed the two phenyl groups
were in different enviroments, but the separation of the

ortho protons was not as great as in compound (162)., The
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infrared spectrum was complex but some peaks were common
to those recorded for the bicyclic compound (162). On this
slight amount of information the structure (183) may be
considered but must remain very tentative; the small amouﬁt
of sample available (10 mg after analysis) prévented a 130
nmr spectrum being obtained, which would have helped to
verify this molecular geometry. As was nearly the case for
compound (162), minute twinned nesdles prevented the
definitive answer being gained from X-ray crystallographye.

A secaond product (1%) obtained from this reaction was
a colourless solid, whose molecular formula was similar to
compound (183) but it had one more sulphur atom. The structure
(184) is tentatively assigned to this molecule, mainly on
the basis of the mass spectrum which gave strong mdlecular
ions at 386 and 193. The 1H nmr indicated both phenyl groups
wvere equivalent and the infrared spectrum indicated that
a 1,2,5=-thiadiazole ring may be present. For the reasons
given in the previous example the proposed strﬁcture (184)
must remain -speculative, as the alternative structure (185)

cannat be entirely ruled out on the spectral data available.

Ph — Ph Ph N—N h
s &
[\ / o\ /S \
S/N N-\\S/J\l ' | S/’ S\S/J\l

(184) (185)
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6.4, Conclusion,

The reactions of S4N4, SANSCI and 53N3Cl3 uitﬁfelectron
rich organic substrates leads to a variety of interesting
products. However, the crude product is usually a caomplex
mixture and the yields of pure substances are generally
low. The multiplicity of pathways by which these reagents
can react, whilst mechanistically interesting, imposes

severe limitations‘on their synthetic utility, and a

considerable hindrance in any chemical study of the products,



EXPERIMENTAL
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EXPERIMENTAL
Reagents
: 7 143 143
SANA’ 84N3Cl and 53N3Cl3 were prepared by

literature methods. CAUTION SaN4 is EXPLOSIVE to heat and

shock and should be treated with the utmost care. In order
to minimise the risk of an explosion, the S4N, was left
slightly moist with dioxan from the Soxhlet extraction.7
Althdugh SANSCl_and 83N3C13 have not been observed to
decompose violently they should still be treated with care.
These reagents were stored under nitrogen at 0°C and all
their reactions were conducted under nitrogen in dry
solvents, unlesg otheruise stated,

Sulphur dichloride and disulphur dichloride were
purified by the methods of Fieser and Fieser147 and stored
at 0°C under nitrogen. They were used within 6 months of
purification, Thionyl chloride and‘sulphuryl chloride uere
distilled under nitrogen prior to use.

The following reagents were prepared by_literatufa

methods: benzil monohydrazone;54 azibanzil,54 diphenylketene,55

thiobenzilic acid,66 benzil bishydrazcme,144 thiobenzamide,95

95 diphthalimido sulphide,75 N~morpholino

diazomethane,147 benzaldoxime,140

145

p-nitrothiobenzamide,

sulphenyl chloride,76

benzo hydroxamyl chloride,85 dibenzoyl sulphide,

146 97a

‘sulphamide, N-chlorobénzamide, Lawesson's reagent,94

phenylacetylene,145 deoxybenzoin148'and 1-morpholinocyclo=--
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haxene.1a9

Aluminium trichloride was purified by sublimation
prior to usa.
Other reagsents were commercially available and

used without further purification.
Solvents

Hydrocarbon solvents were dried by standing over
sodium., THF was dried by distillation from sodium wire
under nitrogen onto moleculaf sieve (type 3A). DMS0 was
dried by distillation from calcium hydride under reduced
pressure onto molecular sieve (type 3A). Carbon tetrachloride
was dried by distillation from calcium chloride, the first
15% of the distillate being discarded.

Ether refers to diethyl ether, which was dried by
standing over sodium,

Petrol refers to the pentane fraction, bp ADfSOPC and
vas redistilled before use.
| petrol (bp 60-80°) was redistilled before use.

Methanol was dried by refluxing dvervmagnesium turnings

and distillation.

Chromatography

Column chromatography was performed in medium pressure
’ by .
apparatus similar to that describedAStill et 81150 using

silica gel H (Rose Chemicals) or alumina (Merck GuFepcy
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(type €£) neutral). Samples were usually applied to these
columns pre-adsorbed on small quantities of the appropriate
material,

Thin layer chromatography (tlc) was used throughout
this work to monitor the progress of reactions and the
purity of compdhnds. Silica {(Merck G.F.,c,) and alumina
(Merck G’F'ZSA) were used as thiﬁ layers on glass micro-
scope slides, Preparative plate chromatography was carried
out with 20 x 20 cm glass plates coated with silica (Merck
p'F’ZSA) or comercially available 20 x 20 cm alumina plates.
After elution the plateé were observed under ultra-violef
light., The appropriate compound was removed from sither
the silica or alumina by washing with methanol,

HPLC was carried out on an Pye Unicam LCQU separator
with a 6 inch partisil column using a UY20 detector:
operating at 254 nm. Elution was with Q-hexane n-butanol
421, |

GLC was carried out on a Perkin-Elmer F11 with a
2.8 mm diameter, 2 meter column packed with 15% silicon
grease an chrombsorb P80-1DO mesh, The ovsn tempe:ature

was BDOC

Spectra

Infrared (i.r.) spectra were recorded
using a Perkin-Elmer 289 or 298 spectrometer. Spectra of

solids were taken as KBr discs or Nujol mulls and liquids
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as thin films between NaCl plates. Abbreviations used are:-
(s) strong, (vs) very strong, (m) medium and (uw) weak,

1H AMr were recordea on a 60 MHz Varian EM360A, a 90
MHz Perkin-Elmer R32 or a 250 MHz Bruker spectrometer, that
also carried oUt the 15C nmr at 62.9 MHz. Tetramethylsilane
was used as internal reference,

Mass spectra (m/e) were recorded an a VG micromass
spectrometer. A variable temperature mass spectrum was when
a sample was placed in the probe at a louw temperature
and a spectruh'is run for every 10° increase in probe
temperature.

Ultra-violet (u.v.) spectra were recorded using a Pye

Unicam SPB0OO0B. |,

Dther data

Melting points (mp) were determined on a Kofler Hot
étage apparatus, and are uncorrected,

Photolyses were carried out in a Rayonet Photochemical
Reactor with a slow bleed of nitrogen being'passed through
the sclutions.

Elemental microcanalysis were carried out in the Analytical
Section of this Chemistry Department under the supervision

of Mr K, Jones.
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Reaction of Saﬁ and Benzil monohydrazone

4

Benzil monohydrazone (2.24 g, 10 mmol) and SN, (0,92 g,

S mmol) were heated at reflux in toluene (20 ml) for 24
hours. The solution was cooled, filtered to remove sulphur
(50 mg), and chromatographed on alumina (40 g). Elution
with petrol gave sulphur (290 mg) and petrol-chloroform
3:1 gave (53), 3:2 gave (56) and 1:1 gave (54). Elution
with dichloromethane-methanol 9:1 gave (55). 3,4 Diphenyl-
1,2,5-thiadiazole (53) (0.19 g, 8%) a colourless solid m.p.

15

84-86%C (1lit 85-86°C). Benzil-benzophenone azine (56)

(0.35 g, 18%) as bright yellow needlas mep. 135-136°¢C (1lit
'SZL 1290C) (mixed mep., with sample prepared independently
from benzophenone hydrazone and benzil52 135-136°C) from

petrol-chloroform, (Found C, 83.3; H, 525 Ny, 7624 Cn,H

2720
N,O requires C, 83.5; H, 5.2; N, Te2e) '5C (CDClS) 127.7,

128.0, 128.7, 128.9, 129.0, 129.2, 129.3, 129.9, 130.3,
131.0, 133.3, 133.8, 134.9, 135.6, 137.6, 163.5, 165.1

and 198.1. m/e 388 (M'). Benzilazine (54) (0.12 g, 6%)

138

yellow solid m.p. 200-202°C (1it 200-202°). Diphenyl~

acetamide (55) (0.0423 g, 2%) colourless solid m.p. 163~

139

165°C (1lit 164=-165°C).

Reaction of 5&—4’ Benzil monohydrazane and Ammonia

Benzil monohydrazone (1.24 g, 5 mmol) and S,Ng (0.46 g,

2,5 mmol) were heated at reflux.in toluene (10 ml) for 24
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hy during which a slow bleed of ammonia, pre-dried by
passage through a column of KOH pellets, was passed through
the solution. On cooling the solﬁtion was filtered to give
diphenylacetamide (55) (0.62 g, 60%) m.p. 162-165°C (1it'>?
164-165°C. On étanding the filtrate gave a second solid

and this was benzilazine (.0911 g, 8%) m.p. 190-197°¢C

138

(lit 200-202°C).

2,2,4,5=-Tetraphenyl-1,3-oxathiole (58)

_Azibenzil (0.88 g, 3.96 mmol) and SN, (0.36 g, 1.95
mmol) were stirred together in toluene for 5 min. A solution
of diphenylketene (0.76 g, 3.97 mmol) in toluene was then
added to the azibehzil?saN4 solution over 10 min. After
stirring for a further 1 h ﬁhe reaction was chromatographed
on alumina (40 g) and elution with petrol gave a mixture
of thiobenzophenone and benzophenone, identified by tlc
analysis (0.052 g, 6.5%). Elution with petrol-chloroform

431 gave (58) (0.108 g, 7%) as a colourless solid m.p.
145-147% (11t°® 146°C).

3,3,4,4-Tetraphenylthiet-2-one (59)

SNy (0.39 g, 2.16 mmol), diphenylketene (0.84 g,
4,32 mmol) and azibenzil (0.96 g, 4.32 mmol) were stirred
together at room temperature in toluene (10 ml) for 16 h.

During the first hour of the reaction a gas was evolved

5

which gave a positive carbon monoxide test.,. 7.The solution
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was filtered to give a solid, which after washing with

petrol (2 x 10 ml) gave the thiet-2-one (59) (0.062 g, 7%)

as a colourless solid m.p. 178-181°c (1it°>° 180-181°¢)

Tetraphenylthiirane

Diphenyldiazomethane (0.92 g, 4.74 mmol), diphenylketene
(0.89 g, 4,59 mmol) and SuNg (0.46 g, 2.50 mmol) were stirred
together at room temperature in benzene (10 ml) for 2 h.

The reaction was chromatographed on alumina (45 g) and

elution with petrol-chloroform 4:1 gave tetraphenylthiirane

(0.23 9, 19%) as a colourless solid m.p. 176-178% (11t%C
1789C).

Reaction of Saﬁa and Diphenylketene

Diphenylketene (0.87 g, 5 mmol) in benzene (10 ml) was
added to a solution of 35, N, (0.46 g, 2.5 mmol) in benzene
(10 ml) over 20 min. The gas evolved from this reaction
vas shown to be carbon monoxide by passage of the nitrogen
bleed through a solution of palladium chloride?? which gave
a precipitate within 2 min of starting the addition. The
reaction was stirred for a further 16 h at room temperature
and then rapidly chromatographed om silica (20 g). Elution

with petrol-chloroform 9:1 gave thiobenzophenone (0.070 g,
61

7%) as a bright blue solid m.p. 38-50°C . (lit 53-54°C)

this being the only product to be fully characterised.
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Reaction of Thiobenzophenons and Benzil monohydrazone

Thiobenzophenone (0.58 g, 2.93 mmol) and benzil mMoONO-
hydrazone (0.66 g, 2.93 mmol) were heated at reflux in
toluene (10 ml) under an atmosphere of nitrogen for 24 h.

8

On cooling the solution was filtered to remove benzl mono-
[N

hydrazone (0.48 g, 72% recovery) and the filtrate was

chromatographed on alumina (20 g). Elution with petrol

gave benzophenone (0.45 g, 84% dec. of thiobenzophenone)

and petrol chloroform 9:1 gave (56) and 4:1 gave (54).

Benzil-benzophenone azine (56) (0.13 g, 11.4%, 71% on

recovered benquhenone) yellow solid m.p. 129-135°C (lit52

1290C). Benzilazine (54) (0.021gq, 3.5%) yellow solid m.p.
138

199-202°C (1lit 200-202°C).,

Reaction of Benzophenone and Benzil monohydrazone

Benzilmonohydrazone (0.44 g, 2.6 mmol) and benzophenone
(0.36 g, 2.0 mmol) were heated at reflux in toluene (15 ml)
under an atmosphere of nitrogen for024 h. On cooling the
solution was filtered to remove benzil monohydrazone(0.40 g,
91% recovery) and tlc analysis of the filtrate showed
that benzil-benzophehone azine was not present.in the

solution.

Reaction of 54&4 and diphenylketéne

S4Ny (0.23 g, 1.28 mmol) and diphenylketene (1.00 g,

5.5 mmol) were stirred togsther in toluene (10 ml) at room
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temperature for 3 h, I.r. analysis of the solution
showed the ketene still to bse present V 2100 cm-1, so a
further portion of S,N, (0.23 g, 1.28 mmol) was added.
After stirring for a further 1 h, i.r. analysis of the

solution showed all the ketene to have been consumed.

Reaction of SANA and Diphenylketens

The previous reaction was répeated, but on this
occasion, cyclohexene (10 ml) replaced toluene as the
solvent. Variable temperature mass spectra gave no peak
carresponding to diphenyinorcarane from a sample of the

crude reaction .product,

Generation of Carbon Monoxide

Formic acid (58 Wl) was added to concentrated sulphuric
acid (25 ml) and the carbon monoxide produced was passed
through é palladium chloride solution.57 Approximately the
same amount of palladium was precipitated as that obtained
from the reaction of diphenylketene (0.2952 g, 1.52 mmol)

and S,N, (0.1386 g, 0.75 mmol) in toluene (12 ml).

Reaction of Diphenylketene and Sulphur

Sulphur (0.0684 g, 2.13 mmol) and diphenylketene (1.25 g,
6.44 mmol) were stirred under an. atmosphere of nitrogen at
room temperature for 24 h in toluene (10 ml). The reaction
was filtered to give sulphur (0.0011 g) and chromatography

of the filtrate on silica (15 g) gave benzophenone (0.0982 g,
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8.5%) as the only identifiable product.

Reaction of S,N.Cl, and Diphenylketene

3=3

A solution of diphenylketene (0.44 g, 2.29 mmol) in
benzene (10 ml) was added to a well stirred suspension of

53N3[Zl3 (0,56 g; 2.29 mmol) in benzene (10 ml1l) over 25 min.

The nitrogen bleed was passed through a solution of

palladium chloride57

but no reaction ‘was observed. After
stirring for 24 h at room temperature, the reaction was

chromatographed on silica (20 g) to give benzophenone

(0.0039 g, 9%) as the only identifiable product.

Reaction of 54ﬂ1Cl and Diphenylketene

A solution of diphenylketehe (0.40 g, 2.06 mmol) in
benzene (10 ml) was added over 35 min to a well stirred

suspension of § cl (0.42 g, 2.04 mmol). After 1 h

N3
stirring at room temperature the carbon monoxide test57
indicated a positive result .and after 20 h the reaction
was filtered to give S,N4C1 (0.34 g, 81% recovery). The
filtrate was chromatographed on silica (16 g) to give

benzophenone (0.1176 g, 32%) as the only identifiable

product

Blank Experiment

Diphenylketene (0.46 g, 2.37 mmol) was stirred in

benzene (15 ml) under an atmosphere of nitrogen for 72 h.



136

The reaction was chromatographed on silica (10 g) and

elution with petrol-chloroform 9:1 gave benzophenone

(0.061 g, 14%) and elution with chloroform=-ethanol 1:1

gave diphenylacetic acid (0.23 g, 48%) as a colourless
139

solid m.p. 146-1489C (1it 147-1499C).

and Phenylisocyanate

Reaction DF'Sdﬂa

A negative carbon monoxide tests7 was observed when
phenylisocyanate (1.00 g, 8.40 mmol) and SN, (0.38 g,
2.06 mmol) were stirred together in toluene (5 ml) at
40°C for 24 h. uhen heated at reflux for 2.75 h an
intractable blatk tar was obtained, for which the i.r. spectrum

showed some isocyanate V 2250 cm™ ! still remained.

Reaction of Saﬁa and Chlorosulphonyl Isocyanate (CSI)

A solution of CSI (0.50 ml, 5.11 mmol) in benzene (5 ml)
was added over 5 min té a solution of S,N, (0’46,9’ 2.50 mmol)
in benzene (15 ml). The CSI addition caused the solution to
become bright orange and a precipitate was formed, but a
negative carbon monoxide test was observed. The solution
was filtered to give a bright orange solid (0.80 g, 98%)
which was identified by its mass spctrum and i.r. as the

same 1:1 adduct isolated by Appel and co-—uorkers.31

Thiobenzilic Acid Methyl Ester

Thiobenzilic acid (1.00 g, 4.10 mmol), dimethyl sulphate

(0.90 m1, 9.49 mmol) and dry methanol (10 ml) were stirred
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togéthar at room temperafure for 2.5 h; while a slow stream
of dry HCl was passed through the solution. The reaction
was stirred for a further 12 h and then heated at reflux
for a.Further 4.5 h, The solvent was removed in vacuo and
the excess dimethyl sulphate was azeotroped with benzene
(50 ml). The remaining oil vas dissolved in ether (50 ml),
washed with saturated agueous NaHCOE (2 x 25 ml) and dried
over magnesium sulphate. Removal of the ether in vacuo

gave thiobenzilic acid methyl ester (67) (0.62 g, 59%) as

colourless oil that was used without further purification.

6, (ccl,) (90 mHz) 3.02 (1H,s, exch. D,0) 3.67 (3H,s)
+
)

7.15=7.45 (10H,m). m/e 258 (M

Attempted Synthesis of Compound (69)

Thiobenzilic acid methyl ester (0.40 g, 1.5 mmol) and
NCS (D.24 g, 1.8 mmol) were stirred together in dry CCl, (15 ml)
under an atmosphere of nitrogen for 2 h.67 The solution was
then treated with anhydrous hydrazine140 (47 41, 1.48 mmol)
and DBU (0.22 ml, 1.47 mmol) and stirred for a further 2 h,
The solution ués filtered and an nmr of the crude product
showed just starting material (67) and as the intergratioﬁ
was not correct for the thiol proton it was presumed some

of the disulphide was also present. A similar result was

observed when thionyl chloride was used in place of NCS.

Oxidation of Thiobenzilic Acid (66)

The following oxidants gave no reaction with thio-
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benzilic acid, air, iodine, NCS, and MCPBA gave no

products by tlc analysis. Thiobenzilic acid (0.0376 g,

0.154 mmol) and LTA (0.136 g, 0.308 mmol) were stirred
together in ether'(10 ml) for 1 h. The solution was filtered
and the nmr of the crude product shouéd no thiol proton

was present so it was presumed the product was the di-
sulphide (70). When DMS0O was added to a COCl, solution

of this "disulphide" it was 24 h before the blue colour

of thiobenzophenone was observed.

Oxidation of Thiobenzilic Acid with DMSO

Thiobenzilic acid (0.50 g, 2.05 mmol), molecular
sieve (0.15 g) and dry DMSO (5 ml) were stirred together
for 16 h under an atmosphere of nitrogen. The solution
became blue as soon as the thiobenzylic acid was added to
the DMS0 and filtered under nitrogen to remove the
molecular sieve. The DMSO was removed under reduced
pressure and the product distilled at 88-90°C @ 0.02 mmHg
using bulb to bulb apparatus (0.27 g). The nmr of tﬁis
distilate showed it contained 37% DMSO and it was concluded
that the thiobenzophenone azebtropes with this solvent.
Allowing for the DMSO'avyield of 42% of the thioketone
was obtained,

Thiobenzilic acid (1.00 g, 4.10 mmol), molecular
sieve (0.30 g) and dry DMSO (5 ml) were stirred together
far 16 h under an atmosphere of nitrogen. The solution

became blue as soon as the thiobenzilic acid was addéd,
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but was colourless with a white precipitate after 16 h.

The solid was removed by filtration to give disulphidse

di(diphenylmethyl) (72) (0.3197 g, 37%) as colourless

needles from ag. ethanol m.p. 153-155%C (1it'% 151-153°C).
Tlc analysis of the filtrate showed it to contain sulphur

and benzophenone.

3,5-Diphenyl=1,4,2,6-dithiadiazine (73)

Benzil bishydrazone (1.16 g, 5.0 mmol) and SN, (C.46 g,
2.5 mmol) were heated at reflux in toluene for 6 h. ‘The
reaction was chromatographed on silica (25 g) and elution
with petrol-chYoroform 9:1 gave first (73) and secondly (53).

3,5-Diphenyl-1,4,2,6~-dithiadiazine (73) was further purified

by preperative tlc with petrol-chloroform 4:1 as developing
solvent to give (9.1 mg, 0.5%) as orange needles m.p. 78-
80°% (1it'! 78-80.5°C). 6,,(CC1,/(CD,),C0) (250 MHz) 7.45-
7.55 (3H,m) 7.98 (2H,d 3 =8 Hz). &.(COCl,) 126.9, 128.6,
-131.7, 135.,9 and 151.8. i.r. (KBr disc) Vax 1445(5);
1208(m), 1175(m), 900(s), 760(s), 675(s) and 585(s). m/e

270 (m*,17), 167 (3), 121 (100), 103 (97) and 77 (36).

u.v. (ethanol) Amax (log €) 210 (4.28), 234 (4.26), 272 (4.31)

and 454 (3.42). 3,4-diphenyl=1,2,5-thiadiazole (53) was

obtained (0.25 g, 21%) as a colourless solid m.p. 84-86°C
15 '

(lit 85-86°C). No other product was identified from this

from this reaction,
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Thiobenzamide (0.50 g, 3.64 mmol) and triethylamine
(0.87 g, 8.58 mmol) in dry ether (50 ml) were stirred
together under nitrogen at -78°C for é min. Sulphur
dichloride (0.46 ml, 7.28 mmol) was then added dropuise
from a syringelover 2 min and the reaction stirréd at -780C
for a further 15 min. The reaction was allowed to come up
to room temperature and then heated at reflux under nitrogen
for 30 min., The solution was washed with water to remove
unreacted sulphur dichloride, dried over magnesium sulphate
and chromatograched on silica (20 g). Flution with petrol-

chloroform 9:1 gave 3,5-diphenyl-1,4,2,6=-dithiadiazine (73)

(41.3 mg, 8%) °  m.p. 76-79°C. Elution with petrol-

chloroform 7:3 gave 3,5-diphenyl-1,2,4-thiadiazole (76)

(82.5 mg, 19%) as a colourless solid m.p. 86-88°¢C (lit73
50-91°¢).

3,5-Di-p-nitrophenyl-1,2,4-thiadiazole (78)

o-Nitrothiobenzamimide (0.60g, 3.29 mmol) and triethyl-
amine (0.33 g, 3.30 mmol) were stirred together under
nitrogen at -78°C. Sulphur dichloride (10.4 1, 1.64 mmol)
was added, and the solution was stirred for 10 min at
-780C, 30 min at room temperature and chromatographed on
silica (10 g). Elution with petrol-chloroform 4:1 gave

p-nitrobenzonitrile (0.15 g, 32%) as a colourless solid
139 |

m.p. 142-146°C (lit 146-149°C). Elution with petrol-

chloroform 3:2 gave 3,5-di-p-nitrophenyl-1,2,4-thiadiazole

(78) (0.25 g, 48%) as rustic red crystals from methanol



141

m.p. 212-214°C (Found C, 51.3; H, 2.45 N, 17.0, C, HgN,0,S
requires C, 51.2} H, 2.43 N, 17.0.) 6C (cocl) 116.8, 117.4,
124.1, 124.4, 124.8, 128.5, 129.4 and 134.5. GH (c0013)

(90 MHz) 7.90 (2H,d J = 8 Hz) 8.48 (2H,d J = 8 Hz).

m/e 328 (m*, 64), 180 (100), 150 (14), 133 (18), 121 (14),
105 (52), 90 (12) and 77 (26). i.r. V__  (nujol) 1410(s),
1310(m), 1270(m), 745(s), 702(s) and 678(s).

N-thiobenzoylbenzamidine (77)

Thiobenzamide (0.33 g, 2.41 mmol) and thionyl chloride
(93 1, 1.19 mmol) uwere stirred together under CaCl, guard
in benzene (25‘hl) for 4 h. The reaction was chromatographed
on alumina (15:) and elution with petrol-ether 4:1 gave

3,5-diphenyl-1,3,4~-thiadiazole (76) (0.1241 g, 43%) mep.

88-90°C. Elution with petrol-ether 1:1 gave N-thiobenzoyl=-

benzamidine (77) (0.0072 g, 2.5%) as bright red needles
74

from petrol (bp 60-80°) m.p. 74-76°C (1it'® 73-74°C),
Elution with ether gave thiobenzamide (0.0864 g, 26% recovery)
Similar results‘uere obtained when sulphuryl chloride was

"used in place of thionyl chloride under analogous conditions.

Reaction of Thiobenzamide and N,N bisphthimido-sulphide

Thiobenzamide (0.02 g, 1.46 mmol) and N,N bisphthimido-
" sulphide (79) (0.24 g, 0.73 mmol) were stirred together
at room temperatufe under nitrogen in dry ether (10 ml)
for 16 h. The reaction was chromatographed on alumina (15 g)

and elution with petrol-chloroform 9:1 gave 3,5-diphenyl-
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1,2,4~thiadiazole (76) (0.0892 g, 50%) m.p. 89-91°C.,

Elﬁtion with chloroform gave a mixture of thiobenzamide

and phthalimide (0.30 g) as judged by tlc analysis.

Reaction of Thiobenzamide and N-morpholino

sulphenyl chloride

A solution of N-morpholino sulphenyl chloride (0.82 g,
5.34 mmol) in dry ether (5 ml) was added over 5 min to a
solution of thiobenzamide (0.69 g, 5.04 mmol) in ether
(15 ml) under nitrogen at -20°C. The solution was stirred
for 1 h at =-209C and then 1 h at room temperature. The
reaction was filtered and on evaporation of the solvent
from the filtrate a solid was obtained, which gave 3,5~

diphenyl-1,2,4-thiadiazole (76) (0.26 g, 44%) from ether

m.p. 86-88°C.

Attempted Trapping of Bis-benzimidyl sulphide (81)

Thiobenzamide (0.40 g, 2.91 mmol) and benzdnitrile
(0.40 ml, 3.92 mmol) in ether (50 ml) were treated with
dry HC1l gas at 0°C in accord uith the method of'Deshpand979
who claims this reaction gives bis-benzimidyl sulphide (81).
Reaction of this solution with 1 equivalent of sulphur

dichloride and 4 equivalents of DBU led to only formation

of 3,5-diphenyl-1,2,4~thiadiazole by tlc analysis,

© Bis=benzimino disulphide dihydroiodide;geriodide (82)

This compound was prepared in accord with the literature79
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but the i.r. spectrum was very similar to thoiobenzmide
Vinax (nujol) 1580(s), 855(s), 765(s), 720(m) and 700(s).
m/e 254 (95) 137 (100). Therefore it was concluded this

compound was bsetter represented by the structure (83),

S-methyl benzothioimidate (84)

The title compound (84) was prepared from the reaction
of thiobenzamide and diézomethane.80 The product was
obtained as a equal mixture of S-methylated and free
thioamide, Treatment of this mixture with eitherisulphur
dichloride or compound (79) (0.5 eguivalent) in THF at

room temperatufe gave by tlc analysis 3,5-diphenyl-=1,2,4~-

thiadiazole as the only product.

Reaction of the anion of thiobenzamide and

sulphur dichloride

To thiobenzamide (0.1359,.0.98 mmol) in dry THF (10 ﬁl)
was add d solid sodium hydride over 20 min at -78°C under
nitrogen. A solution of sulphur dichloride (61 ul, 0.97 mmol)
in dry THF was then added at -78°C and after stirring for
a further 5 min, the solution was allowed to warm up to
room temperature., Tlc analysis of this solution indicated

3,5-diphenyl=1,2,4-thiadiazole (76) was the major product.

Reaction of thiobenzamide and CSI

To a solution of thiobenzamide (0.48 g, 3.50 mmol) in

dry acetonitrile (10 ml) was added CSI (0.31 ml, 3,43 mmol)
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in dry acetonitrile (5 ml) and the reaction was stirred

for 30 min at room temperature. Di(n-butyl)ethyl amine
(0.61 ml, 3,49 mmol) was then added to the solution, which
was then stirred for a further 16 h, The whole reaction was
conducted undef nitrogen., The solution was filtered and the
filtrate chromatographed on silica (15 g) from which

elution with petrol-chloroform 9:1 gave 3,5 diphenyl-

1,2,4-thiadiazole (76) (0.31 g, 75%) characterised from

spectral data.

Reaction of Benzohydroxamy.l. chloride ‘and Sulphides

To a solution of triethylamine (0.31 g, 3.07 mmol) in
chloroform (20 ml) saturated with hydrogen sulphidé was added
benzohydroxamyl chloride (0.25 g, 1.61 mmol) in
chloroform (10 ml) over 12 min. The reaction was stirred
for 2 h at room temperéture, after which disulphuf dichloride
(0,38 ml, 4.86 mmol) was added and the solution stirred
for a further 1 h. Tlc analysis of the reaction indicated
the dithiadiazine (73) was not present and variable
temperature mass spectra gave ions corresponding to the
oxadiazoles (87) and (88). Similar results were obtained when

benzohydroxamyl chloride was reacted with sodium

sulphide under analagous conditions.

Sadium benzothiohydroxamate (89)

This reagent was prepared by the method of Nagata et al83

but saome of the practical details were unclear and the
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compound (89) was never obtaind in yields greater than

83

50%, although Nagata et al claim 72%.

Reaction of sodium benzothiohydroxamate and

benzohydroxamyl chloride

To a solution of sodium benzothiohydroxamate (89)
(0.50 g,.2.85 mmol) in dry THF (10 ml) was added a
solution of benzohydroxamyl chloride (0.44 g, 2.85 mmol)
in dry THF (6 ml) over 6 min under nitrogen at room
temperature., The solution was stirred for 2 h, aftsr
which disulphur dichloride (0.68 ml, 8.48 mmol) was
added and the solution stirred for a further 2 h. Tlc
analysis indicated a complex reaction mixture, and as
the dithiadiazine (73) was not present the reaction was

not further inuestigated.

Thiobenzaldehydse trimer (93)

Sulphamide (1.20 g, 12.5 mmol), benzaldehyde (2.65 g,
25 mmol) and p-toluenesulphonic acid (0.25 g, 1.4 mmol)
were heated af-reflux under an atmosphere of hydrogen
sulphide for 4 h. Removal of the solvent in vacuc gave

the thiobenzaldehyde trimer (0.4%1 g, 14%) as colourless

needles from methanol m.p. 155-225°C (1it°° gives the
ocform 167°C P form 225-226°c), 6, (CoCly) (60 MHz)

5.40 (s) and 5.70 (s) indicating the isomers are present
in the ratio 1:2. This yield was not optimised as tlc of

the filtrate showed more of this trimer (93) and unreacted
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sulphamide remained.

Reaction of dibenzoyl sulphide and sulphamide

Dibenzoyl sulphide (1.21 g, 5.0 mmol), sulphamide
(0.48 g, 5.0 mmol) and p-toluene sulphonic acid ( 0.050 g,
0,23 mmol) were heated at reflux in toluene (20 ml) for
16 h under Dean and Stafk conditions. Tlc analysis indicated

negligible reaction had taken place.

Di-benzamido sulphide (94)

The copound was prepared from benzamide and disulphur

92

dichloride as colourless needles from ethanol m,p. 203~

206°c (1it?% 221°C). 6,(0Ms0 d®)(90 MHz) 7.40-7.60 (6H,m)

B.00 (4H,dd) and 10.81 (2H,s exch. D,0). 5C(DMSD d6) 128.0,
128.2, 132.0, 132.9 and 168.1. m/e 272 (n*, 1.5), 226 (3),
167 (1), 121 (30), 105 (100) and 77 (82). i.r. (nujol) v __
3260(s), 1650(s), 1240(s), 1090(n), 860(m), 820(m), 725(s)

and 690(s).

Reaction of di-benzamido sulphide and cyclohexa=1,3-diene

Di-benzamido sulphide (94) (0.23 g, 0.85 mmol) and cyclo-
hexa-1,3~-diene (0.56 ml, 5.87'mmol) were heated at reflux
under nitrogen in -‘toluene (20 ml) for 17 h. On cooling a
solid was observed and this was removed by filtration and
shoun to be a mixtureiof di~benzamido sulphide and benzamide

by tlc analysis. The filtrate comprised of at least six
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components by tlc analysis, but the mass spectrum of
this crude product gavé a reasonably strong ion at 231

which corresponds to the product (99).

N,N'=-sulphonyldibenzamide (98) and 2,6-diphenyl=-

1,4,3,5-0xathiadiazine-4,4-dioxide (100)

Both compounds were prepared from the reaction of

"N-chlorobenzamide and thionyl chloride.97

They could

also be prepared in the following manner; to a solution

of sulphamide (0.96 g, 10.0 mmol) and triethylamine

(2.02 g, 20.0 mmol) in dry THF (15 ml) was added over 10
min a solution of benzoylchleride (2.81 q, 20;0 mmol) in
dry THF (10 ml). The solution was stirred for 24 h at

room temperature, filtered and the filtrate chromatographed

on silica (40 g). Elution with petrol-chloroform 4:1 gave

unreacted benzoyl chloride (25%) and 3:2 gave benzoic acid

(0,032 g, 1%). 1:1 gave first compound (100) (0.141 g, 5%)

as colourless needles from 1,2-dichlorcethane m.p. 176-

97

178% (1it”" 179-180°C). m/e 286 (M"). and secondly N,N'-=

sulphonyldibenzamide (0.0361 g, 1.5%) as a colourless
97

solid from ethanol m.p. 155-158°C (1it”’ 159-160°C).
m/e 302 (m*). 6 ,(DMsO d®) (30 MHz) 7.5-7.7 (7H, m) and

7.98 (4H, dd). Exchangeable protons at 7.5=7.7 (m).

Reaction of 2,6-diphenyl-1,4,3,5-0xathiadiazine-

4,4-dioxide and hydrogen sulphide

Compound (100) (0.1349 g, 0.47 mmol) and p-toluene-
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sulphonic acid (0.05 g, 0.30 mmol) were heated at reflux
under an atmosphere of hydrogen sulphide for 32 h., A
variable temperature mass spectrum of the crude product

showed no peak at 302, but did give an ion at 238.

Reaction .of diphenylcyclopropenone and Saﬂa

Diphenylcyclopropeﬁona (1.00 g, 4.85 mmol) and 84N4
0.44 g, 2.42 mmol) were heated at reflux in toluene (25 ml)
for 48 h. The reaction was chromatographed on silica (40 g)
and elution with petrol-chloroform 4:1 gave first 3,5~

diphenyl=1,4,2,6-dithiadiazine (73) (0.0193 g, 1.5%),

secondly unreacted diphenylcyclopropenone (40%) and

finally 3,4-diphenyl-1,2,5-thiadiazole (53) (0.0957 g, 8%)

as the only identifiable products.

Reaction of diphenylacetylene, Saﬁa and di-

marpholinodisulphide

Diphenylacetylens (0.89 g, 5.0 mmol), SaNav(O.AS R
2.5 mmol) and dimorpholinodisulphide (0.59 g, 2.5 mmol)
were heated at reflux in toluene (25 ml) for 48 h.
Chromatography as in the previous example gave J,5~

diphenyl-1,4,2,6-dithiadiazine (73) (0.0138 g, 1%) and

3,4~diphenyl-1,2,5-thiadiazole (53) (0.86 g, 72%) as the

only identifiable products.

Slow addition of diphenylacetylene to Sﬁﬂa

To a solution of §,N (0.46 g, 2.5 mmol) being heated

4
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at reflux in toluens (10 ml) was added over a period of
40 h a solution of diphenylacetylene (0.89 g, 5.0 mmol)
in toluene (10 ml)., This slow addition employed a syringe
(10 ml) whose plunger was driven forward by an electric
motor in a very low gear. The‘reaction was chromatographed

on silica (30 g) and elution as before gave compounds (73)

and (53) in 1.5% and 35% yields respectively. The yield
of the thiadiazole (53) was not optimised as not all of

this material was isclated.

Reaction of 54ﬁd’ diphenylacetylene and

aluminium trichloride

Diphenylacetylene (1.78 g, 10 mmol), 5,N, (0.92 g,
5 mmol) and aluminium trichloride (0.66 g, 5 mmol)
were heated at reflux in toluene for 13 h, The reaction
was chromatographed on silica (55 g) to give unreacted

diphenylacetylene (44%) and 3,5-diphenyl-1,4,2,6-dithia-

diazine (73) (0.043 g, 1%) as the only identifiable

productse.

Thermolysis of 3,5-diphenyl=1,4,2,6-dithiadiazine (73)

Compound (73) (20.0 mg, 0.074 mmol) was heated at
reflux in decalin (10 ml) under an atmosphere of nitrogen
for 6 h. HPLC indicated 10% of the material had decohposed
to the thiadiazole (53), which was identified by co=-injection.
No reaction was observed when the compound (73) was heated

at reflux in xylene for 15 h.
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Photolysis of 3,5-diphenyl=1,4,2,6=dithiadiazine (73)

Compound (73) (13.9 mg, 5.15 x 10°°M) in petrol (bp
60-80°C) was irridated at 300 nm for 2 h. The solvent uas

removed in vacuo to give almost pure 3,4-diphenyl-1,2,5-

thiadiazole (53) by tlc analysis and the mass spectrum

(5.8 mg, 48% )e An insoluble residue left in the
flask was dissolved in ethyl acetate and remaval of the
solvent in vacuoc gave a solid (4.8 mg) which contained

sulphur,

Oxigation of 3,5-diphenyl-1,4,2,6-dithiadiazine (73).

A solution of compound (73) (28.8 mg, 1.03 x 10~4

M)

an dichloromethane (5 ml) was rapidly decolourised on

addition of MCPBA (21.4 mg, 1.03 x 107°m allowing for 85%),

The reaction was stirred at room tehperature for 30 min,
extracted with saturated sodium bicarbonate (5 ml) and

dried over magnesium sulphate. Rémoval of the solvent in

vacuo gave a light yellow solid (16.1 mg) which was a mixture of
six compounds by tlec analysis. The variable temperature

mass spectrum indicated two thiadiazoles may be components

of this crude product,

Reaction of 3,5-diphenyl-1,4,2,6-dithiadiazine (73)

and DMAD

Compound (73) (13.6 mg, 5.03 x 107°M) and DMAD (19 1,

1.51 x 10'4m) were heated at reflux in o-dichlorobenzene (2.5 ml)
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under nitrogen, The solvent was removed in vacuo and the
resulting 0il was purified by preperative plate chromatog-
raphy (alumina developing solvent petrol-chloroform 4:1)

which gave 3,4-diphenyl-1,2,5-thiadiazole (53) (1.2 mg,

8%) and a crude sample of the dithiin (118), which was
purified on a second plate (developing solvent petrol-

chloroferm 1:4) to give tetramethyl dithiintetracarboxylate

(118) (8.4 mg, 48%) as a pale yellou solid m.p. 122-125°C
(1it1*" 126-127°C).

Reaction of Saﬂ and DMAD

4

A solution of DMAD (0.61 ml, 5.0 mmol) and S4N (0.46 g,

4
2.5 mmol) were heated at reflux in toluene (20 ml) for 6 h.
The reaction was chromatographed on silica (20 g) and

elution with petrol-chloroform 9:1 gave methyl 1,3,5,2,4,6-

trithiatriazepine-7-carboxylate (132) (0.1464 g, 14%) as a
cofLrless solid from petrol (bp 60-800) MeDe 81-83°¢C (lit11
82-83°¢C). 6,(ccl,)(90 mHz) 3.85 (3H,s). 6.(COCly) 53.7,
151.3 and 161.9. i.r. (KBr disc) 1740(m), 1698(s), 1440(m),
- 1290(s), 1157(m), 1050(s), 980(s), 895(m), 750(m), 380(m)
and 305(m). m/e 209 (m*,68), 124 (7), 78 (100) and 60 (36).

u.v. (ethanol) A __(log €) 266(4.09) and 332(3.40).

max

EFlution with petrol-chloroform 4:1 gave dimethyl 1,3,5,

2,4-trithiadiazepine=-6,7~dicarboxylate (130) (0.0641 g,

5%) as colourless needles from petrol (bp 60-80°) m.p.

72-74 (1it11 73.5-74°C). 5H(CDC13)(90 MHz) 3.98 (3H,s).

5C(coc13) 54,1, 140.9 and 162.7. i.r. (KBr disc) 2980(m),
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1725(vs), 1710(vs), 1478(m), 1430(s), 1260-1160(vs),
1065(s), 990(s), 890(m), 878(s), 750(m), 720(m), 670(s),
619(m), 600(s), 388(m) énd 272(m). m/e 266 (m+,100),
235 (20), 220 (51), 124 (87), 103 (20), 78 (100) and

59 (66). uev. (ethanol) A _ (log €) 274(4.26) and 334(3.56).

max

Elution with petrol-chloroform 1:1 gave dimethyl 1,2,5-

thiadiazole-3,4~-dicarboxylate (121) (0.679 g, 67%) as a:
pink o0il from bulb to bulb distilation b.p. 86-88°C @ 0.15
mmHg (lit11 111°Cc @ 3 mmHg). Elution -with petrol-chloroform

1:3 gave dimethyl 1,2,4~thiadiazole-3,5-dicarboxylate (124)

(0.030 g, 3%) as a pale yellow solid that was characterised
from its nmr 5H(CDC13)(90 MHz) 3.92 (3H,s) and 3.97 (SH,s)
and mass spectgum m/e 202 (N+). A GLC trace of the toluene
solvent removed from this reaction indicated methyl.cyano—

formate was not present.

Reaction of S N and methyl cyanoformate
4=~ .

4

Methyl cyanoformate (0.10 ml, 1.23 mmol) and SuNy
(0.11 g, 0.61 mmol) were heated at reflux in toluene (10 ml)
for 16 h. Tlc anlysis indicated negligible reaction had

taken place and GLC analysis showed methyl cyanoformate

still remained.

Reaction of 54& and DMAD as Table 7

4

These reactions were conducted in a similar manner to

the previous example. 5 N, (5 mmol) was refluxed with the
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amount of DMAD, solvent and reaction time given in Table 7.
Chromataography as in the previous example gave the yields

shown in this tablse.

Thermolysis of dimethyl 1,3,5,2,4~-trithiadiazepine-

6,7-dicarbaoxylate (130)

Compound (130) (B.D.mg, 3.0 x 1O-SM) was heated at
reflux in decalin (5 ml) under nitrogen for 5.5 h. Tlc
analysis (silica, chloroform) indicated compound (130)
had decomposed to at leact 3 products, one of which was

dimethyl 1,2,5-thiadiazole-3,4-dicarboxylate (121)

Thermolyéis of methyl 1,3,5,2,4,6-trithiatriazepine-

7-carboxylate (132)

Compound (132) (7.8 mg, 3.73 x'10-5M) was heated at
reflux in decalin (5 ml) under nitrogen for 33 h. Tlc
analysis (silica, petrol-chloroform 1:1) indicated some
starting maﬁerial remained, although some "streaking" from

decomposition products was observed.

Photolysis of dimethyl 1,3,5,2,4-trithiadiazepine-

6,7-dicarboxylate (130)

Compound (130) (22.2 mg, 8.34 x 107°M) in petrol (40 ml)
(bp 60-80°) was irridated at 300 nm for 1.66 h. The
solvent ués removed in vacuo and thevoily solid remaining
was purified by preperative hlate chromatography (silica,

petrol-chloroform 3:2) to give sulpur (4.6 mg) and
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and dimethyl 1,2,5-thiadiazole-3,4-dicarboxylate (121)

(8.5 mg, 51%) characterised by tlc and mass spectrum m/e

202 (M+)vas the only identifiable products,

Photolysis of methyl 1,3,5,2,4,6-trithiatriazepine-

7-carboxylate (132)

Compound (132) (20.9 mg, 1.0 x 10-4M) in petrol (40 ml)
(bp 60-B80). was irridated at 300 nm for 4.16 h. The solvent
was removed in vacuo and the oily solid remaining was
purified by preperative plate chromatography (silica, petrol-
chloroform 3:2) to give sulphur (5.4 mg) and SuNy (1.2 mg,

12%) as the only identifiable products.

Reaction of dimethyl 1,3,5,2,4=-trithiadiazepine=

6,7-dicarboxylate (130) and MCPBA

Compound (130) (20.0 mg, 7.51 x 10°°M) and MCPBA (15.7 mg,
7.73 x 107 allowing for 85%) were heated at reflux in
dichloromethane (3 ml) under CaCl, guard for 4 h. Tlec
analysis (silica, chlo:oform) indicated negligible reaction
had taken place. Similar results were obtained when compound

(132) was treated under analogous conditions.

Reaction of dimethyl 1,3,5,2,4=trithiadiazepine-

6,7-dicarbaoxylate and triphenylphosphine

Compound (130) (32.9 mg, 1.24 x_.10"%M) and triphenyl-

phosphine (37.9 mg, 1.44 x 10_4M) were heated at reflux
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under nitrogen in toluene (7.5 ml) for 3 h. Tlc analysis
(silica, chloroform) indicated compound (130) remained

but all the triphenylphosphine had been consumed. Another
portion of triphenylphosphine (67.7 mg, 2.58 x 10-4N) was
added to the solution, which was refluxed for a further
12.5 he. Tlc analysis showed only a trace of compound (130)
remained and at least four decomposition products wers

present,

Reaction of methyl 1,3,5,2,4,6-trithiatriazepine-~

7-carboxylate (132) and triphenylphosphine

Compound (132) (27,2 mg, 1.30 x 10-4M) and triphenyl-
phosphine (36.2 mg, 1.38 x 10-4M) were heated at reflux
under nitrogenxin toluene (7.5 ml) for 57 h, Tlc analysis
(silica, chloroform) indicated negligible reaction had

taken place.

Attempted hydrolysis of methyl 1,3,5,2,4,6=

trithiatriazepine-7-carboxylate (132)

Compound (132) (15.8 mg, 7.56 x 107°M) dissolved in
1M NaOH (10 ml) after stirring at room temperéture for
2 h to giQe a light yellow soution. On neutralization
with concentrated HCl the solution became colourless
but no precipitate was observed. This solution uas
extracted with ether (2 x 50 ml) and the organic layer
was dried over MgSOa. Removal of the solvent in vacuo

gave an oily solid (4 mg), which was four components by
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tlc analysis, and from the mass spectrum the desired acid
was not one of these components. Similar'resulﬁs were
observed when compound (130) was treated under analogaus
conditions. Both compounds (130) and (132) behaved in the
same manner when stirred at room temperature with ethanolic

potassium hydroxide.

Reaction of Saﬁ and phenylacetylene

4

Phenylacetylene (1,02 g, 10 mmol) and SNy (0.92 g,
5 mmol) were heated at reflux under nitrogen in toluene
(20 ml) for 6 h., The reaction was chromatographed (40 g)

and elution with petrol-chlorcform 9:1 gave 3-phenyl-1,2,5-

thiadiazole (155) (0.18 g, 11%) as a colourless solid from
11

ether m.p. 42-43°C (1it'' 43-44°C). Elution with petrol-

‘chloroform 7:3 gave 4!,5-diphenyl-N-(1',2',5'~thiadiaz-3~yl)

-1,3,2-dithiazol-4-imine (162) (88.6 mg, 5%) as bright

purple needles from petrol (bp 60-800) MePo 188-189°¢

11

(1it'' 187-189°C) (Found C, 53.9; H, 2.8; N, 15.8, C

14710
N,S, requires C, 54.2; H, 2.8; N, 16.0.) 6t(coc13) 128.2,
128.5, 128.8,129.2, 129.4, 131.0, 132.9, 153.8, 160.6, 164,8
and 178.4., 6H(coc13)(250 MHz) 7.42 (3H,t), 7.55 (3H,t), 8.10

(2H,q) and 8.50 (2H,qg). i.r. (nujol) Voa 1415(s), 1155(s),

925(s), 895(m), 820(m), 780(m), 760(3),-:35(m), 720(m) and
690(s). m/e 354 (m*, 26), 308 (3), 275 (3), 237 (37), 233
(37), 178 (15), 177 (3), 135 (15), 121 (100), 103 (54) and
77 (22). u.v. (ethanol) A, (log €) 234(4.22), 254(4.13),

358(4.02) and 516(3.48). Other products from this reaction
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were not characterized due to low yields.

Thermolysis of 4',5 diphenyl=N=(1',2',5'~thiadiaz~

3-yl)-1,3,2-dithiazol-4-imine (162)

Compound (162) (22.4 mg, 6.32 x 1072

M) was heated at
reflux under nitrogen in decalin (4 ml) for 80 h. Tlc
(silica, chloroform) indicated decomposition had occured

as the plate was extensively 'streaked', but starting

material still remained.

Reaction af S4ﬂ4, phenylacetylene and aluminium

trichloride

Aluminium trichloride (0.66 g, 5.0 mmol) was added to
a solutiod af phenylacétylene (1;02 9, 10.0 mmol) in toluene
(20 ml) causing the colourless liquid to become blood red.
After addition of S5,N, (0.92 g, 5.0 mmol) the solution was
heated at reflux for SIh. Chromatography of the reaction

mixture on silica (40 g) with elution as in the previous

example gave 3-phenyl-1,2,5-thiadiazole (155) (0.052 g, 3%)

and compound (162) (0.38 g, 22%) as the only identifiable

products.

Preparation of Saﬁ F\l[_“,l:3

4

The complex was prepared on a 6.6 mmol scale by the

130

method of Gisen in 1,2-dichlorcethane (50 ml). The

compound was not isolated due to its air sensitivity, but
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dark red crystals matching the description of the

product were observed an cooling the solution.

Reaction of S_,‘_N_al-\lCl3 and phenylacetylene

To the solution from the previous reaction was added
phenylacetylene;(1.35 g, 13.23 mmol) and the reaction was
heated at reflux for 52 ﬁ. The reaction uaslfilterd to
remove inorganic material and the filtrate was chromato-
graphed on silica (50 g) from which elution with petrol-

chloroform 4:1.gave compound (162) (0.038 g, 3%) as the

only identifiable producf.

Reaction of 4!',5-diphenyl-N-(1',2',5'=thiadiaz=-3-yl)-

1,3,2=dithiazol-4-imine (162) with MCPBA

Compound (162) (16.0 mg, 4.52 x 10~°M) and MCPBA

(18.3 mg, 9.02 x 107>

M allouiné for 85%) were stirred
at room temperature in dichloromethaﬁe (3 ml) for 2 h.
‘The initial deep purple colour of the solution began to
fade after 10 min and it gradually diminished until a‘
light yellou‘solution remained after 2 h, Tlc analysis

of this solution (silica, chleroform) indicated it was a

mixture of at least 4 components.

Reaction of 54ﬂ

4 and 1,4-diphenylbutadiyne

1,4-diphenylbutadiyne (1.03 g, 4,99 mmol) and SaNﬁ
(0.96 g, 5.00 mmol) were heated at reflux in toluene

(20 ml) for 7 h to produce a complex reaction mixture,
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A small aliquot (0.2 ml) of this solution was separated

by preparative plate chromatography (alumina, petrol-

chloroform 4:1)‘to give six components, to of which were

proposed to be the thiadiazoles (160) and (161) from their

mass spctra. Compound (161) (3 mg) m/e 322 (3, M+), 239 (20),

233 (40), 161 (48), 160 (52), 135 (16) and 103 (100).

Compound (160) (2.2 mg) m/e 263 (M+,‘impure sample so

relative intensities not given), 206, 197, 161, 135, 103

and 77. The remainder of the reaction mixture was

chromatographed on silica (50 g) from which elution with

petrql-chloroform 1:1 gave -a compound for which structure
168) is proposed (19.0 mg, 1%) bright orange needles from

petrol-chloroform m.p. 168=171°C (Found C, 69.4; H, 4.63

N, 10.1, CozHqagN25S, requires C, 69.1; H, 4.35 N, 10.5.)

6. (cocly) 117.6, 126.3, 127.6, 127.7, 128.7, 129.1, 129.5,
129.9, 130.0, 130.9, 133.8, 136.3, 137.8, 140.4 and 152.8.
6H(c0013-(c03)2co)(250 MHz) 6.83 (1H,s), 7.36=7.40 (2H,m),

7.50-7.60 (9H,m), 7.63-7.68 (2H,m), 7.83-7.88 (2H,m) and

8.34 (1H,8). i.T. (KBr disc) 3050(w), 1582(s), 1570(s),
1490-1520(m), 1445(m), 1435(m), 1000(m), 850(m), 830(m),

750(s), 705(s), 695(s), 510(m) and 502 (m). m/e 399 (m",
100), 294 (64), 263 (61), 159 (12), 128 (26), 121 (12),
103 (12) and 77 (19). No other products from this reaction

were identified.
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Reaction of S,N, with 41-morpholino-cyclchexene

To a solutiaon of SN, (0.24 g, 1.31 mmol) in benzene
(10 ml) was added over 30 min a solution of %1-morpholino-
cyclohexene (0.44 g, 2.63 mmol) in benzene (10 ml). The
solution changed from orange to red on starting the addition
and on conclusion was dark purple and the tempsrature of

the solution had risen from room temperature to an

estimated 40°C. After stirring for a further 16 h at room
temperature the solution was a deep red. Two dimensional

tlc analysis on both silica and alumina indicated the
products were unstable to chromatography. Refluxing a
aliquot for 2 g or standing over silica produced a multi
component mixture. Chromatography of the origenal solution
on silica (15 g) produced no identifiable products. Similar
results vere obtained when S N4 was treated with 1-diethyl=~

4
aminoprop-~1-yne (170) under analogous conditions.

Reaction of S N, and 3-nitroso=-2-phenylindolizine (172)

S4Ny4 (0.22 g, 1.19 mmol) and compound (172) (0.55 g,
2.47 mmol) were heated at reflux in toluene (20 ml) for

4,5 h. Chromatography on silica (15 g) and elution with

petrol-chloroform 3:1 gave 2-phenyl-3-(2-pyridyl)-acrylo=

nitrile (173) (0.11 g, 22% as fawn needle from petrol-

142

chloroform m.p. 66-68°C (1lit 61-68°C) as the only

identifiable product.



161

Reaction of Saﬂ and benzyne

4

The reaction was carried out by the method of Tan gt

134

al but in this case tetracyclone was replaced with 5,N

474
(0.80 g, 4.35 mmol)., The reaction went from orange to almost

black and chromatography of the resulting complex reaction
mixture on silica (25 g) gave, from elution with petrol-
chloroform 4:1, di(benzenesulphenyl)sulphurdiimide (176)
(15.2 mg, 1%) as a brigﬁt orange solid m.p. 103-104°¢

36 '

(lit 103-1059C). No other products were identified from

this reaction.

Reaction ‘of S N, and MCPBA

4—4

SN, (0,52 g, 2.82 mmol) and MCPBA (1.14 g, 5.61 mmol

allowing for B5%) were stirred together at rocom temperature
in dichloromethane (50 ml) for 48 h to give a colourless
solution.. The solution was washed uith saturated NaHCU3

(2 x 25 ml) and dried over MgS0,. Removal of the solvent

a.
in vacuo gave an o0ily solid whose mass spectrum gavs 58

as the only assignable peak. Repeating'the.reaction but

avoiding the bicarbonate wash gave similar results.

N,Cl., and phenylacetylene

Reaction aof S3

3=3
373

‘benzene (15 ml) was added over 30 min a solution of

To a suspension of S.N.Cl, (1.27 g, 5.19 mmol) in

phenylacetylene (0.53 g, 5.19 mmol) in benzene (15 ml).

This caused the solution to initially change from light
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yellow to pale green and after stirring at room temperature
for a further 20 .hthe solution was a deep red. The
reaction was chromatographed on silica (30 g) and elution

uith'petrol-chloroform 9:1 gave 3-phenyl-1,2,5~thiadiazole

(155) (0.33 g, 40%) as a colourless solid m.p. 43-44°C

(1it1Y 43-44°C) as the only identifiable product.
Addition of the acetylene from one injection from a

syringe reduced the yield of the thiadiazole (155) to 23%.

Reaction of S3ﬁ

3E£3 and diphenylacetylene

To a suspension of 83N3Cl3 (119 g, 4.87 mmol) in
benzene (15 ml) was added over 40 min a solution of
diphenylacetylene (0.86 g, 4.87 mmol) in benzene (15 ml).

The light yellow solution became light green on addition

of the acetylene and after stirring for 19 h at room
temperature the solution was orange with a yellow precipitats,
The solution was filtered and the yellow solid removed was
identified as S,N.Cl (0.17 g, 17%) from its i.r. spectrum.

The filtrate was chromatographed on silica (40 g) and

elution with petrol-chloreform 4:1 gave 3,4-diphenyl-

1,2,5~thiadiazaole (53) (0.2145 g, 19%) as a colourless

solid from preperative plate chromatography (silica, petrol-

15 g5-86°C). Elution with

chlorform 4:1) m.pe 80-84°¢C (1it
petrol-chloroform 7:3 gave benzil (0.0592 g, 6%) as a
pale yellow solid from petrol (bp 60—800) identified
from its i.re. spectrum; No other products from this

reaction were identified,
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Reaction of S_N

SN5CL

3 and DMAD

3

To a suspension of 53N3C13 (0.94 g, 3.76 mmol) in
benzene (10 ml) was added over 20 min a solution of DMAD
(0.46 ml, 3.76.mmol) in benzene (10 ml), This produced a
light green solution which after stirring for a further
16 h at room tempefature appeared orange but when sxposed
to air became green, This solution was heated at reflux
for 1.25 h under nitrogen to prodﬁce a reaction mixture
that was more stable to chromatography which was carried

out on silica (30 g). Elution with petrol-chloroform 1:1

gave dimethyl 1,2,5-thiadiazole-3,4-dicarboxylate (121)

(0.69 g, 91%) as a pale yellow oil characterised from its

i.,T. spectrum,

Reaction of Szﬂ

3_u

Cl, and deoxybenzoin

SzNCl, (0.68 g, 2.78 mmol) and deoxybenzoin (0.54 g,
(2.78 mmol) were stirred together at room temperature
in benzene (25 ml) for 19 h to give a light yellou
solution with a precipitate. This light yellou solid (0.45 g)
was removed by filtration, but the compound was air
sensitive and could not be characterised. The filtrate
was chromatographed on silica (20 g) and elution with

patrol-chloroform 4:1 gave 3,4-diphenyl-1,2,5-thiadiazole

(53) (44,6 mg, 7%) as a colourless solid characterised by
i.r. and mass spectral data., Elution with petrol-chloroform

131 gave benzil (33.0 mg, 6%) as a pale yellouw solid m.p.
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39

91-93°% (1it1°° 94-95°c).

Reaction of §

3N3§£7 and sodium thiophenoxide

S3N3Cl3 (0.92 g, 3.76 mmol) and sodium thiophenoxids
(1.68 g, 11.28 mmol) were stirred together at room temper-
ature in benzeﬁe‘(75 ml) for 8 h to give a very dark green
solution. This reaction was chfomatographed on silica

(20 g) and elution with petrol-chloroform 4:1 gave

diphenyl disulphide (0.42 g, 35%) as a colourless solid
139

m.p. 54-56°C (lit 61°C) ‘as the only identifiable

product., Similar results were obtained when 83N3C13 uas
reacted with thiophenol in the presence of triethylamine.

Reaction of 84Q1Cl and phenylacetylens

SANZCl (0.83 g, 4.03 mmol) and phenylacetylene (0.41 g,
4,02 mmol) were heated at reflux in toluene (20 ml) for
4.5 h. The reaction was chromatographed on silica and

elution with petrol-chloroform 4:1 gave the product assigned

the structure (183) (0.021 g, 3%) as bright yellow needles
from ethanol m.p. 151-153°C (Found C, 54.03 H, 2.9; N 15.5;
S, 27.4 H

N requires C, 54.2; H, 2.8; N, 15.8; S,

» CigHioN4ds3
27.1.) 6,(C0C15)(90 MHz) 7.30-7.60 (6H,m) and 8.,05-8,35
(4H,m). i.r. (KBr disc) 1515(s), 14380(s), 1480(s), 1450(m),
1435(s), 1390(s), 1230(s), 1090(m), 905(s), 785(5)‘760(5),
735(m), 712(s), 690(vs) and Sso(s). m/e 354 (m',100), 250

(47), 187 (85), 167 (30), 160 (29), 135 (67), 103 (67),
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77 (41) and 64 (100). u.v. (ethanol) A__ (log €) 207(4.94),
265(4.85), 320(4.64), 400 sh(4.55) and 409(4.64). Elution
with petrol-chloroform 7:3 gave compound to which structure

184) is tentatively assigned (0,039 g, 5%) .as a faun solid
mep. 110-1180C'5H(CDC13)(90 MHz) 7.40-7,46 (6H,m) and 7.75=-
7.85 (4H,m). i.r. (KBr disc) 1460(s), 1440(s), 1350(s),
1250(s), 1180(s), 1145(s), 1000(m), 970(s), 830(s), 780(s),
740(m), 712(s), 698(s), 655(s) and 545(s). m/e 386 (Mm',100),
193 (100), 166 (28), 160 (30), 135 (40),. 103 (52), 90 (50)
and 77 (36). No other product was identified from this

reaction,

Cl and DMAD

Reaction of Saﬁs

54N4C1 (0.56 g, 2,73 mmol) and DMAD (0.66 ml, 5.46 mmol)
were heated at reflux in benzene (20 ml) for 2 h. This
produced a complex reaction mixture from which no pure

products could be isolated when chromatographed on silica

(30 g)e.
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