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ABSTRACT
The synthesis, chemistry and structures of dithiatetrazocines and
related mono-, bi- and tri-cyclic carbon-sulphur-nitrogen
heterocyclic compounds are reviewed.
Various routes to 1,5,2,4,6,8-dithiatetrazocines were investigated

using sulphur transfer reagents such as sulphur monochloride,

thionyl chloride, tetrasulphur tetranitride and bis(tosyl)-
sulphurdiimide. The reactions of amidines with these wvarious
reagents were explored and the chemistry of diphenyl-, di(2-

thienyl)-, and bis{(dimethylamino)-1,5,2,4,6,8-dithiatetrazocines was
investigated.

Several new methods for the synthesis of 1,2,4,6-thiatriazines were
discovered during the course of the above study and mechanisms for
the formation of these thiatriazines are discussed. The chemistry of
S-alkoxythiatriazines, particularly their oxidation, is discussed in
detail, as are mechanistic aspects of the novel formation of 2-(m-
chlorophenyl)-4,6-diphenyl-1,3,5-triazine.

Reactions of dithiolates and dithiols with N,N'-dibromo-§, S-
dimethyl-sulphurdiimide and of bis(sulphenyl chlorides) with N,N'-
bis-(trimethylsilyl)-S,S-dimethylsulphurdiimide were investigated in
an attempt to synthesise the corresponding S.S-dialkylated
trithiadiazepines; however, dithiazolium salts were obtained in high
yields. Reaction of benzene-1,2-bis(sulphenyl chloride) with N,N,N’'-

tris(trimethylsilyl)-S-iminobenzsulphenamide was also investigated

and found to give benzodithiazolium chloride in high yield.
Unsuccessful attempts to synthesise two potentially 87 antiaromatic

systems, 1,3.,2,4-benzodithiadiazepin-5-one and 3,6-diphenyl-

1,2,4,5,7T-thiatetrazepine, are also described.
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CHAPTER 1

INTRODUCTION



1.1.1 1,5,2.4,6,8-Dithiatetrazocines

Poly(sulphur nitride)(1)1 is a very important material since it was
the first non-metal to show superconducting properties at 0.3 K.2
thus extending the phenomenon of superconductivity into a new region
of the Periodic Table. It is however thermally unstable and air-
sensitive, which precludes any direct practical application. Since
poly{sulphur-nitrogen) heterocyclic compounds have been shown to be
stabilised by the introduction of carbon atoms,3 it is possible that

stabilisation of the (sulphur-nitride)x polymer could be achieved in

the same way.

—N S—N S—
/S——N\ /S——N
—N \S=N \S=
(1)

N———S\\ / N-
-—C\/ N=C\ . /N"—‘C
N=—8§
N=—$ N=
— /
=C\/ \N——'C\ /N_—___C\
N—3S§
(2)

With this in mind, workers at the Woodward Institute began research

directed towards the synthesis of carbon-sulphur-nitrogen polymers
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(2)‘ as promising candidates for conductivity. One of the ways
considered for the construction of such polymeric compounds involved
the intermediate (3), the expected product from the reaction of two
molecules of an amidine and one molecule of sulphur dichloride. The
reaction of benzamidine with sulphur dichloride, in the presence of
diazabicycloundecene, proved to be very complicated and no compound
of structure (3)(R=Ph) was isolated. The product, isolated as
transparent yellow plates, m.p. 225-226°C, in 5-107 yield, was found

to be 3,7-diphenyl-1,5,2,4,6,8-dithiatetrazocine (4a).

2 H2N-9=NH + 8Cl, ——— HzN-E):N-S-N:(:J—NHz

R R R
(3)
,/’S\\\
NH, N=—" N
DBU
R + SC, ——— R R
\ CH,Cl, \ /
NH N N
S
(4)
a;R=Ph d; R =p-OMe Ph
b:R=H e, R =p-CO,Et Ph
c; R =NMe, f; R = tert-Butyl

X-Ray crystallographic structure determination showed that the novel
eight-membered heterocyclic ring was perfectly planar, with the two

phenyl rings only slightly twisted out of the plane by 9.7°. All S-N

11



bond lengths in the dithiatetrazocine ring system (4a) were found to
be equal as were those of its C-N bonds. All these findings

indicated that (4a) was a delocalised 10 7 system (Fig. 1.1).

“ N N
1.32
Ph 10 1 X P
1.33
N N

Figure 1.1 : Structure of 3,7-diphenyl-1,5,2,4,6,8-

dithiatetrazocine.

The observed long wavelength u.v. absorptions at 409 and 318 nm,
characteristic of w to n* transitions, were also consistent with the
molecule having an aromatic nature. Compound (4a) showed slight
solubility in most organic solvents and was found to possess
remarkable thermal stability, decomposing only slowly to
benzonitrile when heated neat at 220-240" C. It was also stable with
respect to oxidation by m-chloroperoxybenzoic acid in boiling
dichloromethane and wunreactive towards stoichiometric amounts of

various nucleophiles such as benzylamine, 1lithium benzothiazolyl-2-

mercaptide, sodium hexamethyldisilazane and butyllithium . It was
however hydrolysed to benzamidine with hydrochloric acid or

potassium hydroxide in aqueous dioxane.



Attempts to prepare the parent 1,5,2,4,6,8-dithiatetrazocine (4b) by
the same method proved unsuccessful, but the reaction of N,N-
dimethylguanidine with sulphur dichloride gave the corresponding
3,7-bis(dimethylamino)-1,5,2,4,6,8-dithiatetrazocine (4c) as yellow
crystals, m.p. 212°C, in 547 yield.

Surprisingly the wultraviolet spectrum of the bis(dimethylamino)
compound (4c) was vef& different from that of the phenyl-substituted
compound (4a), having no Amax. beyond 229 nm.-}g—Ray crystal
structure determination provided an explanation for this, showing
that the dithiatetrazocine ring of (4c) was no longer planar but
folded along an axis drawn through the two sulphur atoms of the
eight-membered ring. All the ring atoms were located in the two
planes which intersected the above mentioned axis at an angle of

101° (Fig. 1.2).

Me ' _ Me
\ /1.46

N

N
1.35 1.46
we” N T
é 1.35
N\

2.43 N
A

S
5

Figure 1.2 : Structure of 3,7-bisl(dimethylamino)-1,5,2.4,6,.8-

dithiatetrazocine (4c).
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The transannular S-S distance in (4c) was only 2.43 A whereas in the
planar ring of (4a), this distance was 3.79 A. It was longer than a
disulphide bond (2.06 A in Sa) but substantially shorter than the
sum of two sulphur van der Waals radii (3.6 A), thus suggesting
partial S-S bonding in (4c). To study further this remarkable effect
of ring substituents on the shape and electronic spectra of

1,59,2,4,6,8-dithiatetrazocines, three more derivatives di(p-

methoxyphenyl)dithiatetrazocine (4d),4 dif{p-({ethoxycarbonyl)-

phenyl]dithiatetrazocine(Le)# and di(tert-butyl)dithiatetrazocine
(4f)5 were made; in all of these the heterocyclic ring was planar.

The main aim of the present work was to improve on the synthesis of
this dithiatetrazocine ring system, to study its chemistry, and to

synthesise related novel cyclic sulphurdiimides.

1.1.2 Oxidation of 1,5,2,4,6,8-dithiatetrazocines
Oxidation of 3,7-bisl{dimethylamino)-1,5,2,4,6,8-dithiatetrazocine
(4c) with chlorine in acetonitrile afforded the trichloride salt
I(MQZN)ZCZNASZCIJ*[C13]— (5). X-Ray crystallographic analysis of
(5)6 revealed a puckered heterocyclic ring (C2N432) cation
possessing an asymmetric S-C1l---5§ transannular bridge.

Dithiatetrazocine (4c) was found to be inert to radical attack7 as

it failed to react with tert-butyl peroxide and benzoyl peroxide.

14



Cl

/ / cl, N JE\N\N/\N -
\/\( \ |--CI-Cl

(4c) (5)

However it reacted with the highly nucleophilic radical
bis(trifluoromethyl)nitroxide [(CF3)2NO] giving three products.7
The two minor products (6) and (7) possessed an exocyclic
CH20N(CF3)2 unit formed, presumably, by radical attack at a methyl
group, abstraction of a hydrogen atom to produce (CFa)ZNOH' and of
subsequent uptake of a second molecule of (CF3)2N0 (Scheme 1.1). The
major product was an air stable colourless crystalline solid with
the apparent composition (Me2N12C2N452[0N(CF3)2]2. X-Ray structural
analysis revealed the rearranged structure (8). It showed a boat-
shaped conformation for the heterocyclic ring with the two N(CF3)2
groups occupying equatorial sites on the same side of the ring. This
geometry was considered to arise from an intramolecular
rearrangement of the initially produced cis~bis{nitroxide)

derivative (9).

In contrast to the relative reactivity of (MezN)2C2N4$ {4c), 1its

phenyl substituted analcgue Ph2C2N452 (4a) was completely inert; it

did not wundergo oxidation by any of the radical or polar oxidants

mentioned above. Evidently the planar 10 w electron system of the

latter seemed sufficiently robust to resist addition reactions

15



S ~_
/\ 7\ 2R,NO RoNO”” \\N / /,\ ONR,
NN \\\\f:: -N
N N
VY N L
NM62 NMez \ﬁmz
(4c) R =CF, NMe;
(9)
2R,NO .
- R,NCH
O O
Il il
AWA YN "N,
N N — ’N
VN N N
, N, NMe, o 2R,NO NMe,
R,NOCH,” Me 2R,NO i i ANOH NMe,
(6) S ~ (8)
RN \\ ///\ NR
N _—/[~N
T e,
RZNOCHZ’N\Me (7)
Scheme 1.1 : The overall reaction sequence in the treatment of
3,7-bis(dimethylamino)-1,5,2,4,6,8-dithiatetrazocine (4c) with

(CF3)2N0.

1.2 Related dithiatetrazocines

There is a family of eight-membered rings related to

dithiatetrazocines in which the two carbon atoms have been replaced

by other atoms such as arsenic,8 phosphorus,9 silicon10 and

11 some of
sulphur. The molecular structures ofA}hese derivatives exhibit a
folded conformation with a «close (2.50 - 2.60 A) transannular

sulphur-sulphur contact (10).
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=N N—E E = PMe
\N\S/ N/ : PPhZ
, SCI
\s/ SNMe,
(10) SNPPh,

(1) JH,7H-1,5,2,4,6,8,3,7-Dithiatetrazadiarsocines

3,7-Diaryl-3H,7H-1,5,2,4,6,8,3,7-dithiatetrazadiarsocines {12) were
made by treating arylarsenic dichlorides with N,N"-
bis{trimethylsilyl)sulphurdiimide (11a) in a 1:1 mixture of hexane

and dichloromethane.

S
N i
N-SiMes \
// —4Me,SiCl /
2 ArAsCl, 4+ 2 S Ar—As As=-Ar
AN
N'SiMeg
"
(11a)
(12)

X-Ray structure determination of (12) showed that the eight-membered
ASZSZN4 system existed as a boat-shaped ring with the arsenic atoms
at prow and Stern positions. The four nitrogen atoms were coplanar,

with the two arsenic atoms on one side of the plane and the two

sulphur atoms on the other side. The <cross-ring sulphur-sulphur

distance (4.04 A) was longer than the van der Waals contact distance

12 .
(3.60-3.66 A). The cross-ring As-As average distance of 3.49 A was

17



shorter than the sum of the van der Waals radii of arsenic (3.7 A},
hence signifying weak As-As interaction. Bond angles at arsenic
ranged from 94 to 101", consistent with the formulation of the
arsenic hybridization as sp3 with an unshared pair of electrons
occupying the fourth orbital. The -N=S=N- linkages in (Ar)2A5252N4
{12) involve four delocalised electrons, one contributed by - each

nitrogen and two by the sulphur. This view was consistent with the

bond lengths and the angles subtended at sulphur and nitrogen.

(ii) 1,5,2,4,6,8,3,7-Dithiatetrazadiphosphocine

Phosphodithiatriazine ({13), R=Me) decomposed at room temperature

under nitrogen to give § N‘, (HezPNla, (Me PN)A and a yellow

4 2

crystalline compound found to be dithiatetrazadiphosphocine (14).
The phosphorus-31 n.m.r spectrum of (14) exhibited a singlet,
indicating equivalent phosphorus atoms. The proton n.m.r spectrum
consisted of two singlets, and the carbon-13 n.m.r spectrum, which
showed two doublets, suggested non-equivalent pairs of methyl
groups, thus ruling aut a planar configuration for the eight-
membered ring. Further structural information came from the Raman

spectrum, which showed a strong band at 250 cm ascribed to

transannular S-S bonding; similar bonding in S_N_ resulted in a

56
strong Raman band at 269 cm_1.13
CH3\ P/ CH, (%H3 /CH3
2 P—N N—
N N =P
RT / >
o AN A
S =S - N N
(13) (184)



X-Ray structure determinatiaon confirmed the spectroscapic
assignment of an eight-membered ring with significant S-S cross-ring
bonding interaction. As a result of the crystallographic mirror
plane, the two sulphur and two nitrogen atoms formed two four-
membered planes that intersected at an angle of 115" [cf the

analogous angle of 101" in MezNC(NSN)ZCNMez, Section 1.1.1 1. The

a

phosphorus atoms 1ay out of and on opposite sides of these planes.

(iii) 3,3,7,.7-Tetramethyl-1,5,2,4,6,8,3,7-dithiatetrazadisilocine

When bis{trimethylstannyl)sulphurdiimide (15) was treated with
dimethyldichlorosilane in ether, 3,3,7,7-tetramethyl-
1,5,2,4,6,8,3,7-dithiatetrazadisilocine (16) was obtained as a pale

.10 It was very sensitive to

yellow compound (807), m.p. 51°C
hydrolysis and the X-ray analysis showed that the heterocyclic ring

was not planar.

CH CH

N/// ~nN

//N'SnMe?’ . - 4Me,SnCl // A\
2 s + 2Me,SiCl, ) S
Q\NS M QK /7

-onivies N\Si/N

(15) CH3/ \CH3

(16)

{iv) 1,3,5,7,2,4,6,8-Cyclotetrathiazenes

1,5-Dichloro-1,3,5,7,2,4,6,8-cyclotetrathiazene (1'1)11 was obtained

from the reaction of chlorine gas with tetrasulphur tetranitride

19



(SANA) in carbon disulphide solution. X-Ray structure determination
revealed the exo-endo isomer (17), with covalent $-Cl bonds. The
average bond lengths were 5-N 1.53 A and S-Cl1 2.18 A; the angles
were S-N-S 1197, N-S-N 109° , and N-S-Cl 104°. Treatment of (17)
with trimethylsilyldimethylamine (18) gave 1,5-bis(dimethylamino]-

1.3,5,7,2,4,6,8-cyclotetrathiazene (19).

Cl N:

{ S R s
x \\Cl \\N /\\N/
\ N\S; #N + 2 Me,SiNMe, =[N 1

s— H,C
Ve N (19) W N
(17) (19)

X-Ray structure analysis of (19) showed that it adopted a "=addle”
conformation illustrated above. There was transannular S-S bonding
and the two dimethylamino groups occupied exo and endo positions.
The nitrogen atom of the exo group had a trigonal planar
configuration while that of the endo was tetrahedrally co-ordinated.
The lone electron pairs on nitrogen pointed exactly towards sulphur

as shown.11

1,5-Bis(triphenylphosphinimino)cyclotetrathiazene (20)14 was
obtained as yellow crystals in 417 yield when SANA was treated with
triphenylphosphine in acetonitrile at room temperature. X-Ray
diffraction analysis of (20} showed that the structure consisted of
a 1,9-disubstituted 54N4 cage where the two triphenylphosphinimino

ligands were oriented in axial and equatorial directions.

20



Ph_ PN

P
N// Ph
N

Ph
Ph— ¢ S S
\/P§N/ \\N /,\
Ph \\\\"S:::
N>~ ~/ N
(20)

1.3 Related monocyclic 10w carbon-sulphur-nitrogen heterocvycles

In addition to Woodward's 1,5,2,4,6,8-dithiatetrazocine (4)4 only
three other monocyclic 10w carbon-sulphur-nitrogen heterocyclic

systems are known; these are the recently prepared 1,3,5,2,4,6-

3, 16 17

trithiatriazepines (21}, 1,3,5,2,6-trithiadiazepines (22)3'

and the 1,3,5,2,4,6,8-trithiatetrazocine cation (23).15

N¢S\\\N
<)

N\S/N

(4)
N \ \
Y / \ 7
S”’N R g—N N\\‘S’/‘N
(21) (22) (23)
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1.3.1 1,3.5,2,4,6-Trithiatriazepines

Methyl 1,3,5.2,4,6-trithiatriazepine-7-carboxylate (24) was prepared

by the treatment of SLNA with DMAD in boiling toluene in yields

. , 16
varying from 6 to 147.

COMe MeO,C S—n
S AR
I+ s | s
C

N /

\S/N

éC&Me
(24)

Although a suitable alternative route to the trithiatriazepine
system has not vyet been devised, the parent compound (25) was
obtained in almost quantitative vyield by hydrolysis and

decarboxylation of the 7-methoxycarbonyl derivative (24).3

MeO,C S—un HO,C S—n H S—n
jl/ \ “’YI \\S_(_ngl/ \

N / v / N //

(24) (25)
(i) : M HCI , 80°C, 2h (i) : Dioxane , reflux 2h

1,3,5.,2,4,6-Trithiatriazepine (25) was formed as highly wvolatile,
colourless plates, m.p. 43°C, with an asymmetric NSN vibration at

-1
Vimax. 1136 cm and a long wavelength u.v. absorption (Amax 327

. . *
nm), typical of an aromatic to L§ transition. The

trithiatriazepine ring proton resonated at 5 9.03 and the carbon

22



atom at & 145.1 in the n.m.r spectra. These chemical shifts
suggested a diamagnetic ring current and indicated aromatic
character for trithiatriazepine. Owing to problems of disorder in
the crystal lattice, the X-ray crystal structure determination for
trithiatriazepine (25) could not be carried out. However the
structure determination of the methyl ester (24) revealed it to be
planar with intermed;ate bond lengths, indicating a delocalised
structure.18 The spectroscopic properties and thermal stability of
trithiatriazepine {25) coupled with the planar, delocalised
structure of methyl trithiatriazepine-7-carboxylate (24}, indicate
that it is a 10w aromatic system. The chemistry of this compound is

under investigation in this Laboratory.

1.3.2 1,3,5,2,4-Trithiadiazepines

The reaction of SANL with DMAD in boiling toluene also gave the very
stable dimethyl 1,3,5,2,4-trithiadiazepine-6,7-dicarboxylate (26) as
a minor product.18 This compound was the first example of the novel
trithiadiazepine ring system , with 10w electrons delocalised over
seven atoms. It was, therefore, of interest to synthesise the
unsubstituted compound (27), to determine its stability and to see

if its chemical reactivity was comparable with that of simpler

heteroaromatic species.

MeO,C S—n S—n
)
/ /
MeO,C s—N g—N
(26) (27)

23



In view of the low yields and general lack of predictability of the

SLNA reactions, a rational synthesis was devised, inritially for the
benzo derivative (29).17 This was based on the reaction of
arylsulphenyl chlorides with bis{trimethylsilyl)sulphurdiimide
(11a).18 Thus, when dilute solutions in dichloromethane of benzene-
1,2-bis(sulphenyl chloride) (28) and of the sulphurdiimide (11a),
were added slowly and synchronously to a large volume of
dichloromethane under nitrogen, 1,3,5,2,4~benzotrithiadiazepine (29)
was obtained as stable, bright yellow crystals (507). The aromatic
nature of [(29) was supported by 1its spectral properties and

confirmed by X-ray diffraction which showed the molecule to be

planar with delocalised ring bonds.19

SCI Me;Si-N S\N

S
Me3Si~l\{/ /

SCi S/N
(28) (1ta) (29)

This synthetic procedure could not be extended directly to the
monocyclic rcompound because of the instability of Z2-ethene-1,2-

dithiol and the problems of its chlorination. However, the orange
dihydro derivative (31) (207) was obtained upon treatment of the
bis{sulphenyl chloride)(30) with sulphurdiimide (11a) in

dichloromethane as above.
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SClI S—y Sy
\\ pbQ, A \\
_ S
// dioxane ' //S
scl s—N N
sS—
(30) . (31) (27)

1.3,5.2,4-Trithiadiazepine (27) was obtained as stable, volatile
colourless plates , m.p. 56-57°C (707), by dehydrogenation of the
dihydro derivative (31) with D0Q in boiling dioxane. An improved
synthesis was observed upon the treatment of the trichloride (32)
with sulphurdiimide (11a) as before, producing the parent
trithiadiazepine (27), by spontaneous loss of hydrogen chloride, in
307 overall vyield from ethane-1,2-dithiol. The spectroscopic
properties of (27) and its X-ray diffraction analysis showed a fully
delocalised structure; the molecule was planar, symmetrical, and had

the intermediate bond lengths expected for an aromatic structure.

ci SClI o S\‘\N\

(11a) + \s — Hal (27)
/
scl g—N

(32)
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Trithiadiazepine (27) was thermally stable but it was rapidly
decomposed on photolysis. It was inert towards protic and Lewis
acids (acetic acid, aqueous hydrochloric acid, AlCla. and BF3) and
bases (triethylamine and benzylamine), but was rapidly destroyed by
aqueous sodium hydroxide. Neither trithiadiazepine (27) nor its
benzo derivative ({29), despite their excess of m electrons (10r
electrons over seven ;toms in the trithiadiazepine ring), ?ormed
charge-transfer complexes with picric acid or tetracyanocethylene,
for example. They also failed to undergo cycloaddition reactions

with a range of 2m and 4n electron-rich and electron-poor

components.

Trithiadiazepine (27) underwent some standard electrophilic aromatic
substitution reactions, presumably via the tetrahedral intermediate
(33), with the positive charge delocalised over all three sulphur
atoms. Thus 1t has been smoothly mono- and di-nitrated and mono-
and di-brominated in good vyield. Electrophilic thallation of
trithiadiazepine (27) with thallium tris(trifluoroacetate) in
acetonitrile gave the hetarylthallium bis{trifluoroacetate) (34c)
which, although it could not be isolated, was converted directly
into the iodo (34d), <cyano (34e), and methoxy-carbonyl (34f)
derivatives of trithiadiazepine. However, trithiadiazepine (27)
resisted acetylation, formylation, chlorosulphonation and

nitrosation.
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y « J
__N ) =N g—N
(27) ! (33) (34)

a;E=NO, b ;E=8Br
¢ ; E = THOCOCF;),
d,E=I e, E=CN
f; E=CO,Me

1.3.3 The 1,3,5,2,4,6,8-trithiatetrazocine cation

As recently as 1984, the "missing 1link" 1in the series of
i tronic het les s N 2", reson” d (RC).S.N, w
as
isoelectronic eterocycles N GV, ooan 25N,
synthesised by the reaction of trithiazyl trichloride (35) with
trifloroacetonitrile.15 The salt of the 7-trifluoromethyl-
1,3.5,2,4,6,8-trithiatetrazocine cation (36) with the 1,1,3,3-
tetraoxo-1,3,5,2,4,6-trithiatriazine anion (37) was isolated in 4/
yield from the reaction mixture. Other products were the
dithiadiazolium chloride (38a) and the §,S-dioxide (38). An X-ray
structure analysis of the salt confirmed that the cation (36) had

the planar geometry and intermediate bond lengths characteristic of

a delocalised aromatic system.15
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(39) (38a)

1.4 Bi- and tri-cyclic sulphurdiimides

The unique electrical property of the (SN)x polymer20 has
demonstrated the potential application of non-metallic chemistry 1in
the development of new conducting materials. The preparation of
polymers and macrocycles featuring a combination of carbon-carbon
and sulphur-nitrogen linkages thus represents an appealing challenge
to synthetic chemists. We now describe some further heterocyclic

systems which have resulted from attempts of this kind.

1.4.1 Benzo-1,3,2 4-dithiadiazine

The coupling of silylated sulphurdiimides with sulphur dichloride is

a widely-used method for producing conjugated sulphur-nitrogen

oligomers’e' 21, 22 pq polymers.23 However, if the R group of (40}

is an aromatic ring, instead of the metathetical elimination of

trimethylsilyl chloride to form a N-S bond, electrophilic attack of

the sulphenyl chloride group of (41) at the ortho-position of the

28



aromatic ring can ocCur.

scl,

R-NSN-SiMe, ‘
(40) —MBSSIC]

R-NSN-SCI
(41)

(40) + (41) ———— R-NSN-S-NSN-R

Hence when Oakley “and his co-workers treated N-phenyl-N'-
trimethylsilyl sulphurdiimide (42) with sulphur dichloride wusing
the high dilution technique, they isolated deep blue fibrous

needles, m.p. 48-50°C, in 337 yield. X-Ray diffraction analysis

established the novel benzo-1,3,2,4-dithiadiazine structure
(43).2"’25
N N N
Ns ) s Xs
N N I N
\ S/ S/
SiMeg 1
(42) of (43)
(i) : SCI2 , - Me:,SiCI (ii) : —HCI
Pithiadiazine (43), formally an anti-aromatic 127w electron

heterocycle, had an odour similar to that of naphthalene. It showed
good solubility 1in organic solvents and was insoluble in water.
However, it hydrolyzed slowly in moist air. It was thermally stable,

recovered unchanged after being heated in refluxing toluene for 24h.
When norbornadiene was added to an ethereal solution of 1,3,2,4-
dithiadiazine (43), adduct (44)25 was obtained in almost
quantitative yield. When dissolved in dichloromethane or chloroform,

the adduct dissociated into its separate components.
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\\\N §§§N
|0 e — |
S
=8 =
N// N//
(43) (44)
1.4.2 1,2.7.9,3,6.8,10-Tetrathiatetrazacyclohept(elindene

The above annelation reaction (Section 1.4.1) was the first example
of a potentially general method for preparing electron-rich
heterocycles based on the novel 1,3,2,4-dithiadiazine unit (43). To
extend this work, the reaction of the bifunctional p-phenylene
derivative [(45), with sulphur dichloride was investigated with the
intent of producing the tricyclic anthraéene-like molecule (45).
Apart from the principal product ie polymer (—SNSNCGH4NSN—)X.23
metallic golden needles, m.p. 254-257° found to be the novel
1,2,7,9,3,6,8,10-tetrathiatetrazacyclohept(elindene (47),26 were
obtained in 17 yield (Scheme 1.2). The structure of (47) was
determined by X-ray diffraction. The authors did not give an
explanation for the formation of (47) rather than {46). In Scheme
1.2 we suggest a possible mechanism for the formation of (47). The
treatment of (45) with two equivalents of sulphur dichloride
initially forms the angular compound (48), which then rearranges to
intermediate (49). This intermediate (49) could then collapse onto
the adjacent dithiadiazine ring to form the tetracyclic compound

(50) which then gives the abserved product (47) by ring expansion of

the nitrene (51}).
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| i
\S/S *N: S S\}(l

s— S N_

(51) \ (50) (49)
N\
7 S,
451
N/ N.—"—:S
\S/s
(47)

Scheme 1.2 Proposed mechanism for the formation of

1,2,71,9,3,6,8,10-tetrathiatetrazacyclohept(e)indene.
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Figure 1.3 : Structure of 1,2,7,9,3,6,8,10-tetrathiatetraza-

cyclohept(e)indene.

The structural parameters within the rings revealed a delocalised
187 electron system, other likely resonance contributors being
dipolar forms with (52) best describing the main features of the
molecular and crystal structures.25

According to structure (52) the molecule consists of a cyclic five-
atom 6w electron dithiazolium cation fused to a cyclic seven-atom
10w electron CZSZNB anion (Fig. 1.3). The strongly localised C4-C5
m-bond was reflected by its shortness (1.33 A) relative to the other
C-C bonds ( 1.40-1.45 A) and the C-C distance in the benzene ring
(1.39 A).27 While the five-memhered CZSZN ring was a simple analogue

. . 28 .
of dithiadiazolium (53) and dithiolium (54)2g cations, the seven-

membered CZSZNB ring represented a novel structural -unit in SN

heterocyclic chemistry.
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S N \/ : Rl R3
/
S

N (53) (54)
(52)

The arrangement of the molecules in the unit cell further favoured
the dipolar representation (52). The molecules formed stacks, the
packing being such that the five-membered ring of cne molecule lay
approximately over the seven-membered ring of the molecule below it.
This pattern was found to repeat itself throughout the stack,
producing an alternating sequence of molecules, ie the positively
charged end of one molecule was sandwiched between the negative ends
of its two nearest neighbours, and vice versa.

Further investigation into the synthesis of related derivatives and
the chemistry of this novel 1,2,7,9,3,6,8,10-tetrathiatetraza-

cyclohept{elindene would be of interest.

1.4.3 1,3,5,7,2,4,6,8-Tetrathiatetraza-azulene

As recently as 1985, another example of the 1,3,2,4,7-
dithiatriazepine ring system was reported. A green-black lustrous

metallic like compound, CZNASA' m.p. 142-143°C, was obtained in 247

yield when SI'N4 was heated with phenyl vinyl sulphoxide (55) in

toluene. The thermal stability, deep colour, and u.v. spectrum
(Amax. 432 nm) of this compound suggested a delocalised aromatic

structure and indeed the X-ray diffraction showed it to be

1,3,5,7,2.4,5.B—tetrathiatetraza—azulene (56).30 The molecule was
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planar (Fig. 1.4), symmetrical about the N2-N6 axis, with all S-N
bonds of approximately equal length (1.58-1.61 A), supporting a
delocalised 14w system. In the crystal, the molecules pack
themselves in two arrangements of nearly parallel planes with the

smallest interplanar separation being only 3.26 A.

0 Se_ =5
Il NV = \
SNy + S —— Sg+ PnSSPh + N{ « N
(55) S N—S
(56)
N 1.58
SU72 (0, S
1.61/ : \1.59
2 N\ 1.45 N6
o /
Figure 1.4 : Structure of 1,3,5,7,2,4,6,8-tetrathiatetraza-

azulene.

The ‘tetrathiatetraza-azulene (56) consisted of a 1,3,2-dithiazole
ring fused with a 1,3,2,4,7-dithiatriazepine ring. B8enzo-fused N-
substituted 1,3‘2—dithiazoles31 and the related 1,3,2-dithiazolium

e 17,32 . .
cation are known compounds. An interesting mechanism was

proposed for the formation of (56); this involved the known33

dehydrogenating properties of SLNL'
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1.4.6 1,3,2.4,6-Dithiatriazine

There has been considerable interest in the chemistry of organic
heterocyclic thiazyl compounds. However, the methods used to form
these compounds led to mixtures of products, the composition of
which was difficult to anticipate. The use of N,N,N'-
tris(trimethylsilyl)benzamidine (57) as a milder, more specific
reagent was examined and when this was reacted with S3N3Cl3 (35),
golden air- stable plates, dec. 136°C, were obtained in 617 yield.

X-Ray crystallography showed this product to be the bicyclic PhCS3N5
molecule (58), where the 1,3,2,4,6-dithiatriazine skeleton was

bridged by a -N=S=N- fragment across the 1,3-sulphur atoms.

% N=g
N-SiMe, ~Ss : N—s  //
N“SN —3M
Ph . g é €,;SiCl - // \\ N
N(SiMe;), c17 7 N7 " g \N:S/‘N
(57) (35) (58)
(Me,SiN),S cl,
cl
/
N-—S§

Ph _< ‘\\/Ncn

N=—=g"

(59)
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Ph Ph ‘ N
a0 N=1¢
(59) |
N—S
cl %
2 ph—d SN
N=¢
. (60)
NBD
N—S
/N
ph—4 <
N=s""
(61)

Oxidation of 1,3,2.4,6-dithiatriazine (58) with chlorine yielded
1,3-dichloro-5-phenyl-1,3,2,4,6-dithiatriazine {59) (607) as yellow
moisture-sensitive plates, m.p. 119-121°C. Treatment of (59) with
sulphurdiimide (1ta) reformed the bicyclic structure (58). Reduction
of (59) with triphenylstibine yielded a buff-coloured air-stable
microcrystalline precipitate of 5-phenyl-1,3,2,4,6-thiatriazine
dimer (60) (787). The structural integrity of the six-membered CN3$2
ring in (60) was confirmed by its reconversion to (59) (857) upon
treatment with <chlorine and through formation of the 1,3-
norbornadiene adduct (61).

An efficient synthetic route to the 1,3,5,2,4,6,8-trithiatetrazocine

ring system was discovered when the bicyclic compound (58) was

treated with triphenylphosphine or triphenylarsine, giving isomers

(62a) and (62b).3°
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s //7 e T
/ / (E=PorAs) N\\s N
(58) (62b)

~ i
,'f/s‘/N /7

Ph,E N\\\\\\

(62a)

X-Ray analysis of the arsenic compound revealed the two products as
exo- and endo-isomers, (62a) and (62b) respectively. It was shown
that the exo-isomer (62a) was irreversibly converted into the endo-
isomer (62b) at room temperature suggesting a low activation energy
and establishing the 1latter as being the more thermodynamically
stable 1isomer. A low energy pathway for the conversion of the gxo
into endo isomer could be provided by breaking of the weak

transannular S-S interaction followed by ring inversion, rather

than inversion at sulphur.

1.5 1,3.5,2,4-Trithiadiazine, a recent novel cyclic

sulphurdiimide
The first reactions of diazo compounds with S4N, produced either

open chain or polymeric sulphurdiimides eg R2C=N-S-N=S=N—S-N=CR2.38

However, when diazomethane was added to SLNA in

dichloromethane, a red crystalline compound, m.p. 43-45°C,

refluxing

found to
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be the novel 6,6 '-dihydro-1,3,5,2,4-trithiadiazine (63) and having a

garlic like odour was produced in 407 yield.

40°C H S——N
CHN, + SN, X
/S
B CH,CI, S =

X-Ray crystallographic structure determination showed the six-
membered ring to exist in a half chailr conformation, the -S-N=S=N-S-

unit being nearly planar, with a plane of symmetry through the

carbon and the central sulphur atoms 37

Other simple aryl diazc compounds were also found to give the same

trithiadiazine ring system (64).37

(64)
a;X=R=H
b;X=0OMe,R=H
€¢;X=NO,,R=H
d;X=H,R=Ph

The trithiadiazines (64) were rather unstable as they slowly

decomposed when stored at -10°C, and the more acidic the ring

proton, the 1less stable the product (64). The dihydro derivative
(63) was rapidly destroyed on photolysis and on treatment with

triphenylphosphine. However, upon treatment with one equivalent of

MCPBA, a pale vyellow compound, m.p. 980-92°, shown to be the
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corresponding monoxide (65), was obtained in 521 yield.37

S——N

\Y

S

(65)

Trithiadiazines (67) have since then been prepared by an independent

method wusing the cyclisation of gem-disulphenyl chlorides (66) and

bis{trimethylsilyl)sulphurdiimide (113).37
R_ ,SCI —2mesicl AN STTIN
i:><; + (11a) \:><; Aﬁ
R SCl R S——N
(66) (67)

The chemistry of this novel trithiadiazine ring is under

investigation in this Laboratory.
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CHAPTER 2

1,5,2,4,6,8-DITHIATETRAZOCINES
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2.1 Synthesis of sulphurdiimides

To date, 1,5,2,4,6,8-dithiatetrazocines (4) (Section 1.1) have been
prepared by treating the corresponding amidines with sulphur
dichloride, in the presence of diazabicycloundecene.‘ However,
several features considerably limit the utility and effectiveness of
sulphur dichloride; it is a liquid with an unpleasant odour and 1is

unstable due to disproportionation.

SCl, == S,Cl, —=S,Cl, S,Cl, +Sg + Cl
Even a minimal purification procedure involves one or more
distillations prior to use, and even then it tends to introduce
extra chlorine atoms {(Section 2.4.2). In addition to this, only very
low vyields of dithiatetrazocines (4) (except when R=NMe2) were

obtained. Hence there was a need for a better synthetic method.

Dithiatetrazocines (4) may be regarded as a cyclic counterpart of

sulphurdiimides (11).

S N/S\N
Z°%
N7 I\{R R._(/ \>_R.
R
(11) s g2t

(4)

Therefore we decided to examine the methods of preparation available
for sulphurdiimides (11) to see if any of these could be suitably

modified for the synthesis of dithiatetrazocines.

41



One of the most common and useful methods for the preparation of
sulphurdiimides (11} consists of the reaction of compounds with

primary amino groups (RNHZ) with sulphur halogen compounds such as

sulphur tetrafluoride, sulphur monochloride, sulphur dichloride,

thionyl chloride or S,S-dihaloiminosulphuranes (RN=SX2).38

Other methods used are as follows.

~e

1. Using dialkylaminosulphanes : Aromatic amines are converted

into the corresponding sulphurdiimides by treatment with

dialkyaminosulphanes if a molar ratio of 1:1 is chosen.38

2 Ar-NH, + 2 Et,N-S-NEt, Ar-NSN-Ar + 4 Et,NH + 1/8 Sg
2. By transimidation : By reaction with bis(tosyl)sulphurdiimide
(11b) and similar compounds, an exchange of the ligands on the N=S=N

function can be achieved under mild conditions.

R-NH, + Tos-NSN-Tos ———  Tos-NSN-R + TosNH,
(11b)

Tos-NSN-R + RNH, ~ ———~  R-NSN-R + TosNH,
(11)

The success of this synthesis depends on there being a difference in
basicity between RNH2 and tosyl amide. Cyclic sulphurdiimides

derived from aliphatic or aromatic amino compounds have been

prepared by this method. 33
H
[ N
—2 TosNH, N
(CHa)y  + Tos-NSN-Tos ———— (CHy), S

NH,
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X
NH, - N
+ Tos-NSN-Tos ——2—-2 TosNH C[ u
NH, N

X=CO, 802
3. Using trithiazyl trichloride : Both hexamethyldisilazane and

bis(pentafluorobenzenesulphenyl)amine were converted into the
corresponding sulphurdiimides when treated with trithiazyl
trichloride (35) in refluxing tetrachloromethane in the presence of

pyridine.‘o The reaction is thought to proceed via the intermediate

(68) by a novel rearrangement.

R-NSN-R

Py S=
R = SiMe;, CgFsS (68)

A, CCl R—N—R
R-N-R + 1/3 (NSCI
b ( )3 hﬁ?&

4. Using tetrasulphur tetranitride : SANL is frequently used as a

source of the NSN moiety. When reacted with amines (R_NH) or imines

2
_ _ 36
(RZC—NH), sulphanes such as (RZN)ZSn and (RZC-N)ZSn are produced.

PhCH,NH, + SN, (PhCH=N),S,,
n=2 3,4

& o )
oo e
5 saiay

5. Using N-Silvlatedsulphurdiimides : Bis{trimethylsilyl)sulphur-

diimide (1ta) has been used as a reagent for the synthesis of many
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other NSN compounds. Often, only one trimethylsilyl group reacts, or
the displacement of the second group is much slower than that of the
first one. Open chain sulphurdiimides are the reaction products of
trimethylsilylsulphurdiimide (11a) with sulphenyl chlorides,

sulphonyl chlorides, sulphur dichloride, or chlorine gas.

P

— Me,SiCl
X-Cl + Me,Si-NSN-SiMe, ~  Me,Si-NSN-X

Sulphenyl or sulphonyl chlorides which possess an additional N-
sulphenyl group or a halogen atom in the molecule may be used for

the preparation of cyclic sulphurdiimides (Section 5.1).

2.2 Possible approaches to the synthesis of 1,5,2,4,6,8-dithia-
tetrazocines

We first tried to improve the yield of dithiatetrazocine (4a) by
altering the literature reaction conditions.‘ Addition of sulphur
dichloride over a longer period of time (1 h) or lowering the
reaction temperature (-10°C) or using a high dilution technique to
minimise polymerisation did not make much difference to the yield of
dithiatetrazocine (4a). However, we also isolated 4-phenyl-1,2,3,5-
dithiadiazolium chloride (38b) (Section 2.2.1) in low yields (10-

151).

We then speculated that if N,N,N'-tris(trimethylsilyl)benzamidine
(69) was treated with sulphur dichloride, we could get a higher
yield of dithiatetrazocine (4a). 1In fact a good vield (60Z) of the

dithiadiazolium chloride (38b) and only a low yield (37) of the

dithiatetrazocine (4a) was obtained.
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N-SiMes S~

ph—4 o+ SCl, — Ph—<\ Tor . Ph{/ \>-Ph

N (SiMej)s /S ~g”
(69) (38b) (4a)

The mechanism for_the formation of dithiadiazolium chloride (38b)
could be as proposed in Scheme 2.1. The initially formed sulphenyl
chloride (70) reacts further with sulphur dichloride to form the
bis(sulphenyl chloride) (71) followed by elimination of
chlorotrimethylsilane to form the thione {(72) which then cyclises to

the dithiadiazolium chloride (38b).

N-SiMej — TMSCI N-S-Cl
N (SiMes), N (SiMej),
(69) (70
+ SCl,
- TMSCI
N >
S —-sic N-S-Ci
ph_</ ‘ o /: j ~TMSCl oy ¢ )
N=S+ CI~ rl\_jjs-m
(38b) (72) SiMeg
(71)
Scheme 2.1 : Proposed mechanism for the formation of
dithiadiazolium chloride (38b) fron N,N,N’-

tris(trimethylsilyl)benzamidine (69) and sulphur dichloride.

We then explored the reactions of benzamidine with other sulphur

transfer reagents with the results described below.
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2.2.1 Reaction of benzamidine with sulphur monochloride

When benzamidinium chloride was treated with sulphur monochloride in
dichloromethane at room temperature in the presence of DBU, a low
yield of dithiatetrazocine (4a) (2.67) was obtained. A yellow air-
sensitive compound, with ;%ucture (38b) (541), was filtered off

from the reaction mixture.

& N
NHCT™ 6 DBU VAR

2 Ph—{ + 3 S,Cl, (4a) + Ph |
NH, N= S+ Cl

(38h)

The structure of compound (38b)} was assigned on the basis of 1its
spectral data and comparison of these data with those reported in
literature.l'1 The mass spectrum of dithiadiazolium chloride (38b)
showed the cation molecular ion at m/z 181 with major fragment ions
at M'-46 (- NS) and M'-78 (- NS and - S) and the u.v. spectrum
(CHZClZ) showed a Amax. at 395 nm. Furthermore, the i.r. spectrum
was identical with the one described in literature.

1,2,3,5-Dithiadiazolium chlorides (38) have been prepared previously

by the following routes

1. From trithiazyl trichloride and nitriles.l'2

N—
// S
(NSCl); + RCN R_< |
R = CCly, 'Bu, Ph N=S+ CI”
(38)
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2. From trithiazyl trichloride and aldazines.

3 RCH=N-N=CHR + 4 (NSCl)7= (38) + 3 N, +6 HCI
R=Ph, 'Bu

3. From ammonium chloride, sulphur dichloride and t:aenzonitrile."1

P

NH,C! + 2SCl, + PhCN

nitrobenzene

~ (38b)
120°C ., 5h ¢
25%

. . A1
4. From benzamidinium chloride and sulphur dichloride.

+ -—
NH,Cl nitrobenzene

Ph—{ + 3SCl, - - (38b)
105°C, 5 h o
NH, 19%

Our reaction above of benzamidinium chloride with sulphur
monochloride compares favourably with these literature methods. It

is milder, more convenient and the yield is as good.

2.2.2 Reaction of benzamidine with tetrasulphur tetranitride

Since 54N4 can be used to introduce an NSN moiety when reacted with
amines and imines (Section 2.1),36 one could expect to form the
dithiatetrazocine (4) ring system when an amidine is treated with

SANk' as an amidine has the combined functionality of an amine and
an imine.

3,7-Diphenyl-1,5,2,4,6,8-dithjatetrazocine (4a) is indeed obtained
in low vyields when benzamidine is reacted with § NL in refluxing

A
aromatic hydrocarbons (Table 2.1).
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Ratio Solvent Temp/ ' C Time/h (4a) (73)

A:SAN‘
1 : 1 Benzene 80 16 3 3
3 : 1 Toluene 110 3.5 T.4 -
3 21 Toluene 110 15 6 4
2 1 Xylene 140 6 6.5 9

~

A = benzamidine; (73) = 2,4,6-triphenyl-1,3,5-triazine

Table 2.1 : Yields () of the reaction products obtained from

the reaction of benzamidine and SANL' (See also Table 3.1, Section

3.1.1)

The vyield of the dithiatetrazocine (4a) increases slightly with
excess of benzamidine and when the reaction temperature is
increased. However, benzamidine is also thermally decomposed to
benzonitrile and 2,4,6-triphenyl-1,3,5-triazine (73)‘4 and from
Table 2.1, one sees the increase in the yield of triphenyltriazine
(73} with the increase in reaction temperature. Benzonitrile was
formed (t.l.c.) but was not isolated.

Dithiatetrazocine (4a) could be formed via the sulphurdiimide (74)

or the sulphide (75).

NH NS N
2 Ph—{ +25,N, Ph_(/ \>_ Ph
NH, NH, NH,
(75)
l 1 SN,
S
NH NH N/ \N
S,N
ph{ }-ph - pr-{  -pn
N§S¢N N§84N
(74) (4a)
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Two other products were also isolated and are discussed in Section
3.1.1 (Table 3.1).

The reaction of benzamidine and Ska in dichloromethane at room or
reflux temperatures in the presence of titanium tetrachloride or
lead tetraacetate led mainly to baseline products, and only trace
amounts of dithiatetrazocine (4a) were formed.

~

2.2.3 Reaction of benzamidine with sulphides and sulphurdiimides

The 1importance of sulphur transfer reagents in the synthesis of
.. . . 4

sulphur containing heterocyclic compounds 1s well known 5 and new

reagents of general formulae R

NSC1 (76) or RZNSNR (11), with a

2 2

nitrogen heterocycle as a leaving group‘s, have been developed as
alternatives to sulphur dichloride for introducing a sulphur atom

between nitrogen, oxygen, or sulphur.

//\
< N-S-CI O N-S-N O

(76a) (77a)

These reagents are easy to purify, do not disproportionate, and do
not bring about unwanted chlorination reactions. They also act as
internal bases.

Therefore one might expect benzamidine to react with either imide-N-
sulphenyl chlorides (76) or N,N'-thiobisimides (77), to form the

dithiatetrazocine (4a) via the intermediate (78) (Scheme 2.2).
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NH Ty N-S-X
Ph—( + Y-§X —mmmmm Ph—{
NH, NH, Benzamidine
- HX
N N N N Y-S-X
7o\ O _ ;7 A\ ph{  \ph
ph{ »-ph=—— pn{ }-ph T a—— -<NH N>H'
NxzN HN .. NH 2 2
S S (75)
(4a) (78)

Scheme 2.2 : Proposed scheme for the reaction of benzamidine

with imide-N-sulphenyl chlorides (76) or N,N'-thiobisimides (77).

Benzamidine was treated with a range of imide-N-sulphenyl chlorides
(76a,b) and N,N'-thiobisimides (77a,b,c,d) in dry dichloromethane at
room temperature. Dithiatetrazocine (4a) was indeed obtained but

unfortunately only in very low yields {Table 2.2).

O
(76a) :X=Cl,Y={ N-
(77b) :X=Y= N-
/— \
(76b) :X=CLY=0 N- o
O
Vanan
(77a) :X=Y=0 N- (77¢c) :X=Y= [::N-
\__/
0] O
77d) :X=0 N- ,Y
( AT r 1T N-
O
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Ratio X-S-Y Time/h (ka) (1)

A:X-S-Y
2 : 3 {76a) 20 2.2
2 : 3 (76b) 20 0.4
2 2 (17a) 18 0.7
2 : 3 {77b) 12 0.5
2 : 3 i (717c) 15 0.5
2 : 3 (17d) 20 0.3

A = benzamidine

Table 2.2 : The reaction of benzamidine with imide-N-

sulphenyl chlorides (76) and N,N'-thiobisimides (77) at room

temperature.

Benzamidine is a strong base and one might expect it to react with

sulphurdiimides (11) to give the corresponding sulphilimine (79).

. _So
NH NZ SN
-2RNH R-NSN-R
2 Ph“( + R-NSN-R z Ph—( yph ———-ph—(\ />—Ph
NH, (11) \S/ N\S,N
h
NR
(79)

However when benzamidine was treated with a range of sulphurdiimides

{11) (Table 2.3), 1low vyields of dithiatetrazocine (4a) were

obtained. It 1is possible that dithiatetrazocine (4a) could be
formed from the sulphilimine {79); the latter may be unstable and,
upon work-up (silica), converted into the stable dithiatetrazocine

{(4a), though this appears to involve a reduction reaction.
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R-N=S=N-R'
(11)
a:R=R'=sTMS  d:R=Ph;N-R'=0
b : R=R'=Tos e : R=R'=PhC(O)-
¢ : R=R'='Bu f: R=Tos; N-R' =O

Ratio X=5=Y Solvent Time/h (4a) (1)

Benzamidine:X=5=Y

1 : 1 (11a) CH2C12 20 0.4
11 (11b) CH2C12 102 6.1
1 1 {11b) CHCl3 42 2.7
1 : 3 (11b) CH2C12 20 5

1 : 1 (11c) CH2C12 48 0.3
2 3 (11d) CH2C12 80 0.6
1 : 1 (11e) CH2C12 © 60 0.7
2 3 (11F) CH2C12 92 5

Table 2.3 : The reaction of benzamidine with sulphurdiimides

(11) at room temperature to give dithiatetrazocine (4a}.

The best yield (67) was obtained with bis(tosyl)sulphurdiimide (11b)
in dichloromethane at room temperature. Normally, the solution of
sulphurdiimide (11b) in dichloromethane was added dropwise over a
period of 30 min to a stirred solution of benzamidine in

dichloromethane at room temperature under nitrogen. A typical work-
up procedure was simple as 1t involved filtration of reaction
mixture (to remove tosyl amide), removal of solvent in vacuo, and

chromatography of the residue on silica.
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Examining the dithiatetrazocine structure (4) carefully, one can see
that it contains formally divalent and tetravalent sulphur
atoms, and a ‘combination of divalent and tetravalent sulphur
transfer reagents might give higher yields of (4). Such divalent and
tetravalent sulphur transfer reagents are imide-N-sulphenyl

chlorides (76) or N,N'-thiobisimides (77) and sulphurdiimides (11)

-~

respectively.
X-S~y s
NH HN N” "N
R PR ———— RL NRaxH+ YH +2RNH,
NH, NH; Ns gzN
R'N§S§NR'

A:(11b):(76)or(77) (76)or(77) Method Time/h (4a) (80) (81)

1 :1 1 (76a) A T 0.6 4 8
2 2 : 1 (76b) A 48 1.7 - -
2 1 1 (77b) A 24 Tr - -
2 01 1 (77b) B 40 9.6 15 1
2 1 1 (77b) C 20 T.4 22 2
2 : 1t : 10 (77b) 8 20 8.4 18 5
2 : 1 : 6 (77b) D 15 9.4 21 4
1 :1: 3 (77b) D 20 8.6 15 3
2 1 1 (77¢) A 20 3 15 2
2 21 1 (77d) A 14 1.1 20 3
A = benzamidine Tr = Trace amounts

Table 2.4 Summary of the products obtained from the

reaction of benzamidine with sulphides [{(76) or (77)1 and

sulphurdiimide (11b) at room temperature.
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Therefore benzamidine was treated with a range of imide-N-sulphenyl
chlorides (76) or N,N'-thiobisimides (17) and
bis{tosyl)sulphurdiimide (11b) in combination (Table 2.4). The best
combination was found to be bisphthalimidosulphide (77b) and
bis(tosyl)sulphurdiimide (11b) and this combination was studied
further. Adding a solution of benzamidine in dry dichloromethane
slowly at room temper;ture under nitrogen, to a stirred mixture of
sulphide (77b) and sulphurdiimide (11b) in dry dichloromethane
followed by further stirring at room temperature and work-up,
afforded 7.47 of dithiatetrazocine (4a). When sulphurdiimide (11b)
was added to a prolonged stirred mixture of benzamidine and ¢ excess
of sulphide (77b) at room temperature, a slight improvement in the
yield of compound (%4a) (8.41) was observed. A slightly better yield
(9.67) was obtained when a solution‘ of benzamidine in dry
dichloromethane was added to stirred slurry of sulphide (77b) in dry
dichloromethane, followed by addition of a solution of
sulphurdiimide (11b) in dry dichloromethane. Refluxing the mixture
of benzamidine and excess of sulphide {(77b) in dichloromethane for 3
h, then cooling to room temperature followed by slow addition of a
solution of sulphurdiimide (11b) in dichloromethane, afforded 9.41
of compound (4a); in refluxing chloroform, 8.67 of (4a) was
obtained. The slightly lower yield in refluxing chloroform could be

hé

due to the thermal decomposition of benzamidine. Using excess of

sulphide (77b) does not show any improvement in the vyield of

dithiatetrazocine (4a).
One can conclude from the results shown in Tables 2.2, 2.3, and 2.4

that the best method available at present for the synthesis of

dithiatetrazocine (4a) is the addition of a solution of benzamidine
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in dichloromethane to stirred slurry of sulphide (77b) in
dichloromethane at room temperature, followed by slow addition of
the solution of sulphurdiimide (11b) in dichloromethane. Moreover,
both the sulphide (77b) and sulphurdiimide (11b) are easy to make
and purify, cheap‘and stable. Even the work-up procedure is simple
as no sulphur is formed, which makes the chromatography easy, and no
base is needed.

Using these best conditions, it should now be possible to extend
this methodology to other amidines. However, it was found that this
method was only applicable to arylamidines (see Sections 2.4.i and

2.4.2).

Two other compounds isolated in low yields from the reaction of
benzamidine with the combination of sulphide [(76) or (77)3 and
sulphurdiimide (11b) were 1-hydroxy-3,5-diphenyl-1,2,4,6~
thiatriazine (80) and 1-(p-toluenesulphonylimino)-3,5-diphenyl-
1,2,4,6-thiatriazine (81). The yields of these two compounds are
shown in Table 2.4, where it is seen that their combined yields are
fairly constant at about 217. It was found that compound (81)
hydrolysed on work up to give hydroxythiatriazine (80), hence the

normally low yield of compound (81).

OH W4Tos
I
S
N/SaN Nl/ \i\l
|
Ph N)\ Ph P“J\NJ\P“
!
(80) (81)
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The structures of compounds (80) (Section 3.1.4) and (81) were
assigned on the basis of their spectral data. 1-(p-Toluenesulphonyl-
imino)-3,5-diphenyl-1,2,4,6-thiatriazine (81) was obtained as
colourless compound, m.p. 156-158°C. Its mass spectrum did not show
the molecular ion, but showed peaks at m/z 253 and 171 which are the
two fragments of compound (81). The proton n.m.r spectrum showed
aromatic multiplets ;t 6 8.25 (integral 4) and 7.40-7.55 {integral
6) while the para-substituted phenyl ring showed doublets (J 7.5 Hz)
at & 7.8 and 7.2 (integral 2) and the methyl protons were singlet
{integral 3) at & 2.35. The i.r. spectrum showed four characteristic
absorption bands for arenesulphonylsulphilimines at 1260, 1130,
1680, and 985 cm—1. Elemental analysis suggested the formula
C21H18N40252'

1-{p-Toluenesulphonylimino)-thiatriazine _(81) is thus the major
product formed in the reaction of benzamidine and sulphurdiimide
(11b), sulphide (77b) presumably not being involved. The higher
yields of compound (81) compared with dithiatetrazocine (4a) could
presumably result from both entropy and angle-strain factors
favouring the formation of six-membered rather than the -eight-
membered ring.

A mechanism for the formation of compound (81) is proposed in Scheme
2.3. The initially formed sulphurdiimide (82) reacts with more

benzamidine, with elimination of ammonia to form compound (81) which

on work up is hydrolysed to hydroxythiatriazine (80).
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NH NH
Ph— 4+ Tos-NSN-Tos Ph—{ + TosNH,
NH, Nxg
A\
N-Tos
(82)
N-Tos N-Tos O
S” - I M
NES-L S S
NH _NH, N“ TN HOH N7 N
PN TP —— ) e
LT //l\\ -TosNH, //JL\ /JL\
NH NH, Ph N Ph Ph N Ph
H f
(81) (80)
Scheme 2.3 : Proposed mechanism for the formation of

sulphonyliminothiatriazine (81) and hydroxythiatriazine (80) from

benzamidine and bis(tosyl)sulphurdiimide §11b).

2.2.4 Reaction of benzamidine with other sulphur transfer reagents

(i) Sulphur

The heating together of sulphur and an amidine could provide the
simplest possible heterocycle-forming reaction. We hoped that when
benzamidine and sulphur are heated together, some dithiatetrazocine
{4a) would be formed. However, when they were heated together at
160°C for 3 h, the products formed were benzonitrile, 2,4,6-

triphenyl-1,3,5-triazine {73) (27) and 3,5-diphenyl-1,2,4-
thiadiazole (83) (247). Both benzonitrile and triazine (73) are just

thermal decomposition products of benzamidine.‘k
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NH Ph N Ph

ph—4 5, 120C ro A
+ excess S —————  ppoN 4 Ph
NH, A,3h N\(N * _<N¢kph
Ph (83)
(73)

(ii) Thionyl chloride

We speculated that benzamidine could react with thionyl chloride to
form the intermediate sulphurdiimide (74), which «could then be
cyclised with sulphur dichloride or sulphur monochloride to form

dithiatetrazocine (4a).

NH NH  NH NH  NH
— 2HCI —H,0
2Ph—( +50Cl, Ph{ »pn . —2— ppd »-pn
_NH - 2
0 sci,,~(74)
N’S\N or S,Cl,
Oy / A
s pn )-Ph
NxozN

;O
~N

|” s
/k (4a)
(84)

However, when benzamidine was treated with thionyl chloride in dry
dichloromethane at 0°C 1in the presence of base, no compound of

sructure (74) was isolated. We did isolate a colourless compound,

m.p.>310°C, to which we assign structure (84) (Sectiom 3.1.3).
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2.3 Attempted independent methods for the synthesis of

dithiatetrazocines (4}

2.3.1 From benzamidoxime
Qur curiosity led us to explore the reaction of benzamidoxime with
sulphur transfer reagents in the hope of synthesising the

.

dithiatetrazocine system (4a), and we now describe these reactions.

(i) With sulphur dichloride

Benzamidoxime (85) might react with sulphur dichloride to form the
sulphurdiimide (86), <followed by cyclisation and reduction to the

dithiatetrazocine (4a).

S

N-OH NOH  NOH N~ SN
—2HCI ~ sClI
2 Ph—{ + SCl, ph{ Mpn 2~ pn{/ Y-pn
_2H
NH2 Nx S’ N N§S¢N
(85) (86) (4a)

This 1is indeed true since a low yield (5-67Z) of dithiatetrazocine
(4a) was obtained when benzamidoxime was treated with freshly
distilled sulphur dichloride in dry dichloromethane at 0°'C in the
presence of DBU. However, a much better vyield (327) of 4-phenyl-
1,2,3,5-dithiadiazolium chloride (38b) was also obtained.

The formation of dithiadiazolium chloride (38b) could be

rationalised as proposed in Scheme 2.4. The initially formed

monosulphenyl chloride (87) reacts further with sulphur dichloride
to form the bis(sulphenyl chloride) (88) which then -eliminates

hydrogen chloride to form the N-oxide (89) followed by cyclisation
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and reduction to dithiadiazolium chloride {38b).

N-OH _HCI N-OH
Ph—{ + SCl, Ph"{
NH, NH-S-CI
(85) (87) SCl,
- -HCI
RN e H"CK
N N—S-+ClI -S.
/S _-lo /L. -HCI N-s-C
=S+ (¢|” = N=S1Cl
N Cl N=§ N}
(38b) (89) (88)
Scheme 2.4 : Proposed mechanism for the formation of

dithiadiazolium chloride (38b) from benzamidoxime and sulphur

dichloriden.

In contrast, the reaction of benzamidoxime and sulphur monochloride
proved to be very complicated and sulphur was the only isolable
product. Even the attempted preparation of intermediate
sulphurdiimide (86) by treating a solution of benzamidoxime with a
solution of bis(tosyl)sulphurdiimide (11b) in dry chloroform failed

as only benzonitrile and unreacted benzamidoxime were isolated.

{ii) With thionyl chloride

We speculated that benzamidoxime could react with thionyl chloride
to form the sulphurdiimide (86) which could then be cyclised with

sulphur dichloride or sulphur monochloride to form the

dithiatetrazocine (4a).
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NOH _2HCl N scl
2 Ph-{ +500l, pd  »Ph —2— (4a)
“H,0 or S,Cl,
NH, N§S;N
(85) (86)

However, when benzamidoxime was treated with thionyl chloride in the
presence of base (Table 2.5), good yields of colourless fine
needles, m.p. 88-89°C, tentatively assigned structure (90a) were

obtained. No compound of structure (86) was isolated from the

reaction mixture.

H
\N___
NOH base N-OH Q
ph_{ +80Cl, ph_< h—4, s,
| 0
NH, N=S=0 N
(85) (90a) (90b)

Base (90a) (%)
pyridine 39

DBU 60

t.N 80

E 3

Table 2.5 : Yields (1) of N-sulphinylbenzamidoxime (90a) from

benzamidoxime (85) and thionyl chloride.

The structure of compound (90a) was based on its spectral data. The
mass spectrum showed a molecular ion at m/z 182 with major fragment

ions at M'-31 (- NOH), M'-62 (- NSO) and M'-79 (- NSO and - OH). The
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proton n.m.r spectrum showed aromatic multiplets at & 7.6-7.8
(integral 2) and & 7.45-7.6 (integral 3} and a broad singlet at §
8.15 (integral 1) which can be attributed to N-OH. The i.r. spectrum
showed characteristic absorptions for N-OH at 3250 cm_1 and for N-
sulphinyl compounds at 1160 cm-1. Elemental analysis suggested the
formula C7H8N2025.

This product was originally thought to have the oxathiadiazole oxide
structure (90b) because N-alkyl and N-aryl amidoximes react with
thionyl chloride in the presence of triethylamine to give good

yields of 3,4-disubstituted-1,2,3,5-oxathiadiazol-2-oxides (91).%7

N
N-OH ~o0
R—{? + 8OCl, R <? |
S
R R’
(91)

Oxathiadiazol-2-oxides (81) show characteristic absorptions in the
i.r. spectrum in the region 1350-1370 cm-1 and 1130-1210 cm-1
for the -0S{0)N- group which were absent in the 1i.r. spectrum of
compound {90a) and hence the assignment of the ring-opened isomer as
N-sulphinylbenzamidoxime.

N-Sulphinylbenzamidoxime {90a) is a slightly air-sensitive
crystalline compound which can be stored under nitrogen at room
temperature or at -10°C for prolonged periods. It is surprisingly
stable to silica but decomposes thermally to benzonitrile when

heated at reflux in toluene (5 h).
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Having isolated the intermediate (90a), we decided to treat it with
more benzamidoxime to give the sulphurdiimide (86) which could be

further «cyclised with sulphur dichloride or sulphur monochloride to

the dithiatetrazocine (4a). However, no reaction was observed when
either benzamidoxime or benzamidine was treated with N-
sulphinylbenzamidoxime (90a) in dichloromethane at either room or
reflux temperatures."Even in the presence of base (pyridine or
triethylamine) no reaction was observed. In refluxing benzene (10 h)

there was slow decomposition of the N-sulphinylbenzamidoxime (90a)

to benzonitrile.

(iii) With tetrasulphur tetranitride

S4N4 reacts with amines and oximes to give sulphanes. Therefore we
speculated that benzamidoxime might ;eact with SLNL to give
dithiatetrazocine (4a) since benzamidoxime contains the
functionality of both an amine and an oxime.

Dithiatetrazocine (4a) was indeed obtained, but only in low yield
(47), when benzamidoxime and SkNA were heated together in refluxing
toluene for relatively long periods (Table 2.6). The reaction was

slower than with benzamidine (Section 2.2.2, Table 2.1} and the

yields are lower and hence it has no advantages.

N- OH N“S N
ph—( + SN, ~ pnd Mpn

NH, N§S;N

(85) (4a)

63



Benzamidoxime:SLN Solvent Temp/°C Time/h {4a)

4

2 1 toluene 110 3 -

2 : 1 toluene 110 12 4

4 1 xylene 140 6 0.4

Table 2.6 : Yields (Z) of dithiatetrazocine (4a). (See also

Table 3.3, Section 3.1.4)

Other products obtained were 2,5-diphenyl-1,3,4-triazole (92),
hydroxythiatriazine (80) and thiatriazin-1,1-dioxide (84) (Table

3.3, Section 3.1.4).

2.3.2 Miscellaneous

We speculated that we could displace the chlorine atom in the a-
chloro-oxime (93) by bis(trimethylsilyl)sulphurdiimide (11a) to give
the sulphurdiimide intermediate (86), which could then be cyclised
to the dithiatetrazocine (4a) with either sulphur dichloride or

sulphur monochloride.

N-OH NOH  NOH
-2 TMSCI
2 R—{ + TMS-NSN-TMS R—( yR
Cl (11a) Nx =N
(93) °

a:R=Ph, b:R=CO,Et (8o Sc?:zs Cl
2v'2
(4a)
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However, when a-chlorobenzaldoxime (93a) was treated with
sulphurdiimide (11a), only triazine (73) (7Z) and 3,4-diphenyl-
1,2,5-oxadiazol-2-oxide (94) (57) were isolated from the complex

reaction mixture.

o-
N-OH Phe=N+

Ph—( + TMS-NSN-TMS I o o+ (73)
cli (11a) phe” =N

(93a) (94)

The structures of compounds (73) and (94) were assigned by direct
comparison of their spectral data with authentic samples. Triazine
{(73) is a trimer of benzonitrile while the oxadiazol-2-oxide (8%4) is
a dimer of benzonitrile oxide JPh—CEﬁ—a).

With the a-chloro-oxime (93b) (R=C02Et), upon treatment with

sulphurdiimide (11a), only S4N4 {157) was obtained and the remainder

was baseline products.

{ii) Using 4-phenyl-1,2,3,5-dithiadiazolium chloride (38b)

We hoped that dithiadiazolium chloride (38b) could be cyclised via
the intermediate (95) to the dithiatetrazocine (4a) when treated

with benzamidine in the presence of base.
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H

|
N ~HCI Neo FN

S HN s —2H

Ph— T+ y—ph —f=Ph{ Y Y—ph ———(4a)

N;S+_ NfS N
CI= HaN |
(38b) (H
(95)

However when dithiadiazolium chloride (38b) was treated with
benzamidine in dry acetonitrile at either room (15 h) or reflux (6
h) temperatures in the presence of DBU, there was no sign of the
formation of dithiatetrazocine (4a) and only baseline products were

obtained.

{iii) Using activated nitriles

Activated nitriles (96Y were heated with bis{trimethylsilyl)-
sulphurdiimide {11a) in the hope to get the sulphurdiimide
intermediate (97) which could then be cyclised to dithiatetrazocine

{4a) with either sulphur dichloride or monochloride.

™S TMS 5
A NN scl NN
R—C=N 4 (11a) —7— r{ R 2TM;C| R VR
(96) Ns 2N B NxgzN
a; R= Ph-CO- (97) (4)

b; R= CCl,

The nitriles {86a) and {36b) were heated neat with
bis(trimethylsilyl)sulphurdiimide (11a) (Table 2.7) and then cooled
to room temperature when dry dichloromethane was added. At 0°C, a

solution of sulphur dichloride in dry dichloromethane was added to
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the above solution and the resulting reaction mixture was stirred

further at room temperature. Upon work-up, only low yields of SANA

were obtained (Table 2.7). SLN4 is known to be formed in the

. c. . . . 22
reaction of sulphurdiimide (11a) with sulphur dichloride.

R-C=N Temp/."C Time/h S N .

44

R=
Ph-CO- 100 8 25
CCl3 80 9 28

Table 2.7 : Yields (1) of S‘N‘ from the reaction of activated

nitriles (96), sulphurdiimide (1t1a) and sulphur dichloride.

(iv) Using tetrazoles

Photolysis of tetrazole (98) produces the reactive intermediate

(99)48 which we speculated might react with sulphur or 54N4 to

produce the dithiatetrazocine {(4a).

N~N Ne N~ SN
74 hv SN,
P\ —— [P, 7 f— P Vpn
N~ -N, NH or Sy
H - N§85N
(98) (99)
N=N N-N
Ph— ) Ph ph—{_ Mpn
N-N E
100
(100) (52)

However, when 5-phenyl-1,2,3,4-tetrazole (98a) was photolysed in dry

acetonitrile at room temperature in presence of sulphur or SANA' low

yields of 3,6-diphenyl-1,2,4,5-tetrazine (100) (16 and 3317
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respectively) were obtained, together with the triazole (92) (20 and
137 respectively). The observed products are the usual photolysis
products of the tetrazole (98),"9 without the intervention of the
sulphur reagents.

We thought that when the tetrazole (98) was heated in the presence
of SLNA' dithiatetrdzocine (4a) might just possibly be formed via
the intermediate (89). However, this reaction in refluxing xylene
(15 h) was very complex with some formation of tetrazine (100)
while the reaction in refluxing bromobenzene was clean, again with
formation of the tetrazine (100) (157) and unreacted tetrazole (98).
Even in the presence of sulphur at 200°C (3.5 h), tetrazine (100)
(157) was formed together with triazole (92) (817). Tetrazine (100)
could be formed by the dimerisation of the intermediate (99)
followed by dehydrogenation by sulphur or SLNL'

(v) Using trithiazyl trichloride

A possible novel route to the dithiatetrazocine (4) could be ring

expansion of the thiatriazine intermediate (102).

N’S‘N N’S‘N
RJI\N/“\R + (NSCh = R/lN I'. Rl &
H §Zn
(101)

(102)

However, when diethyl 1,2,4,6-thiatriazine-3,5-dicarboxylate (101)

was treated with trithiazyl trichloride (35) in dry
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tetrachloromethane at reflux in the presence of pyridine, only
baseline products and SANL (457) were obtained. SLNk could have

arisen from the intermediate (102) (see also Sections 3.2.2, 5.1 and

5.2).

We were thus unsuccessful in finding an independent route to the

dithiatetrazocine (4) after having tried a variety of possibilities.

2.4 Derivatives of 1,5,2,4,6,8-dithiatetrazocines

2.4.1 Attempted synthesis of the parent dithiatetrazocine system

All attempts to prepare the parent dithiatetrazocine (4b), by a
similar reaction of formamidine and sulphur dichloride in the

presence of DBU were unsuccessful.

S<
NH DBU N“"°N
\
H—/<NH + SCl, ——yf n-{ N>-H
2 Nx o7
s
(4b)
N7 S N
Ho,c4 Y- copH
N§S¢N
(49)

An intractable tar was obtained when formamidine was treated with
SANL in refluxing hydrocarbons [benzene (10 h), toluene (13 h),

xylene (15 h)], and baseline products were obtained when formamidine

was treated with bis(tosyl)sulphurdiimide (11b).

Therefore we considered an indirect route to the parent
dithiatetrazocine system (4b) wvia the dithiatetrazocine-3,7-

dicarboxylic acid (4g), followed by thermal decarboxylation.
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However, the reaction of amidino carboxylic acid (103a) with sulphur
dichloride in the presence of DBU, did not take place at all and
amidine (103a) (807) was recovered. This may be explained by its
highly insoluble nature (only soluble in 8 M HCl) and its existence

as zwitterionic form (103b).

0 NH,

NH scl
——— 2 sy 4
mo,c<4 T Y¢ ——7 /= (49)
NH, -0 NH,

(103a) (103b)

We then decided to start with its methyl ester (104) in the hope of
obtaining the dithiatetrazocine diester (4h) which we would then
hydrolyse to the corresponding acid (4g}. Unfortunately, the
reaction of the methyl amidino carboxylate (104) with sulphur
dichloride in the presence of DBU was very complex and no compound

of structure (4h) was isolated.

O NH DBU N/S\N

V-l + s, ——— wmeo,c{  Y-come
MeO N, Ns g#N

(104) s

Even the treatment of amidino carboxylic acid (103} or its methyl

ester (104) with SLN in xylene at reflux or with sulphurdiimide

4

(11b) in dichloromethane at room temperature were fruitless in

synthesising the corresponding dithiatetrazocines (4g) and (4h). 1In
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the case of the free acid (103), no reaction was observed at all but
with the methyl ester (104), intractable tars were obtained.

We next turned our attention to acetamidine (105) and
hydroxyacetamidine (106) and hoped to treat these with sulphur
dichloride in the presence of DBU to get the respective
dithiatetrazocines (4i) and (43j) and then oxidise these derivatives

to the dicarboxylic acid derivative (4g).

NH DBU NN
He—d & so, ——/— Hod  cH
NH, Ns gzN (O]
(105) el o)
NH - N~ S N []
HOCH2—< + SCl, —-ﬁ//A—Hoon—( : \>-CH20H
NH, Nx ozN
(106) (1)

However, acetamidine (105) and hydroxyacetamidine (106) reacted with
sulphur dichloride in the presence of DBU to give very complex
reaction mixtures from which no compounds of structures {4i) or (43)
could be isolated. Intractable tars were obtained when both these
amidines [(105) and (106)1 were heated with SLNA in aromatic

hydrocarbaons and baseline products were obtained when they were

treated with sulphurdiimide (11b).
We finally attempted to prepare the 3,7-dihydro-1,5,2,4,6,8-
dithiatetrazocine (107) which we could then dehydrogenate to the

parent dithiatetrazocine (4c).
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/S\

H | H NZ"=N H [0]
2 )+ (1) —/f—¥ X (4b)
H H Ne.zN T

S

(107)

~.

However, there was apparently no reaction between diiodomethane and
sulphurdiimide (11b) at room temperature in dry dichloromethane and
in refluxing toluene (10 h), even upon addition of tetra-n-
butylammonium fluoride (1 eq).

Therefore, we were unsuccessful in the synthesis of the parent
dithiatetrazocine (4c) both by independent methods and the new

methods we discussed in Section 2.1.

2.4.2 3,7-Di(2-furyl)- and 3,7-di(2-thienyl)-1,5,2,4,6,8-dithia-

tetrazocines

When 2-furylamidine (108) was treated with freshly distilled sulphur
dichloride in dry dichloromethane at 0°C in the presence of DBU, the
major product isolated was a burgundy coloured air-sensitive
crystalline compound. Its mass spectrum revealed that it was a
mixture of 4-{2~furyl)- and 4-({monochloro-2-furyl)-1,2,3,5-
dithiadiazolium chlorides, (38c) and (38d) respectively. A minor

product, a yellow crystalline compound, was also isolated and 1its
mass spectrum and hplc (MeOH) suggested that it was a mixture of

polychlorinated dithiatetrazocines (4k).
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o]
TR e o W SN ) Vo

o NH, CH)Cl, O NZ S+g - NZ S+¢o-
(108) (38c) (38d)
(Chm \ N~ S~ /:——\./(Cl)n
+ (O’—B_( \>_ O) m=1, 2
N§85N n=1,2
(4k)

The problem of polychlorination was overcome by reacting the 2-
furylamidine (108) with SANL in xylene at reflux (4 h). A low yield
(27) of 3,7-di(2-furyl)-1,5,2,4,6,8-dithiatetrazocine (41) was
obtained together with a colourless compound, assigned the structure
2,4,6-tris(2-furyl)-1,3,5-triazine (109) (according to its spectral
data and direct comparison of these data with that reported in
literature). 2-Cyanofuran was also formed (t.l.c.) but was not
isolated. Triazine (109) and 2-cyanofuran are the thermal
decomposition products of 2-furylamidine (108) (cf benzamidine

Section 2.2.2).

S

IN s, —20 ﬂ—{/ \>—</ 1\ o L) cen
© NH, A,4h 0 Ns 2N o) 0
(108) =s”

R
et
+ I\
R
(109)
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3,7-Di(2-furyl)-1,5,2,4,.6,8-dithiatetrazocine (41) was obtained as
deep yellow needles {ethyl acetate), m.p. 214-216°C and was found to
be only slightly soluble in most organic solvents. The mass spectrum
showed the molecular ion m/z at 278 with major fragment ions at ﬂ’-
107 (- 2-cyanofuran and - NJ}, ﬁ*-153 {- 2-cyanofuran, - N, and - NS)
and ﬁ*—185 {- 2-cyanofuran, - N, - NS, and - S). The proton n.m.r
spectrum showed multiplets at & 7.63, 7.24 and 6.89; all with equal
integrals. The u.v. (EtOH) spectrum showed Amax. at 448, 338, 323,
and 272 nm similar to the diphenyl compound (4a) (Figure 2.1), thus
suggesting a planar conformation for the dithiatetrazocine ring in
compound (41). Elemental analysis suggested the formula C10H8N40252.
Again a low yield of dithiatetrazocine (41) (1.47) was obtained when
2-furylamidinium chloride was treated with sulphurdiimide (11b) in
dry dichloromethane at room temperature (in the presence of DBU)
under nitrogen. Stirring the reaction mixture for prolonged periods
led to still lower yields of compound (41).

We wondered whether chlorination of the furan ring had accurred
before the dithiatetrazocine ring formation or after this ring
formation. Therefore, we treated di{2-furyl)dithiatetrazocine (41}
with excess of sulphur dichloride in dry dichloromethane at 0°'C and
at room temperature. To our surprise, no chlorination of the furan
ring of the dithiatetrazocine (41) was observed and hence the

chlorination had probably occurred before dithiatetrazocine ring

formation.

Treatment of 2-thienylamidine (110) with feshly distilled sulphur

dichloride in dry dichloromethane at 0°C in the presence of DBU,

afforded 4-(2-thienyl)-1,2,3,5-dithiadiazolium chloride (38e) as the

T4



major product (697).

4-(2-Thienyl)-1,2,3,5-dithiadiazolium chloride (38e) was obtained as
red air-sensitive crystals, m.p. 162-164°C. The mass spectrum showed
the molecular ion of the cation at m/z 187 with major fragment ions

at ﬁ+-48 (- NS) and ﬁ+—78 {- NS and - S) and the elemental analysis

suggested the Formula»C5H3ClN253.

NH
f\ 60BU 7\ =N
2Q—(NH2 +35Ch CH,Cl, Q_( =S+g-T m \>_ﬂ

S
Nx =N
(110) (38e) Ss”
(4m)
A low yield (7.31) of 3,7-di(2-thienyl)-1,5,2,4,6,8-
dithiatetrazocine (4m) was also obtained, and this was not

chlorinated (cf the 2-furylamidine case above). However prolonged
stirring of the reaction mixture at room temperature (15 h) led to a
low vyield of polychlorinated di{2-thienyl)dithiatetrazocines (4n)

together with unchlorinated dithiatetrazocine (4m) (37).

-S<

(Chm N
6DBU \ (
(110) + SCl, k ) - \>— ) + (38e)+ (4m)

RT, 15 h
N‘S m= 1 2
(4n) n=1,2
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3,7-Di(2-thienyl)-1,5,2,4,6,8-dithiatetrazocine (4m) was obtained as
orange-yellow needles (ethyl acetate), m.p. 271-273°C and was only
slightly soluble in most organic solvents. The mass spectrum showed
the molecular ion m/z at 310 with major fragment ions at ﬁ+—‘09 (-
2-cyanothiophene), M+-123 {- 2-cyanothiophene and - NJ, ﬂ+-159 (- 2-

cyanothiophene, - N, and - NS) and M+-201 (- 2-cyanothiophene, - N,

e

- NS and - S). The proton n.m.r spectrum showed double doublets at &
8.30 (J 1 and 4 Hz), 7.64 (J 1t and 5 Hz) and 7.23 {(J &4 and 5 Hz) all
with equal integrals. The u.v. spectrum (EtOH) showed Amax. at 447,
351, 318, and 217 nm (Figure 2.1) suggesting a planar conformation
for the dithiatetrazocine ring and the elemental analysis suggested
the formula C10H5NLS4.

When 2-thienylamidine {110) was heated with SLNA in dry xylene at
reflux (5 h), a low yield of the same dithiatetrazocine (4m) (3.571)

was obtained together with 2-cyanothiophene and 2,4,6-tris(2-

thienyl)-1,3,5-triazine (111) (117).

S
[N q sy, 220 @—(/ \}—Z/ Voo D) cen
" TNH, A . 5h " ‘e N S S
110 s~
(110) @m) R\(N\“/R
+ N§Y/N R=é;>—
R
(111)

Treatment of amidine (110) with sulphurdiimide (11b) in dry

dichloromethane at room temperature under nitrogen, also gave di(2-
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thienyl)dithiatetrazocine {4m) but in even lower yield (1.71).

2.4.3 Unsymmetrical dithiatetrazocines

It would be of interest to prepare mixed derivatives of the
dithiatetrazocine system to investigate whether they are planar or

1
puckered and moreover to see the effect on the yields.

When a mixture of benzamidine and N,N-dimethylguanidine was treated
with freshly distilled sulphur dichloride in dry dichloromethane at
0°C in the presence of DBU, 3,7-diphenyl-, 3,7-bis( dimethylamino)-
and 3-(dimethylamino)-7-phenyl-1,5,2,4,6,8-dithiatetrazocines (4a)
(9.57), (4c) (51), and (40) (37) respectively were obtained. The

combined vyields of dithiatetrazocines in this experiment was 17.57.

NH HN DBU N/S\N

Pt o SN, SOl ———= Pa  )-NMe; . (42) + (40)
NHp H,N CHCla Nx g=N
(40)

17



8L

1] 1
450 am 500 nm

T T 1 ! ! .
200 2_;0 30lo e 350nm  #CO0am  HZam 200~ 250 am 300 nm 350am “400nm
~ Calasl
NSy
\>_
nil—( NMe,

- en = e e
-—
—_

-
o . - o -

Figure 2.1 : Ultra-violet spectra of 1,5,2,4,6,8-dithiatetrazocines (4).



3-(Dimethylamino)-7-phenyl-1,5,2,4,6,8-dithiatetrazocine (4o0) was
obtained as pale yellow crystals, m.p. 182-183°C and was readily
soluble in organic solvents. The mass spectrum showed a molecular
ion at m/z 265 with major fragment ions at ﬁ+-84 [- C(NZ)NMezl. M'-

130 [- C(NZ)NMe and - NS], and ﬁ+-182 [- C(NZ)NMe - NS, and -

2’ 2'

Sl. The proton n.m.r spectrum showed aromatic multiplets at & 8.17
{integral 2} and 7.35-7.;0 (integral 3) and a singlet for the methyl
protons at & 3.21 (integral 6). The u.v. spectrum {EtOH} showed
Amax. at 250 nm, similar to that of the bis(dimethylamino)-
dithiatetrazocine (4c) and in striking contrast with the more
complex spectra of the diaryl derivatives [(4a), (41) and (4m)]
(Figure 2.1). This suggests that the monoaminodithiatetrazocine (4a)
has a similar puckered structure to the
dimethylaminodithiatetrazocine (4c), in contrast to the planar
diaryl structures.‘ It is interesting to note from this evidence

that only one electron-releasing dimethylamino group appears to be

necessary to cause the heterocyclic ring to pucker.

When a mixture of benzamidine and 2-thienylamidine (110) was treated
with freshly distilled sulphur dichloride at 0°¢C in dry
dichloromethane in the presence of DBU, a complex mixture was
obtained. We were unable to separate this complex mixture but mass
spectrum and hplc (MeOH) indicated that it was a mixture of 3,7-
diphenyl-, polychlorinated 3,7-bis(2-thienyl}- and 3-(monochloro-2-
thienyl})-7-phenyl-1,5,2,4,6,8-dithiatetrazocine (4p). In addition, a
mixture of 4-phenyl-, and 4(2-thienyl})-1,2,3,5-dithiadiazolium

chlorides [(38b) and (38e)] was also obtained (identified by mass

spectrum).
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cl
/S\
NH NTTIRC
Ph—(’NH+ ﬂ_/( + SCl, e Ph—</ \>—-[_§ + (4a) + (4n)
NH, S NH, CH,Cl, Ns o N S
(110) (4p) + (38b) + (38e)

2.5 Chemistry of dithiatetrazocines

{i) 3,7-Diphenyl-1,5,2,4,6,8-dithiatetrazocine (4a)

Compound (4a) was stable with respect to oxidation by MCPBA in
refluxing dichloromethane or 1,2-dichloroethane and even to
dinitrogen tetraoxide (N204) in dichloromethane at 0°'C. No adduct
was formed with NBD in ether at room or refluxing temperatures, and
it was found to be inert towards diazomethane. It was also stable to
nucleophiles as 1t did not react with triphenylphosphine in
refluxing toluene (9 h) and xylene (8 h). Nor did it react with
tosyl azide in refluxing benzene, toluene or xylene and chloramine-T
in methanol at room or reflux temperatures. All of this agrees with
1ts stability as a 10m electron aromatic system (Section 1.1).
Attempted nitration with nitronium tetrafluoroborate failed.

However it was reduced to benzamidine and sulphur with anhydrous
hydrazine 1in the presence of 107 palladium on charcoal (Section
5.3).

When ozone was passed through a stirred slurry of dithiatetrazocine

(4a) in dry dichloromethane at -78°C for 30 min, and the mixture
warmed to room temperature and chromatographed on silica,

hydroxythiatriazine (80) (327} and thiatriazin-1,1-dioxide (84) (37)

80



were obtained. When ozone was passed through for 1 h at -70°C,

slight increase in the yields of the two thiatriazines [(80) (

and (84) (57)] was observed.

/S\ ! O\ //O
N N - -70°C /S\ p N
{4 Ypn +0 "
Ph 3 CH012 /k /k /I\
NxgzN Ph  ph
(4a) (80) (84)

It seems that the dithiatetrazocine ring has been oxidised,
hydrolysed followed by ring contraction to give the observed pro
(80) (Scheme 2.5). Further oxidation with ozone of either
intermediates or the hydroxythiatriazine (80) leads to

thiatriazin-1,1-dioxide (84).

H+
2 o
-(/ “-'\ Ph -(/ Y- Ph
(4a) + O3 —= Ph Ph .

HZO:j o‘lH \

—HNSO N”

(80)

Scheme 2.5 : The formation of hydroxythiatriazine (80)

ozonolysis of the dithiatetrazocine (4a).
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(ii) 3,7-Di(2-thienyl)-1,5,2 4,6, 8-dithiatetrazocine (4m)

Since we had found that the diphenyldithiatetrazocine (4a) was
stable to oxidation by MCPBA or NZOA‘ we had hoped to oxidise the
thiophene rings in compound (4m) to give the corresponding

sulphoxide e.g. (4q) or sulphone. It was hoped that the oxidised

thiephene rings could then be degraded further.

040wl e
S S <« 2N
N\ -
" N§S¢N 1 S
@) 4
° (4q) (4r)
However oxidation of compound (4m) with either MCPBA, in

dichloromethane or dichloroethane, up to reflux temperatures, or
N204 failed to give any S-oxides; in all cases, compound (4m) was
recovered in 80-907 yield. Similarly attempted nitration of compound
(4m) with nitronium tetrafluoroborate in ether or acetonitrile up to

reflux temperatures failed to give any nitro derivatives e.g. (&4r},

90-957 of the starting material (4m) being isolated.

iij) 3,7-Bis(dimethylamino)-1,5,2 4,6 ,8-dithiatetrazocine {4c)
Since the two sulphur atoms in (4c) are reasonably close to each

other (even closer than in SAN }), we had hoped that compound (4c)

4
would undergo cycloaddition reactions. However it failed to react
with diazomethane, DMAD, NBD and phenyl vinyl sulphoxide (Table
2.8). In all cases, 90-95/ of the dithiatetrazocine (4c) was

recovered.
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CHZNZ DMAD NBD phenyl vinyl sulphaoxide

Ether Toluene Ether Xylene (A, 6 h)
(RT, 10 h) (A, 10 h) (RT, 6 h) PhBr (A, 4 h)
Xylene Ether
(A, 8 h) (A, 5 h)
PhBr
(A, 4 h) )

PhBr = bromobenzene

Table 2.8 : Attempted cycloaddition reactions with 3,7-bis-

(dimethylamino)-1,5,2,4,6,8-dithiatetrazocine (4c).

Summary

Several novel methods for the synthesis of dithiatetrazocines (4)
are reported. Low vyields of diphenyldithiatetrazocine (4a) were
obtained when either benzamidine or benzamidoxime was heated with

S Low yields of compound (4a) were also obtained when

4N4.
benzamidine was treated with a range of either imide-N-sulphenyl
chlorides (76) or N,N'-thiobisimides (77) and sulphurdiimides (11),
but these reagents are stable, and easy to make and purify.

We were unable to synthesise the parent dithiatetrazocine (4b).
However 3,7-di(2-furyl)- and 3,7-di(2-thienyl}-1,5,2,4,6,8,-dithia-
tetrazocines were synthesised by treating the corresponding amidines
with either S N4 or bis(tosyl)sulphurdiimide (11b). The u.v. spectra

4

of these two dithiatetrazocines suggested planar heterocyclic rings.
An unsymmetrical dithiatetrazocine, 3-(dimethylamino}-7-phenyl-

1,5,2,4,6,8-dithiatetrazocine (40) was synthesised and its

heterocyclic ring appeared to adopt a puckered conformation.
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Both the diphenyl- and the di(2-thienyl)-dithiatetrazocines were
stable towards oxidising agents, electrophiles, and nucleophiles,
and 3,7-bis(dimethylamino)-dithiatetrazocine did not undergo

cycloaddition reactions.
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CHAPTER 3

1,2,4,6-THIATRIAZINES
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3.1 Synthesis of thiatriazines

1,2,4,6-Thiatriazines are known with a wide range of substituents on
sulphur and carbon. For example, derivatives with alkyl or aryl
groups in the 1, 3, and 5-positions have been prepared by the
reaction of N-haloamidines with thiolates or N-sulphenylamidines as

shown below.

R
N-Hal PN
N~ W
opPh4 +MeSR [+ MeHal + NH,Hal
NH, Ph” N7 ph
R = alkyl
R, R
1 2 Ry
R;S-N= N={ '
1 G'NH2 R S, NHZ Base N/ S§
Br—N=C- NH, ™ f‘NHZBr— M
1 N Ra N RZ
Rs R3

The fully chlorinated compound (112) has been prepared from sodium
dicyanoamide and thionyl chloride.51 and mixed derivatives, eg 1-
chloro-3-phenyl-5-(trichloromethyl)-1,2,4,6-thiatriazine (113) are
accessible via ring closure reactions between imidoylamidines and

sulphur dichloride.52
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Cl
1

LN VY
NaN + SOClL,— |l

N cr)\N¢LC

(112)

Ql

NH™ NH PN
/J\ /J\Z SCl, A N~ SN

benzene l
Cl3C Ph C1,C )\N/LPh

(113)

Recently, Oakley and his coworkers have shown that 1-chloro-3,5-
diphenyl-1,2,4,6-thiatriazine (114) can be prepared by treating

benzamidine with trithiazyl trichloride (35) in refluxing

acetonitrile.sa' 54
91 ?l
-(NH N/ S l\‘l CH3CN N/ S*N
Ph + 1
NH; w7 S ’i\ /J\Ph
(35) (114)
In general these thiatriazines are air-sensitive, crystalline

compounds with a tendency to undergo spontaneous decomposition. X-
Ray structure determinations of derivatives have shown that the ring

system is not completely planar.53' 54, 55

However the well known 1,2,4,6-thiatriazin-1,1-dioxides are air-

stable, high melting, crystalline compounds. Interest in the
biological activity of certain 1,2,4,6-thiatriazin-1,1-dioxide

derivatives has led to the development of synthetic routes to the 2-
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alkyl, 2,4-dialkyl, and 4 H derivatives of this ring system.
2-Alkyl-1,2,4,6-thiatriazin-1,1-dioxides (117) have been synthesised
by treating the di-isothiobiurets (115) with methylaminosulphonyl

chloride and then cyclising the intermediates (116) in refluxing

acetonitrile.58
O: §— NHCH, O; °
/ 7 N /CH3
NH NHR; )Nl\ HSR, /lNl\ N
a . NHR; ——m =
pZ 3 Z
(115) (116) SR2 (117)

(i) = C1-SO,-NHMe

The corresponding 4-alkylthiatriazin-1,1-dioxides (120) have been
prepared by cyclisation of bis(trimethylsilyl)di-isobiurets (118}
with thionyl chloride to give the mono S-oxides (119) followed by

. . . 57
oxidation with MCPBA.

TMS-N  N-TMS  gocl, N7 N MCPBA N7 N
N A LA A
R,0” "N "OR R,07 N7 OR, R,0” N7 OR;
R> Rz Rz
(118) (119) (120)

Owing to difficulty in the preparation of higher alkyl di-

isobiurets, a general route to 4-alkylthiatriazin-1,1-dioxides

was

achieved by treating the dithio-imidocarbonate (121) with sulphamoyl
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chloride to produce the sulphamide derivative (122). Treatment of
{122) with one equivalent of sodium hydride followed by reaction
with an alkylcyanamide gave the 4-alkylthiatriazin-1,1-dioxide

(123).57

Oy £°
NH — ] &7
)L CISO,NH, N SOZNHZ RNHCN N 802 NH2 /le /|NL
MeS SPh MeS SPh MeS N-CN MeS N NHZ
(121) (122) R R
(123)

Recently, a simplified and efficient method for the synthesis of 4-
alkylthiatriazin-1,1-dioxides was reported. This involved the
sulphamide intermediate (126), which was prepared by treating diaryl
carbonimidates (124) with thionyl chloride to give the derivative
(125) followed by oxidation with MCPBA. Reaction of (126) with one
equivalent of primary amine gave 4-alkylthiatriazin-1,1-dioxide

(127) by displacement of two aryloxy groups.58

0
1 O« /O
NH socl, ArO S, OAr MCPBA  ArQ \,S< OAr
A =N N =N W
ArO” OAr ArO OAr ArO 0gy A
(125) (126)
(124)
R'NH,
o
L
|
ArO N)\OAF
Rl
(127)
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The parent ring system, 4H-1,2,4,6-thiatriazin-1,1-dioxide (128) was
made by treating sulphamide with an excess of ethyl orthoformate in

. 59
a sealed tube at 130°C for 12 h.

O\ 40
N7 N
HoN-SO,-NH, + HC(OEt); ~ ——— [}

(128)

puring the course of our own work, we discovered several novel
methods for the synthesis of 1,2,4,6-thiatriazines and these methods

are described below.

3.1.1 Reaction of benzamidine with §4ﬁ‘

When benzamidine and 54N4 were heated together in refluxing aromatic
hydrocarbons followed by addition of methanol to the reaction
mixture, 1-methoxy-3,5-diphenyl-1,2,4,6-thiatriazine (12%9a) and 1-
hydroxy~-3,5-diphenyl-1,2,4,6-thiatriazine (80) were obtained (Table
3.1).

Hydroxythiatriazine (80a) is in equilibrium with the 1-oxo form

(80b) shown, but for simplicity it is referred to as the hydroxy

compound (80a) throughout this thesis.

OH
] n
N/S:N Nl/s~?j
l ——
Ph)\N/LPh Ph)\f;’_l)\"h
(80a) (80b)
OCH, o
_(NH A N~ Sy NI”S*N
Ph +S,N, l +
e n NP
(129a) (80)
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Ratio Solvent Temp/ C Time/h (129a) (80)

44
1 1 Benzene 80 16 14 22
3 1 Toluene 110 3.5 3 9
3 1 Toluene 110 15 22 14
2 1 Xylene 140 6 17 7

A=benzamidine

Jable 3.1 : Yields (I) of methoxythiatriazine (129a) and

hydroxythiatriazine (80) from benzamidine and SLN4' See also Table

2.1, Section 2.2.2.

1-Methoxy-3,5-diphenyl-1,2,4,6-thiatriazine (12%9a) was obtained as
colourless prisms, m.p. 105-106°C, readily soluble in organic
solvents. Its structure was assigned on the basis of its spectral
data. The mass spectrum showed the molecular ion (ﬁ*) at m/z 283
with major fragment ions at M'-31 (- OMe), M'-134 (- OMe and - PhCN)
and ﬂ+-180 (- OMe, - PhCN and - SN). The proton n.m.r spectrum
showed thét the two phenyl rings were symmetrical and mono-
substituted with multiplets at 6 8.51-8.55 (integral 4) and & 7.54-
7.68 ({integral 6); the methoxy protons were seen as a singlet at §
3.41 (integral 3). The 13C n.m.r spectrum further proved that the
two phenyl rings were symmetrical by showing singlets at & 132.46,
128.69 and 128.21; the thiatriazine ring carbon atom showed a
singlet at & 168.36 and the methoxy carbon showed a singlet at &
50.15. The i.r. spectrum showed absorptions at 1580, 1390 and 1020

-1 . .
cm characteristic of the stretching vibrations of the

. Co . 52 . -
thiatriazine ring, while that at 950 cm 1 is attributed to the

stretching vibration of the S-OMe group. Elemental analysis
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suggested the formula C15H13N305.

The methoxythiatriazine (129a) hydrolysed slightly to the
corresponding hydroxythiatriazine (80) upon column chromatography on
silica gel and also when left standing in air, suggesting that the
methoxy group on the sulphur atom is labile. One can see from Table
3.1 that substantial amounts of methoxythiatriazine (129a) were
formed when the yield of hydroxythiatriazine (80) is also taken into
account.

The mechanism for the formation of methoxythiatriazine (12%8a) can be

rationalised as shown in Scheme 3.1.

NH NH,
! :
NH NH  NH, SN N N” XN +MeOH
A 294Ns NH N ,
2P = L I T L e
2 "ph” N° "Ph pp” "N Ph  Ph” N7 Ph
(130) (131)
Scheme 3.1 : Proposed mechanism for the formation of

methoxythiatriazine (12%a) from benzamidine and S4N‘.
Since benzamidine loses ammonia on thermolysis and 2,4-diphenyl-
1,3,5-triazapenta-1,3-diene (130) is formed,80 we can speculate that
intermediate (130) reacts with SANA to form aminothiatriazine (131)

which then reacts with methanol to give methoxythiatriazine (128%a).

Without the addition of methanol, the methoxythiatriazine (129a) is

not formed, but hydroxythiatriazine (80) was isolated. It could be

that the aminothiatriazine (131) is formed but is unstable on silica

and is hydrolysed to the hydroxy compound (80).
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.1.2 Reaction of benzamidine with bis(tosvl)sulphurdiimide (11b)

in chloroform
When solutions of bis(tosyl)sulphurdiimide (11b) and benzamidine in
dry chloroform are added simultaneously and synchronously to a large
volume of vigorously stirred solvent at reflux temperature under
nitrogen , 1-ethoxy-3,5-diphenyl-1,2,4,6-thiatriazine (129b) 1is
obtaiﬁed in wvarying yields (43-567). The ethoxy group in this
unexpected product must have come from residual ethanol in the
solvent even though the chloroform was dried by distillation from
phosphorus pentoxide and passage through a column of basic alumina
prior to use.

However when the reaction is performed in the presence of ethanol (1
eq), there 1is no trace of the formation of the -ethoxythiatriazine
(129b) and only baseline products are obtained. Even in the presence
of either basic or neutral alumina or silica, no ethoxythiatriazine
(129b) is formed. Unfortunately, this curious reaction was naot very
reproducible and was therefore not investigated further.

The structure of ethoxythiatriazine (129b), obtained as colourless
prisms, m.p. 94-95°C, was assigned on the basis of its spectral
data. The mass spectrum showed a molecular ion at m/z 297 with the
major fragment ions at ﬁ+—45 (- QEt), ﬂ+—148 (- OEt and - PhCN) and
ﬁ+—194 (- OEt, - PhCN and - NS). The proton n.m.r spectrum showed

that the phenyl rings were symmetrical and mono-substituted, with

multiplets at § 8.35-8.50 (integral 4) and & 7.35-7.50 (integral 6).

The presence of the ethoxy group was demonstrated by a quartet at &

3.67 (integral 2) and a triplet at 6 1.18 (integral 3). The 13C

n.m.r spectrum further proved that the two phenyl rings were

symmetrical by showing singlets at & 132.37, 128.61, 128.17 and
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136.69. The thiatriazine ring carbon showed a singlet at & 167.95
while_ the ethoxy carbons appeared as a triplet at 6 60.9%9 and a
quartet at & 15.34. The characteristic stretching vibrations of the
thiatriazine ring52 were observed at 1560, 1400 and 1020 cm-1 in the
i.r. spectrum. The stretching vibrations of the S-0Et group appeared
at 1000 and 870 cm—1. .Furthermore, elemental analysis suggested the
formula C16H15N305.

The ethoxythiatriazine (129b), 1like the methoxythiatriazine (129a),
also hydrolysed slowly to the corresponding hydroxythiatriazine (80)
on column chromatography (silica) and when left standing in air.

The formation of the ethoxythiatriazine (129b) can be rationalised

as shown in Scheme 3.2.

S NH-Tos
Tos-N=>=N-Tos é
_(NH A NH + NH, N7 YN
Ph —NH, /JL~ /J\ I =
NH, Ph/kN)\ Ph
(130) +EtOH
[ —(129D)
(81) —TosNH,
N-Tos 'l\l"TOS I,TI_TOS
]
S ~ ~ ~
Benzamidine NH =N Nl /tH
= /l\ Z
/|\NH2 ~NH, Ph)j\N/l\Ph Ph N Ph
(82)\ (132)
NH
ph—4{ + (11b)
NH,
Scheme 3.2 : Proposed niechanism for the formation of
ethoxythiatriazine (129b) from benzamidine and

bis{tosyl}sulphurdiimide (11b).
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Benzamidine loses ammonia on thermolysis and triazapenta-1,3-diene
(130) is -Formed,60 which is then cyclised by
bis(tosyl)sulphurdiimide {11b) to give 1-(p-
toluenesulphilimino)thiatriazine (81). Compound (81) then reacts
with the residual ethanol in the solvent to give the
ethoxythiatriazine (129b). Alternatively, benzamidine reacts with
bis(fosyl)sulphurdiimid; (11b) to form the sulphurdiimide (82) which
then reacts with more benzamidine by loss of ammonia to form
intermediate (132). Cyclisation of intermediate (132) gives the
sulphiliminothiatriazine (81) which then reacts with the residual

ethanol to give the ethoxythiatriazine (129b).

3.1.3 Reaction of benzamidine with thionvl or sulphuryl chloride

— e e = A=

One might expect benzamidine to react with thionyl or sulphuryl
chloride, in a similar way as with sulphur dichloride (Section 2.2),

to give oxides of dithiatetrazocines (133) and (134) respectively.

0
I
N/ ~ N
—HCl -l Ven
-Hy0 N§S¢N
NH S0Cl, (133)
ph—4
NH S0,Cl, oy ,0
~HC! NTSSN
~H,0 p{  pn
N§S¢N
u
o
(134)
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However when benzamidine was treated with thionyl or sulphuryl
chloride in the presence of base, colourless prisms (ethanol), m.p.

310°C, tentatively assigned structure (84) were obtained in low

yield (Table 3.2).

O§S¢O
NH  SOCl, Base N7~ N
Ph-( + or —_— l J\
NH, SO,Cl, Ph N Ph
H
(84)
Reagent Base (84)
SOCl2 DBU 16
SOCl2 EtaN 22
SOzCl2 DBU 6

Table 3.2 : Yields (1) of thiatriazin-1,1-dioxide (84) <from

benzamidine and thionyl or sulphuryl chloride.

The structure (B84) was assigned according to its spectroscopic and

analytical data (indicating C14H11N3025). The mass spectrum showed a

molecular ion at m/z 285 with major fragment ions at ﬁ+-64 (- 502).

M -167 (- 50, and - PhCN) and M '-181 (- SO PhCN, and - N). The

2 L]
characteristic stretching vibrations of the thiatriazine ring were

1

observed at 1570 and 1027 cm ' in the i.r. spectrum. The absorption

-1 .
at 3280 cm can be attributed to NH stretching and those at 1320
-1
and 1161 cm are characteristic of —502- stretching. The proton

h.m.r spectrum, showed that the two phenyl rings were symmetrical
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and mono-substituted with multiplets at & 8.02-8.14 (integral 2) and
5 7.55-7.78 (integral 3); the N-H proton had exchanged with the
deuteriated solvent and its signal could not be seen. The 13C n.m.r
spectrum further indicated that the two phenyl rings were

symmetrical by showing singlets at & 130.90, 128.69, 128.49 and

132.90. The thiatriazine ring carbon showed a singlet at & 158.3%4.

We were puzzled by the low yields obtained of the thiatriazin-1,1-
dioxide (84) with sulphuryl chloride. The mechanism for the
formation of thiatriazin-1,1-dioxidg (84) can be rationalised as
proposed in Scheme 3.3. The reaction could proceed via the
sulphamide intermediate (135) and loss of ammonia from compound

(135) then leads to the thiatriazin-1,t1-dioxide (84%4).

Oy A° O. O
NH oHCI N/S\N NH Ng”
ph{ + SO, A NI 'I\‘
NH, Ph '<\ Ph /I\ /l\
(NHZNH2 Ph N Ph
H
(135) (84)
Scheme 3.3 : Proposed mechanism for the formation of

thiatriazin-1,1-dioxide (84) from benzamidine and sulphuryl

chloride.

However the reaction of benzamidine with thionyl chloride could

proceed via the sulphoxide intermediate (136) and then loss of

ammonia leads to the hydroxythiatriazine (80) which is somehow

oxidised to the thiatriazin-1,1-dioxide (84) (Scheme 3.4)
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Vd ~
—2HCl N7 N ~NH, NN

NH
2ph—<4  +socl, |
NH, Ph/k JH\ Ph N

Scheme 3.4 : ~ Proposed mechanism for the formation of

thiatriazin-1,1-dioxide (84) from benzamidine and thionyl chloride.
’ foo

The oxidising agent could be thionyl chloride itself. The
thiatriazin-1,1-dioxide (8%4) could also be formed by oxidation of
the sulphoxide (136) to sulphamide {(135) followed by 1loss of
ammonia.
This reaction would be very useful if generally applicable. We
investigated a series of reactions where the Ph in the benzamidine
was replaced by H, Me, NH CO_H, CO_Me, CH_OH, or NHAc. However

2’ 2 2 2

none of these reactions gave the corresponding thiatriazin-1,1-

dioxides.
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3.1.4 Reaction of benzamidoxime with §AH

4

The main aim of reacting benzamidoxime (85) with SANA was to
synthesise the diphenyldithiatetrazocine (&a). In fact

dithiatetrazocine (4a) was obtained in very low yield (see Section
2.3.1, Table 2.6) only when benzamidoxime and S‘N4 were heated
together in toluene at reflux for a long period of timé (Table 3.3).
Other products obtained in substantial yields, when benzamidoxime
and S4N4 were heated together in refluxing aromatic hydrocarbons

were hydroxythiatriazine (80), 2,5-diphenyl-1,3,4-triazole (92) and

thiatriazin-1,1-dioxide (84) (Table 3.3).

Ratio Solvent Temp/°C Time/h (4a) (92) (80) (84)
(85):S‘N4

2 1 Toluene 110 3 - 5 5 17
2 1 Toluene 110 12 A 2 10 16
4 1 Xylene 140 6 0.4 10 4 25

(85)=benzamidoxime

Table 3.3 : Yield (Z) of products obtained when S‘N4 is

reacted with benzamidoxime.

Compounds (82) and (84) were charaterised according to their
spectral and analytical data and by comparision with authentic
samples.

The structure of 1-hydroxy-3,5-diphenyl-1,2,4,6-thiatriazine (80)
was assigned according to its spectral data. Compound (80) was
obtained as colourless compound, m.p. 156-158°¢C,

and the mass
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spectrum showed the molecular ion at m/z 269 with major fragment
ions at M =16 (- 0), M'-17 (- OH), M'-48 (- SO}, M'-120 (- OH and -
PhCN) and ﬁ+-168 {- OH, - PhCN, and - NS). The i.r. spectrum showed
absorption bands at 1590 and 1030 cm-1. charﬁgeristic of the
stretching vibrations of the thiatriazine ring. Absorptions at 3380
cm-1 and 1060 cm-1 can be attributed to the N-H and SO groups. The
protoh n.m.r spectrum.” showed aromatic multiplets at & 8.20-8.35
(integral 4) and & 7.50-7.77 (integral 6) and a broad singlet at &
10.03 (integral 1) due to NH.

In a blank experiment, benzamidoxime was heated, without Ska. in
refluxing toluene and xylene. In toluene no triazole (92) was formed
even after prolonged heating (15 h), while in xylene (7 h)
substantial amounts of triazole (92) were formed. Therefore one can
assume that triazole (92) obtained from the reaction of
benzamidoxime with SLNL (Table 3.3) is just the thermolysis product
of benzamidoxime.

When benzamidoxime is heated, N,N:dihydroxy—I,3,5—triazapenta-1,3—
diene (137) could be formed (by loss of ammonia), and could then
undergo cyclodehydration; reduction of the N-hydroxytriazole (138)

thus formed would give the triazole (92).

Alternatively, thermolysis of benzamidoxime could vyield the
intermediate (139) which subsequently eliminates hydroxylamine to

form the triazapenta-1,3-diene (140) followed by dehydration to form

the triazole (92) (Scheme 3.5).
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H-O. Co- H H-O,

N-OH N--z- N -H,0  N—N
2 ph4 2 I~ 2 |
NH,  ~NHs ph/kul\jl)\ Ph Ph/kN)\ Ph
(137) J l (138)
- Nl—fl\l - [0] O<I§T———N
Ph)\!f\_llkph ph)l\N/lk Ph
H
(92)

The proposed mechanism for the formation of hydroxythiatriazine (80)
from the reaction of benzamidoxime with SANL is illustrated in
Scheme 3.5.

Thermolysis of benzamidoxime could form the adduct intermediate
(139) which then eliminates hydroxylamine to form the N-
hydroxytriazapenta-1,3-diene (140). Reaction of 54N4 with compound
(140) could form the thiatriazine-N-oxide (141) which is then
reduced by SANL and hydrolysed upon work up to hydroxythiatriazine
(80).

We do not have a convincing explanation for the formation of the

thiatriazin-1,1-dioxide (84).
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thF{ Jé:) . /J\

(NF!OH ~H,NOH

secondary amines to give aminothiatriazines (142).

Cl NR, NR,

Sy
BN

N R,NH N/StN R,NH N’S:N
] —_2 | 2 |
C'/]\NAC' Cl)\N/ACI Cl/kN)\NR

(112) (142) (143)
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— AN A

2

Ph
NH2 NH, N NH2
(139) (140)
S4N,
CH NH2
! 92
_S, reduction O¢ /S (92)
N N and N
/”\ /k hydrolysis
Ph N Ph on work up
(80) (141)
Scheme 3.5 : Proposed mechanism for the formation of
hydroxythiatriazine (80) from benzamidoxime and S‘N‘.
3.2 Chemistry of the thiatriazines
The early chemistry of the thiatriazines involved substitution .
reactions of 1,3,5-trichloro-~-1,2,4,6-thiatriazine {112) with



Treatment with an excess of amine was shown to produce the diamino
compound (143); further reaction was not observed.61
In contrast, thiols reacted with 1-amino-3,5-dichlorothiatriazine

(142) to give either compound (144) by displacement of one chlorine

atom or compound (145) by displacement of both chlorine atoms.62

rl\l Rz - II\JRZ I:JRZ

S, S, S
N7 SN R'SH N7 N rRsH N7 N
I | —=0
CF/L\NjﬁL\Cl ;?S’/L\N’éL‘C; F?S’JLWﬂfJ\
(142) (144) (145)

SR’

The chemistry of . 1-chlorothiatriazines (113a) has been much
studied.52 The chlorine atom on the sulphur has acid chloride
character and is rapidly substituted by nucleophiles such as sodium
alkoxides or secondary amines. Hence the reaction of thiatriazines

(113a) with sodium alkoxide leads to 1-alkoxy-1,2,4,6-thiatriazines

(113b), while they are hydrolysed by water to hydroxythiatriazines

(113c).
o o o
> S\ >
/N“\’ )N\ H,0 N]’ N R;ONa N7 N
I
Z = Z
rR,” N” "R, R‘/kN/LRz R,/LN/'\RZ
(113c) (113a) (113b)
'BuOCI
Oy ,NR7 Oy ¢l O§S/OR3
)Nl: /Nk R,NH Nl’ N R;ONa NI/ N
= L P
R‘ N RZ R1/|\N/LR2 R1 N Rz
(146)
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The sulphur atom of the hydroxythiatriazines (113c) was oxidised by
tert-butylhypochlorite to give 1-chloro-1-oxo-1,2,4,6-thiatriazine
{148), the chlorine atom of which is readily displaced by
nucleophiles such as sodium alkoxide and secondary amines.

Recently, Oakley et al reduced 1-chloro-3,5-diphenyl-1,2,4,6-
thiatriazine (114) with triphenylantimony to produce the stable 3,5-

53.54 In the solid

diphenyl-1,2,4,6-trithiatriazinyl radical (147).
state, the radical {147) formed the sulphur-sulphur bridged dimer
(148). They also found that the radical (147) could be reduced by
sodium . or lithium in liquid ammonia.63 Although they were unable to
isolate the anion (148) itself, they characterised the imide (150)
by acidification of the reduced sélution in ammonia with ammonium
chloride. Both the imide (156) and the radical (147) were converted

into the oxidised chlorothiatriazine (114) by teatment with

. 63 » . . .
sulphuryl chloride. ~ Ox{dation of (148) - with nitrosonium salts

generated the corresponding cation (151).63
S.
N7~N __
L®/kx
Ph N Ph
(151)
o]
1 f NO*X™
N Ph S.
Nl/ N 3>b “ N NfsN NfSN
Ph)\N/LPh L, — o |
SO,Cl, Ph” "N” “Ph Ph” N" Phpp Ph
(114) (147) (148)
lu,uq NH,

Ph™ °N Ph h

N/éN NH,CI NS
]
J\ /k Ph)\f:i/kP

(150)
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With supplies of 1-alkoxy- and 1-hydroxy-3,5-diphenyl-1,2,4,6~
thiatriazines (808) and (129) in hand, we decided to explore their
chemistry partly because very little was known about them, and

partly to confirm our structural assignments.

3.2.1 1-Alkoxy-3,5-diphenyl-1,2 4,6-thiatriazine

.

3.2.1.1 Miscellaneous

Both the methoxy- and ethoxy-thiatriazines (12%a) and (129b) were
hydrolysed slowly in air and on silica to the corresponding
hydroxythiatriazine (80). This indicates that the alkoxy group on
the sulphur atom is labile and this was also demonstrated by
converting the methoxythiatriazine {t239a) into the

ethoxythiatriazine {(129b) in refluxing ethanol, and vice versa. The

reaction had to be followed by proton n.m.r. spectroscopy since

{129a) and (129b) had very similar Rf values (0.56 and 0.5%

respectively in 507 dichloromethane in petrol}.

(|3Me (l)Et
A . EtOH, 22 h, (74%) S

)N': /Nk N” YN
; 1
PR N P MeOH, 251, (69%) " N/Lph

(129a) (129b)

However, the conversions were not quantitative and substantial
amounts of the hydroxythiatriazine (80) were isolated, 217 from the

methoxy compound and 29I from the ethoxy compound. This can be

explained by the solvents not being completely anhydrous, and by
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further hydrolysis on silica.

A high yield of hydroxythiatriazine (80) (807) was obtained simply
by heating the ethoxythiatriazine (129b) in water for 3 h.
Thermolysis of the ethoxythiatriazine (129b) in refluxing xylene
(2.5 h) gave the 2,4,6-triphenyl-1,3,5-triazine (73) (11Z). This is

an interesting reaction whose mechanism is yet unknown.

..

OEt
Ph N Ph
N/ §N A ' N
| N N

Z Xylene Z
PhJ\N/I\Ph y hd
(129b) Ph
(73)

When the ethoxythiatriazine (129b) was treated with either
tosylamide, tosylazide, or triphenylphospine in refluxing toluene,
no reaction 1incorporating these reagents was observed. Unreacted
thiatriazine (129b) and low yields of triazine (73) were isolated
(Table 3.4). It seems that the thiatriazine (129b) was simply

decomposing thermally to give the triazine (73).

Reagent Time/h (13) (2) Unreacted (123b) (%)
TosNH2 24 5 59
TosN3 23 8 28
PPh3 20 6 34
Table 3.4 :

Attempted reaction of ethoxythiatriazine (129b)

in toluene at reflux with various reagents.
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The methoxythiatriazine (12%a) did not react with chloramine-T in
methanol either at room (14 h) or at reflux (8 h) temperatures,
thiatriazine (129a) being recovered in high yield (927).

Ethoxythiatriazine (129b) was reduced to the &4H-thiatriazine (150)
in low vyields either by sodium borohydride (107) or lithium
aluminium hydride (37). The major product in both cases was base
liﬁe material, whicg could be 2,4-diphenyl-1,3,5-triazapenta-1,3-
diene (130), a very polar compound, produced by further reduction of

thiatriazine (150).

OFt _
S. S.
ﬁ’ N NaBH, ﬂ’ T NH  NHp
+
Z i & :
Ph)\N pp OF LiAlH, Ph)\N)\ Ph PhJ\N/L Ph
(129b) H (130)

(150)

3,5-Diphenyl-1,2,4,6-thiatriazine (150) was obtained as a red
crystalline compound, m.p. 132-133°C, and the mass specrum showed
the molecuar ion at m/z 253 with major fragment ions at ﬁ+-1 (-~ H),
B'- 104 (- H and - PhCN) and M'- 150 (- H, - PhCN and - NS).
Compound (130) has been synthesised by the reduction of the

thiatriazinyl radical (147) {(Section 3.2), and our product has the

same properties as those reported.63

3.2.1.2 Oxidation

1-Alkoxy-3,5-diphenyl-1,2,4,6-thiatriazines (129) (R=Me, Et) was
oxidised by MCPBA in dichloromethane at room temperature to 3,5-

d1phenyl—1,2,4,6-thiatriazin—l,1-dioxide (84). Another product
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assigned structure (152), was also obtained in low vyield (Table

3.5).
OR
é o L0 Ph
+MCPBA —— + |
~ cl
Ph’/L‘N’/L‘Ph - Ph’/L\tf/l\Ph P“’J\‘NgéL\(:::}
R = Me, Et, or H (84) (152)

2- {m-Chlorophenyl)-4,6-diphenyl-1,3,5-triazine (152) was obtained as
colourless needles,' m.p. 198-199°C, and its mass spectrum indicated
that it contained one chlorine atom, with the molecular ion at m/z
343 and major fragment ions at M'-206 (- 2PhCN) and M'-241 (- 2PhCN,
and - Cl). The proton n.m.r spectrum showed multiplets at 6 8.6-8.8
{integral 6) and & 7.55-7.65 (integral 8). Furthermore, the
elemental analysis suggested the formula C21H14C1N3.

Triazine (152) was made independently (557) by heating a mixture of
m-chlorobenzoyl chloride, benzonitrile, ammonium chloride and
aluminium trichloride at 180°C overnight, following a similar
procedure for Z(Q—chlorophenyl)-I.,B-diphenyl—1,3,5-triazine.84 This
product was identical with that from the MCPBA reaction. .

In order to gain some insight into the mechanism for the formation

of triazine (152), the reaction was explored further (Table 3.5).
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R Eq of MCPBA Solvent Temp/°C Time/h (84) (152)

Et 1.5 CH,CL, 20 22 51 23
Et 2 CcH,CL, 20 18 64 18
Et 3 cH,C1, 40 4 85 6
Et 4 CH,CL, 20 7 81 9
Et 143% CH,C1, 20 15 W1 18
Et 4 Benzene 20 29 82 15
Et 18 MeCN 20 48 86 -
H 1 CH,C1, 20 2 48 20

* = m-chlorobenzoic acid

Table 3.5 : Summary of reaction conditions for the study of

oxidation of alkoxy thiatriazine (129) with MCPBA.

From Table 3.5, one can see that ethoxythiatriazine (129b) 1is
oxidised by MCPBA via hydroxythiatriazine (80) to the thiatriazin-
1,1-dioxide (84). The intermediate hydroxythiatriazine (80) was

detected by t.1.c. by comparision with an authentic sample.

OR OH
1 é ) O§ 40
N/ :N slow NI/ §N fast NI/ ‘?j
I —_—
Z
Ph//L\N¢¢L\Ph Ph//L‘N//L‘Ph Ph’/L‘hr/l‘Ph
(129) (80) (ga)

The oxidation of hydroxythiatriazine (80) to thiatriazin-1,1-dioxide
(84) by MCPBA is indeed fast as shown in a separate experiment [(see

Table 3.5, R=H).

Increasing the number of equivalents of MCPBA, should increase the

yield of the thiatriazin-1,1-dioxide (84) and hopefully decrease the
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yield of the triazine (152). Even a <change in solvent might
eliminate the formation of the triazine (152) altogether. Using an
excess of MCPBA or anh increase in temperature did lead to decreased
yields of the triazine {152) and increased yields of the
thiatriazin-1,1-dioxide (84) (Table 3.5). Changing the solvent from
dichloromethane to benzene led to a slower oxidation rate but a
considerable amount of triazine (152) (157) was formed. In
acetonitrile, even though the oxidation was much slower and needed a
vast excess of oxidant (MCPBA), the triazine (152) was not formed
and a high vield (867) of the thiatriazin-1,1-dioxide (84) was
obtained. Hence one can conclude that there are two processes going
on, one is obviously the oxidation and the other is the reaction of
MCPBA with either the ethoxy- (129b) or the hydroxy-thiatriazine
(80) or both to form the triazine (152).

One might assume that m-chlorobenzoic acid is responsible for the
formation of the triazine (152). However, much to our surprise, the
addition of an excess of m-chlorobenzoic acid to the oxidation
reaction in dichloromethane did not lead to increased yield of the
triazine (152) (Table 3.5). Furthermore, ethoxythiatriazine (123b)
did not react at all with m-chlorobenzoic acid in dichloromethane at
room temperature or in 1,2-dichloroethane under reflux. This all
suggests that the free acid is not involved in the reaction.

To summarise the above information, ethoxythiatriazine (129b) is

hydrolysed somehow to the hydroxythiatriazine (80) and this

hydroxythiatriazine so formed is oxidised fast to the thiatriazin-

1,1-dioxide (84) and also slowly converted into the triazine (152)

Hydroxythiatriazine

(80) seems to be responsible for the formation
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of the triazine (152). It may be that the ethoxythiatriazine (129b)

is converted into the triazine (152) by the MCPBA; however we do not

have enough evidence to be sure.

A mechanism for the formation of the thiatriazin-1,1-dioxide (84)
can be as shown in Scheme 3.6.

The ethoxythiatriazine {(129b) is hydrolysed to the
hydroxythiatriazine (50), which is further oxidised by the MCPBA to
the intermediate (153) and a proton loss from [(153) gives the

thiatriazin-1,1-dioxide (84).

OR ' OH o
1 D O e) OH
_S, S O Ph §S'
jL ;jl hydrolysis ﬂ/ N - PhCOy” N~ N
A - |
Ph” N7 pPh Ph/kN/ Ph ph)\N/kPh
(129) (80) H
O§S&O —H* (153)
N” N
I
Ph)\N)\Ph
H
(84)
Scheme 3.6 : Proposed mechanism for the oxidation of

alkoxythiatriazine (129) to thiatriazin-1,1-dioxide (84).

A very tentative mechanism is now proposed for the formation of the

triazine (152) in which the MCPBA acts as an acylating agent (Scheme

3.7). N-Acylated or O-acylated thiatriazines [(154) and (155)

respectively], could be formed by acylation of the

hydroxythiatriazine (80) with MCPBA. Ring opening of the N-acylated



thiatriazine (154) would lead to the N-sulphinylamine intermediate
{156). Nucleophilic attack by the lone pairs on the nitrogen onto
the carbonyl carbon, followed by elimination of sulphur dioxide via
the strained intermediate {157), «could give the triazine (152}
isolated. Alternatively, the O-acylated thiatriazine (155} «can
rearrange to the N-acylated thiatriazine (154) and then form the

triazine (152) by the path described above.

o) o-
&, N oo
= O Gt

l
Ph” N7 Ph /
¥ Ph NH) Ph Ph/LY;J\/LPh
(80) (154)
Cl -X~ /////// j
A= O
/o‘) 0 o- 5
X =0OO0H, Cl +g e +S$ W)
/j: ‘N//Ar N/ N Ar
X
N
Pn™ ) Ph Ph/kN Ph
H (156)

(155) /
Ar
0. o)
/’\N S\/ Ar

N -s0, NN

/I\ |
Ph \N/I\Ph

(152) (157)
Scheme 3.7 : Proposed mechanism for the formation of 2(m-
chlorophenyl)-4,6-diphenyl-1,3,5-triazine (152) from hydroxy-

thiatriazine (80) and MCPBA.
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This mechanism is further supported by the fact that when the
hydroxythiatriazine (80) was treated with m-chlorobenzoyl chloride
in dry dichloromethane at room temperature, the triazine (152) was
formed in low yield (6Z) (Section 3.2.2). Furthermore, when
peracetic acid is used as an oxidant, the hydroxythiatriazine gives
a low yieldzg—methyl-k.8-diphenyl-1,3,5~triazine (97), together with
thiatriazin-1,1-dioxide (84) (471).

This reaction of thiatriazines [(80) and (129)] with MCPBA provides
a novel method for the synthesis of wunsymmetrically substituted
1,3,5-triazines.

Finally it was found that the ethoxythiatriazine (129b) could be
oxidised under mild conditions by dinitrogen tetroxide (N204) in
excellent yield (937) to the corresponding thiatriazin-1,1-dioxide
(84). The reaction was fast, clean and did not need chromatographic
work up as the by-products were gaseous, and there was no trace of

the above triazine {152) by-product.

9Et
S, Oy 40
+ NoUy ~ l

= o .
0
Ph N Ph C , 30 min Ph/kN/L Ph
(129b) H

(84)
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3.2.2 {-Hydroxy-3,5-diphenyl-1,2,4 6-thiatriazine

i) Oxidation

Oxidation of the hydroxythiatriazine (80) with MCPBA (1 eq) in
dichloromethane at room temperature gave the expected thiatriazin-
1,1-dioxide (84) (487) and surprisingly 2{m-chlorophenyl)-4,6-
diphényl—1.3,5-triaziné' (152) (207) (Table 3.5). The mechanism of

the formation of these two products is discussed in Section 3.2.1.2.

d 0y ,0 Ph
L oo WSy S
+MCPBA —— || | + )I\
Z Cl
Ph)\N Ph Ph/‘\N/LPh Ph” N7
(80) H
(84) (152)

However, the hydroxythiatriazine ({80) was oxidised under mild
conditions by dinitrogen tetroxide (N?04) in excellent yield (977)
to the corresponding thiatriazin-1,1-dioxide (84). Again the

reaction was fast and clean and chromatography was not needed.

(ii) Attempted acylation

In order to support the oxidation mechanism (Section 3.2.1.2), the
hydroxythiatriazine (80) was treated with m-chlorobenzoyl chloride

to see 1if the triazine (152) is formed via the O-acylated

intermediate (155) or the N-acylated intermediate (154).



O cl
O
N’S=N
|
ph/l\N¢J‘Ph

oH O~ Cl
{
Sy (155)
] + - N
ph/l\NéJ\Ph ci o)

I O Cl
. S A
N
ph/l\N¢J\Ph

(154)

It was hoped that we.could isolate one of these acylated compounds
and then heat it to form the triazine (152) as proposed 1in our
mechanism (Scheme 3.7).

However when compound (80) was treated with m-chlorobenzoyl chloride
in dry dichloromethane at room temperature and in presence of
triethylamine, the.triazine (152) was formed directly, though only
in low yield (67), the remainder being baseline product. The
acylated intermediates (154) and (155) were not detected, though
they could well be formed and transfogmed rapidly into the triazine
(152). Whilst we do not understand why such a low vyield of the
triazine (152) was obtained, this reaction does lend some support to
the proposition of the mechanism in Scheme 3.7 {Section 3.2.1.2),

and a similar mechanism can be proposed for the formation of the

triazine (152) from the compound (80) and m~chlorobenzoyl chloride.
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(iii) Esterification

Treatment of the hydroxythiatriazine (80) with diazomethane in ether
at room temperature afforded methoxythiatriazine (129a) in high
yield (917). Compound (129a) was identified by direct comparision
with an authentic sample.

..

(iv) Attempted ring expansion

It was hoped that on treatment with trithiazyl trichloride (35),
the thiatriazine (80) would undergo a novel ring expansion, of the
type discussed in more detail in Sections 5.1 and 5.2, to give

dithiatetrazocine oxide (133).

S A
| + (NSCl)y———
Ph)\N)\Ph Ph/k )\ /I\N) Ph
(80a) (80b) | S_N_
0 / (156)

Sy
n{  Yen

N§S¢N
(133)

A solution of the hydroxythiatriazine (80) in dry THF was treated

with a solution of trithiazyl trichloride (35) in dry THF at room

temperature under nitrogen; wupon chromatographic work up, SLN4 (97)

and unreacted thiatriazine (80) (807) was obtained. These products

could well be formed from the desired intermediate (156), exactly as

described for the intermediates (102), (221), and (231) (Sections



2.3.2, 5.1 and 5.2 respectively).

Summary

Several novel methods for the synthesis of 1,2,4,6-thiatriazines are
reported. 1-Methoxy-3,5-diphenyl-1,2,4,6-thiatriazine (129a) was
obtained when benzamidine and SANL were heated and methanol added
during the work-up procedure. 1-Hydroxy-3,5-diphenyl-1,2,4,6-
thiatriazine (80) and 3,5-diphenyl-1,2,4,6-thiatriazin-1,1-dioxide

(84) were obtained from benzamidoxime and S and the latter was

LNL'
also obtained when benzamidine was treated with either thionyl or
sulphuryl chloride.

The methoxythiatriazine (129a) was converted into the ethoxythia-
triazine (129b) in refluxing ethanol, and vice versa. The -ethoxy
compound (129b) hydrolysed to hydroxythiatriazine (80) in water at
reflux and decomposed to 2,4,6-triphenyl-1,3,5-triazine (73) 1in
xylene at reflux; it was reduced to the 4H-thiatriazine (150) by
sodium borohydride. The hydroxy compound (80) was esterified by
diazomethane to the methoxythiatriazine (129%a).

Both the methoxy- and hydroxy-thiatriazines were oxidised by MCPBA
to the thiatriazin-1,1-dioxide (84) in good yield. An unsymmetrical
triazine, 2-(m-chlorophenyl)-4,6-diphenyl-1,3,5-triazine (152) was
also obtained in low yields and its formation appears to involve

MCPBA acting as an acylating agent.
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CHRPTER 4

CYCLISATIONS WITH S,S-DIALKYLSULPHURDIIMIDES



h CYCLISATIONS WITH S,S-DIALKYLSULPHURDITIMIDES

Trithiadiazepines (22) are planar and delocalised systems (Section
1.3.2); therefore it would be interesting to introduce alkyl
substituents onto the central sulphur atom to give wus 3,3-

dialkyltrithiadiazepines (158).

R ~S~N R "N o
I % :[ N .
Vi 4 R
(22) (158)

Would the trithiadiazepine ring in (158) still be planar with the
two alkyl groups on the central sulphur atom being tetrahedrally
arranged? Will the two alkyl groups on the central .sulphur atom in
(158) affect the aromaticity of the trithiadiazepine ring? If R' are
benzyl groups, could they then be removed by hydrogenation to give
trithiadiazepines (22)? This could thus lead to trithiadiazepines
(22) which would otherwise be inaccessible via the original method
or even provide us with a high yielding route.

In order to answer the above questions, a synthesis of (158) has to
be devised and one can envisage it being made by cyclisation of 1,2-

bis(sulphenyl chlorides) (159a) with N,N'-bis(trimethylsilyl)-S,S-
dialkylsulphurdiimides (160a).
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SX .
R Y N‘\S/R' _oXY R I \ R
I + 7 >R //S\R'
R Y-N R N

SX ‘ S~
(159) (160) (158)
a;X=Cl a;Y =SiMe;
b;X=Na b;Y=8Br
c;X=H

Hence the reactions of 1,2-bis{sulphenyl chlorides) (15%9a) with
N,N'-bis(trimethylsilyl)-S,S~dialkylsulphurdiimides (160a) and of
1,2-dithiolates (159b) and 1,2-dithiols (159c) with N,N’'-dibromo-
S,S-dialkylsulphurdiimides (160b) were investigated with the aim to
synthesise the corresponding §,S-dialkylated trithiadiazepines

(158).

4.1 Reactions of N, N'-dibromo-S,S-dimethylsulphurdiimide

4.1.1 With disodium dimercaptomaleonitrile

Chlorination of disodium dimercaptomaleonitrile (161) with chlorine
gas, thionyl chloride or sulphuryl chloride does not give the
corresponding bis(sulphenyl chloride) (162), but gives 2,3,5,6-

tetracyano-1,4-dithiin (163) instead.65

l . Clp or SOCl, . I
NG or SO,Cl, NC
SNa ~ S-ClI
(161) N (162)
T
NC™ ~s” “cN
(163)
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1t was hoped that the disodium dimercaptomaleonitrile (161) would
cyclise with N.N'—dibromo—s,S-dimethylsulphurdiimide (160b) to give

3.3—dimethyl-8,7-dicyano-1,3,5,2.4—trithiadiazepine (164) .

SNa
NC | BN\ Me -2 NaBr NC S‘I:J\ Mo
S\ O ’
* 7 Me 7/ | >

~ n\M
NC” Ngna Br-N NC” N g—N °
(161) [ (160b) (164)

NC CN
N_ _N
S
(165)

However a complicated reaction mixture was obtained when a solution
of dimethylsulphurdiimide (160b) in dry acetonitrile was slowly
added to a suspension of the dithiolate (161) in acetonitrile at
room temperature under nitrogen. The products isolated after column
chromatography work-up were sulphur, 54N4 (57} and 3,4-dicyano-
1,2,5-thiadiazole (165) (267). No apparent reaction occurred when
the reaction was performed at 0°C in acetonitrile, but when this
reaction mixture was warmed to room temperature, sulphur, SAN4 (57)
and the dicyanothiadiazole (165) (247) were obtained. 1In the
presence of TDA-1 (a phase transfer catalyst), the only products

isolated from the complex reaction mixture were sulphur and

dicyanothiadiazole {165) {27%); SANk was not formed in this case.

Satisfactory vyields of the dicyanothiadiazole (165) (46%) and SLN
4
(357) were obtained when the reaction was carried out in the

presence of potassium iodide (one equivalent). When solutions of
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both reactants, (161) and (160b), in dry methanol were slowly mixed
simultaneously at room temperature, the products were again sulphur
and dicyanothiadiazole {165) (11Z). No useful reaction occurred when
dichloromethane was used as a solvent; only baseline products were
formed.

Dicyanothiadiazole (165) was identified from its spectral data and
by comparison with an authentic sample made from the corresponding

diamine (166) and bis(tosyl)sulphurdiimide (11b) in dry chloroform

{8671 yield).

NC._NHz Tos-N NC N
I °5T\. —2TosNH, =\

+ S S
NC” NH, Tos-N e N
(166) (11b) (165)

The mechanism of the formation of SAN4 is not <clear but the
formation of the dicyanothiadiazole (165) and sulphur can be
rationalised as shown in Scheme 4.1.

The initially cyclised product (164), formed by nucleophilic
displacement of bromide ion, wundergoes ring contraction to the
intermediate (167) and subsequent loss of sulphur and ring opening

of the intermediate (168) leads to compound (168). Extrusion of

dimethylsulphide (Scheme 4.1) 1leads to the observed product of

dicyanothiadiazole (165). The reaction mixture did indeed have an

odour of dimethyl sulphide.
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NC. _SNa  Br-N NCw ~S=N
\ Me - -\ Me
I Y 2NaBr BIY .

NC” “SNa  Br-N NC” Ng=N
(161) (160b) (164)
S \
N
NCtli;f$S/Me -S NC BKS/MG
7~ Vaks
Me Me
NC N NC N
(S/ s~
(168) (167)
// Me
S
N; Me —SMe2 NC /N\
e L >
\ /
NC N
(169) ' (165)
Scheme 4.1 : Mechanism for the formation of
dicyanothiadiazole (165) and sulphur from disodium

dimercaptomaleonitrile (161) and dibromosulphurdiimide (160b).

Further insight into the mechanism could have been sought by using
the radio isotopically labelled reagents, (170) and (171). Starting
with labelled disodium dimercaptomaleonitrile (170) and treating it
with unlabelled sulphurdiimide {160b) would give labelled
thiadiazole (172), but  treating the wunlabelled disodium

dimercaptomaleonitrile (161) with labelled sulphurdiimide (171)

would give the unlabelled thiadiazole (165).
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SN
a Br- N\ Me NC /N\
| + S\ IEne—— S'

. Me /
NC” > &Na Br-N” NC” SN
(170) (160b) (172)
NC SNa Br-N\\/'\/1e NC /N\
/* Me ~ 7
NC SNa Br-N- NC N
(161) (171) (165)
4.1.2 With disodium 2 ,3-dimercaptoquinoxaline
Treatment of quinoxaline-2,3-dithiol (174) and disodium

dimercaptoquinoxaline (175) with chlorine gas or sulphuryl chloride
led to the formation of 2,3-dichloroquinoxaline (178).3b instead of

quinoxaline-2,3-bis({sulphenyl chloride) (177).

oy or
™ ] ,
NTSH e SN sc

(174) cl, (177)
//N SNa or SO,Cl,
CEI — (I °
N SNa “ :E[;
(175) N Cl
(176)

Z W\ % R’
|8
N

(178) (179)
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Due to 1lack of the availability of the bis(sulphenyl chloride)
(177), the normal route to the corresponding trithiadiazepine (178)
was eliminated and the one via (179) was considered by us. However,
when the dithiolate (175) was treated with dibromosulphurdiimide
{1606b) in dry acetonitrile at room temperature, 2-methylthio-3-
methyldithioquinoxaline (180) (11}, 2,3-bis(methyldithio)quinoxaline
(181) (0.5%) and quinok%lino-1,3,2—dithiazbl-2—yl (182) (2.21) were
isolated in very low yields from the complex reaction mixture

instead of the trithiadiazepine {179) (R'= Me).

N._ _SNa .
g I i N\\S/M‘:’ MeCN /NISCH3
+ ~ ——
N 7 Me T
N~ sNa  Br-N’ R S ssCH,
(175) (160b) (180)
+
N SSCH; PLNGLN
Ne-
I -CYr I
N~ T SSCH,; N S
(181) (182)

In refluxing acetonitrile, a very complicated reaction mixture was
obtained from which the compound (180) (0.27) and the dithiazolyl
(182) (0.7%Z) were isolated. In dichloromethane, in the presence of
TDA-1, the compound (180) (0.77) and the dithiazolyl (182) (8.31)
were 1isolated, whereas in acetonitrile in the presence of TDA-1,
only the dithiazolyl (182) (4.77) was isolated. A very complex
reaction mixture, with no trace of compounds (180), (181), (182},
or the trithiadiazepine (179), was obtained when the reaction was

performed in acetonitrile in the presence of potassium iodide (one

equivalent).
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2-Methylthio-3-methyldithioquinoxaline (180) was obtained as a pale
yellow crystalline compound with m.p. 191-192°C. The mass spectrum
showed a molecular ion at m/z 254 with major fragment ions at ﬁ’-k?
(- SMe) and ﬁ+-79 (- SSMe). The proton n.m.r spectrum showed
multiplets at & 8.00-8.08 (integral 1), & 7.90-7.97 (integral 1) and
& 17.55-7.68 (integral 2) suggesting an ortho unsymmetrically
subéfituted aromatic rihg. The two methyl groups showed singlets at
& 2.73 lintegral 3) and & 2.62 (integral 3). Furthermore, elemental
analysis suggested a formula C10H10N253. '

2,3-Bis({methyldithio)quinoxaline (181) was obtained as yvellow
needles, m.p. 115-116°C. The mass spectrum showed a molecular ion at
m/z 286 with major fragment ions at ﬁ+-47 (- SHe)i ﬁ+-94 (- 2SMe)
and ﬁ+-126 {- SSMe and - SMe). The proton n.m.r spectrum showed an
AA'BB' pattern. There was a singlet at 6 2.6 (integral 6) showing
that the two methyl groups were equivalent and the elemental

10H10N234'

analysis suggested a formula C
Quinoxalino-1,3,2-dithiazol-2-yl1 (182) was obtained as a dark green
lustrous crystalline compound, m.p. 139-141°C. The mass spectrum

showed a molecular ion at m/z 206 with major fragment ions at ﬂ+—48

+
(- NS), M -72 (- CNZS) and ﬁ*-IOA (- CN2$2) and the elemental

analysis suggested a formula C8H4N3$2. It readily dissolves 1in

organic solvents to form dark green solutions and in agreement with
its radical nature it was impossible to obtain a proton n.m.r
spectrum. Indeed, the E.S.R. spectrum of (182) (kindly measured by
Dr. Peter. Beardwood at Imperial College) consisted of a 1:1:1
triplet with no hyperfine splitting due to spin coupling with
aromatic protons. Thus most of the spin density seems to be

localised on the heterocyclic five-membered ring. Single crystals
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for an X-ray structure determination have so far not been obtained,
and so we are unable to confirm its structure in the crystalline
state. However, it is likely that it exists as a dimer, e.g. (183),

in the crystalline state and as a radical (182) in solution.

N_ _S N _S SN\
—_— = \ /
>

(182) (183)

The mechanism for the formation of compounds (180) and (181) is not
clear but that of the dithiazolyl (182) <can be rationalised as
shown in Scheme 4.2.

The first product, the monothiolate (184) cyclises by nuleophilic
attack onto the nitrogen atom of the sulphurdiimide (160b) by the
thiolate anion to give the dithiazole intermediate (185). The
intermediate (185) then dimerises to compound (186) which then loses
dimethylsulphide and nitrogen to give the dithiazolyl (182). The
reaction mixture had an odour of dimethylsulphide indicating its
presence.

Compound (182) did not form a charge-transfer complex with TCNQ.
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S~
SNa Br- N\\ Me —~NaBr N\
~
// ~ Me (,.“ Me
SNa Br-N

(175) (160b) CBr
(184)
-NaBr
b — O
(185)

\

//N S
INSN NSNI
N
N S
(186)
-N,
//N S\
L
N /
N S
(182)
Scheme 4.2 : Proposed mechanism for the formation of

quinoxalino-1,3,2-dithiazol-2-yl (182) from disodium 2,3~

dimercaptoquinoxaline (175) and dibromosulphurdiimide (160b).

When quinoxaline-2,3-dithiol (174) was used as the starting material
and treated with dibromosulphurdiimide (160b) in dichloromethane or
acetonitrile, in the presence of triethylamine at room temperature,
the dithiazolyl (182) was again formed, in 15-297 yield. However,

the reaction mixtures were much cleaner than with the corresponding

dithiolate (175).
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b.1.3 With 3, 4-dimercaptotoluene

3,4-Dimercaptotoluene (187) reacted with the dibromosulphurdiimide
(160b), in the presence of triethylamine in dichloromethane to give
a quantitative vyield of the dimethyldibenzo-1,2,5,6-tetrathiaocin

{188) as a pale yellow crystalline compound, m.p. 180-182°C.

Br-N — Me
Me SH r N Me ELN Me\/ S—S //I
+ ~
/ Me
SH Br-N/ X S—S "X
(187) (160b) (188)

The N-bromo compound (160b) has presumably oxidised the dithiol
{187) to dimethyldibenzo-1,2,5,6-tetrathiaocin (188).

Dimethyldibenzo-1,2,5,6-tetrathiaocin (188) was identified on the
basis of its spectral data. The mass spectrum showed a molecular ion
at 308 with major fragment ions at ﬁ+—84 (- S) and ﬁ+-154 (-

C7H632). Elemental analysis suggested a formula C The i.r.

14H1254'
spectrum indicated absence of SH while the proton n.m.r spectrum had

two signals for CH_, suggesting, in spite of its sharp melting point,

3

a mixture of the two possible isomers.
Without triethylamine, a much lower yield (2171) of the

dimethyldibenzo-1,2,5,6-tetrathiaocin (188) was obtained, together
with S5-methylbenzo-1,3,2-dithiazolium bromide (189) (707) as a red

cystalline compound, m.p. 134-136°C. All the spectral data of the

dithiazolium bromide (189) were identical with an authentic

sample.3b
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[} — 272 _ N
+ 7 Me AT + (188)
SH  Br-N s

(187) (160b) (189)

The formation of S-methylbenzodithiazolium bromide (188) can be

rationalised as shown in Scheme 4.3.

Me SH BNy Me  _ner Nxg
+ S (—
/1 Me
SH Br-N

(187) (160b) H Br
(190)
‘—HBr
Me S+ Br— Me S) Me
N\
S S Me H“\_B"
(189) (191)
Me
S= Mezs
/
Me
(192)
Scheme 4.3 : Proposed mechanism for the formation of 5-

methylbenzo-1,3,2-dithiazolium bromide (189) from dimercaptotoluene

(187) and dibromosulphurdiimide (160b).
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The first product, the monothiol (190) cyclises by nucleophilic
attack onto the nitrogen atom of the sulphurdiimide by the thiol ,
to give the five-membered dithiazole intermediate (131). Dithiazole
(181) then reacts with hydrogen bromide to give the dithiazolium
salt (189) and the dimethylsulphilimine (192}, which 1is unstable,

and known to decompose to dimethylsulphide.ng The reaction mixture

did indeed have an qdour of dimethylsulphide.
The reaction of ethane-1,2-dithiol with dibromosulphurdiimide
(160b), 1in the presence or absence of triethylamine, gave baseline

products only and the corresponding dithiazolium salt (193) could

not be isolated.
S+

E; My Br~
/

(193)

.2 Reactions of benzene-1,2-bis(sulphenyl chloride)

4.2.1 With N.N'-bis(trimethylsilvl)-S,S-dimethylsulphurdiimide

When solutions of benzene-1,2-bis{sulphenyl chloride) (28) and
bis(trimethylsilyl)dimethylsulphurdiimide (160a) in dry
dichloromethane were added’ synchronously to a large volume of

vigorously stirred solvent at room temperature under nitrogen, a
vellow flocculent precipitate was obtained. 1t was identified as
benzo-1,3,2-dithiazolium chloride (195) (B867), being identical with
an authentic sample.17 The desired trithiadiazepine (194) was not

formed.
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S~n

SCl - TMSN o | N Me
* E\Me # " Me
SCI TMS-N s—N
(28) (160a) (194)
S+ ¢1I°
AN
/
S
(195)

The formation of benzodithiazolium chloride (195) can be
rationalised in a similar manner to that showﬁ in Scheme 4.3
(Section 4.1.3)}, with the hydrogens in (187) replaced by chlorine
atoms and the bromines in (160b) replaced ﬁy trimethylsilyl groups.
However, ethane-1,2-bis(sulphenyl chloride) reacted with
sulphurdiimide (160a) to give only baseline products and no
corresponding dithiazolium salts (193) were isolated.
1,3.2-Benzodithiazolium chloride {(195) has been synthesised by the
treatment of benzene-1,2-bis(sulphenyl chloride) (28) with
trimethylsilylazide at 0°C in dichloromethaneBB and also by the

treatment of (28) with bis(trimethylsilyl)sulphurdiimide (11a).17

TMSN,

scl /\\ Sg eI

N

/

Scl S
(28) \\\illil/// (195)
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The monocyclic salt, 1,3,2-dithiazolium hexafluoroarsenate (186),
has also been prepared recently by the reaction of acetylene with
dithionitronium hexafluoroarsenate (197) in liquid sulphur

dioxide.87

S+

H—==H + S,N*AsF, [ SN AsFy”
(197) g
(196)

.

1,3,2-Dithiazolium salts are of interest because they may be reduced
chemically or electrolytically to give long lived free radicals,
which in turn form highly conducting charge-transfer complexes with,

for example, TCNQ.SS' 67

4.2.2 With N.NN'-tris(trimethvlsilyl)-S-iminobenzsulphenamide

198

It was hoped that compound (198) would cyclise with the
bis(sulphenyl chloride) (28) to give N-silylated trithiadiazepine
(199), which could then lead to other N-substituted derivatives of

this novel trithiadiazepine.

TMS-
scl MS-N oTMSC s\,;{
* SPh —— | s—pn
SCI (TMS),N S,N’
(28) (198) ™S
(199)
S+ ¢I-
N
/N + Ph,S,
S
(195)
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In fact, when this reaction was carried out by the synchronous
addition of the solutions of the reagents, (28) and (198) 1in
dichloromethane, to a vigorously stirred solvent under nitrogen at
room temperature, a high yield (91%7) of 1,3,2-benzodithiazolium
chloride (195) was obtained together with diphenyldisulphide (17%).

The mechanism for the formation of the dithiazolium salt (195) could

s

be as shown in Scheme 4.4.

N
| S—Ph 4 TMSCI S Ph
4 cl™
s—N s—N
™S . T™S
(199) l ‘
scl TMS-N ' S~N
A\ -TMSCI w
+  S=Ph |  s—rn
SCI (TMS),N S NT S
) M
(28) (198) TV
(200)
S+ C|I™ S-} cr
\
Y NLst ph
/ / 1
S S N(TMS),
(195)
+ [(TMS),N-S-Ph] ———+ Ph,S,
Scheme 4.4 : Proposed mechanism for the formation of

diphenyldisulphide and benzo-1,3,2-dithiazolium chloride (195) from
benzene-1,2-bis(sulphenyl chloride) (28) and N,N,N"-

tris(trimethylsilyl)-S-iminobenzsulphenamide (198).
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The first product, the monosulphenyl chloride (200), can cyclise by
nucleophilic attack of the sulphenyl chloride on either nitrogen
atom of the sulphurdiimide group to give five- and seven-membered
ring intermediates; the former could lead to 1,3,2-benzodithiazolium
chloride (195) and diphenyldisulphide. The intermediate (200) could
also be produced by a reversible reaction of the desired product

(199) with the trimethylsilyl chloride formed as the reaction

proceeds.

4.3 Reactions of N-halodiphenylsulphilimines

4.3.1 With disodium dimercaptomaleonitrile

In view of the <complex and unexpected reactions observed with
dithiolates (161) and (175) and dibromosulphurdiimide {160b)
described above, we decided to investigate the reaction between
these dithiolates and the simpler N-halosulphilimines (201).

At room temperature and in acetonitrile, the dithiolate (161)
reacted with N-bromodiphenylsulphilimine (201a) to give
diphenylsulphide (727) and baseline products.

However with N-chlorodiphenylsulphilimine (201b), in addition to
diphenylsulphide (767), sulphur and the dicyanothiadiazole {165)

(177) were also isolated.

NC SNa . NG
| o —
+ 2C"N= S\ — ths + SB + / \
NC SNa Ph NQ N
(201b) S

(161) (165)
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A mechanism for the formation of these three products could be

rationalised as shown in Scheme 4.5.

Ph
NC SNa NC S—N=§g7
Ph —-2NacCl “p
]: " EONES ]: P:
NC™ ~SNa NC” “S—N=¢
201b
(161) ( ) e
Il
S S~ +,Ph
NG/ SN—Fh s NOL/ . N—SC
Ph 2 Y/ Ph
O\ - - 4,Ph
NC - NC “=N—§
Cs—" s ph
(203) (202)
S ("% Ph 89
~ v \
NC N &7 NC
1] p \ /
NC \N,,s- N S NC” SN
(204) (205) (165)
Scheme 4.5 Proposed mechanism for the formation of

dicyanothiadiazole (165) and diphenylsulphide from disodium

dimercaptomaleonitrile (161) and N-chlorosulphilimine (201b).

Nucleophilic displacement of the chloride ion leads to the adduct

(202) which subsequently eliminates = diphenylsulphide via
intermediates (203) and (204) to give thiadiazole intermediate
(205). Extrusion of sulphur from (205) produces the

dicyanothiadiazole (165).
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b.3.2 With disodium 2,3-dimercaptoquinoxaline

Disodium 2,3-dimercaptoquinoxaline (175) reacted with N-bromo-
diphenylsulphilimine (201a) at room temperature in dichloromethane
in the presence of TDA-1 to give quinoxalino-1,3,2-dithiazol-2-yl
(182) (51) together with diphenylsulphide (437) and quinoxalino-1,3-

dithiole (206) (567).

N

2N~ - SNa Ph CH,Cl 7 S
I+ e8rn=s % I > +pns

Sy Ph AT NP s

SNa - 501a)
(175) (206)

It 1is obvious that the solvent, dichloromethane, has reacted with
the dithiolate (175) to give the dithiole (206). An authentic
sample of (206) was synthesised by treating the dithiolate (175)
with diiodomethane in acetonitrile.

A mechanism for the formation of (182) and diphenylsulphide could be

as shown in Scheme 4.6.
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7N e Ph -NaBr Ny
I+ BeN=sS] S~pn
X Ph
N SNa 5012
(175)

N8 (1) :=Ph,S NS S _Ph

I M T oo AR
: Ph

\N S \N S Nat

(182) (208)

(207)

Scheme 4.6 : Proposed mechanism for the formation of
dithiazolyl (182) and diphenylsulphide from disodium 2,3-

dimercaptoquinoxaline (175) and N-bromodiphenylsulphilimine (201a}.

The first product (207), <cyclises via nucleophilic attack onto the
nitrogen atom of the sulphilimine by the thiolate to give dithiazole
intermediate (208). Subsequent loss of diphenylsulphide followed by
oxidation leads to the dithiazolyl (182). N-
Bromodiphenylsulphilimine could be the oxidant here.

However, the reaction of (175) with the N-chloro-

diphenylsulphilimine (201b) gave diphenylsulphide (621) only.
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Summary
Both N,N'-dibromo-S,S-dimethylsulphurdiimide (160b) and N-halo-

diphenylsulphilimines (201) reacted similarly with either disodium
dimercaptomaleonitrile (161) or disodium 2,3-dimercaptoquinoxaline
{175). Disodium 2,3-dimercaptoquinoxaline (175) gave an interesting
stable free radical, quinoxalino-1,3,2-dithiazol-2-yl1 [(182) in
reasonable yields, whereas disodium dimercaptomaleonitrile (161)
gave 3,4-dicyano-1,2,5-thiadiazole {165), involving an unusual
rearrangement.

Cyclisations of benzofused-1,2-dithiols or -1,2-dithiolates with
N,N'-dibromo-S,S-dimethylsulphurdiimide (160b) and of 1,2-
bis(sulphenyl chlorides) with N,N'-bis(trimethylsilyl)-S,S-
dimethylsulphurdiimides (160a), 1led to five-membered benzo-1,3,2-
dithiazolium salts (189) and (195) in high vyields. The seven-
membered trithiadiazepine derivatives (158) were not observed,
possibly because they were unstable and ring contracted to
benzodithiazolium salts, or because entropy factors favoured

exclusively the formation of five-membered rings.
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CHAPTER 5

OTHER SULPHUR-NITROGEN HETEROCYCLIC RINGS
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5.1 Attempted synthesis of 1,3,2, k-benzodithiadiazepin-5-one

Replacing one of the divalent sulphur atoms in
benzotrithiadiazepine (29) by a carbonyl group would lead to
benzodithiadiazepin-5-one (209), giving an interesting new compound
structurally related to 1,3,2,4-dithiadiazol-5-one (210).68
pyrrolo[2,3,el-2,1,3-thiadiazin-4-one (211).sg and 2,1,3-

benzothiadiazin-4-one (?12).39b

S O
= N\\ N 0 N
I S \\S ANY
Vi Vi S //S
s—N g-N =N
(29) (209) (210)
O
Ph O
Ph / | N | N
S
R/N N N S
(211) (212)

Dithiadiazol-5-one (210) has been synthesised by treating 1-
{chlorothio)formyl chloride (213) with bis(trimethylsilyl)-
sulphurdiimide (11a) in tetrachloromethane at room temperature.Ga

Compound (210) is a stable, vyellow crystalline compound with m.p.

41°C.
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Ox-Cl o)
§T/ + (11a) —— \r/?k

s-Cl
(213)

Treatment of 2-aminopyrrole-3-carboxamide

S~y
(210)

(214) with thionyl

chloride in THF at room temperature afforded pyrrolothiadiazin-4-one

{211), as a stable red crystalline compound, m.p. 265°C.

o)
Ph
NH
ph— | 2
/N NH,
H
(214)

+SOCl,

69
O
Ph
N
Tl—(l)F Ph / | )
4
(211)

When a suspension of 2-aminobenzamide (215) in dry chloroform

treated with a solution of bis(tosyl)sulphurdiimide (11b) in

chloroform at room temperature,

benzothiadiazin-4-one (212)

obtained as a stable yellow crystalline compound, m.p. 119-121°C.

NH,
I .

NH,
(215)

1,3,2,4-Benzodithiadiazepin-5-one

0
CHCl, N
(11b) ——= | o
N

(212)

(209) is potentially an

was
dry

was

3%b

8w

antiaromatic system and we attempted, unsuccessfully, to synthesise

it to see if it would be stable.

illustrated in Scheme 5.1.
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O 0O

N-NH, cl
I /S\
2 + TMS-NZ SN-TMS
( 2? (11a)
22
I |

N
. <}<O +S4N5 Q/Lg + SC'Z

(223) (216)

4 O 1
N\
|
3
209 2
/ ( )\ o
(@)

Ci
I

z-Z

+ (11a)
s-Cl

(217)

N-S=N
/
S

\ o
<I<N-H + (NSCl);
g (35)

(218)

(221)

Scheme 5.1 : Possible disconnections for the synthesis of

1,3,2,4-benzodithiadiazepin-5-one (209).

Route 1 : When benzoyl chloride was treated with sulphurdiimide

(11a) in tetrachloromethane or dichloromethane at room temperature

or wunder reflux, no compound corresponding to N-{(benzoyl}-N'-
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(trimethylsilyl)sulphurdiimide (216} could be isolated from the
complex reaction mixture. It was hoped that the addition of sulphur
dichloride to the resulting reaction mixture of benzoyl chloride and
sulphurdiimide (11a) would give compound (208) without isolating the
intermediate (216). However a very complex reaction mixture was
obtained from which only small amounts of SLNA' resulting from the
reaction of sulphur dichloride with sulphurdiimide (11a), could be

isolated. No product of structure (209) was isolated.

Route 2 : 2-(Chlorosulphenyl)benzoyl chloride (217) [prepared from
2,2'-dithiosalicylic acid by treatment of thionyl chloride followed
by chlorine gas7n] was treated with sulphurdiimide (11a) under
nitrogen in dichloromethane at room and refluxing temperatures. Each
of these reagents was dissolved in dry dichloromethane and the
resulting solutions were added slowly and .synchronously to a large
volume of vigorously stirred solvent, thus maintaining conditions of
high dilution to minimise polymerisation reactions. The solvent was
removed in vacuo and the residue chromatographed to give, somewhat
surprisingly, 1,2-benzisothiazolin-3-one (218); a small quantity of

S4N‘ was also isolated from the reaction mixture (Table 5.1).

o 0
¢l TMS-N
A\Y
l + /S > /N‘H + SN,
S-Cl TMS-N s
(217) (11a) . - (218)
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Temp/~C (218) S N

A
-10 80 8

0 65 15
20 67 26
40 68 21

Table 5.1 : Yields(l) of 1,2-benzisothiazolin-3-one (218) and

S‘N‘ from the reaction of (217) and (1ta) in dichloromethane.

The structure of (218) was assigned on the basis of spectral data.
The mass spectrum showed a molecular ion (ﬂ+) at m/z 151 with major
fragment ions at M'-28 (- CO) and M'-43 (- CONH). An absorption at
1640 cm-1 in the i.r. spectrum was assigned as appropriate for a
tertiary amide. The proton n.m.r. spectrum showed a multiplet at &
7.10-7.90 which suggested an wunsymmetrically ortho substituted
aromatic ring. At this point, 1,2-benzisothiazolin-3-one (218) was
prepared independently by treating 2-(chlorosulphenyl)benzoyl
chloride (217) with aqueous concentrated ammonia solution, giving
{218) (8971) as a colourless compound, m.p. 155-156°C, identical with

the above product.

The formation of 1,2-benzisothiazolin-3-one and SANL can be

rationalised as shown ‘in Scheme 5.2.
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O O

| Cl TMS'N\\S ~-TMSCI | Cl
* S N-TMS
S-Cl TMSN g~ NagZNT
(217) (11a) (219)
0 0
-TMSCI
V4
S
s o)
work up
~-TMSCI
(218) + [SN] — S4N,4
o) O 8=N ’
N N
» —_— \
(217) + (11a) —= | ;> +TMSC d:/ms
s-N : ol
(209)

Scheme 5.2 : Proposed mechanism for the formation of 1,2-

benzisothiazolin-3-one (218).

The first product, the benzoyl chloride sulphurdiimide (219}, can
cyclise by nucleophilic attack on the carbonyl carbon by either
nitrogen atom of the sulphurdiimide group, to give five- and seven-
membered ring intermediates; these can lead, as shown, to the 1,2-

benzisothiazolin-3-one (218). The intermediate (219) could also be

produced by a reversible reaction of the desired product (209) with

the chlorotrimethylsilane formed as the reaction proceeds.
Liberation of the reactive intermediate SIN could be responsible

for the observed formation of SANL'
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A comparable ring contraction in a cyclisation reaction with
sulphurdiimide (11a) has been proposed in the preparation of
benzotrithiadiazepine (29) from benzene-1,2-bis(sulphenyl chloride)
and sulphurdiimide (11a); 1,3,2-benzodithiazolium chloride (195) and
S‘N4 were also isolated in this reaction as by products (Section

1.3.2).17 Their formation was accounted for in exactly the same way

as that proposed above.

Route 3 : N,N'-Bis{pentafluorobenzenesulphenyl)amine has been shown
to react with trithiazyl trichloride (35) in refluxing
tetrachloromethane, in the presence of pyridine, to give

sulphurdiimide (220), possibly by the route shown.‘o

A ,CCl, a_ )
RS—§—SR-+1BWSOB R-S NKER
H (35) pyridine - S=N
R-S-N=S=N-S-R /
(220)
This raises the possibility that similar treatment of

benzisothiazolin-3-one (218} with trithiazyl trichloride (35) could
give the desired product (209) by a novel ring expansion reaction of
the intermediate (221). However, when compound {218) was treated
with trithiazyl trichloride (35) in refluxing tetrachloromethane or

in THF at room temperature, in the presence of pyridine, a dark
green reaction mixture was formed, which slowly turned yellow and
upon work-up (removal of solvent in vacuo and chromatography of the
residue), gave benzisothiazolin-3-one (218) and S N4 {see Table

4
5.2).
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O

O .
pyridine
/N41 + (NSCl); —— [:::]::AQN-SEN
S (35) S/

(218) (221)

(218) +S,N, /\

(209)
Solvent Temp/'C Time/h SLNA (218)
CCla 17 2 26 95
THF 20 3 15 90
THF 67 3 30 97

Table 5.2 : Yields(1) of benzisothiazblin-3-one (218) and S4N4

obtained when (218) was treated with trithiazyl trichloride (35).

Both recovered benzisothiazolin-3-one (218) and SANL could be formed
from decomposition of the adduct (221) as described before ({(Sections

2.3.2, and 3.2.2).

Route 4 : Oxidation of 3-aminobenzotriazinone (222) with lead
tetraacetate 1leads to the highly reactive benzocyclopropenone (223)
by the 1loss of nitrogen.71 We speculated that the generation of
(223) in the presence of S4N4 could lead to the benzo compound

(209). However in the presence of lead tetraacetate in dry

"dichloromethane at room temperature (18 h), 84N4 failed to react

with any oxidation products of aminobenzotriazinone (222).

148



. . 3
Since S‘N‘ has been shown to possess dehydrogenating properties,

it is possible that it could dehydrogenate the aminobenzotriazinone

(222) to form the benzocyclopropenone (223) intermediate, which

might react with excess of §,N to form benzodithiadiazepin-5-one

44
(209).
O“ o)
TN lead: | N-N:
e l
NfN tetraacetate N’N
(222)
SNy -2N,
(209) —=—/ 0
(223)

However, aminobenzotriazinone (222) did not react with S4N4 in
refluxing toluene (18 h) and a very complex reaction mixture was
obtained in refluxing xylene (5 h).

Thus a reasonable selection of different possible routes to

benzodithiadiazepin-5-one (209) has been attempted but none of these

were successful.

5.2 Attempted synthesis of 3,6-diphenyl-1,2,4,5,7-thiatetrazepine

Formal introduction of a sulphur atom into 3,6-diphenyl-1,2,4,5-

tetrazine (100) or removal of one from the dithiatetrazocine ring
(4a) could lead to 3,6-diphenyl-1,2,4,5,7-thiatetrazepine (224},
potentially an 8w antiaromatic system. In view of our general
interest in seven-membered sulphur-nitrogen heterocycles, this was

considered to be a worthwhile target.
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N-N
Ph—{  H—pn Ph—</ Y-ph Ph—(/ \‘)—Ph
N=N /N /N

\S \S
(100) (4a) (224)

Possible disconnections to thiatetrazepine (224) are illustrated in

Scheme 5.3.
N—N N—N
ph—( N—ph Ph—( \7—Ph
Cl Cl NH, NH,

(225) (227)
] N-T 2
TMSNx (7 MS 1 + SCI, or S4N, or SOCl,
(11a) or Tos-NSN-Tos
N—N
Ph—( N~pn
4 N\ /N
+FlNNH
(224)

N—N Ph Ph
AN s

N§84N
=N (229)
(231)
/L\ /L\ + (NSCl)4
Ph Ph
(35)
(92)
Scheme 5.3 : Possible disconnections to 3,6-diphenyl-

1,2,4,5,7-thiatetrazepine (224).
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Route 1 : One might expect 1,4-dichloro-1,4-diphenyl-2,3-diazabut-
1,3-diene (225) to react with bis(trimethylsilyl)sulphurdiimide
{11a) via nucleophilic displacement of the chlorine atoms by
nitrogen atoms of the sulphurdiimide {(11a), to give either the
thiatetrazepine (224) or the five-membered ring compound, 2,5-
diphenyl-1,3,4-triazole (92). In the event dichlorodiazabutadiene
(225) did not react with the sulphurdiimide (11a) at room
temperature or under reflux in dichloromethane, acetonitrile, or THF
(Table 5.3). No cyclisation reaction was observed even 1in the
presence of either sodium iodide or potassium fluoride, or when the
reactants were heated together at 160°C for 8h. In all cases, 90-951

of the dichlorodiazabutadiene (225) was recovered.

Solvent Temp/ C Time/h

CH

2Cl2 20 240

CH2C12 40 48

CH3CN 20 48

CH3CN 80 24

x
CH3CN 20 24
*

CH3CN 80 10
THF 20 12
THF 67 24

* %
THF 20 48
* %
THF 67 48
Neat 160 9
* = 10/ Nal *%x = 2 KF

Table 5.3 : Summary of conditions for the attempted reaction

between dichlorodiazabutadiene (225) and sulphurdiimide {11a)
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Wwhen the above reaction was carried out in the presence of tetra-
tert-butylammonium fluoride in THF, we obtained benzonitrile, 2,5-
diphenyl-1,3,4-triazole (92) (367), and a compound tentatively
assigned structure (226) (10Z). Compound (226) was presumably formed
by displacement of one chlorine atom by an amine group, as before,

and of one chlorine atom by a fluoride ion from the reagent.

e

Ph Ph ———
_( Ph—( >_Ph +Ph’(N>\ Ph
cl NH,
(225) (226) (92)

( + ) + PhCN
11a

The mass spectrum of compound (226) shows a molecular ion at m/z
241, with peaks at M'-18 (- F), M'-123 (- HF and - PhCN) and M -137
(-HF, - PhCN and - N), and its proton n.m.r spectrum contained the
expected complex aromatic signals [multiplets at & 7.72-7.95
(integral 4) and & 7.35-7.50 (integral 6)] in addition to a broad
singlet at & 5.65 (integral 2) attributed to the NH2 group. The i.r.
spectrum of this compound showed a characteristic NH2 stretch at
3517 cm-1. an imine stretch at 1652 cm_1 and a C-F stretch at 1295

-1
cm . Furthermore, the elemental analysis suggested a formula of

C14H12N3F and hence the assignment as 1-amino-4-fluoro-1,4-
diphenyl-2,3-diazabuta~1,3-diene.
Compound (226) is an air stable, pale vellow crystalline compound,

m.p. 96-~97°C. It is stable on prolonged storage at room temperature

and, somewhat surprisingly, decomposes only very slowly to the
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triazole (92) on heating in refluxing xylene (7 h).

Raoute 2 : Anothér possibility for the synthesis of compound (224) 1is
the ring closure of 1,4-diamino-1,4-diphenyl-2,3-diazabut-1,3-diene
(227) with sulphur dichloride, thionyl chloridg, SLN4' or

bis(tosyl)sulphurdiimide (11b).

Ph_(N——- N\}_ . scl, Ph—(/N— N\}_ -

NH, NH, HN - NH
(227)
|soc;|2 [
N—N -H,0 N—N
ph—( N—ph Ph—(/ \T—Ph
HN\S/NH N§84N
o (224)

However the products resulting from the reaction of diamino-
diazabutadiene (227) with SCl2 or SOCl2 (room temperature or
refluxing THF) were sulphur, benzonitrile and triazole (92). It was
found that diaminodiazabutadiene (227) was transformed to triazole
(82) on heating, but at a much higher temperature (refluxing xylene,

see page 156). Benzonitrile was detected by t.l.c.

The proposed formation of these products is illustrated in Scheme

5.4.
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\E-N ~NH, N—N
PN en . P~en

N
H
92

(
‘A / HNSO

N N
on _(, \}—Ph sOCl, / }
L NH,

NH2L NHZ (l\{
(227) Ssq
l SCl,

.B%_ H\ Ph
Ph—( Ph _HCI Ph_{ ,L

SKC'J
l—PhCN
i
-2H ~
PhCN + 1/8S + Ny——— | Ph—¢ N
N—S

Scheme 5.4 : Proposed mechanism for the formation of 2,5-

diphenyl-1,3,4-triazole (92), benzonitrile and sulphur.

The structure of compound (92) was assigned on the basis of its
spectral data. The mass spectrum showed the molecular ion (ﬂ+) at
m/z 221 with the major fragment ion at ﬁ+—103 corresponding to loss
of PhCN. The proton n.m.r spectrum showed two multiplets at ® 8.10-
8.20 (integral 2) and & 7.40-7.55 (integral 3) which suggested that
the two phenyl rings in triazole (92) were symmetrical. Furthermore,
elemental analysis suggested a molecular faormula C, H..N. and the

14113
melting point was identical to the one reported in the literature.72
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Triazole (92) was obtained in varying low yields when the reaction

conditions were varied from room temperature to refluxing THF (Table

5.4).
Temp/“C SCl2 SOCl2
20 23 13
67 4 6

Table 5.4 : Yields(l) of 2,5-diphenyl-1,3,4-triazole (92)

obtained when 1,4-diamino-1,4~-diphenyl-2,3-diazabuta-1,3-diene (227)
was treated with SCl2 or SOCl2 in THF.

It was hoped that when dichlorodiazabutadiene (225) was treated with
lithium bis(trimethylsilyl)amine, a reactive intermediate (228)
would be formed and when treated with SCl2 would lead to the desired
product (224). Again, the only products were sulphur, benzonitrile

and triazole (82) (237).

. -2LiCl N—N scl
(225) + 2 LiN(TMS), —= ph—(/ N-Ph 2 (224)
(TMS),N  N(TMS),
(228)

(92) +PhCN + S,

Diaminodiazabutadiene (227) did not react with SLN4 in refluxing
benzene (24 h). However in refluxing toluene (21 h), it reacted to
give benzonitrile, 2,4,6-triphenyl-1,3,5-triazine (73) (57), 3,5-
diphenyl-1,2,4-thiadiazole (83) (87) and triazole (92) (397). 1In

refluxing xylene (12 h), the products were again benzonitrile
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triphenyltriazine (73) (51}, diphenylthiadiazole (83) (7Z) and

triazole (92) (701).

ph_(/ \7—ph +8,N, —— PhCN + (73) + (83) +(92)
HZN NH2
(227)

In a blank experiment, diaminodiazabutadiene (227) was heated,

without SANL' in refluxing xylene and the transformation to the

triazole (92) was found to be much slower than in the presence of
N, .

54 4

Thiadiazole (83) could be formed by the reaction of benzonitrile and

sulphur as shown below.

PhCN
PRCN + [S]—= [Ph—CzN-~g —~ (83)

Triazole (92) could be formed by evolution of ammonia upon heating
compound (227) (Scheme 5.5).

Diaminodiazabutadiene (227) did not give the desired thiatetra-
azepine (224) when treated with ©bis{tosyl)sulphurdiimide (11b).
Instead, sulphur, benzonitrile and tosylamide were the only products
formed. It is of course possible that thiatetrazepine (224) was

formed but was unstable and decomposed to benzonitrile and sulphur.

Route 3 : Bis({benzoyl)sulphurdiimide (229) did not condense with

anhydrous hydrazine to give thiatetrazepine (224). 1In fact the
sulphurdiimide (229) was reduced by hydrazine in dichloromethane at

room temperature to bis(benzamido)sulphide (230} in good vyield

156



(657).

o O O O
Ph Ph CH,CI Ph
_/l(\l 2— + HNNH, —*—-Rfr 2, Ph— 2;
§S/ . HN\S/
(229) (230)

An even better yield of (230) (807) was obtained when the reaction
temperature was lowered to O0°C. Attempts to oxidise the bis-
(benzamido)sulphide (230) back to bis{benzoyl)sulphurdiimide (229)

with manganese dioxide and lead tetraacetate were unsuccessful.

Route 4 : Attempted ring expansion of triazole (92) with trithiazyl
trichloride (35) to give thiatetrazepine (224) failed in THF at
room temperature; only S4N4 (127) and triazole (92}(9571) were

obtained. The two products isolated here could again be formed via

the intermediate (231), as proposed earlier for intermediate (221)

(Section 5.1).

N—N
N—N
I\
Ph,(N)\Ph + 173 (NSCl)y—//~ Ph’kN)\Ph —f—— (224)
H S=N
(92) (231)
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5.3 Reduction of cyclic sulphurdiimides with hydrazine,

The somewhat unexpected reduction of bis(benzoyl)sulphurdiimide
(229) by hydrazine (Section 5.2) lead us to explore the extension of
this reaction to other cyclic sulphurdiimides, in particular to
dithiatetrazocine and trithiadiazepine systems.

3,7-Diphenyl-1,5,2,4,6,8-dithiatetrazocine (4a) was not reduced by
anhydrous hydrazine in dichloromethane at room temperature, but in
the presence of catalytic amounts of 107 palladium on charcoal, it
was extensively reduced at room temperature to benzamidine (75Z) and

sulphur.

/S\
, \ CH,Cl, , RT NH
Ph{ \-Ph + 3 HNNH, Phd 45,
Ne N Pd/C NH,
s
(4a)

This reaction provides a new degradation of the dithiatetrazocine
ring, under mild conditions.

1,3,5,2,4-Trithiadiazepine and dimethyl 1,3,5,2,4-trithiadiazepin-
6,7-dicarboxylate were treated with hydrazine in dichloromethane at
room temperature in the presence of palladium on charcoal, but gave
baseline products only. The initial reduced products {232) could be

unstable or they could be further reduced to baseline products.
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S~n

\\
I //S +5 H,NNH, ——7//;- I

R=H,CO,Me ' (232)

However, the corresﬁhnding benzofused trithiadiazepine {233) was
reduced by hydrazine in the presence of palladium on charcoal in
dichloromethane at room temperature to give the 7-methyl-1,3,5,2,4-
benzotrithiadiazepane (234) (487) as colourless needles, m.p. 161-

162°C (decomp.).

Me S~ Me S~
| 'r\‘{s + 5 HNNH, — | ,\\ISH
Vi 272 RT /
(233) (234)
\ air ,
(0]

The structure of compound (234) was assigned on the basis of
spectral data. The mass spectrum showed a molecular ion (ﬁ+) at m/z
216 with the major fragment ions at ﬁ+-48 (- SNHZ) and ﬁ*-sz (-
NHSNH). There was a NH stretch at 3330 cm.1 in the 1i.r. spectrum.

The proton n.m.r spectrum showed a broad singlet at & 6.76 (integral

2) again suggesting a NH proton. Furthermore, elemental analysis

suggested a formula C7H8N253.

In air at room temperature, the benzotrithiadiazepane {(234) slowly

oxidised back to the trithiadiazepine (233).
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This reduction/oxidation sequence has yet to be applied in the

chemistry of bicyclic trithiadiazepines.

Summary

We unsuccessfully attempted to synthesise 1,3,2,4-benzodithia-~
diazepin-5-one (209) by the cyclisation of benzoyl chloride and 2-
(chiorosulphenyl)benz&&l chloride (217) with bis(trimethylsilyl)-
sulphurdiimide (11a). The latter reaction gave 1,2-benzisothiazolin-
3-one (218) and SANk' Other methods attempted were the ring
expansiaon of benzisothiazolin-3-one (218) with trithiazyl
trichloride (35) and the reaction of benzocyclopropenone {223) with
S4N4.

We also wunsuccessfully attempted to synthesise 3,6-diphenyl-
1,2,4,5,7-thiatetrazepine (224) by cyclising either dichlorodiaza-
but-1,3-diene (225) with bis(trimethylsilyl)sulphurdiimide (11a) or
diaminodiazabut-1,3-diene (227) with sulphur dichloride, SLNA‘
thionyl <chloride or bis(tosyl)sulphurdiimide (11b). Instead of
cyclisation of bis(benzoyl)sulphurdiimide (229) with hydrazine,
reduction of the sulphurdiimide (229) was observed.
Diphenyldithiatetrazocine (4a) was degraded under mild conditions to
benzamidine and sulphur, while the 7-methyl-1,3,5,2,4-
benzotrithiadiazepine (233) was reduced to 7-methyl-1,3,5,2,4-

benzotrithiadiazepane (234) by anhydrous hydrazine in

dichloromethane at room temperature in the presence of palladium on

charcoal.
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6 EXPERIMENTAL

Solvents and reagents

Petrol refers to the fraction boiling in the range 40-60°C. If
higher boiling fractions were used the boiling range is specified.
Ether refers to diethyl ether. All petroleum fractions were
redistilled through a 38‘cm Vigreux column prior to use. Ether and
THF were dried by distillation from potassium-benzophenone ketyl.
Benzene, toluene, and xylene were pre-dried over sodium wire and
then distilled from calcium hydride. Dichloromethane,
dichloroethane, chloroform and tetrachloromethane were dried by
distillation from phosphorus pentoxide and then stored over 3A
molecular sieves. Chloroform was passed through a column of
Brockmann Grade 1 basic alumina immedigtely prior to use.
Acetonitrile was dried by distillation from calcium hydride under
nitrogen. Ethanol and methanol were dried by distillation from the

corresponding magnesium alkoxide. All purified and dried solvents

were stored under dry nitrogen.

Sulphur dichloride was distilled from phosphorus pentachloride at
atmospheric pressure under nitrogen directly prior to use. Sulphur
monochloride was distilled from sulphur and charcoal, the fraction
distilling at 135-137°C was stored in a dark container in the

refrigerator. Thionyl and sulphuryl chlorides were distilled under

nitrogen directly prior to use. Other reagents which were prepared
by 1literature methods are indicated by references in the text as

appropriate.
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Chromatography

Chromatography refers to medium pressure (hand bellows) column
chromatography on silica (Merck Kieselgel 60 H), which was carried
out as follows, unless otherwise indicated.

The mixture to be separated was pre-adsorbed onto the minimum amount
of silica by evaporation of a slurry in a suitable solvent (usually
dichloromethane), and ap;lied to the top of a column prepared from a
suspension of the silica (approximately 15 g per gram of the mixture
to be separated, but with a minimum amount of 1 g of silica) in
petrol. Columns were eluted first with petrol then with petrol-
dichloromethane mixtures (57 dichloromethane in petrol, then 107,
157 etc) unless otherwise stated.

Thin layer chromatography (t.l.c.) was used throughout to monitor
reactions, analyse column eluates and determine the purity of
compounds. Aluminium backed silica plates (Merck Kieselgel 60 GF254)

were used for this purpose. After elution the plates were observed

under ultra-violet light at 254 and 300 nm.

Spectra

Ultra-violet spectra were recorded in the range 500-200 nm using a
Perkin-Elmer 551 instrument and were externally calibrated using

holmium oxide (360.8 nm). Molar absorptivity (e) was calculated in

units of dm3 mol—1 cm-1.

Infra-red spectra (i.r.) were recorded in the range 4000-600 cm"1

using either a Perkin-Elmer 298 grating spectrophotometer externally

calibrated against polystyrene (1602 t:m'1

} or Perkin-Elmer 1710
infra-red spectrometer. Spectra were recorded as thin films or nujol

mulls between sodium chloride plates, as solutions in the solvent
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specified, or as KBr discs.

Proton nuclear magnetic resonance spectra (n.m.r.) were recorded at
60 MHz on a Varian EM360 spectrometer, at 90 MHz on a Perkin-Elmer
R32 spectrometer, or at 250 MHz on a Bruker WM250 spectrometer.
Chemical shifts (GH) are given in parts per million relative teo
tetramethylsilane as an internal reference.

Carbon-13 n.m.r. spectra were recorded at 62.9 MHz on a Bruker WM250
spectrometer and were fully proton decoupled. Chemical shifts (éc)
are given in parts per million relative to tetramethylsilane as an
internal reference.

Low resolution mass spectra (m.s.) and accurate mass measurements
were recorded on an AE1 MS12 mass spectrometer or a VG Micromass
70708 mass spectrometer, using Electron Impact 1ionisation (EI)

unless otherwise stated. 1In some cases Fast Atom Bombardment (FAB)

was used.

Other data

Melting points were determined using a Kofler hot stage apparatus
and are uncorrected. Elemental micro-analysis were carried out in
the Imperial College Chemistry Department Micro-analytical

Laboratory under the supervision of Mr. K. I. Jones.
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Reactions of benzamidine

Benzamidine was liberated from its hydrochloride salt (Aldrich)} with
aqueous sodium hydroxide (5 M) and extracted into dichloromethane,
the solution was dried with magnesium sulphate, filtered and the
solvent evaporated to give benzamidine, m.p. 67-69°C.

-

(i) MWith sulphur dichloride : A solution of sulphur dichloride

(1.35 ml, 2.19 g, 21.25 mmol) in dry dichloromethane (20 ml) was
added dropwise over 1 h to a stirred solution of benzamidine (1.70
g, 14.17 mmol) and DBU (6.35 ml, 42.5 mmol) in dry dichloromethane
at 0°C under nitrogen. When the addition was complete the reaction
mixture was stirred for a further 2 h at 0°C and then at room
temperature for 1 h. A flocculent air-sensitive yellow precipitate
(later identified as 4-phenyl-1,2,3,5-dithiadiazolium chloride (38b)
(107) as described on page 172) was removed by filtration wunder
nitrogen, and then the solvent was evaporated and the residue
chromatographed on silica. Elution with petrol gave sulphur and with
101 dichloromethane in petrol, 3,7-diphenyl-1,5,2,4,6,8-
dithiatetrazocine (4a) (127 mg, 6%1) was obtained as yellow plates,
m.p. 224-225°C (1it. .‘ 225-226°C); Amax. (EtOH) 274 (e, 26400), 283
(26100), 297.5 (29700), 310 (37500), 323 (28900), and 414 nm (7200);
v (Nujol mull) 1595, 1485, 1450, 1365, 1320, 1298, 1233, 1160,

max

1030, 1000, 970, 940, 925, 780, and 690 cm—1; &, (400 MHz, CD Clz)

H 2
7.46-7.51 (m), 7.545-7.60 (m), and 8.53-8.57 (dd); m/z (180°C) 298

(ﬁ+, 247), 195 (ﬂ+—PhCN, 6), 181 (ﬂ+-PhCN2, 5), 167 (2), 149
(PhCNZS+, 9), 135 (PhCNS+, 100), 103 (PhCN, 41), 17 (Ph+, 14), 64
(32, 22) and 46 (NS, 62).
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The above reaction was repeated at -10°C; b-phenyl-1,2,3,5-
dithiadiazolium <chloride (38b) (15Z) and dithiatetrazocine (4a)

(5.57) were obtained by a similar work-up procedure.

Benzamidine (0.72 g, 6mmol) was dissolved in dry dichloromethane (50
ml) and sulphur dichloride (0.393 g, 0.60 ml, 9 mmol} was dissolved
in dry dichloromethane {50 ml). The two dichloromethane solutions
thus prepared were added synchronously and dropwise over 10 h to a
large flask containing dry dichloromethane (1.5 1) and DBU (2.74 g,
2.7 ml, 18 mmol) which was vigorously stirred under nitrogen at room
temperature. When the addition was complete the mixture, a cloudy
orange-brown solution, was stirred for further 15 h, the solvent was
evaporated and the residue chromatographed on silica as described

above to give sulphur and dithiatetrazocine (4a) (61 mg, 6.87).

(ii} With sulphur monochloride : To a stirred suspension of

benzamidinium chloride (2.4 g, 15.33 mmol) and DBU (7 g, 6.3 ml, 46
mmol)} in dry dichloromethane {45 ml), a solution of sulphur
monochloride (1.84 ml, 23 mmol) in dry dichloromethane (20 ml) was
added dropwise over 30 min at 0°C under nitrogen. The resulting dark
red-brown reaction mixture was stirred for a further 2 h at 0°C and
then for 3 h at room temperature. The vyellow precipitate of
dithiadiazolium chloride (38b) (1.78 g, 547) was removed by
filtration under nitrogen, and then the solvent was evaporated and

the residue chromatographed on silica as described above to give

dithiatetrazocine (4a) (59 mg, 2.61).
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(iii}) With imide-N-sulphenyl chlorides (76) and N ,N'-thiobisimides

{77)

Method A : To a stirred solution of benzamidine in dry
dichloromethane at room temperature under nitrogen, a solution of
either imide-N-sulphenyl chloride (78)73 or N,N'-thiobisimide (77)7‘
in dry dichloromethane was added dropwise over a period of 30 min.
The reaction mixture was further stirred at room temperature (see
Table 2.2), then the solvent was evaporated and the residue
chromatographed on silica. Elution with 107 dichloromethane in
petrol gave dithiatetrazocine (4a). For the results, see Table 2.2,

Section 2.2.3.

Method B : To a stirred slurry of bisE@halimidosulphide ('I'Ha)”b
{1.36 g, 4.2 mmol) in dry dichloromethane (20 ml) at room
temperature under nitrogen, was added dropwise over 10 min a
solution of benzamidine (1 g, 8.4 mmol) in dry dichloromethane (20
ml). The vyellow reaction mixture was further stirred at room
temperature for 72 h, filtered, the solvent was evaporated and the
residue chromatographed on silica as described above to give
dithiatetrazocine (4a) (6 mg, 0.5%1).

(iv) With sulghurdiimides‘e‘ 75

Jypical procedure : To a stirred solution of benzamidine (0.76 g,

6.3 mmol} in dry dichloromethane (40 ml) was added dropwise over 30

75a

min a solution of bis(tosyl)sulphurdiimide (11b) (2.3 g, 6.3

mmol) in dry dichloromethane (40 ml), while the reaction mixture was

stirred under nitrogen at room temperature. The red-brown cloudy,

167



reaction mixture was further stirred at room temperature for 102 h,
filtered, the solvent was evaporated and the residue chromatographed

on silica as described above to give dithiatetrazocine (4a) (57 mg,

6.17).

(v]) With bis(tosyl)sulphurdiimide 11b and imide-N-sulphenyl

chloride (76) or N,N'-thiobisimide (77)

Method A :

Typical procedure : To a stirred solution of benzamidine (240 mg,
2mmol) in dry dichloromethane (30 ml) at room temperature under
nitrogen, was added a solution of N({(thiomorpholino)succinimide
(77d)7#c (216 mg, 1 mmol) in dry dichloromethane (230 ml), dropwise
over 10 min. After 1 h, a solution of bis(tosyl)sulphurdiimide (11b)
(370 mg, 1 mmol) in dry dichloromethane (20 ml) was added over 10
min at room temperature under nitrogen. The resulting reaction
mixture was further stirred at room temperature for 14 h, the
solvent was evaporated and the residue chromatographed on silica.
Elution with 107 dichloromethane in petrol gave dithiatetrazocine

(4a) (3.3 mg, 1.171). Elution with ether gave a colourless compound

which was assigned the structure of 1-hvydroxv-3,5-diphenyl-1,2,4 6-

thiatriazine (80) (54 mg, 207), m.p. 156-158"C (Found: C, 62.2; H,

4.1: N, 15.6, and ﬁ*. 269.0618. C N_0S requires C, 62.4; H, 4.1;

14H11 3

N, 15.67, and M, 269.0623); (Nujol mull) 3380, 1622, 1618,

Vmax.
1600, 1530, 1565, 1455, 127S, {1070, 1030, 930, 830, 735, 720, 712,

690, 670, amd 620 cm-1; 6H (30 MHz, d6 DMSO} 7.50-7.70 (6 H, m),

8.20-8.35 (4 H, m), and 10.03 (1 H, s, br); m/z (160°C) 269 (ﬁ+,

51), 253 (M'-0, 37), 252 (M"-0H, 25), 221 (M'-S0, 19), 149 (PhCst"
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15), 135 (PhCNS', 4), 118 (PhCHN?+, 12)., 104 (PhCHN', 100), 103
(PhCN, 52), 81 (3), 77 (Ph', 26), and 46 (NS, 37), and with ethyl
acetate a colourless compound was obtained which was tentatively

assigned the structure of 1-(p-toluenesulphonylimino)-3,5-diphenyl-
1,2,4,6-thiatriazine (81) (13 mg, 37), m.p. 156-158°C (Found: C,

59.0; H, 4.2; N, 12.3. C21H18N40252 requires C, 59.7; H, 4.3; N,

13.31}); Vmax (Nujol mull) 1610, 1600, 1590, 1565, 1280, 1260, 1130,
1080, 1015, 985 and 715 cm—1; ﬁH {250 MHz; d6 acetone) 2.35 (3 H,

s), 7.20 (2 H, d, J 7.5 Hz), 7.475 (6 H, m), 7.80 (2 H, d, J 7.5 Hz)

and 8.25 (4 H, m); m/z (200°C) 253 (M -TosN, 177), 171 (TosNH,, 441,
+ + + +

155 (Tos', 401, 143 (PhCN,S", 7), 135 (PhCNS', 4), 104 (PRCNH', 43),

91 (100), 77 (Ph', 17), and 46 (NS, 10). For further results see

Table 2.4, Section 2.2.3.

Method B :
Typical procedure : To a stirred suspension of
bisphthalimidosulphide (77b) (1.8 g, 5.5 mmol) in dry

dichloromethane (40 ml) was added at room temperature under
nitrogen, a solution of benzamidine (1.32 g, 11 mmol) in dry
dichloromethane (20 ml), dropwise over 10 hin. After 30 min a
solution of bis(tosyl)sulphurdiimide (11b) (2.6 g, 7 mmol) in dry
dichloromethane (40 ml) was added dropwise over 20 min to the
reaction mixture at room temperature under nitrogen. The resulting

mixture was further stirred at room temperature for 40 h, filtered,
the solvent was evaporated and the residue chromatographed on silica

as described above to give dithiatetrazocine (4a) (158 mg, 98.61),

hydroxythiatriazine (80) (223 mg, 151) and 1-(p-
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toluenesulphonylimino)-diphenylthiatriazine (81) (247 mg, 111).

Method C : To a stirred slurry of a mixture of
bis{tosyl)sulphurdiimide {11b) {726 mg, 1.95 mmol) and
bisphthalimidosulphide (77b) (630 mg, 1.95 mmol) in dry 1,2-
dichloroethane (20 ml), at room temperature under nitrogen, was
added dropwise over 1 h a solution of benzamidine (468 mg, 3.9 mmol)
in dry 1.2-dichloroethanén(50 ml). The resulting mixture was stirred
at room teﬁperature for a further 20 h, filtered, the solvent was
evaporated and the residue chromatographed on silica as described
above to give dithiatetrazocine (4a) (43 mg, T.41),

hydroxythiatriazine (80) (115 mg, 227) and 1-(p-

toluenesulphonylimino)-diphenylthiatriazine (81) (18 mg, 27).

Method D :

Typical procedure : To a stirred slurry of bisphthalimidosulphide
(7Tb) (1.94 g, 6 mmol) in dry dichloromethane (50 ml) was added
benzamidine (0.24 g, 2 mmol) and then the mixture was refluxed for 3
h under nitrogen, cooled to room temperature, when a solution of
bis(tosyl)sulphurdiimide (11b) (0.37 g, 1 mmol) in dry
dichloromethane (30 ml) was added dropwise over 1 h., The resulting
mixture was then further stirred at room temperature for 15 h,
filtered, the solvent was evaporated and the residue chromatographed
on silica as described above to give dithiatetrazocine (4a) (28 mg,

9.41), hydroxythiatriazine (80) (56 mg, 211) and 1-(p-
toluenesulphanylimino)-diphenylthiatriazine (81) (17 mg, 41).

(vi) With sulphur A mixture of benzamidine (343 mg, 2.86 mmol) and

sulphur (960 mg, 30 mmol) was heated at 160°C for 3 h and then
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cooled to room temperature, when dichloromethane (50 ml) was added.
After filtration, the solvent was evaporated and the residue
chromatographed on silica. Elution with 207 dichloromethane in
petrol gave 2,4,6-triphenyl-1,3,5-triazine (73) (5.3 mg, 2%) as
colourless needles (toluene), m.p. 225-230°C (lit..72 m.p. 231°C);

(Nujol mull) 1590, 1520, 1460, 1370, 840, 740, 685, and 645

-

v
max

cm-1: 6H (90 MHz, CDCla) 7.6-7.7 (3 H, m}, and 7.7-7.9 (2 H, m); m/z

{180°C) 309.(ﬂ+, 377), 103 (ﬂ+—2PhCN, 100), 76 (10), and 51 (2),
followed by benzonitrile and with 507 dichloromethane in petrol,
3,5-diphenyl-1,2,4-thiadiazole (83) (81 mg, 2471) was obtained as

colourless needles (hexane), m.p. 86-88°C (1lit. ,72 m.p. 86-88°C);

Vmax (CHC13) 1465, 1434, 1410, 1323, 1270, 1110, 980, and 895 cm-1;
m/z (100°C) 238 (ﬁ+, 347), 135 (ﬂ+—PhCN, 100), t19 (5), 108 (PhS+,

3), 103 (PhCN, 60), 77 (Ph', 18), and 51 (7)

{vii) With thionyl chloride

Typical procedure : To a slurry of benzamidinium chloride (1.64 g,
10.5 mmol) and DBU (6.3 ml, 42 mmol) in dry dichloromethane (45 ml},
a solution of thionyl <chloride (1.2 ml, 16 mmol) in dry
dichloromethane (20 ml) was added dropwise over 10 min while the
reaction mixture was stirred under nitrogen in an ice-water bath.
After 2 h, the cooling bath was removed and stirring was continued
overnight at room temperature. The resulting orange-yellow reaction
mixture was diluted with more dichloromethane (50 ml) and washed

with water (2 x 100 ml) and then with saturated brine {50 ml). The
orange-yellow organic phase was dried over anhydrous magnesium

sulphate, filtered, the solvent was evaporated and the residue

chromatographed on silica. Elution with ethyl acetate gave a
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colourless compound assigned as 3.,5-diphenyl-1,2.4,6-thiatriazin-

1,1-dioxide (84) (233 mg, 167Z), m.p. > 310°C (Found: C, 58.5; H,

3.8; N, 14.55; s, 11.6; ﬂ*, 285.0567. C14H11N3025 requires C, 58.9;

H, 3.9; N, 14.7; S, 11.27; M, 285.0572.); Vmax (Nujol mull) 3280,

1640, 1602, 1570, 1320, 1272, 1176, 1161, 1027, 985, 841, 811, and

690 cm-1; 6, (250 MHz, d_. DMSO) 7.55-7.78 (3 H, m) and 8.02-8.14 (2

H 6
H, m); ﬁc (62.9 MHz, d8 DMSO) 128.49, 128.69, 130.90, 132.90, and
158.34; Q/Z (260°C) 285 (ﬁ+, 571), 221 (ﬂ+-502, 22), 118 (PhCN2H+.

£2), 104 (PhCNH+, 100), 91 (14), 77 (Ph+, 42), and 51 (25}).

(viii) With sulphurvyl chloride The same procedure as described above

for thionyl chloride was used.

4-Phenyl-1,2,3,5-dithiadiazolium chloride (38b)

The title compound was obtained as a flocculent yellow precipitate
from the reaction of benzamidine with sulphur dichloride (see page
165). The precipitate was collected by filtration under nitrogen and
washed with dry dichloromethane to give pure 4-phenyl-1,2,3,5-
dithiadiazolium chloride (38b) (306 mg, 10Z) as a fine vyellow
powder, m.p. 70-73°C; Amax. (CH2C12) 395 nm (e 680); Vmax. {(nujol

mull) 1600, 1390, 1340, 1150, 1070, 1025, 1000, 920, 890, 840, 780,

Y omrz (100°¢) 181 (M', 1007). 135 (M'-NS, 39), 117

706, and 695 cm
(phcwz*, 5), 103 (PhCN, 25), 89 (25), 78 (NS,, 94), 77 (ph*, 21) and

46 (NS, 9). The sample was identical with the one reported in

literature.“
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Reaction of N.N,N'-tris(trimethylsilyl)benzamidine (69) with sulphur

dichloride

To a stirred solution of N,N,N'-tris(trimethylsilyl)benzamidine
(89)76 {4.84 g, 14.36 mmol) in dry dichloromethane (100 ml) at 0°C
under nitrogen, was added dropwise over 2 h a solution of sulphur
dichloride (1.4 ml, 2%.54 mmol) in dry dichloromethane (160 ml).
After 1 h, the cooling bath was removed and the reaction mixture was
stirred at room temperature for 2 h. The vyellow flocculent
precipitate of 4-phenyl-1,2,3,5-dithiadiazolium chloride (38b) (1.87
g, 6017) was filtered wunder nitrogen and washed with dry

dichloromethane. The solvent was removed in vacuo and the residue

chromatographed on silica. Elution with petrol gave sulphur and with

207 dichloromethane in petrol, dithiatetrazocine (%4a) (128 mg, 31)

was obtained.

Reactions of tetrasulphur tetranitride

(i) With benzamidine

Typical procedure : SLN4 77(423 mg, 2.3 mmol) and benzamidine (821
mg, 6.84 mmol) were heated at reflux in dry toluene (50 ml) under
nitrogen for 15 h. Methanol (5 ml) was added to homogenise the
mixture and then the solvent was evaporated and the residue
chromatographed on silica. Elution with petrol gave sulphur and with
201 chloroform in petrol, 3,7-diphenyl-1,5,2,4,6,8-dithiatetrazocine
(4a) (63 mg, 67) followed by 2,4,6-triphenyl-1,3,5-triazine (73) (28

mg, 41), m.p. 225-230°C {(identical spectral data with the earlier

sample} and benzonitrile were obtained. Elution with chloroform gave

173



colourless prisms (hexane), assigned the structure of 1-methoxy-3,5-

diphenyl-1,2.4,6-thiatriazine (129a) (210 mg, 221), m.p. 105-106"C

(Found: C, 63.6; H, &4.4; N, 14.75. C15H13N30$ requires C, 63.6; H,

£.6; N, 14.81); Vmax (CHCla) 1580, 1480, 1380, 1350, 1280, 1140,

970, 950, 635, and 610 cm_1; 6H (250 MHz, d6 acetone) 3.41 (3 H, s),

7.54-7.68 (6 H, m), and 8.51-8.55 (4 H, m}; 6C (62.9 MHz, CDC13)

50.15, 128.21, 128.69, 132.46, 136.61, and 168.36; m/z (160°C) 283

(M", 2.51), 252 (u+-ocua. 100), 149 (PhCNZS+. 28), 103 (PhCN, 31),
76 (12), and 46 (NS, 66). Elution with ether gave 1-hydroxy-3,5-
diphenyl-1,2,4,6-thiatriazine (80) (130 mg, 141), m.p. 156-158°C

{indentical spectral data with the earlier sample).
The above reaction was repeated at reflux in dry benzene (16 h},
toluene (3.5 h), and xylene (6 h). The results are summarised in

Tables 2.1 and 3.1 (Sections 2.2.2, and 3.1.1]).

In the presence of lead tetraacetate : To a stirred solution of

54N4 (334 mg, 1.82 mmol) and benzamidine (377 mg, 3.1 mmol) in dry
dichloromethane (40 ml) at room temperature under nitrogen, was
added in portions over 20 min, lead tetraacetate (1.37 g, 3.1 mmol}.
The reaction mixture was stirred for a further 3 h at room
temperature and then at reflux temperature for 5 h, filtered, the

solvent was evaporated and the residue chromatographed on silica.

Elution with 207/ dichloromethane in petrol gave compound (4a) (1 mg,

0.27).

In the presence of titanjum tetrachloride : To a stirred solution

of S‘N4 (479 mg, 2.6 mmol) in dry dichloromethane (50 ml) at room
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temperature under nitrogen, was added a catalytic amount of titanium
tetrachloride (0.05 ml). To the resulting red-orange slurry, was
added a solution of benzamidine (617 mg, 5.1 mmol) in dry
dichloromethane (20 ml) over 15 min. The resulting brown-black
reaction mixture was stirred at room temperature for 1 h and then at
reflux temperature for 6 h, filtered, the solvent was removed in
vacuo and the residue c;romatographed on silica as described above
to give cbmbound {4a) (7 mg, 0.97) followed by S4N‘ (232 mg, 4871).

(ii) With benzamidoxime

Typical procedure : S4NL (319 mg, 1.7 mmol) and benzamidoxime

(85)?a (472 mg, 3.4 mmol) were heated at reflux in dry toluene (20

ml) under nitrogen for 12 h. The solvent was evaporated and the
residue chromatographed on silica. Elution with 507 dichloromethane
in petrol gave dithiatetrazocine (4a) (20 mg, 4). Elution with 507

ether in petrol gave 2,5-diphenyl-1,3,4-triazole (92) (6 mg, 21) as

colourless crystals, m.p. 194-195°C (lit..72 192-193°) (Found: C,

75.6; H, 5.0; N, 18.8. Calc. for C”H”N3 C, 176.0; H, 5.0; N,

19.07); Vmax (Nujol mull) 1610, 1560, 1440, 1180, 1140, 1000, 790,

730, 1710, 700, and 690 cm_1; GH (90 MHz, d8 acetone) 7.4-7.55 (3 H,

m) and 8.1-8.2 (2 H, m); m/z (160°C) 221 (M*, 100Z), 118 (M -PheN,

61), 105 (11), 81 (17), and 77 (Ph*, 19) and in ether,

hydroxythiatriazine (80) (48 mg, 107) (identical spectral data with

the earlier sample) was obtained. Elution with ethyl acetate gave
thiatriazin-1,1-dioxide (84) (80 mg, 16%) (identical spectral data

with the earlier sample).
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The above reaction was repeated at reflux in toluene (3 h), and
xylene (6 h) and the results are summarised in Table 3.3 (Section

3.1.4).

(iii) With 1,4-diamino-1,4-diphenyl-2 3-diazabuta-1,3-diene (227)

S‘N‘ (365 mg, 2 mmol) and 1,4-diamino-1,4-diphenyl-2,3-diazabuta-
1,3-diene (227)79 (952~mg. 4 mmol) were heated at reflux in dry
toluene (Souml) under nitrogen for 21 h. The solvent was evaporated
and the residue chromatographed on silica. Elution with petrol gave
sulphur and with 207 dichloromethane in petrol, 2,4,6-triphenyl-
1,3,5-triazine (73) (40 mg, 5I), m.p. 225-230°C (identical spectral
data with the earlier sample) was obtained, followed by
benzonitrile. Elution with 507 dichloromethane in petrol gave 3,5-
diphenyl-1,2,4-thiadiazole (83) (75 mg, BZ).as colourless needles ,
m.p. B86-88"C (identical spectral data with the earlier sample)

Elution with 507 ethyl acetate in dichloromethane gave 2,5—diphenyi-

72

1,3,4-triazole (92) (342 mg, 397) , m.p. 194-195°C (1lit. , m.p.

192°C) (identical spectral data with the earlier sample).

Reactions of benzamidoxime

(i) With sulphur dichloride To a solution of benzamidoxime (85)
(2.14 g, 15.7 mmol) and PBU (7 ml, 47 mmol) in dry dichloromethane

(45 ml), a solution of sulphur dichloride (1.5 ml, 23.5 mmol) in dry

dichloromethane (20 ml) was added dropwise over 10 min while the

reaction mixture was stirred under nitrogen in an ice-water bath.
After 2 h, the cooling bath was removed and the resulting dark

reaction mixture was stirred at room temperature for 2 h. The vellow
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precipitate of 4-phenyl-1,2,3,5-dithiadiazolium chloride (38b) (1.089
g, 327) was removed by filtration under nitrogen, the solvent
evaporated and the residue chromatographed on silica. Elution with
107 dichloromethane in petrol gave dithiatetrazocine (4a) (129 mg,
5.61).

~

(ii) With thionyl chloride

Typical procedure : To a stirred solution of benzamidoxime (3.8 g,

28 mmol) and dry pyridine (6.8 ml, B84 mmol) in dry dichloromethane
(100 ml), a solution of thionyl chloride (2 ml, 28 mmol) in dry
dichloromethane (50 ml) was added dropwise over 45 min at 0°C under
nitrogen. After 2 h the cooling bath was removed and the pale yellow
reaction mixture was stirred for further 2 h at room temperature,
the solvent was evaporated and the residue chromatographed on
silica. Elution with 507 ethyl acetate in dichloromethane gave, as
colourless fine needles (petrol 80-100°C), a compound which was

tentatively assigned the structure of N-sulphinylbenzamidoxime (90a)

(1.97 g, 397), m.p. 88-89°C (Found: C, 46.45; H, 3.3; N, 15.3; S,

16.9. C7H8N2023 requires C, 46.1; H, 3.3; N, 15.4; S, 17.671); vmax

(Nujol mull) 32506, 1606, 1568, 1505, 1455, 1400, 1300, 1180, 1160,

{030, 930, 850, 800, 773, 710, 700, 678, 630, and 620 cm-1; 6H (30

MHz, CDC13) 7.45-7.6 (3 H, m) 7.6-7.8 (2 H, m) and 8.15 (1 H, s,

br): m/z (140°C) 182 (M', 141), 152 (M'-NO, 16), 120 (M'-Nso, 28},
118 (PhCNZH*, 4), 104 (PhCNH', 73), 103 (PhCN, 100), 77 (Ph*, 28},
64 {25), and 48 (SO, 12). For related experiments see Table 2.5,

Section 2.3.1.
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Attempted reaction of activated nitriles with

bis(trimethylsilyl)sulphurdiimide (11a)

General procedure : A mixture of the nitrile (96a or b) (1 eq) and
bis(trimethylsilyl)}sulphurdiimide (11a)18 (0.6 eq) was heated
under nitrogen (see Table 2.7). The reaction mixture was then cooled
to room temperature, when dry dichloromethane (25 ml) was added and
the mixture further cooled to 0°C. A solution of sulphur dichloride
(0.5 eq) in dry dichloromethane (20 ml) was added dropwise over 30
min. After approximately 1 h, the cooling bath was removed and the
reaction mixture was stirred at room temperature for 5-6 h, the
solvent was evaporated and the residue chromatographed on silica.

Elution with 507 dichloromethane in petrol gave S,N ; the rest was

L4
baseline product {(see Table 2.7, Section 2.3.2).

Reactions of 5-phenyl-1,2,3,4-tetrazole

(i) With sulphur : A solution of 5-phenyl-1,2,3,4-tetrazole (98)80
(73 mg, 0.5 mmol) and sulphur (32 mg, 1 mmol) in dry acetonitrile
(60 ml) was irradiated at 254 nm in a Rayonet Photochemical Reactor
for 5 h. A continuous stream of nitrogen was passed through the
solution during irradiation. The solvent was evaporated and the
residue chromatographed on silica. Elution with petrol gave sulphur;
with 507 ether in petrol 3,6-diphenyl-1,2,4,5-tetrazine (100) (9.4

mg, 161) was obtained as carmine red crystalline compound, m.p. 193-

194°C (Lit.,”? m.p. 195°C). Elution with ether gave 2,5-diphenyl-

1,3,4-triazole (92) (11 mg, 201) as a colourless compound, m.p.

192°C (identical spectral data with the earlier sample).
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A mixture of tetrazole (88) (292 mg, 2mmol) and sulphur (192 mg, &
mmol) was heated on an oil bath at 200°C for 3.5 h, cooled to room
temperature and then dichloromethane (50 ml) was added, the mixture
filtered, the solvent evaporated and the residue chromatographed on
silica as described above to give sulphur, tetrazine (100) (28 mg,
157) and triazole (92) (146 mg, 81Z); further elution with ether

gave unreacted tetrazole (98) (55 mg, 197%).

{ii) With tetrasulphur tetranitride : A solution of tetrazole (88}
(146 mg, 1mmol) and SAN4 (31 mg, 0.5 mmol) in dry acetonitrile (100
ml}) was irradiated at 254 nm in a Rayonet Photochemical Reactor for
5 h. A continuous stream of nitrogen was passed through the solution
during irradiation. The solvent was evaporated and the residue
chromatographed on silica. Elution with 507 ether in petrol gave
tetrazine (100) (39 mg, 33Z) followed by unreacted SANA (47 mg, 5271)
and with ether, triazole (92) (14 mg, 137) was obtained.

SLN4 (184 mg, 1 mmol) and tetrazole (98) (146 mg, 1 mmol) were
heated at reflux in dry toluene (20 ml) under nitrogen for 15 h.
T.1.c. of the reaction mixture showed it to be a complex mixture
from which sulphur, benzonitrile and tetrazine (100) were the only
identifiable products. The solvent was evaporated and the residue
chromatographed on silica. Elution with 507 dichloromethane in

petrol gave tetrazine (100) (5 mg, &41).

The above reaction was repeated in refluxing bromobenzene (2h) and a

much cleaner reaction mixture was obtained; upon work-up tetrazine

(100) (157) together with unreacted tetrazole (98) (207) were

obtained.
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3,7-Di(2-furyl)-1,5,2,4,6,8-dithiatetrazocine {41)

2-Furylamidine (108) was liberated from its hydrochloridea1 salt
with aqueous sodium hydroxide (5 M) and extracted into
dichloromethane, the solution was dried with magnesium ‘sulphate,
filtered and the solvent evaporated to give 2-furylamidine, m.p. 55-
57°C. -

(i) From &hg reaction of 2-furvlamidine (108} and 545‘ : SANA (368
mg, 2 mmol) and 2-furylamidine (108) (440 mg, & mmol) were heated at
reflux in dry xylene (20 ml) under nitrogen for 4 h. The solvent was
evaporated and the residue chromatographed on silica. Elution with

petrol gave sulphur and with 57 dichloromethane in petrol, 3,7-di(2-

furyl)-1.5,2,.4,6.8-dithiatetrazocine (41) (11 mg, 27) was obtained
as vellow plates (ethyl acetate), m.p. 214-216°C (Found: C, 43.1; H,

+ .
2.25; N, 19.8, and M , 277.99Z3. c10H8N40252 requires C, 43.15; H,

2.2; N, 20.17 and M 277.9932); Amax (EtOH) 210 (e, 15700}, 272
(16100), 322.5 (36000), 338 (34100), and 448 nm (5000); Vmax (CClL)

3735, 2926, 2855, 17135, 1577, 1508, 1490, 1459, 1428, 1398, 1368,

1265, 1158, and 1017 cm_1; 6H (250 MHz, CDCla) 6.89 (1 H, m), 7.24

(1 H, m), and 7.63 (1 H, m); m/z (180°C) 278 (M', 26Z), 200 (m*-st,

+
8). 172 (M -CGH N, 532

(C5H4N0+, 22), 78 (NSZ' 6), and 46 (NS, 100). Elution with 501

H N O, 44), 139 (C_H_N_OS, 9), 125 (C5H3NOS. 13), 94

dichloromethane in petrol gave 2-cyanofuran, followed by 2,4,6-

tris(2-furyl)-1,3,5-triazine (109) (76 mg, 207) as colourless
plates, m.p. 244-245-C (1it.,82 238-240-C) (Found: M', 279.0641.

C15H9N303 requires 279.0644); Vmax. (CClA) 2926, 2855, 1585, 1520,

1480, 1420, 1356, 1265, 1197, and 1012 cm—1; 6H (250 MHz, CDC13)

6.61 (1 H, dd, J 1.5 and 4 Hz), 7.62 (1 H, dd, J 1 and 4 Hz), and
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7.715 (1 H, dd, J 1 and 1.5 Hz); m/z (180°C) 279 (ﬂ+. 627), and 93

(C5H3N0, 100).

{ii) From the reaction of 2-furylamidine 108 and

bis(tosyl)sulphurdiimide (11b) : To a stirred slurry of 2-
furylamidinium chloride (1.46 g, 10 mmol) and DBU (1.52 g, 1.5 ml,
10 mmol) in dry dichlo;omethane (20 ml) at room temperature under
nitrogen, .was added dropwise over 30 min a solution of
bis{tosyl)sulphurdiimide (11b) (3.7 g, 10 mmol) in dry
dichloromethane (20 ml). The dark reaction mixture was stirred for
further 3 h at room temperature, filtered, the solvent was
evaporated, and the residue chromatographed on silica. Elution with
107 dichloromethane in petrol gave 3,7-di(2-furyl)-1,5,2,4,6,8-
dithiatetrazocine (41) (20 mg, 1.41).

Wiien the above reaction was repeated but with stirring at room

temperature for 15 h, a lower yield (0.27Z) of 3,7-di(2-furyl)-

1,5,2,4,6,8-dithiatetrazocine (41) was obtained.

Treatment of 2-furylamidinium chloride with sulphur dichloride in
the presence of DBU

To a stirred slurry of 2-furylamidinium chloride (2.55 g, 17.5 mmol)
and DBU (8 g, 7.8 ml, 52.5 mmol) in dry dichloromethane (50 ml) at
0°C under nitrogen, was added dropwise over 30 min a solution of
freshly distilled sulphur dichloride (2.7 g, 1.7 ml, 26.25 mmol) in

dry dichloromethane (20 ml). After 3 h the cooling bath was removed

and the reaction mixture was stirred at room temperature for 4% h. A
burgundy coloured precipitate (330 mg), a mixture of 4(2-furyl)-

1,2,3,5-dithiadiazolium chloride (38d) [m/z (80-180°C) 171 (M'
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787), 125 (35) and 93 (20)}, and &4(monochloro 2-furyl)-1,2,3,5-
dithiadiazolium chloride (38c) [m/z (80-180°C) 205 (M', 397Z), 159
(16) and 127 (8)], was removed by filtration under nitrogen, and
then the solvent was evaporated and the residue chromatographed on
silica. Elution with 571 dichloromethane in petrol gave vyellow
crystals found to be a mixture of di-, tri-, and tetra-chlorinated
3,7-di{2-furyl)-1,5,2,4,6,8-dithiatetrazocine (4k) (11 mg); Vimax.
(CC14) 2928, 2289, 1550, 1496, 1382, 1347, 1250, 1206, 1154, 1106,

1066, 1016 and 904 cm-1; 6H (250 MHz, CDC13) 6.4 {m) and 7.26 (m);
m/z (190°C) 416 (u* tetrachloro, 11), 382 (ﬂ+ trichloro, 21), 346

(ﬁ+ dichloro, 35}, 205 (6), 159 (100), 127 (33) and 46 (97).

Reaction of 3,7-di(2-furyl)-1,5,2,4,6,8-dithiatetrazocine (41) with
sulphur dichloride

To a stirred solution of 3,7-di(2-furyl)-1,5,2,4,6,8-
dithiatetrazocine (41) (5 mg, 0.02 mmol) in dry dichloromethane (10
ml) at room temperature under nitrogen, was added a solution of
sulphur dichloride (6 mg, 4ul, 0.06 mmol) in dry dichloromethane (1
ml). The mixture was stirred at room temperature for 15 h, the
solvent -evaporated, and the residue chromatographed on silica.
Elution with 101 dichloromethane in petrol gave 3,7-di(2-furyl)-

1,5.2,4,6,8-dithiatetrazocine (41) (3 mg, 60%).

3,7-bi(2-thienyl)-1,5,2,4,6,8-dithiatetrazocine (4m)

(i} From the reaction of 2-thienylamidine (110) and sulphur

dichloride

To a stirred slurry of 2-thienylamidinium chloride 83 (1.63 g, 10

mmol) and DBU (4.6 g, 4.5 ml, 30 mmol) in dry dichloromethane {40
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ml) at 0°C under nitrogen, was added dropwise over 30 min a solution
of sulphur dichloride (1.5 g, 0.95 ml, 15 mmol) in dry
dichloromethane (20 ml). After 2 h, the cooling bath was removed and
the reaction mixture was stirred at room temperature for 5 h. A
flocculent red precipitate (later indentified as 4-(2-thienvl)-

1,2.3,5-dithiadiazolium -chloride (38e) and described on page 185)

was removed by filtration under nitrogen, and then the solvent was
evaporated and the residue chromatographed on silica. Elution with

507 dichloromethane in petrol gave 3,7-di{2-thienvyl)-1,5.2,4.6,8-

dithiatetrazocine (4m) (113 mg, 7.37) as orange-yellow plates (ethyl

acetate), m.p. 271-273°C (Found: ﬂ*, 309.9475. c10H6N454 requires

309.9475); Amax (EtOH) 204 (e, 7400), 271 {7200}, 318 (12800), 351

(6600), and 447 nm (1100); Vax (CC14) 2927, 2854, 1532, 1509,

1427, 1377, and 1036 cm-1; 6H (250 MHz, CDCla) 7.23 (1 H, dd, J 4

and 5 Hz), 7.64 (1 H, dd, J t and 5 Hz), and 8.3 (1 H, dd, J 1 and &

+
5H3NS. 6), 187 (C5H3N253 .

Y, 100), 109 (CGH NS, 36), 78 (NS,, 7), and 46 (NS,

Hz); m/z (200°C) 310 (M', 577), 201 (M'-C
30, 141 (CGHNS,

86).

When the above reaction was repeated with stirring of the reaction

mixture at room temperature for 15 h, 4-(2-thienyl)-1,2,3,5-
dithiadiazolium chloride (38e) (30Z), a mixture of mono-, di-, and
tri-chlorinated 3,7-di(2-thienyl)-1,5,2,4,6,8-dithiatetrazocines

(4n) [m/z (200°C) 414 (M' trichloro, 37), 378 (M’ dichloro, 29), 344

(M* monochloro, 100), 175 (60), 141 (89), 109 (50) and 46 (91)] and

3,7-di(2-thienyl)-1,5,2,4,6,8-dithiatetrazocine (4m) (2.97) were

obtained.
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(ii) From the reaction of 2-thienvlamidine (110) and §1ﬁ‘

S (368 mg, 2 mmol) and 2-thienylamidine (110) (504 mg, & mmol)

4N4
(m.p. 61-63°C, generated from the hydrochloride as described for

furylamidine) were heated at reflux in dry xylene (40 ml) wunder
nitrogen for 5 h. The solvent was evaporated and the residue
chromatographed on silica. Elution with petrol gave sulphur and with
507 dichloromethane in petrol 3,7-di(2-thienyl)-1,5,2,4,6,8-
dithiatetrazocine (4m) (22 mg, 3.5%Z) was obtained, followed by
2,4,6-tris(2-thienyl)-1,3,5-triazine (111) (48 mg, 117) as a
colourless compound, m.p. 196-198°C (1lit. ,82 192-194°C) (Found: ﬁ*,
326.9941. C15H9N353 requires 326.9959); Vimax. (CClL) 2927, 1532,

1509, 1427, 1378, 1334, 1222, and 1036 cm-1; 6, (250 MHz, CDClB) 7.2

H
(1 H, dd, J 5.25 and 3.5 Hz), 7.6 (1 H, dd, J 5.25 and 1 Hz), and
8.26 (1 H, dd, J 3.5 and 1 Hz); m/z (160°C) 327 (M', 971) and 109

(C5H3NS, 100).

Q

{iij) rom the reaction of 2-thienylamidine 110 an

bis(tosyl)sulphurdiimide (11b

To a stirred slurry of 2-thienylamidinium chloride (1.8 g, 11 mmol)
and DBU (1.7 g, 1.6 ml, 11 mmol) in dry dichloromethane (30 ml) at
room temperature under nitrogen, was added dropwise over 30 min a
solution of bis(tosyl)sulphurdiimide (11b) (5.55 g, 15 mmol) in dry
dichloromethane (20 ml). The orange-red reaction mixture was stirred

at room temperature for 5 h, filtered, the solvent evaporated, and

the residue chromatographed on silica. Elution with 507
dichloromethane in petrol gave 3,7-di{2-thienyl)-1,5,2,4,6,8-

dithiatetrazocine (4m) (20 mg, 1.71).
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4-(2-Thienyl)-1,2,3,5-dithiadiazolium chloride (38e)

The title compound was obtained as a flocculent red precipitate from
the reaction of 2-thienylamidinium chloride (38e) and sulphur
dichloride (see page 183). The precipitate was collected by

filtration under nitrogen and washed with dry dichloromethane to

give pure 4-(2-thienyl)-%,2,3,5-dithiadiazolium chloride (38e) (1.53

g, 6971) as a fine red powder, m.p. 162-164°C (Found: ﬁ+, 186.9461.

C5H335C1st3 requires 186.9458); m/z (150°C) 187 (M',

(M*-NS, 55), 109 (C H

1007), 141

NS, 41), 78 (NS_, 98), and 46 (NS, 12).

3 2

3-{Dimethylamino)-7-phenyl-1,5,2 4,6, 8-dithiatetrazocine (40)

To a stirred mixture of benzamidine (1.2 g, 10 mmol)}, N,6N-
dimethylguanidine sulphate (1.36 g, 5 mmol) and DBU (7.6 g, 7.5 ml,
50 mmol) in dry dichloromethane (30 ml) at 0°C under nitrogen, was
added a solution of sulphur dichloride (3.1 g, 1.9 ml, 30 mmol) in
dry dichloromethane (20 ml) dropwise over 10 min. After t h the
cooling bath was removed and the dark reaction mixture was stirred
at room temperature for 3 h, filtered, the solvent evaporated, and
the residue chromatographed on silica. Elution with petrol gave
sulphur and with 107 dichloromethane in petrol, 3,7-diphenyl-
1,5,2,4,6,8-dithiatetrazocine (4a) (141 mg, 9.57) was obtained.

Elution with dichloromethane gave 3-(dimethylamino)-7-phenyl-

1,5,2,4,6,8-dithiatetrazocine (40) (80 mg, 37) as a pale yellow

crystalline compound, m.p. 182-183°C (Found: C, 45.4; H, 4.4; N,
+ .
26.3, and M, 265.0452. CmH”NsS2 requires C, 45.3; H, 4.2; N,
26.47 and M 265.0456); A (EtOH :
max. ) 250 nm (e, 9400); Viax. (CC14)

2927, 1561, 1456, 1411, 1372, 1357, 1243, 1175, 1146, 1086, and 1027
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em 5, (250 MHz, CDCL.) 3.21 (6 H, s), 7.35-7.5 (3 H, m), and 8.17
(2 H, dd. J 1.5 and 8.5 Hz); m/z (160°C) 265 (M', 100Z), 181 (M -
CiHNJ, 200, 162 (M"-PhCN, 28), 135 (PhCNS™, 11), 116 (M'-PhCN-NS,

25), 103 (PhCN, 14), 102 (22), 78 (NSZ' 21), 69 (23), and 46 (NS,
80). Elution with 57 ether in dichloromethane gave 3,7-bis(N,N-

dimethylamino)-1,5,2,4,658-dithiatetrazocine (4c) (59 mg, 51).

Treatment of 3,7-diphenyl-1,5,2,4,6,8-dithiatetrazocine (4a)

(i) With hydrazine

To a solution of 3,7-diphenyl-1,5,2,4,6,8-dithiatetrazocine (4a) (42
mg, O0.14 mmol) in dry dichloromethane (15 ml) was added a solution
of anhydrous hydrazineB‘ (14 mg, 0.42 mmol) in dry dichloromethane
(2 ml) while the reaction mixture was stirred under nitrogen at room
temperature. After 1 h, 57 palladium on charcoal (49 mg) was added
and the reaction mixture was stirred at room temperature for 3 h,
filtered, the solvent evaporated, and the residue chromatographed on
silica. Elution with petrol gave sulphur (6 mg, 657) and with

methanol, benzamidine (25 mg, 757} was obtained.

(ii) With ozone

Ozone was passed through a stirred slurry of 3,7-diphenyl-
1,5,2,4,6,8-dithiatetrazocine {4a) (55 mg, 0.2 mmol) in dry
dichloromethane (15 ml) at -78°C for 30 min. On warming to room

temperature, the orange-yellow reaction mixture turned pale yellow

and was further stirred at room temperature for 15 h, the solvent
evaporated and the residue chromatographed on silica. Elution with

ether gave 1-hydroxy3,5-diphenyl-1,2,4,6-thiatriazine (80) (16 mg,
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327) (spectral data identical with the earlier sample) and with
ethyl acetate, 3,5-diphenyl-1,2,4,6-thiatriazin-1,1-dioxide (84)
(1.6 mg, 37) (spectral data identical with the earlier sample) was

obtained.

The above reaction was repeated with the ozone being passed through
for 1 h at -70°C; hydroxythiatriazine (80) (387) and thiatriazin-

1,1-dioxide. (84) (571) were obtained.

{-Ethoxy-3,5-diphenyl-1,2,4 . 6-thiatriazine (129b)

Solutions of benzamidine (966 mg, 8 mmol) and
bis{tosyl)sulphurdiimide (11b) (3 g, 8 mmol) in dry chloroform (50
ml) were added synchronously over 30 min to vigorously stirred dry
chloroform (50 ml) at reflux under nitrogen. After the addition was
complete the reaction mixture was stirred at reflux temperature for
further &4 h and then at room temperature for 15 h. The solvent was

removed in vacuo and the residue was chromatographed on silica.

Elution with 507 dichloromethane in petrol gave colourless prisms

(hexane), which were assigned the structure of 1-ethoxy-3,5-

diphenvl-1,2.,4,6-thiatriazine (129b) (671 mg, 567), m.p. 94-95°C
(Found: C, 64.9: H, 5.0; N, 14.15; S, 10.9. C18H15N3OS requires C,
64.6; H, 5.0; N, 14.1; S, 10.871); vmax. (Nujol mull) 1580, 1560,
1498, 1450, 1400, 1350, 1290, 1080, 1020, 1000, 975, 935, 870, 818,

802, 735, 695, 685, and 620 cm—1; &, (90 MHz, CDC13) 1.18 (3 H, t, J

H
T Hz), 3.67 (2 H, q, J%F Hz), 7.35-7.50 (6 H, m), and 8.35-8.50 (&

H, m); Gc (62.9 MHz, CDC13) 15.34 (q), 60.99 (t), 128.17 (d), 128.61

(d), 132.37 (d), 136.69 (s), and 167.95 (s); m/z (120°C) 297 (M*,

+ +
37), 252 (M -OCHZCH3, 73), 149 (PhCNZS , 28), 103 (PhCN, 32), 786
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(15), and 46 (NS, 100).

2-{m-Chlorophenyl)-4,6-dipheny}l-1,3,5-triazine (152
A mixture of m-chlorobenzoyl chloride (2.54 g, 14.5 mmol),

benzonitrile (3.7 g, 36.2 mmol), ammonium chloride (3.21 g, 59.5
mmol) and aluminium tr;chloride (2.8 g, 20.9 mmol) was heated at
150°C  for 16 h, cooled and then treated with ice and concentrated
hydrochloric acid. The colourless precipitate was filtered, washed
well with methanol, and the solution of this precipitate in
tetrachloromethane was passed through a short column of alumina
(neutral) to remove polar contaminants. Evaporation of the solvent
gave crude triazine (152) and crystallisation from toluene gave
colourless needles of 2-(m-chlorophenyl)-4,6-diphenyl-1,3,5-triazine

(152) (2.75 g, 55I), m.p. 198-199°C (Found: C, 73.8; H, 4.1; C1,

8.75; N, 12.2. C_.H ClN3 requires C, 73.4; H, 4.1; Cl, 10.3; N,

21 14
-1
12.21); Vmax. (CHC13) 1590, 1515, 1450, and 1370 cm ; 6H (250 MHz,
CDC13) 7.55-7.65 (8 H, m), and 8.60-8.80 (6 H, m); 6C (62.9 MHz,

CDCla) 127.02, 128.55, 128.94, 129.02, 129.72, 132.22, 132.49,
134.87, 136.08, 138.28, 170.45, and 171.78; m/z (220°C) 343 (ﬂ+,

§57), 137 (M -2PhCN, 50), 103 (PhCN, 100), and 76 (18).

Reactions of 1-ethoxy-3,5-diphenvl-1,2.4 6-thiatriazine (129b)

{i) With methanol
Ethoxythiatriazine (129b) (64.5 mg, 0.22 mmol) was heated in

methanol (25 ml) under nitrogen at reflux for 25 h. The reaction was

followed by proton n.m.r spectroscopy. The solvent was removed in
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vacuo and the residue chromatographed on silica. Elution with 501
dichloromethane in petrol gave methoxythiatriazine (129a) (41 mg,
6771) and with ether, hydroxythiatriazine (80) (17 mg, 291) was

obtained.

Similar treatment of methoxythiatriazine (129a) (32 mg, 0.11 mmol)
in dry ethanol (15 ml)-at reflux for 22 h gave ethoxythiatriazine

(129b) (25 mg, 741) and hydroxythiatriazine (80) (6 mg, 211%1).

(ii) With tosvyl azide

A mixture of ethoxy compound (129b) (18 mg, 0.066 mmol) and tosyl
azide (24 mg, 0.12 mmol) was heated in refluxing dry toluene (20 ml)
for 23 h, the solvent evaporated, and the residue chromatographed on
silica. Elution with 207 dichloromethane in petrol gave 2,4,6-
triphenyl-1,3,5-triazine (73) (2.3 mg, 87) and unreacted

ethoxythiatriazine (129b) (5 mg, 287).

(iii) With tosvyl amide

A mixture of ethoxy compound (129b) (17 mg, 0.057 mmol) and tosyl
amide (19.5 mg, 0.11 mmol) was heated in refluxing toluene (20 ml)

for 24 h. The solvent was removed in vacuo and the residue

chromatographed on silica. Elution with 207 dichloromethane in
petrol gave 2,4,6-triphenyl-1,3,5-triazine (73) (1.3 mg, 51)

followed by unreacted ethoxythiatriazine (129b) (10 mg, 597).

{iv) On thermolysis
Compound (128b) (5 mg, 0.02 mmol) was heated in refluxing xylene (10
ml) for 2.5 h. T.l.c. analysis showed that all of the starting

material had decomposed. The solvent was removed in vacuo and the

residue chromatographed on silica. Elution with 207 dichloromethane
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in petrol gave 2,4,6-triphenyl-1,3,5-triazine (73) (1 mg, 111).

(v) With sodium borohydride

To a stirred slurry of compound (129b) (48 mg, 0.162 mmol) in
methanol (20 ml) was added in portions, sodium borohydride (62 mg,
1.6 mmol) at room temperature. After the addition was complete, the
pale red reaction mixture was stirred at room temperature for a
further 5 h, filtered, the solvent evaporated, and the residue
chromatographed on silica. Elution with 207 dichloromethane in
petrol gave unreacted ethoxythiatriazine (129b) (8 mg, 171} followed
by 3,5-diphenyl-1,2,4,6-thiatriazine (150) (3.3 mg, 10Z) as a red
crystalline compound, m.p. 132-133°C (lit.,‘;3 134-135°C); m/z
(170°C) 253 (M, 517), 252 (M'-H, 84), 221 (M'-S, 56), 143 (PhCN,S",
72), 118 (PRCN,H', 37), 104 (PRCNH', 100), 81 (41), 77 (pn’, 811,

and 46 (NS, 62).

{vi) With MCPBA

Tvpical procedure : To a stirred solution of compound (129b) (74
mg, 0.25 mmol) in dry dichloromethane (5 ml) at room temperature
under nitrogen, was added a solution of MCPBA (washed with phosphate
buffer pH 7.5) (90 mg, 0.5 mmol) in dry dichloromethane (2 ml) over

5 min. The reaction mixture was stirred at room temperature for 24

h, the solvent removed in vacuo, and the residue chromatographed on
silica. Elution with 507 dichloromethane in petrol gave 2-(m-
chlorophenyl)-4,6-diphenyl-1,3,5-triazine (152) (11.5 mg, 97) and
with ethyl acetate, 3,5-diphenyl-1,2,4,6-thiatriazin-1, 1-dioxide
(84) (53 mg, 741) was obtained (For further results, see Table 3.5,

Section 3.2.1.2).
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fvii) With dinitrogen tetraoxide

To a stirred solution of compound (129b) (59 mg, 0.2 mmol) in dry
dichloromethane (15 ml) at 0°C under nitrogen, was added over 5 min
a solution of N204 (37 mg, 0.4 mmol) in dry tetrachloromethane (1
ml). After 30 min a colourless precipitate was formed and the
reaction mixture was warmed to room temperature and stirred for 1 h.
The solvent was removed i& vacuo and the residue recrystallised from

ethanol to-give pure 3,5-diphenyl-1,2,4,6-thiatriazin-1,1-dioxide

{84) (53 mg, 931).

(viii) With m-chlorcbenzoic acid

A mixture of compound (128b) (10 mg, 0.034 mmol) and m-chloro
benzoic acid (12 mg, 0.068 mmol) in dry dichloromethane (10 ml) was
stirred at room temperature under nitrogen for 24 h. T.l.c. analysis
showed that no reaction had occurred. The solvent was evaporated and
the residue chromatographed on silica. Elution with 507
dichloromethane in petrol gave recovered ethoxythiatriazine (129b)

(9 mg, 907).

Similar treatment of hydroxythiatriazine (80) with m-chlorobenzoic
acid resulted again in no reaction and recovery of compound (80}

{851).

Treatment of 1-methoxy-3,5-diphenyl-1,2,4 6-thiatriazine (129a) with

chloramine-T

A mixture of methoxy compound (12%a) (71 mg, 0.25 mmol) and

chloramine-T (73 mg, 0.26 mmol) was stirred in methanol (25 ml) at

room temperature under nitrogen for 14 h. There was no sign of
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reaction and so the mixture was refluxed for 8 h. The solvent was
removed in vacuo and the residue chromatographed on silica. Elution

with 501 dichloromethane in petrol gave unreacted

methoxythiatriazine (129a) (67 mg, 9271).

Reactions of 1-hydroxy-3,5-diphenvl-1,2,4,6-thiatriazine (80)

di) With MCPBA

To a stirred slurry of compound (80) (30 mg, 0.13 mmol) in dry
dichloromethane (10 ml) at room temperature under nitrogen, was
added a solution of MCPBA (22 mg, 0.13 mmol) in dry dichloromethane
(2 ml) over 5 min. The reaction mixture was further stirred at room

temperature for 2 h, the solvent removed in vacuo, and the residue

chromatographed on silica. Elution with 507 dichloromethane in
petrol gave 2{m-chlorophenyl)-4,6-diphenyl-1,3,5-triazine (152) (9
mg, 13Z) and with ethyl acetate, thiatriazin-1,1-dioxide (84) (18

mg, 487) was obtained.

(ii) With dinitrogen tetraoxide

To a stirred solution of compound (80) (54 mg, 0.2 mmol) in dry
dichloromethane (15 ml) at 0°'C under nitrogen, was added a solution
of NZOL (18 mg, 0.2 mmol) in dry tetrachloromethane (0.5 ml). After

30 min the reaction mixture was warmed to room temperature and

stirred for 1h, the solvent evaporated, and the residue crystallised

from ethanol to give pure thiatriazin-1,1-dioxide (84) (55 mg, 97%1).

192



{(iii) With diazomethane

To a stirred slurry of compound (80) (50.5 mg, 0.19 mmol) in dry
ether (20 ml) at room temperature under nitrogen, was added a
solution of diazomethane (17 mg, 0.4 mmol} in ether (3 ml). The
reaction mixture became clear and was further stirred at room
temperature for 2 h, the solvent evaporated, and the residue

chromatographed on silica. Elution with 507 dichloromethane in

petrol gave methoxythiatriazine (129a) (48 mg, 911).

(iv) With m-chlorobenzoyl chleride

To a stirred solution of compound (80) (140 mg, 0.5 mmol) and
triethylamine (52 mg, 0.5 mmol) in dry dichloromethane (20 ml) at
room temperature under nitrogen, was added over 5 min a solution of
m-chlorobenzoyl chloride (91 mg, 0.5 mmol) in dry dichloromethane
(10 ml). The reaction mixture was stirred at room temperature for

further 10 h, the solvent removed in vacuo, and the residue

chromatographed on silica. Elution with 507 dichloromethane in
petrol gave triazine (152) (9 mg, 67) and with ether, unreacted

compound (80) (27 mg, 1971) was obtained.

(v) With peracetic acid

To a stirred slurry of compound (80) (60 mg, 0.22 mmol) in dry
dichloromethane (20 ml) at room temperature under nitrogen was added
a 407 solution of peracetic acid in acetic acid (0.7 g, 4.4 mmol).
The reaction mixture was further stirred at room temperature for 18

h, the solvent removed in vacuo, and the residue chromatographed on

silica. Elution with 507 dichloromethane in petrol gave 2-methyl-

4,6-diphenyl-1,3,5-triazine as a colourless compound, m.p. 107-108°C
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(lit.,as 110°C), (Found : €, 177.4; H, 5.2; N, 17.0; ﬁ+, 247.1115.

Calc. for C,_H_ _N C, T7.7; H, 5.3; N, 17.07; M, 247.1109); v
16 13 3 max.
(CCl‘) 3070, 1603, 1588, 1530, 1449, 1383, 1367, 1307, 1232, 1179,

1070, 1028, and 990 cm '; 5, (250 MHz, CDC1,) 2.78 (3 H, s), 7.48-
7.61 (6 H, m), and 8.61-8.65 (4# H, dd, J 2 and 8 Hz); m/z (140°C)
247 (M*, 151), 244 (M'-3H, 6), 208 (u’-cnacn, 5), 103 (PhCN, 39),
and 41 (CH3CN12). Elution with ethyl acetate gave thiatriazin-1,1-

dioxide (84) (29 mg, 471).

Reactions of disodium dimercaptomaleonitrile

(i) With N,N’'-dibromo-S,S-dimethyl-sulphurdiimide (160b)

(i) To a stirred suspension of disodium dimercaptomaleonitrile
(161)88 (925 mg, 5 mmol) in dry acetonitrile (60 ml) at room
temperature under nitrogen, was added dropwise over 1 h a solution
of N,N'-dibromo-S,S-dimethyl-sulphurdiimide (180b)87 (1.25 g, 5
mmol) in dry acetonitrile (60 ml). After the addition was complete
the dark brown reaction mixture was further stirred at room
temperature for 18 h, filtered, the solvent removed in vacuo, and
the residue chromatographed on silica. Elution with petrol gave
sulphur and with 207 dichloromethane in petrol, S4N4 {12 mg, 5%) was
obtaiped. Elution with 507 dichloromethane in petrol gave 3,4~
88

dicyano-1,2,5-thiadiazole (165) (175 mg, 261), m.p. 47-48°C (1lit.,

49.5-50.5'C ) (identified by direct comparison, mixed m.p. 49-

50°C); Vmax (CC14) 2240, 1390, 1280, 1130, and 840 cm_1: m/z

+

(170°¢) 136 (M*, 1007), 90 (M'-NS, 28), 84 (M*'-2CN, 59), 76 (m*-st,

4), 64 (10), 46 (27), 32 (23), and 28 (16).
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(ii) The above reaction was repeated in presence of potassium iodide
(1 eq) and after a similar work-up procedure, sulphur, S‘N‘ (351),
and thiadiazole (165) (46%) were obtained. 1In the presence of TDA-1

(4 drops), only sulphur and thiadiazole (165) (2771) were obtained.

(iii) Solutions of disodium dimercaptomaleonitrile (161) (186 mg, 1
mmol) and dibromosulphurdiimide (160b) (250 mg, 1 mmol) in dry
methanol (50 ml) were added synchronously over 30 min to a flask
containing dry methanol {50 ml), while the reaction mixture was
stirred under nitrogen at room temperature. The dark red-brown
mixture was stirred for a further 24 h at room temperature, the

solvent removed in vacuo, and the residue chromatographed as

described above to give sulphur and thiadiazole (165) (15 mg, 111).

(ii) With N-chlorodiphenylsulphilimine (201b)

To a stirred suspension of disodium dimercaptomaleonitrile (161)
(205 mg, 1.1 mmol) in dry acetonitrile (20 ml) in the presence of
TDA-1 (3 drops) at room temperature under nitrogen, was added
dropwise over 10 min a solution of N-chlorodiphenylsulphilimine
(201b)89 (500 mg, 2.1 mmol) in dry acetonitrile (20 ml). The very
dark reaction mixture was stirred at room temperature for 10 h,
filtered, the solvent was removed in vacuo, and the residue
chromatographed on silica. Elution with petrol gave sulphur and

diphenyl sulphide (299 mg, 76%) and with 507 dichloromethane in

petrol, thiadiazole (165) (26 mg, 171) was obtained.
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3,4-Dicvano-1,2,5-thiadiazole (165

To a stirred slurry of 1,2-diaminomaleonitrile (600 mg, 5.6 mmol) in
dry chloroform (20 ml) at room temperature under nitrogen, was added
dropwise over 20 min a solution of bis(tosyl)sulphurdiimide (11b)
(2.1 g, 5.6 mmol) in dry chloroform (20 ml}). The reaction mixture
was stirred for a further 6 h at room temperature, filtered, the
solvent evaporated, an; the residue chromatographed on silica.

Elution with 507 dichloromethane in petrol gave the title compound

(660 mg, 86Z), m.p. 47-48°C (identical with the earlier sample).

Quinoxalino-1,3,2-dithiazol-2-vl (182

To a stirred slurry of quinoxaline-2,3-dithiol (174)90 (270 mg, 1.4
mmol) and dry triethylamine (283 mg, 0.4 ml, 2.8 mmol) in dry
dichloromethane (50 ml) at room temperature under nitrogen, was
acded dropwise over 30 min a solution of dibromosulphurdiimide
(160b) (345 mg, 1.4 mmol) in dry dichloromethane (50 ml). The
resulting dark blue-green reaction mixture was stirred at room
temperature for 20 h, the solvent removed in vacuo, and the residue
chromatographed an alumina (neutral). Elution with 501
dichloromethane in petrol gave a dark green lustrous crystalline
compound tentatively assigned the structure of guinoxalino-1,3,2-
dithiazol-2-yl (182) (84 mg, 291), m.p. 139-141°C (Found: C, 46.7;
H, 1.9; N, 20.2, and M*, 205.9847. C_H N_S requires C, 46.6; H,

84372

1.85; N, 20.47, and M, 205.9847.); Vmax (CHC13) 1550, 1160, 1105,
. .

and 950 cm ; ESR (hexane), 3368.15, 3378.82, and 3389.35 Gauss, g =
2.0067; m/z (100°C) 206 (ﬁ+, 1007), 160 (ﬁ+-NS. 46), 134 (ﬁ+-NS-CN,

5), 102 (C7H4N+. 21), 78 (NSZ' 6), 64 (SZ' 4), 46 (NS, 9), and 28

(5).
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The above reaction was repeated in dry acetonitrile instead of
dichloromethane, and quinoxalino-1,3,2-dithiazol-2-yl (182) (157%)

was obtained upon similar work-up.

Reactions of disodium 2,3-dimercaptoguinoxaline (175)
(i) With N,N'-dibromo-S,S-dimethylsulphurdiimide (160b)

To a stifred suspension of disodium 2,3-dimercaptoquinoxaline
(175)91 (530 mg, 2.2 mmol) in dry acetonitrile (40 ml) at room
temperature wunder nitrogen, was added dropwise over 30 min a
solution of dibromosulphurdiimide (160b) (558 mg, 2.2 mmol) in dry
acetonitrile (40 ml). The dark blue-green reaction mixture was
stirred at room temperature for 30 h, filtered, the solvent
evaporated, and the residue chromatographed on silica. Elution with
257 dichloromethane in petrol gave a yellow crystalline compound

which was assigned the structure of 2-methylthio-3-

methyldithioquinoxaline (180) (6 mg, 1Z), m.p. 191-182°C (Found: M',
254.0001. C10H10N253 requires 254.0006.); vmax. (CHC13) 2920, 1550,
1160, 1100, 1000, and 950 cm '; 5, (250 MHz, CDCL,) 2.62 (3 H, s),
2.73 (3 H, s), 7.55-7.68 (2 H, m), 7.90-7.97 (1 H, m), and 8.00-8.08

(1 H, m); m/z (100°C) 254 (M*, 417), 208 (u’—scriz*, 100), 207 (M*-

+
SCH3, 3o), 192 (CBHANZSZ' 32), 1715 (M -SSCH3. 21}, 160 (CBHANZS'
24), 144 (16), 134 (10), 129 (12), 102 (C7H4N’, 15), 19 (SSCH3+,
10), 64 (Sz. 11), and 47 (SCH3+. 6). Elution with 501

dichloromethane in petrol gave yellow needles which were assigned

the structure of 2,3-bis{methyldithiolquinoxaline (181) (3 mg,

. - + -
0.57), m.p. 115-116°C (Found: M , 285.972%. C10H10N254 requires

285.9727.):vmax (CHC13) 2920, 1160, 1120, 1100, 1000, and 950 cm—1
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H 6H (250 MHz, CDCla) 2.6 (6 H, s}, 7.6-7.7 (2 H, m, BB' protons),

and 8.0-8.1 (2 H, m, AA' protons); m/z (100°C) 286 (ﬁ+, 5471), 254

+ + + + +
(M-S, &), 240 (M'-SCH,", 74), 239 (M'-SCH,, 42), 207 (M -SSCH,,

2

15), 192 (CBHLNZSZ' 94), 160 (CBHLNZS' 28), 134 (C7HLNS, 16), 102

(c7H4N’. 25), 19 (SSCHa*, 36), 64 (S 32), and 47 (SCH.', 14)

2! 3
followed by quinoxalino-1,3,2-dithiazol-2-yl (182} (10 mg, 2.271) as
a dark green lustrous crystalline compound (identical spectral data

with the earlier sample}).

(ii) With N-bromodiphenylsulphilimine {201a)

A solution of N-bromodiphenylsulphilimine (2(Zl1a)89 (540 mg, 1.9
mmol) in dry dichloromethane (50 ml) was added dropwise over 1 h, to
a stirred suspension of disodium 2,3-dimercaptoquinoxaline (175)
(460 mg, 1.9 mmol) and TDA-1 (3 drops) in dry dichloromethane (50
ml) at room temperature under nitrogen. The resulting dark green
reaction mixture was further stirred at room temperature for 24 h,
the solvent removed in vacuo, and the residue chromatographed on
silica. Elution with 507 dichloromethane in petrol gave
diphenylsulphide (175 mg, 49%) and quinoxalino-1,3,2-dithiazol-2-yl
(182) (20 mg, 5%). Elution with dichloromethane gave a pale yellow
crystalline compound which was assigned the structure of
quinoxalino-1,3-dithiole (206) ({224 mg, 561), m.p. 160-161"C

. 92 .
(Lit., m.p. 163°C) (Found: C, 52.5; H, 2.8; N, 13.6; S, 31.7.

Calc. for CQHGNZSZ C, 52.4; H, 2.9; N, 13.6; S, 31.11); v

max.

(Nujol mull) 1560, 1260, 1180, 1110, 1010, 760, and 660 cm '; 5, (90

MHz, C€DCl,) 4.6 (2 H, s), and 7.4-7.75 (4 H, m); m/z (160°C) 208
+

(M*, 1007), 160 (m’-scnz’, 53), 134 (C_H/NS, 5), 102 (C7H4N+, 33),
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30 (4), and 75 (15).

Reaction of 3,4-dimercaptotoluene (187) with N,N'-dibromo-S,S-

dimethylsulphurdiimide (160b})

A solution of dibromosulphurdiimide (160b) (250 mg, 1 mmol) in dry

dichloromethane (50 ml) was added dropwise over 20 min, to a stirred
solution o% 3,4-dimercaptotoluene (187) {156 mg, 1 mmol) in dry
dichloromethane at room temperature under nitrogen. The red reaction
mixture was stirred for a further 14 h at room temperature and then
the red precipitate was filtered off, washed with dry
dichloromethane, the combined dichloromethane solutions were
evaporated, and the residue chromatographed on silica. Elution with
207 dichloromethane in petrol gave dimethyldibenzo-1,2,5,6-
tetrathiaocin (188) ({33 mg, 211) as pale yellow crystalline

compound, m.p. 180-182°C (Lit.,93 m.p. 192-193°C); Vinax {Nujol

mull) 1580, 1250, 1030, 890, 810, and 660 cm-1; 6H (90 MHz, d6

acetone) 2.4-2.5 (3 H, m), and 7.0-7.8 (3 H, m); m/z (180°C) 308

(M, 757), 244 (M*-S_, 30), 154 (C_H.S., 100), and 121 (C HS, 13).

2' 7672

The red precipitate was assigned the structure of 5-methylbenzo-
1,3,2-dithiazolium bromide (189) (175 mg, 70Z), m.p. 134-136°C with

decomposition (identical spectral data with an authentic sampleab);

Amax (KBr) 1650, 1640, 1550, 1534, 1528, 1450, 820, 750, 542, and
1

442 cm GH (250 MHz, 020) 2.9 (3 H, s), 8.25 {1 H, d), 9.05 (1 H,

s}, and 9.16 (1 H, d); m/z 168 (M*, 1007), 121 (M*-HNS, 2), 95 (25),

and 80 (28).
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Reactions of benzene-1,2-bis{sulphenyl chloride) (28)

(i) With N.N'-bis(trimethylsilyl)-S, S-dimethylsulphurdiimide (160a)

Benzene-1,2-bis(sulphenyl chloride) (28) was prepared by the
1iterature9‘ method as follows. Benzene-1,2-dithiol (245 mg, 1.725
mmol) was dissolved im dry tetrachloromethane (20 ml} and dry
chlorine gas was bubbled through the solution at 0°C for about 10
min wuntil the initial white precipitate had redissolved and an
orange homogeneous solution was obtained. The passage of chlorine
gas was stopped, the cooling bath removed and nitrogen was bubbled
through the solution as it warmed to room temperature. The solvent

was removed in vacuo and the crude product was dissolved in dry

dichloromethane (50 ml).

N,N'-Bis{trimethylsilyl)-S,S-dimethylsulphurdiimide (1603)95 (407
mg, 1.725 mmol) was dissolved in dry dichloromethane (50 ml). The
two dichloromethane solutions thus prepared were added synchronously
over 2 h wvia dropping funnels to a flask containing dry
dichloromethane (100 ml), with vigorous stirring under nitrogen at
room temperature. When the addition was complete the reaction
mixture was stirred at room temperature for a further 2 days to
ensure complete reaction. The yellow flocculent precipitate was
removed by filtration and washed with dry dichloromethane to give
pure 1,3,2-benzodithiazolium chloride (195) (280 mg, 86%Z), m.p. 215-

217°C (identical spectral data with an authentic sample17); Amax

(EtOH) 217 (log € 3.47), 248 (3.79), 332 (3.23) and 396 nm (3.02);

Vmax (KBr) 1520, 1400 br, 1322, 756 s, 744, 729 s, 489, 448 s, 396,
1

and 315 cm ; BH {90 MHz, 020) 8.18 (2 H, m, BB' protons), and 9.11
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(2 H, m, AA" protons); m/z (FAB) 154 (M').

(ii) With N,N N'-tris(trimethylsilyl)-S-iminobenzsulphenamide (198}

Solutions of benzene-1,2-bis(sulphenyl chloride) (28) (760 mg, 3.6
mmol) and N,N,N"-tris(trimethylsilyl)-S-iminobenzsulphenamide
(198)96 (1.09 g, 3.85-mmol) in dry dichloromethane (30 ml) were
added synchronously over 1 h under nitrogen at room temperature, to
stirred dry dichloromethane (250 ml). The resulting mixture was
stirred at room temperature for a further 15 h, the vyellow
flocculent precipitate of 1,3,2-benzodithiazolium chloride (185)
(515 mg, 81%Z) was filtered off and washed with dry dichloromethane.
The combined dichloromethane solutions were evaporated in vacua and
the residue chromatographed on silica. Elution with petrol gave

diphenyldisulphide (156 mg, 17%1).

Reaction of 2-(chlorosulphenvl)benzovl chloride (217) with N, N'-

bis(trimethylsilvyl)sulphurdiimide (11a

2-(Chlorosulphenyl)benzoyl chloride (217) was prepared by the
literature method70 as follows. To 2,2'-dithiosalicylic acid (7 g,
22.8 mmol) in dry 1,2-dichloroethane (55 ml) containing DMF (4
drops) at reflux, was added thionyl chloride (7 ml, 11.4 g, 96 mmol)
in dry 1,2-dichloroethane (15 ml) dropwise over a period of 1 h
under nitrogen. The reaction mixture was then cooled to -10°C and
dry chlorine gas was bubbled in for 20 min. The excess of chlorine

gas was flushed out with nitrogen and then the solvent evaporated to
give 2-(chlorosulphenyl)benzoyl chloride (217) (9.4 g, 100Z) as a

pale yellow crystalline compound, m.p. 65-66°C (1lit. .70 m.p. 66-
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68°C).

{a) At room temperature : 2-(Chlorosulphenyl)benzoyl chloride (217)

(2 g, 10 mmol) was dissolved in dry dichloromethane (100 ml) and
similarly bis(trimethylsilyl)sulphurdiimide (11a) (2 g, 2.4 ml, 10
mmol) was dissolved in dry dichloromethane (100 ml). The two
dichloromethane solution; thus prepared were transferred to dropping
funnels un&er nitrogen and then added synchronously over 4 h to a
flask containing dry dichloromethane (200 ml), which was vigorously
stirred under nitrogen at room temperature. When the addition was
complete the dark red reaction mixture was stirred further for 48 h
to ensure complete reaction. The solvent was then evaporated and the
residue chromatographed on silica. Elution with 507 dichloromethane
in petrol gave.S4N4 (120 mg, 2671) as an orange crystalline compound
(spectral data identical with an authentic sample), and with 501
ethyl acetate in dichloromethane, a colourless compound was obtained
which was assigned the structure of 1,2-benzisothiazolin-3(2H)-one
(218) (1.012 g, 67Z), m.p. 154-156°C (lit. ,>' 157-158°C) (Found: C,
55.4; and H, 3.3. Calc. for C7H5NOS C, 55.6; H, 3.371); Vinax. {Nujol
mull) 2690, 1640, 1590, 1465, 1325, 1315, 1150, 745, and 610 cm-1;
§, (90 MHz, d_ DMSO) 7.1-7.9 (m); m/z (160°C) 151 (M*, “1007), 123
(M*-co, 6.5), 122 (5), 108 (M*-coNH, 5), 96 (30), 91 (2), and 77

+

(Ph , 5).

(b) At 0°C : The solutions of 2-(chlorosulphenyl)benzoyl chloride

(217) (1.26 g, 6.1 mmol) and bis(trimethylsilyl)sulphurdiimide (11a)
(1.26 g, 6.1 mmol) in dry dichloromethane {50 ml) were prepared,

transferred to dropping funnels under nitrogen and then added
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synchronously over 3 h to a flask containing dry dichloromethane
{100 ml) which was vigorously stirred at 0°C under nitrogen. When
the addition was complete the reaction mixture was stirred for
further 1 h at 0°C and for 2 h at room temperature. The solvent was
evaporated and the residue chromatographed on silica as described

above to give S N4 (43 mg, 15%1) and benzisothiazolin-3-one (218)

4
(590 mg, 6571).

{c) At -10°'C : A solution of bis(trimethylsilyl}sulphurdiimide
(11a) (730 mg, 3.5 mmol) in dry dichloromethane (30 ml) was added
dropwise over 30 min to a stirred solution of 2-
(chlorosulphenyl)benzoyl chloride (217) (730 mg, 3.5 mmol) in dry
dichloromethane (30 ml) under nitrogen at -10°C. The resulting dark
reaction mixture was stirred at -10°C for 2 h and then at room
temperature for 1 h. The solvent was evaporated and the residue
chromatographed on silica as described above to give 54N4 (13 mg,
87) and benzisothiazolin-3-one (218) (430 mg, 801).

{d) At 40°C : A solution of bis(trimethylsilyl)sulphurdiimide (11a)
(630 mg, 3.1 mmol) in dry dichloromethane (30 ml) was added dropwise
over 30 min to a solution of 2-{chlorosulphenyl) benzoyl chloride
(217) (640 mg, 3.1 mmol) in dry dichloromethane (30 ml) at reflux
whilst the reaction mixture was stirred under nitrogen. After 3 h,
the reaction mixture was cooled to room temperature, the solvent
evaporated, and the residue chromatographed on silica as described

above to give SLNA {30 mg, 211) and benzisothiazolin-3-one (218)

(318 mg, 681).
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1,2-Benzisothiazolin-3(2H)-one (218)

A solution of 2-(chlorosulphenyl)benzoyl chloride (217) (2 g, 10
mmol) in dichloromethane {20 ml) was added dropwise over 10 min to

stirred aqueous ammonia (15 ml, 0.88). During the addition, the
aqueous ammonia was cooled in an ice-water bath. After the addition
was complete, the reaction mixture was stirred at room temperature
for 2 h, filtered and then the precipitate was crystallised from
methanol to give colourless prisms of benzisothiazolin-3-one (218)
(1.34 g, 897), m.p. 155-156°C (identical spectral data with the

samples described above).

Reaction of 1,4-dichloro-1,4-diphenyl-2, 3-diazabut-1,3-diene 225

with bis(trimethylsilvl)sulphurdiimide 11a

To a stirred solution of 1,4-dichloro-1,4-diphenyl-2,3-diazabut-1,3-
diene (225)98 {1.1 g, 4% mmol) and sulphurdiimide (11a) (0.912 g, 4.4
mmol) in dry THF (30 ml) was added dropwise over 10 min a solution
of tetra—tbutylammonium fluoride in dry THF (1 M solution, 9 ml, 9
mmol) at room temperature under nitrogen. The dark reaction mixture
(which later becomes yellow) was stirred for further 12 h at room
temperature, the solvent evaporated, and the residue chromatographed
on silica. Elution with 507 ether in petrol gave a colourless
compound which was tentatively assigned the structure of 1-amino-4-

fluoro-1,4-diphenyl-2 3-diazabut-1,3-diene {226) (96 mg, 101), m.p.

96-97-C (F : + i :
(Found M7, 241.1012. C14H12FN3 requires 241.1015); Vmax.

(CClb) 3517, 3387, 3064, 2349, 1652, 1614, 1602, 1578, 1539, 1495,
1447, 1392, 1295, 1064, 1027, 979, 923, and 803 Cm-1: 6H (90 MHz,

CbC1,) 5.85 (2 H, s, br), 7.35-7.5 (6 H, m), and 7.72-7.95 (4 H, m);
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CDCla) 5.65 (2 H, s, br), 7.35-7.5 (6 H, m), and 7.72-7.95 (4 H, m);
m/z (120°C) 241 (M', 1007), 222 (M'-F, 61), 138 (M'-PhCN, 12), 118
(PhCNH', 33), 104 (PhCNH', 54), and 77 (Ph', 53). Elution with
ether gave 2,5-diphenyl-1,3,4-triazole (92) (265 mg, 357) (identical
spectral data with an authentic sample).

Reaction of 1,4-diamino-1, 6 4-diphenyl-2,3-diazabut-1,3-diene [(227)

with sulphur dichloride or thionyl chloride

Typical procedure: To a stirred solution of 1,4-diamino-1,4-
diphenyl-2,3-diazabut-1,3-diene (227)79 (5.6 g, 23 mmol) and DBU
(7.14 g, 7 ml, 47 mmol) in dry THF (150 ml) at 0°C under nitrogen,
was added dropwise over 30 min a solution of sulphur dichloride (3.6
g, 2.24 ml, 35 mmol) in dry THF (30 ml). After 3 h the cooling bath
was removed and the stirring was continued for 2 h at room
temperature, the solvent evaporated, and the residue chromatographed
on silica. Elution with petrol gave sulphur and with 501
dichloromethane in petrol, benzonitrile was obtained. Elution with
207 ethyl acetate in dichloromethane gave colourless crystals of
2,5-diphenyl-1,3,4-triazole (92) (1.06 g, 231), m.p. 194-135°C

{identical spectral data with the earlier sample).

The above reaction was repeated at reflux temperature. It was also
repeated with thionyl chloride instead of sulphur dichloride both at

room and reflux temperatures and the results are summarised in Table

5.4 (Section 5.2).
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Reaction of 1,4-dichloro-1,4-diphenyl-2,3-diazabut-1,3-diene 225
with lithium bis{trimethylsilyl)amine

Lithium bis(trimethylsilyl)amine was prepared by the 1literature

99 45 follows. A solution of n-butyl lithium (1.5 M, 7 ml) in

method
pentane was added slowly to a stirred solution of
hexamethyldisilazane (1.8 g, 2.4 ml, 11 mol) in dry ether (20 ml).

The reaction mixture was then heated at reflux for 30 min, the

solvent removed in vacuo under nitrogen and the residue dissolved

in dry THF (30 ml).

The above solution was added dropwise over 20 min to a stirred
solution of 1,4-dichloro-1,4-diphenyl-2,3-diazabut-1,3-diene (225)
(1.33 g, 4.8 mmol) in dry THF (30 ml) at 0°C under nitrogen. After 1
h the cooling bath was removed and the dark reaction mixture was
stirred at room temperature for 2 h and filtered under nitrogen.

To the resulting filtrate was added dropwise over 10 min, a solution
of sulphur dichloride (0.64 ml, 10 mmol) in dry THF (10 ml) whilst
the reaction mixture was stirred under nitrogen at 0°C. After 1 h,
the cooling bath was removed and the dark red-brown reaction mixture
was stirred at room temperature for 2 h. The solvent was removed in

vacuo and the residue chromatographed on silica as described above

to give sulphur, benzonitrile and 2,5-diphenyl-1,3,4-triazole (92)

(310 mg, 2%7%).

Reaction of  bis(benzoyl)sulphurdiimide 229 with anhydrous

hydrazine
To a stirred solution of bis{(benzoyl)sulphurdiimide (229)75d (1.09

g, 4 mmol) in dry dichloromethane (20 ml) at 0°C under nitrogen, was
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added dropwise over 15 min a solution of anhydrous hydrazineaL
(0.256 g, 8 mmol) in dry dichloromethane (15 ml). The reaction
mixture was stirred for further t h at 0°C and then at room
temperature for 1 h. The solvent was removed in vacua and the
residue crystallised from ethyl acetate to give a colourless

crystalline compound, assigned the structure of di(benzamidol)-

101

sulphide (230) (0.94 g, 867), m.p. 189-180 'C (lit. , ' 191°¢C);
v (Nujol mull) 3260, 1650, 1240, 1080, 860, 820, 725, and 690
em™': 5. (30 MHz, d_ DMSO) 7.4-7.6 (6 H, m), 8.0 (4 H, m), and 10.81

H 6
(2 H, s, br); m/z (200°C) 272 (M", 11), 226 (M'-Ns, 2), 167 (M'-

PRCO, 1), 121 (PhCONH,, 55), 105 (Phco®, 100), and 77 (PR', 77).
The above reaction was performed at room temperature instead of at
0°C and after a similar work-up procedure, ‘di(benzamido) sulphide

(230) (65%Z) was obtained.

7-Methyl-1,3,5,2,4-benzotrithiadiazepane (234)

To a stirred solution of 7-methyl-1,3,5,2,4-benzotrithiadiazepine
(233)'7 (68 mg, 0.32 mmol) in dry dichloromethane (20 ml) at room
temperature wunder nitrogen, was added a solution of anhydrous
hydrazine (41 mg, 1.28 mmol) in dry dichloromethane (4 ml) over 2
min. After 1 h, 57 palladium on charcoal (41 mg) was added and the

reaction mixture was further stirred at room temperature for 4 h,

filtered, the solvent removed in wvacuo, and the residue

chromatographed on silica. Elution with 507 dichloromethane in
petrol gave a colourless compound, tentatively assigned the

structure of 7-methyl-1,3,5,2 4-trithiadiazepane (234) (33 mg, 481),
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m.p. 161-162°C with decomposition (Found: C, 38.75; H, 3.6; N, 12.8,
and ﬂ+, 215.9852. C7H8N253 requires C, 38.9; H, 3.7; N, 12.957, and
1

M, 215.9850); v (CHC1.,) 3330, 1580, and 1130 cm ;s &6, (250 MHz,
max. 3 H

d6 acetone) 2.33 (3 H, s), 6.76 (2 H, s, br}, 7.13 (1 H, m), and

7.52 (2 H, m): m/z (150°C) 216 (M', 497), 168 (M -H_NS, 100), 154

2
+
(C7HGSZ' 90), and 77 (Ph-, 10).

Reactions of trithiazyl trichloride (35}

Method A : To a stirred solution of substrate (Table 6.1, see
below) (1 eq) and dry pyridine (1 eq) in dry tetrachloromethane (20
ml) at reflux under nitrogen, was added a solution of trithiazyl
trichloride (35)36 (0.33 eq) in dry tetrach;oromethane (10 ml) over
10 min. After the addition was complete, the reaction mixture was
heated at reflux in tetrachloromethane for 2 h, cooled to room
temperature and then the solvent was removed in vacuo and the
residue chromatographed on silica. Elution with 507 dichloromethane

in petrol gave S4N4 and with ether or ethyl acetate, the substrate

was recovered.

Method B : To a stirred solution of substrate (1 eq) and dry
pyridine {1 eq) in dry THF (20 ml) at room temperature under
nitrogen, was added a solution of trithiazyl trichloride (35) (0.33

eq) in dry THF (10 ml) over 10 min. After the addition was complete,

the reaction mixture was stirred at room temperature for further 5§
h, the solvent removed in vacuo, and the residue chromatographed on

silica as described above to give S N

Ny and recovered substrate.
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Substrate Method Yield (%) of Yield (1) of

SLNL substrate
(101) A 45 0
(80) B 9 80
(218) A 26 85
B 15 90
(92) B ) 12 95
(101) = diethyl 1,2,4,6-thiatriazine-3,5-dicarboxylate
(80) = 1-hydroxy-3,5-diphenyl-1,2,4,6-thiatriazine
(92) = 2,5-diphenyl-1,3,4-triazole
(218) = 1,2-benzisothiazolin-3(2H)-one

Table 6.1
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