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ABSTRACT 

The reactions of tetrasulphur tetranitride (S^N^), 

thiotrithiazyl chloride (S^N^Cl) and trithiazyl trichloride 

(S^N^Cl^) with organic substrates are reviewed, 

A claim that S^N^ reacted uith benzil monohydrazone to 

give a 2H-imidazole is shoun to be incorrect. The "imidazole" 

is identified as the mixed azine of benzil and benzophenone 

by spectroscopy and by independent synthesis. This azine is 

formed via the novel transformation of diphenylketene to 

thiobenzophenone and carbon monoxide and the mechanism of 

this reaction is discussed. Attempts to synthesise a proposed 

intermediate in this reaction failed, but did lead to the 

discovery of an oxidative decarboxylation reaction uith 

dimethyl sulphoxide as the oxidant. 

The reaction of diphenylacetylene and S^N^ is shoun to 

give 3,5-diphenyl-1,4,2,6-dithiadiazine uhich uas incorrectly 

described in the literature as a 1,3,2,4-dithiadiazine. The 

structure is elucidated by independent synthesis' and X-ray 

crystallography, but attempts to prepare reasonable quantities 

of the material by various synthetic pathuays uere 

unsuccessful. The chemistry of the dithiadiazine is briefly 

discussed• 

S^N^ reacts uith dimethyl acetylenedicarboxylate to 

give tuo unique 10"TT electron aromatic seven mernbered ring 

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

trithiadiazepine-6,7-dicarboxylate and methyl 1,3,5,2,4,6-
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trithiatriazepine-7-carboxylate the structures of uhich 

uere solved by X-ray crystallography. Both compounds are 

planar and molecular orbital calculations support the 

proposal that they are aromatic. Mechanisms for their 

formation are suggested together uith a preliminary account 

of their chemistry. The structures of both compounds uere 

again incorrectly assigned in the literature, the 

trithiadiazepine having been given tuo different structures. 

The reaction of S^N^ uith phenylacetylene gives 

4»,5-diphenyl-N-(l*,2»,5»-thiadiaz-3-yl)-1,3,2-dithiazol-

4-imine, as shoun by X-ray crystallography. This novel 

heterocyclic system is discussed and a mechanism for its 

formation proposed. 

Other reactions of S^N^, S^N^Cl^ ar"d S^N^Cl uith selected 

organic substrates are reported uhere the major products 

are generally 1,2,5-thiadiazoles. 
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INTRODUCTION 

Tetr.asulphur tetranitririe (1), first prepared in 
1 ? 

1835 by Gregory '" in a reaction of sulphur dichloride 

and ammonia, is one of the longest known and most 

studied inorganic heterocycles • To quote a recent 

review on the subject,"Tetrasulphur tetranitride is 

opening up the mental horizons of the inorganic chemist 
as benzene did for the organic chemist of the last 3 
century." 

The structure of S^N^ uas a subject of much 

controversy and several formulae including linear, 

branched and polycyclic ones uere proposed until Lu 
4 • and Donhue established the correct structure (1) on 

the basis of vapour phase electron diffraction studies. 

(1) 

This structure has ^ symmetry, uith the four nitrogen 

atoms lying at the corners of a square and the sulphur 

atoms at the corners of a tetrahedron, interpenetrating 

the square of the nitrogen atoms. The molecule is often 



regarded as a ring of D ^ symmetry,^ uith structure (2) 

but the argument for the cage structure is the short S-S 

o 
distance of 2,58 A uhich, according to molecular orbital 

5 calculations, gives a bond order of 0,3. 

m K J ~ ' i 

S^N^ is a pouerful explosive liable to detonate 

uhen struck, ground or suddenly heated, (there is one 

report^ of an explosion of 0.5g uhich clearly shous 

the risks) its instability increasing uith increasing 
7 

purity. The material is prepared from chlorinated 
7 

disulphur dichlonrin and ammonia, to give the follouinq 

sequence of reactions. 

2S 2C1 2 + 4NH 3 ^ NSC 1 + 3NH4CI + 3S 

2NSC1 +: S 2C1 2 o- (S3N2C1)C1 + SCl2 

3(S3N2C1)C1 + S 2C1 2 o 2(S 4N 3)C1 + 3SCl2 

(S 4M 3)C1 + 4NH3 + 2 SC1 2 + 3NH4C1 + S 2C1 2 

3 Each step has been individually verified. 
3 8 

The inorganic chemistry of S^N^ is uell documented , 

and uill not be discussed here, but in order to 

emphasise the diversity of sulphur nitrogen species, 

Table I lists those uhich have been fully characterised 



by X-ray crystallography.^ 

Table 1 

Cations Neutral Anion: 

SN + (S N) S„N" X J) 
S 2 N + S 2 N 2 S.Nt 

S 4 N 3 + S 4 N 2 S3 N3~ 
S 4 N / + S 4 N 4 S4 N5~ 
S 4 N 5 + S 5 N 6 
S 5 M 5 + 

2 + 
V V 

S
6 V 

The major use of S^N^ in organic chemistry comes 

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

a uide variety of reagents. The most successful of these 
11 - 1 2 precursors are acetylenes (4) and ketones (5), uhich 

react uith S^N^ in refluxing toluene to give the yields 

shoun in Tables 2 and 3 respectively. 

R R' 

R — = — R' RCH 2 C0R' 

S / 

(3) (4) (5) 

N 



Table 2 

R R» At/h % yield 

C02FLE C O ^ E 6 60 

co 2 r i e Ph 8 22 

C 0 2 ̂  E H 6 7 

Ph H 6 16 

£ M E C 6 H 4 • H 6 12 

£ B R C 6 H A H 6 6 

Ph Ph 48 87 

£WEC F IH 4 £!<LEC6H4 48 56 

E'v le0c6H4 £PLEOC 6H 4 48 56 

£ C I C 6 H 4 £ C I C 6 H 4 48 4 6 

PhCO ' PhCO 12 39 

2. | V L E C 6 H 4 C 0 £ M E C 6 H 4 C 0 12 45 

£ C I C 6 H 4 C O £ C 1 C 6 H 4 C 0 12 49 

The reaction of acetylenes also gives rise to other 
11 10 novel heterocyclic systems such as (6) and (7), 

(6) C O 
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R 

Ph 

p c i c 6 h 4 

Ph 

•NeC.H. 6 4 

R1 

Ph 

Ph 

£ c i c 6 h 4 

Ph 

Ph 

E ° 2
N C 6 H 4 

Ph 

Ph 

Indan-2-one 

Acanaphthyl-1-one 

£ n e C 6 H 4 

Ph 

Me 

PhCH 2 

Table 3 

A t / h 
24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

% yield 

42 

40 

39 

47 

32 

41 

47 

32 

2G 

7 

but a detailed discussion of these claims and mechanistic 

pathuays uill be left until later in this thesis. 

1,2,5-Thiadiazoles (3) are also produced from the 
13 14 

reaction of S^N^ uith hydrocarbons (8), ' the yields 

and conditions for uhich are given in Table 4. 

Table 4 

r r » At/h 

Ph H 6 

Ph Ph 6 

2-naph thy1 H 6 

9,1O-dihydrophenanthrene 6 

tetrahydronaphthalene 12 

solvent 

neat 

xylene 

neat 

% yield 

12.6 

6.5 

9 

10 
46 
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R C H 2 C H 2 R ' ( a ) 

( 9 ) 

( 1 0 ) 

14 
The last tuo reagents, also gave the products (9) to (11) 

in 88"', 11.Fi'''' and 2.5',/- respectively. This reaction obviously 

utilises the oxidising powers of S^N^ and products (9) and 

(10) are indicative of this. 

Further thiadiazole precursors are the saturated amines 

(12) uhich after heating under reflux in xylene f.or three 

hours uith S^N^ produce the yields of (3) given in Table 

Table 5 

R 

H 

Me 

Ph 

Ph 

R 

H 

H 

H 

Ph 

t yield 

70 

97 

20 

60 
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> RCH 2CHR ' 

NH2 

( 1 2 ) (13) (14) 

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

(3, R-= R! = Ph) in 8.5/5 and 16'/' yields respectively when 

reactions uill be discussed in detail later, but suffice 

it to say that the bis-hydrazone reaction most probably 

proceeds via the acetylene. Oxidation of (14) uill give 

the bis-diazo species, uhich is knoun to lose tuo moles 
1 7 . . 

of nitrogen to give the acetylene. This assumption is 

in keeping uith the result that if the molar ratio of 

^4^4 bis-hydrazone is increased from 1:2 to 1:1 the 
yield of (3, R = R« = Ph) is- increased from 16$ to 22$. 1 6 

The thiadiazole (3, R = RT = Ph) is again a product of 
the reaction of benzil mono-oxime uith S^N^, other products 

1 8 being benzonitrile and benzamide. 

Multi-thiadiazole systems such as (15) and (16) have 

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

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

reacted uith S/N. in refluxing toluene 16 These hydrazone 4 4 

cases minute 19 
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O C H 2 R 

R' 
c * I b , i v, 4 4 

120 

N — S, 

a ) l< 

b) R 

c ) R 

d) R 

e) R 

(17) 

R' = H 

H R» = oMeO 

H R1 = mMeO 

H R1 = rifle0 

Ph R1 = H 

(15) 

a) R' = H 

b) R1 = FleO 

Table 6 

(17) 

a 

b 

c 

d 

e 

e* 

(15a) 

0.7 

0 

0 

3.6 

4.5 

% yield 

(15b) 

0.7 

0 

0 

0 

1.6 

4.3 

( 1 6 ) 

(16) 

0.4 

0.4 

0 

* Doubling the amount of S^N^ and carrying out the 

reaction under nitrogen. 
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20 1, 2 , 5-Thiadiazole chemis try has been reviewed, " 

and tuo typical forms of preparation are given belou 

H 2 N R 

c . 
H CN 

S 2 C 1 2 

R CI 

// 
V 

R R 

N 

OH OH 

sci. 

R R 

» \ V 
20 

The ring system shous more "aromaticity11 than thiophene, 

and its electron deficient character is indicated by its 

lack, of reactivity uith electrophiles and hence oxidation. 

H0,C 

: N / > 
1,2,5-Thiadiazoles have found very little practical use, 

although some biological activity such as antidiabetic 

and antihelmintic, have been shoun by compounds (10) and 
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(19) respectively. 20 

0 
II 

H,NC 

0 
II 
CNH2 

N N 

(13) 

H 

LMj 
( 1 9 ) 

More complex heterocyclic systems have been formed 

betueen and strained olefins, and these have been 4 4 7 

the subject of much discussion in the literature, 
21 

Becke-Goehnng and Schlafer first reported that S^N^ 

formed 1:2 adducts uith norbornene, norbornadiene and 

cyclopentadiene (1:4 in the latter case) and assigned 

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

no evidence to verify this choice. 

( 2 0 ) 

9 9 Glieter " then proposed the structure (21) on the basis 

of M.0, calculations and orbital symmetry considerations, 
23 but this uas disputed by Brinkman and Allen uho claimed 

1 

the structure (22) from H nmr and infrared spectral 

data. 
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( 2 1 ) 

(22) 

Houever, both these structures uere proved incorrect by 
24 2 5 2 6 X-ray analysis (23) 9 and chemical degradative studies 

uhich are shoun belou for the adduct of S,N. uith trans-4 4 
cyclo-octene. 



19 

The 1,3 addition across the S-N-S unit is also 
27 22 supported by Fl.O. calculations, and therefore Glieter!s 

deduction that addition uould take place to sulphur uas 

correct but he specified 1.5 addition. Further confusion 

uas caused uhen it uas claimed that the radical (24) uas 
28 

observed uhen the norbornene adduct uas photolised; a 

massive rearrangement uould have been required to generate 

(24) from (23). Houever a reappraisal and more detailed 29 study of the data, led to the structure (25) being 

assigned, and of course this is much more in keeping 
24 uith the proven structure. 

(24) (25) 

The fact that normally reactive olefins such as maleic 

anhydride and tetracyanoethylene are inert to S^M^ implies 
. 3 0 that S^N^ is an electron poor species. 
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The cycloaddition of reactive isonitriles is also 
31 

reported, but this uill be discussed later, 

S^N^ is reactive touards nucleophiles and it is this 

area of chemistry that uill be discussed in the next section, 32 
The reaction of S^N^ uith benzylamine is uell documented; 

it produces a yellou solid uhich has also been obtained from 

the reaction of benzylamine uith sulphur dichloride 32 
or lead oxide. This product had up until 1971 been 

assigned five different structures, the tuo most probable 

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

H H FR H 

(26) (27) 

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

that none of the previous structures uere correct and the 

molecule uas (28).*^ 

P I K / N - S \ P H 

I J P h V N \ I \ / N = C 
P h ^ N _ s / P h ' \ s S x \ p h 

H (28) (29) 

The reaction of S^N, uith diphenyldiazomethane gives 
34 

the acyclic compound (29), the structure of uhich has 
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20 
been solved by X-ray analysis. 

The same -S-I\I=S=N-S- unit is found in the product from 
t c -in 

the reaction of S^N^ uith Grignard reagents, ' and here 

again an X-ray study of the product (30) has been carried 
, 3 8 out. 

(30) (31) 

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

the disulphide (31) uhen heated above 80°C. Tashiro trt jal 

report the disulphide to be the major product from their 

reaction,^ 

The reaction of S^N^ uith alkyl lithium reagents has 
37 

also been reported; an example of one such reaction is 

given• 

/ P h S 4 N 4 

P h — S — C ~ Li+ > 
V h 

P h — S — S — P h + P h 2 C = 0 

Ph N ,Ph 

Ph NPh 
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This reaction is said to give thiobenzophenone, uhich is 
37 

described by the authors as an unstable green oil. 

Houever, in the present uork thiobenzophenone has aluays 

been bright blue, so this claim may be in some doubt. 

The oxidising pouer of S^N^ has already been mentioned 

and this property is again illustrated by its reaction 

uith the hydrazones (32) and (33) to yield the azines (34) 
in Q9% and 86% respectively. 39 

> NNH 

(32), R = Ph 

S 4 N 4 

Toluene 

A 24 h 

R 

R 
> N - N = < 

(34) 

-•a 
(33), R a= F1 = 

W // 

\\ // 

The reactions of S^N^ uith hydrazines give the results 

shoun. 39 

Benzene 
PhC0NHNHo + S N,, — P h C 0 N H o + (PhCONH) 2 ° 4 V 4 A 4 h 

27/o p 2Q% 

An extension of the hydrazone reaction has been that of 
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20 
S^N^ uith oximes and imines, some examples of uhich 

are illustrated belou. 

Phv s . n . P h \ / P h 
Nv/VQH 4 A n> > = N — S x — N = < 'X 

P h ^ Toluene p h ' ^ p h 

24 h x = 1 5$ 

x. = 4 3% 

Ph2C0 PhCONHPh 

(35) 

34$ 1$ 

F1=N-0H 4 4 Fl=N-S -N=F1 + Fl=0 
Toluene 

5 h (36), x = 1 22$ (38) 

(37), x = 4 10$ 14$ 

Fl=NH F1=N-S-I\!H2 

(39) (40) 

4$ 10$ 

S.N, 
F1=NH — o (36) 41$ (37) 14$ 

Toluene 

5 h 
(38) 25$ (40) 0.6$ 

18 The authors of this paper, say the mechanism for 

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

it is the expected product of a Beckmann rearrangement. 
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Reactive anhydrides of the type (41) react uith S^N^^ 

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

s 4N 4 + xox 

cci4 c c U 

R.T. 

x ' or 50 C 

r w 

(42) 

X % yield (42) 

S0 2F 55 

C0CF 3 72 

C0CC1 3 95 

The Uittig reagent (43) reacts uith S 4 N 4 to give the 
/ \ 41 compound (44). 

+ - DMF 
ph 3P-CH 2 + S 4 N 4 — ^ P h 3 P = N — S v N 

R.T. V - S ' 

(43) (44) 

Compound (44), uhose structure has been determined by 
42 X-ray diffraction, is also formed uhen triphenylphosphine 

43 is reacted uith S 4 N 4 in benzene at room temperature. A 

recent study of this phosphine reaction has shoun it to be 
44 complex and solvent dependent. 
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Tuo other sulphur nitrogen heterocycles have been 

briefly studied in the present uork; these are trichloro-

trithiazene S^N^Cl^ (45) and cyclotetrathiatriazenium 

chloride S^N^Cl (46). Their structures have been elucidated 

by X-ray a n a l y s i s ? ^ ' ( i n the latter case it uas the 

nitrate salt uhose structure was determined.4^) 

S — S 

V---V 

(45) (46) 

The inorganic chemistry of these tuo ring systems is 
3 8 

uell revieued ' and uill not be discussed here. Very feu 

reactions have been performed uith organic substrates on 

either molecule, but S^N^Cl^ is reported to react uith / \47 nitriles to give the novel dithiadiazolium ion (47). 

24 h 
RCN + StI\UC1 3 3 3 6 0 o c 

R = C M e ^ CC1 3, Ph. 
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20 
The following reaction has also been claimed, although 

no experimental conditions or structural information have 

been given. 

^ c h 2 C I 
S 3 N 3 C 1 3 + \ Q / ^ [NS.0CH(CH2C1)2]3 

The monomer NSC1 is formed uhen S^M^Cl^ is heated in a 
3 

vacuum or in a stream of inert gas, and therefore it is 

not surprising that some reactions of S^N^Cl^ shou monomeric 

behaviour. One such example is the reaction uith DMSO to 48 ° 

give the salt (48). The analogus behaviour of cyanogen 

chloride can clearly be seen by its reaction uith the same 

compound.4^ 
"NSC1" + rie2S0 » (fvie2s=N=5fYle2)Cl* 

(48) 

NCC1 + Me 2S0 — — — o ((vle2S=N=Slvle2 ) + Cl" 

50 

Barton and Bubb studied the reactions of S^N^,S^N^Cl and 

S^N^Cl^ uith a variety of organic substrates, and some of 

their results are outlined belou. 

P h \ V 3
C 1 P h \ 

•N 
H 

D h / N ^ N - P h T — D h 7 = N ^ S - P h P h x u A 20 min P h x 

benzene 
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+ Y 

benzene 

A t 
(49) 

A V h 

40 

1.25 

0.5 

Y= 

S 4 N 4 
S 4 N 3 C 1 

S 3 N 3 C I 3 

$ yield (49) 

17 

34 

44 

S 3 N 3 C I 3 

benzene 
o 

A 20 min 
31$ 

pyridine 

benzene 

R.T. 80 min 

AcO 

AcO 

S N 

N — S 

(50) or 

35$ 

( 5 1 ) 
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20 They could not distinguish betueen the structures 

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

product by their proposed mechanism (Scheme I). 

AcO 
- py AcO 

- HCl 

Cl 

H 
H' 

S N < > 
S = N 

- HCl 

- HSN 

- NSC'l 

(50) Scheme I 
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In this study it uas concluded that reactivity 

increased in the sequence S^N^, S^N^Cl, S^N^Cl^* 

From this brief revieu it can be seen that S^N^ and 

related compounds react uith various organic substrates to 

give a variety of products, often in lou yield. There is as 

yet little mechanistic rationalisation of these reactions 

and feu generalisations have emerged. 



DISCUSSION 
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Chapter 2 Reaction of S^N^ and Benzil monohydrazone 

2.1. Isolation of benzil-benzophenone azine. 

It uas claimed that uhen benzilmonohydrazone (13) 

(2 mol) and S^N^ (1 mol) uere heated in boiling toluene for 

24 hours the follouing products uere formed and isolated 

in the yields shoun. 

, A p h + 

16 

(13) 

Ph-

Ph 

N \ X 0 P h p t > 

(52) 20% 

Ph-
(53) Q% 

Phy^O • 

P h - ^ N ^ 

(54) 5% 

+ Ph2CHC0NH2 

(55) 3% 

Products (53) to (55) seemed entirely reasonable but ue 

uere surprised at the stability of the 2<H-imidazole (52) 

uhich uould be expected to undergo a rapid [l, 5] benzoyl 

shift to nitrogen to give 1-benzoyl-2,4,5-triphenylimidazole, 

as indeed it uas proposed to do in the standard preparation 
51 

of 2,4,5-triphenylimidazole from benzil and ammonia. Being 

auare of this, Tashiro and Hataka subjected their product 

(52) to the conditions of the benzil-ammonia reaction, 
heating it under reflux uith ammonium acetate in acetic acid 

1 6 for 1 hour. Since no change uas observed they concluded 
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that the 2h[-imidazole (52) is not an intermediate in the 
51 Ueiss reaction and that his mechanistic pathuay is 

1 6 
incorrect. It uas also stated that the 2h[-imidazole (52) 

on treatment uith acid gave benzilazine (54), but a 

mechanism for this hydrolysis is hard to envisage, so this 

again cast doubt on the proposed structure (52). 

Although the assignment of structure (52) uas apparently 13 
firmly based on analysis, spectroscopy, including C nmr 

and the above mentioned chemical degradation, ue decided to 

repeat the reaction of S^N^ uith the hydrazone (13). Ue 

obtained the same four products in similar yields and 

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

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

/ P h 
p h ^ N - N = < r 

\ p h 
(56)' 

Evidence for this comes from elemental analysis 
16 13 

( C 2 7 H 2 0 N 2 ° a n d C 2 8 H 2 0 W 2 ° a s )* ^ n m r a n d 

mass spectrometry. The carbon nmr spectrum gave C=0 at 
198.1 ppm and C=N at 165.3 and 163.5 ppm, uhereas the 

16 

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

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

carbons uould be equivalent. 
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Their failure to observe the tuo inline peaks could be 
attributed to our spectrum being produced at 62.9 MHz 

and although the Japanese do not state the pouer of their 
1 3 

spectrometer some C spectra are recorded at 15,07 MHz and 

at this louer value it is possible that the tuo imine peaks 

coalesced. The azine (56) uas synthesised from benzil and 52 
benzophenone hydrazone in accord uith the literature and 

this product uas identical uith the compound isolated from 

the S^N^ reaction by mixed melting point and spectral 

properties• 

2,2 Mechanism of formation of the mixed azine. 

The mechanism uhich ue initially considered for the 

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

Ph S 4 N 4 

(13) 

(57) / ^ P h 
PhCO 

-co 

Ph 

P h - ^ N 

+ s 4 N 4 H 4 

(56) Scheme II 
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20 
There is precedent for the dehydrogenation of 

hydrazones by S^N^, and loss of nitrogen from azibenzil 

uith rearrangement to diphenylketene is uell knoun. 

Involvement of diphenylketene uas first suggested by 

isolation of the small amount of diphenylacetamide, the 

ammonia presumably being generated from the knoun thermal 
53 decomposition of S^N^H^. 

110°C 
3 S 4 N 4 H 4 4 S + 4 NH3 + 2 S ^ 

This uas confirmed by conducting the reaction under an 

atmosphere of dry ammonia gas, uhen diphenylacetamide uas 

isolated as the -major product (60$) to the exclusion of the 

mixed azine. 

The salient points of the mechanism in Scheme II are the 

cycloaddition to give (57) and cheletropic extrusion of 

carbon monoxide from this molecule to give the mixed azine 
54 

(56). To verify these tuo proposals azibenzil and 
55 diphenylketene uere prepared independently and, in accord 

56 uith the literature, produced no reaction at room 

temperature. On addition of S^N^ the reaction darkened and 

a gas, shoun to be carbon monoxide by the palladium chloride 
57 test, uas evolved, but the azine (56) uas not formed. 

Investigation of the reaction revealed the major 

products to be (58) and (59), uhich are the knoun adducts 

of thiobenzophenone uith azibenzil58 and uith diphenyIketene5^ 

respectively. 
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Ph 

Ph 

(58) 

XPh 
Ph 

Ph-

Ph 

/ 
F c o 

0 

Ph (59) 

The reaction of diphenylketene, diphenyldiazomethane 

and S^N^, although evolving carbon monoxide, failed to give 

any benzophenone azine, uhich uould be the expected product 

from the mechanism given in Scheme II. The only product 

isolated uas tetraphenylthiirane uhich is the knoun product 

from the reaction of thiobenzophenone and diazomethane.^ 

Further evidence for the formation of thiobenzophenone 

uas a blue compound, observable by tic, uhich decomposed 

on column chromatography to give benzophenone, the 

expected decomposition product. Subsequent experiments 

shoued that diphenylketene reacted uith S^N^ to give 

thiobenzophenone and carbon monoxide and this former product 

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

as shoun in Scheme III. 
61 

Thiobenzophenone, prepared by the method of Motoki et al 

reacted uith the hydrazone (13) in refluxing toluene to give 

the azine (56) in 70$ yield based on recovered benzophenone. 

An independent experiment shoued that benzophenone does not 

react uith benzil monohydrazone under the same neutral 

conditions. 
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(13) 

/ P h 

Ph 
(56) 

(13) P h 2 C = S 
+ CO 

Scheme III 

A possible mechanism for the transformation of ketene 

to thioketone is given in Scheme IU. Support for. this 

mechanism is that a 2:1 molar ratio of ketene. to S^N^ is 

required for total consumption of the ketene, and no carbene 

derived products were isolated uhen the reaction uas carried 

out in cyclohexene. 

From the amount of palladium precipitated from the 

carbon monoxide test it uould appear that the reaction uas 

virtually quantitative at room temperature. The quantity 

of precipitated metal appeared by visual examination to be 

very similar to the amount of palladium precipitated by the 

same amount of carbon monoxide required for complete reaction. 

This carbon monoxide uas generated by the dehydration of 
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formic acid. 

.0 

i-ff P h 
Ph V - S + ' + S . - . V ^ P h 

ph V . 

0 

( 6 0 ) 

b c i 

P h 2 C S + CO + N 2 

Scheme IV 

In order to check the.scope of the carbon monoxide 

extrusion reaction from diphenylketene, the molecule uas 

reacted uith sulphur, S^N^Cl^ ar>d S^N^Cl. The tuo former 

reagents gave a negative carbon monoxide test, but this gas 

uas detected from the last reaction and a 30$ yield of 

benzophenone uas obtained. Scheme \J shous that a similar 

mechanism, to that uith S^N^,can be envisaged for this 

transformation:-
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Ph 

20 

rsy 
K. / Ph N 

- O 

Ph N — S 

" - N S " 

P h \ / < T H 

P h / \ v c l i 

(60) 

P h 2 C S + CO + N 2 

Scheme V 

The louer yield of this, reaction could be attributed to the 

chloride counter ion participating in the reaction. 

Chromatography of the sulphur and S^N^Cl^ reactions gave 

benzophenone in 9% and 10$ yields respectively. Houever 

benzophehone is a product of the reaction of diphenylketene 
62 

and oxygen, and as a blank experiment gave a 14$ yield of 

benzophenone, it can be concluded that the ketone is formed 

via the oxidative route. As all reactions uere carried out 

under nitrogen it is presumed the oxygen came from dissolved 
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gas in the solvent or on chromatography. 

If a reaction analogous to the ketene - 'S^M^ reaction, 

occurred uith the isocyanate group this uould give a route 

to the almost unknoun thionitroso compounds 

Ph-N=C=0 + S.N/, o Ph-N=S + CO 4 4 

Houever, phenyl isocyanate failed to give any recognisable 

product or carbon monoxide even after heating in toluene 

uith S^N^; the more reactive chlorosulphonyl isocyanate 

gave a negative carbon monoxide test, but a 1:1 adduct uas 
31 

obtained. This compound is in the literature uhere it uas 

proposed to have either of the structures (61) or (62) but 

subsequent X-ray analysis of the related fluorosulphonyl 63 isocyanate adduct shoued it to be the ylid (63)* 

V / ~ N v y P v 
y.j* N L 

- + 

( 6 1 ) ( 6 2 ) 

V F 

\\ h "7\ 

0 s^ - " s 
( 6 3 ) 
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The incomplete cycloaddition reaction can be attributed to 

the stabilisation of the negative charge uhich can formally 

be uritten on nitrogen. 

The decomposition of the intermediate (60) seems reasonable 

as compound (64) is proposed^ as the intermediate in the 

reaction of benzophenone hydrazone and disulphur dichloride, 

and this decomposes to give nitrogen, sulphur and 

thiobenzophenone. The compound (65) prepared by the oxidation 

of the N - N dihydro species decomposes at room temperature 
65 to benzonitnle and carbon monoxide, 

Ph 
p h - 4 -

Ph 

SL ^ 
s 

(64) (65) 0 

Attempted synthesis of the intermediate (60) uas 

undertaken by the route shoun in Scheme VI . Thiobenzylic 

acid (66) uas prepared by the method of Becker et a l ^ and 

converted into the methyl ester (67) by treatment uith dry 

hydrogen chloride and dimethyl sulphate in methanol. 

Attempts to prepare the sulphenyl chloride (68) directly 
67 69 by both N-chlorosuccinimide and sulphuryl chloride gave, 

after treatment uith anhydrous hydrazine and DBU, starting 

material and a small amount of the disulphide. 

It is knoun that sulphenyl chlorides are prepared in 
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better yields from disulphides, but not enough time uas 

available to conduct these experiments, although it is felt 

that this synthetic route (Scheme \ll) could yield the 

intermediate (60). 

P h 2 C C 0 2 H • MeOHicHci p h 2 C C 0 2 M e 
I M e 9 S 0 / I 
SH 2 4 SH 

(66) (67) 

NH 2NH 2 

c^-NH -MeOH 

-HCl 

P h 2 C C 0 2 M e 

SCI 

( 6 8 ) 

Pb(OAc) 

(60) Scheme Ul 
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2.3. A DNSO oxidative decarboxylation reaction. 

Whilst running the nmr of thiobenzilic acid in DMSO it 

uas noted that the solution uas a pale blue, indicating 

appear to be the first time DMSO has been instrumental in 

an oxidative decarboxylation. Indeed it appears to be the 

only oxidising agent capable of producing this transformation 

as the oxidants:- air, iodine, N-chlorosuccinimide, MCPBA 

and lead tetraacetate (LTA) all gave no reaction, or 

produced the disulphide (70). 

A proposed mechanism for this oxidation is given in 

Scheme VII- It is presumed the reaction does not proceed 

via the disulphide (70), as this compound, prepared from 

the acid by oxidation uith LTA, took 24 hours to generate 

the blue colour of the thioketone, uhen reacted uith DMSO. 

that thiobenzophenone uas present. DMSO is a knoun oxidant 
70 and uill oxidise thiols to disulphides, but this uould 

70 

(71) 

V 

CO 2 

CO2H 

( 6 3 ) 
Scheme VII 
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This can be contrasted uith the practically instant reaction 

of the acid (66) itself. The originality of DMSO as the 

oxidising agent in this reaction is attributed to the 

geometric requirements of the proposed seven membered ring 

intermediate (71). The characteristic odour of dimethyl 

sulphide uas detected from this reaction. 

This oxidative decarboxylation also proceeds, but less 

readily, uith benzilic acid to give'benzophenone and here 

again a similar mechanism can be envisaged. Houever on 

this occasion other oxidants such as N-iodosuccinimide, 

LTA, and sodium periodate are knoun to perform this 
71 

transformation. 

Investigation into this reaction as a possible synthetic 

route to thioketones has failed for tuo reasons. Firstly 

the DFISO appeared to azeotrope uith the thiobenzophenone 

uhen distilling the product from the reaction, and sec~ 

ondly 'in a further experiment the reaction sequence 

depicted belou took place. The disulphide (72) is the knoun 

product from the reduction of thiobenzophenone uith 72 ammonium sulphide. 

ne 2so 
Ph2C(SH)C02H 

( 6 6 ) 
Ph2C=S + CO. 2 + H 20 + Ne 2S 

P h 2 C ( H ) S ^ 

(72) 

Ph2C=0 + H 2S 
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Chapter 3 3,5-Diphenyl-1,4t2)6-dithiadiazine 

3.1. Isolation and attempted synthesis 

The following reactions have been reported 16 

Ph- NNH f -'2 S 4 N 4 

P h / ^ N N H 2 

Ph Ph Ph-

(53) 16% 

N 

(6) Trace 

Ph-C=C-Ph 
S 4 N 4 (53) 87$ (5) Trace 

and, as stated earlier, it uas assumed that the latter 

reaction proceeds via the acetylene. In a full paper the 
11 same authors do not assign a structure to compound (6) 

but represent it by Ph-C=C-Ph N252> as in this report they 
1 3 

give the C nmr spectrum, uhich indicated that the tuo 

quaternary carbons and phenyl rings uere equivalent, thus 

invalidating their proposed structure (6), Despite this 

they made no attempt to correct the cyclic sulphur diimide 

(6) so it uas thought the reaction uarranted further 

investigation. 

These reactions uere repeated and both products uere 

isolated, the compound "(5)" in yields from both reactions 

The mass spectrum shoued no loss of nitrogen and gave no 

peak for diphenylacetylene so it uas concluded that there 

uere no l\l-N or C-C bonds in the molecule. Although the 
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1 6 Japanese claim there is an N=S=N adsorption in the U.V. 

spectrum, analysis of the infra red data shoued ho 

absorption in the regions 1070 cm" and 1265 cm required 1 1 

73 by a sulphur diimide, so this again shous Tashiro and 

co-uorkers failed to analyse the spectral data correctly 

in assigning the structure n(6)"# This data led us to the 

conclusion that the compound uas a dithiadiazine uith either 

struture (73) or (74). 

The compound uas shoun to be 3,5-diphenyl-1,4,2,6-

dithiadiazine (73) by the independent synthesis given in 

Scheme UlII. 

(73) (74) 

PhCSNH 2 
SCI 2 

HN NH 
(75) 

-H 2S 

Scheme VIII ( 7 3 ) 



46 

The synthesis in Scheme VIII presumably proceeds via 

the intermediate (75) which spontaneously loses hydrogen 

sulphide (detected by lead acetate paper) to give (73), The 

major obstacle in this synthesis is the formation of the 1,2, 

thiadiazole (76) as the major product, arising from the 

oxidation of the thiobenzamide by the sulphur dichloride, 

reducing the yield of (73) to a maximum of 5$. Attempts to 

scale the procedure up led to zero yield of (73). The 

oxidation of thiobenzamide to the thiadiazole (76) is uell 

documented uith oxidising agents ranging from hydrogen . 

peroxide, disulphur dichloride and thionyl chloride.'''4 A 

mechanism for this oxidation is given in Scheme IX. 

2 

PhCSNH 2 

Ph 

(76) Scheme IX 

Houever, in the reactions of sulphur dichloride, 

thionyl chloride and sulphuryl chloride it uould appear 

that the mechanism given in Scheme IX does not operate. 
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Evidence for this comes from the isolation of £-nd.tror 

benzonitrile from the reaction of £-nitrothiobenzamide and 

sulphur dichloride, and the isolation of compound (77) 

from thiobenzamide uith thionyl chloride and sulphuryl 

chloride. Therefore the mechanism proposed is given 

in Scheme X and this is documented 

PhCSNH. 
SO Cl 0 n 2. 

n = 0,1,2. 

(76) 

Scheme X 

o -

PhCN 

Ph-
V 
H 

PhCSNH. 

NH S 
(77) 

Ph 

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

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

thiobenzamide and sulphur dichloride shou some interesting 

anomalies. ,,2 

H 3 

T r ^ 
o 2 N # ^ h 3 

H 4 (78) 
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In the H nmr the protons H^ and H^* a n d H
2
 a n d H4' a r e 

equivalent, uhereas in the unsubstituted compound (76) H^ 
c 13 

and H^ are separated by 0,3 u . The C nmr spectrum 

of (78) also indicates that C^ and Cg, and C^ and C^, 

are equivalent-and yet there is a difference of 1 ppm 

betueen C^ and C^ and betueen Cg and C^g. No real explanation 

for these abnormalities can be offered, but all other spectral 

data and the analysis are in agreement uith the proposed 

structure (78). 

Other sulphur insertion reagents used in place of 
75 7 6 sulphur dichloride are (79) and (80). Both these 

compounds have .been used in the someuhat related 
77 78 transformations given belou ' 

NHR 

NHR 

R 
•Nx 

R 

NH SCI 

A 
N - S - N 
H H 

(100) 
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However both these reagents gave the oxidation reaction 

uith thiobenzamide to give the 1,2,4-thiadiazole (76) 

exclusively. 

only evidence for this intermediate (81) uas that on 

hydrolysis it gave N-benzoylthiobenzamide, Houever this 

result must surely discredit the claim to structure (81) as 

it is the expected hydrolysis product of compound (77) 

uhich is knoun to form in this reaction. Therefore all 

attempts to trap (81) uith sulphur dichloride to give the 

dithiadiazine (73) did in fact give the 1,2,4-thiadiazole 

(76) as the only product, 
79 / \ The same author also claimed to isolate (82) from 

the reaction of thiobenzamide and iodine and this compound 

79 The follouing reaction has been claimed although the 1 

PhCN + PhCSNH 2 
HCl •O 

(81) 

s—s. s 

NH NH 

(HI)2 I 2 

( 8 2 ) (83) 
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(82) could be a possible precursor to (73). Houever 

examination of the mass spectrum and infrared spectrum 

suggest that (82) is better represented by the structure 

(83). 

Attempts to prevent the oxidation of thiobenzamide to 

the thiadiazole (75) by s - m e t h y l a t i o n , to give compound 

(85) failed. 

SMe 7 7 N N 

(84) (85) 

8 0 

Compound (84) uas prepared by the method of Ohno e_t al 

but uhen reacted uith sulphur dichloride or uith l\!,N-bis-

phthalimido sulphide the thiadiazole (75) uas the only 

product isolated. 

Forming the anion of thiobenzamide uith sodium hydride 

and then reacting uith sulphur dichloride also led to 

1,2,4-thiadiazole (75) formation. The thiadiazole (76) uas 

again formed in the reaction of CSI uith thiobenzamide, 
instead of the anticipated product (86), uhich is related 

to the dithiadiazine (73). The literature precedent for 

this reaction comes from the uork of Ueinstock and 
01 co-uorkers, uho observed the follouing: 
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( 8 6 ) 

Although the thiobenzamide could have added in tuo uays, on 

the basis of hard and soft centres, the addition uould 

have been predicted to give the desired product (86), 

The follouing reaction of bis-oximes is a uell knoun 

route to 1,2,5-thiadiazoles• 

It uas hoped that the analogous reaction uould yield the 

dithiadiazine (73) 

R R 
s c i 2 

N N 

OH 

< < OH OH 
( 7 3 ) 
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However the follouing synthesis failed to give compound (73) 

Ph' Cl 
Ph Ph 

i) Et N H,S 

\| ii) SCI. 

OH 

// \\ + N N * 

(87) 

0 

Ph Ph 

//• w 

N N 

(88) 

The only recognisable products uere the oxadiazoles (87) 

and (88), the knoun dimerisation products of the nitrile 

oxide. The conditions used in this reaction uere those of 
82 Gibson uho has carried out the follouing transformation 

Ars X' 

N * 
NHPh 

Et^M H 2 S N 

PhNH 
N 
S 
NHPh 

uhich, although similar, excludes the formation of the 

nitrile oxide and hence dimerisation as observed in the 

previous example. 

The product from the reaction of the thiohydroxamic acid 

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

Ph' S N a C k / P h 
(73) 

sex. 
OH 

(89) 
OH 
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directly uith sulphur dichloride to yield an intractable 

tar of uhich the dithiadiazine uas not a part. 

The dibenzilidenesulphamide (90) uas prepared from 
84 

benzaldehyde and sulphamide- and it uas hoped this compound 

might be a pre.cursor to the 1,1 dioxide derivative (91) 

Ph 

(90) N 

0 0 

•Ph Ph- Ph 

^ N (91) /A\ 
0 0 

Houever attempts to bring about this transformation 

failed as no reaction uas observed uhen (90) uas reacted 

uith sulphur dichloride, disulphur dichloride and N_,N>-bis-

phthalimido sulphide (79). The compound (90) uas inert to C c< 

halogenation as using the conditions to chlorinate 
85 

benzaldoxime gave no reaction at the recommended 

temperature (20 C ), and on increasing the temperature to 

50°C, decomposition of starting material uas observed. 8 6 Similar results uere obtained using Scott*s procedure 

for brominating hydrazones and using tert butyl hypochlorite 
8 7 uhich has been used for chlorinating imines. 

8 8 

The follouing transformation is reported but on 

applying these conditions to compound (90) an intractable 

tar uas obtained. 
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Ph\ / P h 
N — N = x 

H 

N — N 

H 

piperidine 

120 c S 8 P h - ^ x s ^ -Ph 

In the synthesis of compound (90) a probable intermediate 

is (92) and related species have been treated uith hydrogen 

sulphide to give a six membered ring, as shoun by the 
89 follouing uork of Seidel e_t a_l 

R H N ^ ^ N H R 
+ 

CHoO 

H 2S TSOH 

A CHCl. 

RN 

S A NR 

0 0 V 
H N ^ ^ N H 

/ 
OH OH 

S 

R 

/ (92) 

NR 

OH OH 

On applying these reaction conditions to benzaldehyde 

and sulphamide the reaction did not proceed as anticipated 

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

in -< and P forms, uhich is the knoun product of the reacton of 
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H 

20 benzaldehyde and hydrogen sulphide. 

Attempts to prepare compound (91) via the condensation 

shoun belou 

P h ^ / S ^ P h T s 0 H 

R H • II II + SO 2 (NH 2 ) 2 ( 9D 
s ^ .S 0 0 

p h X ^ A t o l u e n e 

(93) 

failed to give a product, presumably due to the deactivation 

of the thioanhydride, as the analogous reaction of the .. 
91 diketone proceeds in good yield. 

Ph Ph 

0 
S 0 2 ( N H 2 ) 

HCl 

A EtOH 

The N,N-thiobisbenzamide (94) appeared to be an 

excellent precursor to the dithiadiazine (73), as its 

structure is closely related to the proposed intermediate 

(75) uhich is knoun to spontaneously lose hydrogen sulphide 

to give (73). 

The bisamide (94) uas prepared from benzamide and 
92 

disulphur dichloride but all attempts to thionate the 

molecule led to the formation of benzamide and 

thiobenzamide. The reagents used in these experiments uere 
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Ph 0 0 5 ^ / P h P h - v ^ S S 

HN NH HN ^ J I H 

P h v ^ S ^ P h 

(94) 
-S 
(75) 

ti h 

(73) 

as follows: 

i) phosphorus pentasulphide in refluxing toluene uith 

and uithout pyridine. (The latter conditions have been used 
9 3 by Takata e_t al to perform the follouing transformation) 

P 2 S 5 

toluene 
Ph 

Ph 

\ 1 / \94 ii) Lauessons Reagent (95) in refluxing toluene 

uhich is a knoun method for the thionation of amides, 95 

iii) LauessonTs Reagent again but in the thermally 
9 6 

milder conditions of refluxing in benzene uith HMPA. 

As the compound (94) could not be thionated it uas then 

decided to try to dehydrate it in the presence of hydrogen 

sulphide; houever this reaction gave only benzamide and 

none of the anticipated dithiadiazine (73). In fact the 

molecule (94) uas resistant to dehydration under the 

follouing conditions: 
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i) £-toluenesulphonic acid in refluxing toluene under 

Dean and Stark conditions, 

ii) £-toluenesulphonic acid in refluxing toluene uith 

the solvent being recycled through a Soxhlet thimble filled 

uith calcium hydride, 

iii) Thionyl chloride in both refluxing benzene and 

toluene 

iv) dicyclohexylcarbodiimide at room temperature. 

The above reactions either yielded benzamide or recovered 

starting material. Attempts to mesylate (94) uith mesyl 

chloride also gave no reaction. 

Due to these ^results it uas thought the structure (94) 

may have been incorrect but a detailed study of the spectral 
13 

data including C nmr confirmed structure (94), Houever, 

the resistance of the compound to dehydration uas reinforced 

by the mass spectrum uhich gave no peak at M - 18, The only 

possible reason uhich can be envisaged is that the compound 

(94) adopts the conformation (96) and on heating undergoes 

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

+ PhCONH 
2 

(96) (97) 



58 

Evidence that the amide proton is hydrogen bonded is 

given by H nmr, as for compound (94) the exchangeable 

protons are at 610«81 whereas for compound (98) the 

exchangeable protons are at 67,58..For this latter compound 

it is considered that the sulphamide oxygens uill disrupt 

the hydrogen bonding as proposed for structure (96) by 

forming intermolecular hydrogen bonds. To see if compound 

(96) does fragment in the above manner it uas heated in 

toluene in the presence of 1,3-cyclohexadiene• The mass 

spectrum of the reaction mixture gave a peak at 231 uhich 

corresponds to the product (99), but the reaction uas very 

messy and it uas not possible to isolate compound (99) in 

a pure state. Therefore the proposed decomposition route 

must remain as speculative. 

(99) (98) 

* Compound (98) and its dehydrated derivative (100) uere 

prepared by the reaction of N-chlorobenzamide and thionyl 
9 7 chloride. Compounds (98) and (100) uere also prepared 

Both these compounds are interconvertible uhich is further 

evidence to support the absence of intramolecular hydrogen 

bonding in compound (98). 
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from sulphamide and benzoyl chloride, although the former 

synthesis is preferable since the starting materials are 

more readily available. 

Attempts to thionate compound (98) using the procedures 

described for compound (94) again yielded only benzamide 

and thiobenzamide. 

Treatment of compound (100) uith £-toluenesulphonic 

acid in refluxing toluene under an atmosphere of hydrogen 

sulphide failed to yield any of the dithiadiazine derivative 

(91). Houever variable temperature mass spectra did give a 

molecular ion at 238 uhich corresponds to the 2,5 diphenyl 

-1,3,4-thiadiaz-ole, that could be formed from compound (91) 

by extrusion of sulphur dioxide. Conducting the reaction in 

refluxing benzene, in the hope of avoiding this thermal 

decomposition, produced no reaction. 

Attempts to prepare N-chlorothiobenzamide employing 

hydrochloric acid and chlorine, the conditions used for 
97a 

preparing its oxygen analogue, gave only the 1,2,4-

thiadiazole (76). 

N H 

( 1 0 0 ) 
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3.2. Related ring systems. 

Our oun literature survey and a recent review on six 
98 membered rings uith three or more hetero atoms shoued 

the 1,4,2,6-dithiadiazine to be novel, uith the exception 
99 

of a 1,1-dioxide derivative (101) that uas synthesised 

in the follouing manner. 

N = C = 0 

N = C = 0 

S ( S i M e 3 ) 2 
0 V 

o A 
( 1 0 1 ) 

0 S i M e 3 

s t 

0SiMe = 

? 

As detailed earlier there is an oxygen analogue (100) 

of (101) and tuo further examples of this ring system (102) 100 

and (103)^'' are given. 

One report of a 1,4,3,5-dithiadiazine (104) 
103 been corrected and shoun to be the dimer (105). 

102 has 
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S0 3 + C1CN 
N 
II 
c 
II 
0 

0 0 

X Cl C1CN o 

0 0 x JT N 

C K ^ O 

( 1 0 2 ) 

Cl 

(vle02CNHS02Cl 
i) NaH -78 C 

ii) MeCN 

0 0 V 
M e ^ ^ C K ^ O M e 

(103) 

Kl Q 
ci ci 

(104) 

1 \ 
S—N-

(105) 

S N 

Cl 
Cl 

104 The follouing reaction has been claimed in a patent but 

H 
E t 0 2 C 

NC 

' S — N \ / C 0 2 E t C 0 2 E t NaN3 E t 0 2 C \ ^ /1-U2 

N S C N 
H 

CN NC' 
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as no spectral data uas given it should be vieued uith caution, 
105 

Magnus and co-uorkers have prepared a 1,2,4,5-

dithiadiazine (106) from the follouing reaction and found 

that it decomposed in refluxing acetone to give the 

dihydrothiadiazole (107) 

Ph' 
= NNHPh 

S DDQ 

NNHPh 
Ph' 

Ph V 
P h N = N A N _ / ' 

Ph 
/ 

(106) 

A Me^CO 

(107) 
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3,3. A mechanism of formation. 

A mechanism for the formation of the dithiadiazine (73) 

must deal uith the problem of carbon-carbon triple bond 

cleavage. Control experiments established that compound 

(73) uas not formed via the thiadiazole (53) so it uas then 

considered that the thiirene (108) might be an intermediate, 

o o 

A P h ^ Ph P h r P h 
(108) (109) 

Houever, the follouing experiments gave no particular 

support to this' proposition: 

i) reaction of the cyclopropenone (109) uith S^N^ 

gave none of the analogous product (110), but gave lou 

yields of compounds (53) and (73) presumably by 

decomposition to the acetylene 

ii) the addition of dimorpholenodisulphide uhich is 
1 0 S 

reported to give (108) uhen reacted uith diphenylacetylene 

failed to increase the yield of the dithiadiazine (73) 

iii) a thiirane might be isolated if an analogous 

reaction occurred uith an alkene, but no reaction uas 

observed betueen tetraphenylethylene and S^N^. 

The dithiadiazine (73) is an adduct of the acetylene 

uith anc* a S ^ atter compound is in equilibrium 3 uith S^N^ at elevated temperatures, it uas plausible that 



64 

S 2N2 might be the reacting species. This uas shoun to be 

unlikely as slou addition of the acetylene, over a forty 

hour period, to S^N^ in refluxing toluene gave no increase 

in the yield of the dithiadiazine (73). 

Therefore the mechanism in Scheme XI uas considered; 

this is in keeping uith the lou yield of compound (73) as 

the entropy factor for the anionic sulphur to attack carbon 

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

Ph 

( 1 1 1 ) 

Scheme XI 
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molecule of acetylene to give (112) uhich, as Scheme XII 

shous, is a proposed intermediate in the formation of the 

thiadiazole (53). In agreement uith the proposed mechanism 

in Scheme XI> uhen the molar ratio of S^N^ to acetylene 

uas raised from 1:2 to 2:1, the yield of the dithiadiazine 

increased from -1% to 7%. 

P h - C = C - P h 

Ph Ph 

Scheme XII (53) 

A recent report 107 gave an example of carbon-carbon 

triple bond fission 

Ph-C=EC-Ph 
octane 

+ 
j D - M e P h - C ^ C - P h M e ^ 

and as this phenonemon occurs in our reaction, ue thought 

that the reagents might find application here. Houever none 
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of the dithiadiazine (73) uas observed uhen phenylacetylene, 

S^N^, molybdenum hexacarbonyl and phenol uere refluxed 

for 24 hours in petrol (bp 60-80°). 

The addition of aluminium trichloride, (see Chapter \)) 

although again suppressing the yield of the thiadiazole (53), 

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

The dithiadiazine (73) shoued exceptional thermal 

stability in that after six hours reflux in decalin, HPLC 

shoued only 10% of the material had decomposed to the 

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

sulphur to give the isomeric thiadiazole (113) the loss of 

S^ uas expected, as it is almost unknoun for sulphur 
108 

extrusion to lead to nitrogen-nitrogen bond formation 

.Photolysis at 300 nm for 2 hours again yielded the 

1,2,5-thiadiazole in 48% yield. The remaining 50% of the 

material presumably decomposed via an alternative pathuay, 1 09 perhaps related to that shown for the dithiazine (114) 

(53) (113) 

(100 ) trapped by 
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The compound (73) uas rapidly decolourised by one 

equivalent of MCPBA at room temperature, but preparative 

plate chromatography produced seven compounds and because 

of the small amount of starting material none of these 

could be fully characterised. Houever a variable temperature 

mass spectrum of the crude product indicated that tuo 

thiadiazoles uere present as the peak at 238 gave tuo 

maxima at tuo different temperatures. Therefore it is 

0 
II 

Ph 

(115) 

S v ^ P h 

a 

(116) 

proposed that both S-oxides (115) and (116) are formed, 

but that both extrude sulphur monoxide to give the 

thiadiazoles (53) and (113). 

The follouing reaction has been reported 110 

DMAD 

180°C 

6 h 80% 

£ = C0 2ne 
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so it uas decided to react the dithiadiazine (73) uith 

DMAD under the same conditions as on this occasion tuo 

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

(117) (118) 

failed to react at 130°C but on raising the temperature 

to 180°C the dithiin (118) uas obtained (48%), and the 

1,2,5-thiadiazo,le (53) (8%), uhich uas presumably formed 

by thermal decomposition of starting material. 
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3,5. Crystalloqraphic Analysis. 

Ouing to the intense orange colour of the dithiadiazine 

(73), (the thiadiazole (53) is colourless) and its 

excellent thermal stability, it uas decided to investigate 

the molecule by X-ray crystallography. This uould reveal 

whether a resonance form such as (119) made a significant 

contribution to the molecule. 

Suitable crystals uere groun from petrol (bp 60-80 ) 

by room temperature evaporation and uere triclinic, 
o 

a = 3.951(1), b = 12.527(6), c = 12.950(5) A, G = 77.29(4), 
n 

P = 82.61(3), y = 85.37(3), U = 619A° Z = 2, Space 

group P 

A total of 1563 independent reflections uere measured 

on a diffTactometer ( £ ^ 55°) using Cu-K^. radiation and 

and of these 119 have |Fo| <C 3 CT (| Fo [) and uere classed 

as unobserved. 

Ph 

+ 
(119) 

Ph 

( 1 2 0 ) 

The structure uas solved by direct methods and refined 

anisotropically to give = 0.039, and is shoun in figs. 

1,2 and 3. From this data it can be concluded that resonance 

forms such as (119) make a negligible contribution to the 
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s t r u c t u r e o f t h e d i t h i a d i a z i n e ( 7 3 ) as t h e bond l e n g t h s 

f o r C=N, C - S and N - S c o r r e l a t e w e l l u i t h t h o s e r e p o r t e d 

111 3 f o r u n p e r t u r b e d s y s t e m s . ' For c o m p a r a t i v e p u r p o s e s t h e 

bond l e n g t h s o f C=N and N - S i n t h e 1 , 2 , 5 - t h i a d i a z o l e ( 5 3 ) 
0 0 112 a r e 1 . 3 4 2 A and 1 . 6 3 5 A r e s p e c t i v e l y , b o t h t h e s e d i s t a n c e s 

b e i n g s h o r t e r t h a n t h e c o r r e s p o n d i n g bonds i n compound ( 7 3 ) 

The m o l e c u l e ( 7 3 ) a d o p t s a b o a t c o n f i g u r a t i o n ( F i g s . 

1 and 2 ) uh i ' ch i s s i m i l a r t o t h a t o f t h e 1 , 4 - d i t h i i n - 1 - o x i d e 

( 1 2 0 ) . 1 1 3 
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C h a p t e r 4 Two n o v e l 1QTT e l e c t r o n a r o m a t i c h e t e r o c y c l e s . 

4 . 1 , I s o l a t i o n . 

The f o l l o w i n g r e a c t i o n h a s been r e p o r t e d by T a s h i r o 

11 and c o - w o r k e r s . 

e - c s c - e 

£ = CC^Ne 

( 1 2 3 ) 6% ( 1 2 4 ) 

Our i n t e r e s t i n t h i s r e a c t i o n uas i n compound ( 1 2 2 ) as i t 

was t h o u g h t t h a t i t c o u l d be a p r e c u r s o r t o t h e d i t h i a d i a z i n e 

r i n g s y s t e m by e x t r u s i o n o f a s u l p h u r a t o m . R e a c t i o n s o f 

e l e c t r o n d e f i c i e n t a c e t y l e n e s and S^N^ had p r e v i o u s l y b e e n 

9 

r e p o r t e d t o g i v e a d d u c t s c o n t a i n i n g an f ^ S g u n i t b u t t h e y 

w e r e a s s i g n e d s t r u c t u r e ( 7 ) . 11 
However T a s h i r o and c o - w o r k e r s d i s m i s s e d t h i s s t r u c t u r e 

as when t h e y p r e p a r e d t h e c o r r e s p o n d i n g compound ( 1 2 5 ) f rom 

m e t h y l p r o p i o l a t e , t h e H nmr gave a s i n g l e t a t 68 . 9 0 w h i c h 

S 4 N 4 C=-
A t o l u e n e 

6 h 

f \ 
(121) 60% 

N — S 
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(V) 

R = CN 

R = CF. 

£ = C O ^ e 

P K 

X 

( 1 2 5 ) .. 

x + y = 3 
x 

( 1 2 6 ) 

he a s s i g n e d t o an a z o m e t h i n e p r o t o n and n o t an o l e f i n i c as 

11 
s t r u c t u r e (7 ) w o u l d r e q u i r e , T a s h i r o t h e n s t a t e s t h a t 

compounds ( 1 2 2 ) , ( 1 2 5 ) and ( 1 2 6 ) h a v e t h e s t r u c t u r e ( 1 2 7 ) 

i . e . y = 0 , x = 3 on t h e f o l l o w i n g d o u b t f u l a r g u m e n t . The 

m e t h y l e s t e r i n ( 1 2 6 ) i s o b s e r v e d a t 6 3 . 5 1 w h i c h i s a t 

h i g h e r f i e l d t h a n t h e e s t e r p r o t o n s o f compound ( 1 2 9 ) w h i c h 

r e s o n a t e a t § 4 . 0 1 . T h e r e f o r e T a s h i r o s u g g e s t s t h a t t h e 

R R' 

N \ 
\ / 
SL S 

( 1 2 7 ) 

R = r - = 5 = ( 1 2 8 ) 

Ph 

// v, 

( 1 2 9 ) 
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m e t h y l and p h e n y l g r o u p s a r e c l o s e r t o g e t h e r i n compound 

( 1 2 6 ) t h a n i n t h e t h i a d i a z o l e ( 1 2 9 ) and t h i s can o n l y be 

a c c o m p l i s h e d when y = • and x = 3 t o g i v e ( 1 2 7 ) , 

Ue t h e r e f o r e t h o u g h t t h e r e a c t i o n u a r r e n t e d f u r t h e r 

i n v e s t i g a t i o n and r e p e a t e d i t t o o b t a i n t h e same f o u r 

p r o d u c t s i n a p p r o x i m a t e l y t h e same y i e l d s . S u s p i c i o n t h a t 

t h e s t r u c t u r e ( 1 2 8 ) u a s i n c o r r e c t a r o s e f r o m mass s p e c t r a l 

d a t a w h i c h g a v e no p e a k s a t 85 and 2 0 2 , c o r r e s p o n d i n g t o 

m e t h y l c y a n o f o r m a t e and t h e 1 , 2 , 5 - t h i a d i a z o l e ( 1 2 1 ) , b o t h 

o f w h i c h w o u l d be e x p e c t e d f r a g m e n t s f r o m a compound w i t h 

s t r u c t u r e ( 1 2 8 ) . T h i s s p e c t r u m d i d g i v e a peak a t 103 
+ 

w h i c h c o r r e s p o n d s t o t h e i o n [^60200=5 so t h i s gave t h e 

f i r s t i n d i c a t i o n s t h a t C - S and n o t C-N bonds w e r e p r e s e n t 

i n t h e m o l e c u l e " ( 1 2 8 ) " . T h i s was f u r t h e r s u b s t a n t i a t e d 

by t h e i n f r a r e d s p e c t r u m w h i c h had no a b s o r p t i o n s i n t h e 

r e g i o n o f 1 6 0 0 cm as w o u l d be r e q u i r e d f o r a C=N. 
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4 . 2 . . C r y s t a l l o q r a p h i c a n a l y s i s . 

The compound " ( 1 2 8 ) " was s u b m i t t e d f o r X - r a y a n a l y s i s , 

s u i t a b l e c r y s t a l s b e i n g grown by room t e m p e r a t u r e e v a p o r a t i o n 

o f a s o l u t i o n i n p e t r o l ( b p 6 0 - 8 0 C ) • These w e r e m o n o c l i n i c , 

a = 1 9 . 6 7 6 ( 3 ) , b = 5 . 7 9 8 ( 1 ) , c = 1 8 . 6 4 6 ( 5 ) A, P = 9 4 . 1 7 ( 2 ) ° , 

°3 , - 3 
U = 2 1 2 2 A , s p a c e g r o u p = C 2 / c , Z = 8 , D c = 1 . 6 7 g cm . 

A t o t a l o f 1328 i n d e p e n d e n t r e f l e c t i o n s w e r e m e a s u r e d on a 
o 

d i f f T a c t o m e t e r ( 6 ^ 5 5 ) u s i n g Cu-K^ r a d i a t i o n and o f t h e s e 

104 had | F 0 | < 3 c f ( j F 0 l ) a n d w e r e c l a s s e d . a s u n o b s e r v e d . The 

s t r u c t u r e was s o l v e d by d i r e c t m e t h o d s and r e f i n e d 
o 

a n i s t r o p i c a l l y by f u l l m a t r i x l e a s t s q u a r e s t o R = 0 . 0 7 0 . 

T h e r e was d i s o r d e r i n one o f t h e m e t h y l e s t e r s . 

. The d i m e n s i o n s f o r t h e d i m e t h y l 1 , 3 , 5 , 2 , 4 - t r i t h i a -

d i a z e p i n e - 6 , 7 - d i c a r b o x y l a t e ( 1 3 0 ) a r e g i v e n i n F i g . 4 and 

a s p a c e f i l l i n g r e p r e s e n t a t i o n i s shown i n F i g . 5 . The 

s t r u c t u r e ( 1 3 0 ) shows t h a t t h e s u s p i c i o n t h a t no C-M b o n d i n g 

was p r e s e n t i n t h e m o l e c u l e was c o r r e c t and t h e p l a n a r i t y 

s u g g e s t s t h e r e s o n a n c e f r o m ( 1 3 1 ) may make a c o n t r i b u t i o n , 

a l t h o u g h ( 1 3 0 ) w i l l be by f a r t h e l a r g e r p a r t . T h i s p l a n a r i t y 

s 

£ = CO,Pie 
( 1 3 0 ) z ( 1 3 1 ) 

\ / 





GO 
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and an e l e c t r o n c o u n t a l s o i n d i c a t e s t h a t t h e s e v e n membered 

114 

r i n g ( 1 3 0 ) may be c o n s i d e r e d as a 10"TT e l e c t r o n a r o m a t i c 

s y s t e m and t h i s w i l l be d i s c u s s e d l a t e r . The a n a l o g o u s bond o o 
l e n g t h s i n t h i o p h e n e a r e 1 . 3 7 0 A f o r C=C and 1 . 7 1 4 A f o r 

115 

C - S and b o t h t h e s e c o m p a r e f a v o u r a b l y u i t h t h e o b s e r v e d 

v a l u e s h e r e . The s u l p h u r - n i t r o g e n bond l e n g t h s a r e w e l l o b e l o u t h e 1 . 6 7 A v a l u e f o r a s i n g l e b o n d , b u t a p p r o x i m a t e o 3 
t o t h e v a l u e o f 1 . 5 5 A f o r a d o u b l e b o n d . . 

The u l t r a v i o l e t s p e c t r u m o f compound ( 1 3 0 ) i n e t h a n o l , 

A 2 7 4 nm, l o g 6 = 4 . 2 6 and 3 3 4 nm, l o g £ = 3 . 5 6 i s max 

s i m i l a r t o t h a t o f compound ( 1 2 3 ) i n t h e same s o l v e n t , 

A 2 6 6 nm, lo-g £ = 4 . 0 9 and 332 nm, l o g £ = 3 . 4 0 , w h i c h max ' 

s u g g e s t s t h a t t h e compound h a s an e l e c t r o n i c c o n f i g u r a t i o n 

s i m i l a r t o ( 1 3 0 ) and t h i s c a n n o t be accommodated i n t h e 

11 
s t r u c t u r e ( 1 2 3 ) p r o p o s e d by t h e J a p a n e s e * These a u t h o r s 

o f f e r e d no e v i d e n c e t o s u p p o r t t h e s t r u c t u r e ( 1 2 3 ) and as 

t h e r e u e r e no l a r g e l o s s e s i n t h e mass s p e c t r u m o f 28 and 

3 2 , as w o u l d be e x p e c t e d f r o m a s t r u c t u r e such as ( 1 2 3 ) 

t h a t c o u l d l o s e n i t r o g e n and s u l p h u r , ue began t o d o u b t t h e 

v a l i d i t y o f t h e i r c l a i m . The i n f r a r e d s p e c t r u m o f ( 1 2 3 ) 

had s i m i l a r i t i e s u i t h t h a t o f ( 1 3 0 ) a l t h o u g h some d i f f e r e n c e s 1 3 

e x i s t e d and t h e C nmr o f ( 1 2 3 ) gave t h e r i n g c a r b o n a t 

1 5 1 . 2 ppm w h i c h i s s l i g h t l y h i g h e r t h a n t h e v a l u e o f 1 4 0 . 9 

ppm f o r compound ( 1 3 0 ) . From t h i s i n f o r m a t i o n no c e r t a i n 

s t r u c t u r e c o u l d be a s s i g n e d f o r ( 1 2 3 ) and t h e compound uas 

s u b j e c t e d t o X - r a y c r y s t a l l o g r a p h i c a n a l y s i s , s u i t a b l e 
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c r y s t a l s b e i n g grown f r o m room t e m p e r a t u r e e v a p o r a t i o n f r o m 

a s o l u t i o n o f p e t r o l ( b p 6 0 - 8 0 ° C ) . These u e r e m o n o c l i n i c , 

a = 3 . 8 1 6 ( 2 ) , b = 1 4 . 6 8 2 ( 9 ) , c = 6 . 7 2 5 ( 6 ) A , f t = 9 3 . 4 3 ( 6 ) ° , 

* 3 - 3 
U = 3 7 6 A , s p a c e g r o u p = P , Z = 2 , D_ = 1 . 8 5 g cm . A fi L 
t o t a l o f 5 9 6 i n d e p e n d e n t r e f l e c t i o n s w e r e m e a s u r e d on a 

d i f f T a c t o m e t e r ( 0 ^ 5 8 ) u s i n g Cu-K^ r a d i a t i o n and o f t h e s e 9 

had | F 0 1 < 3 0*(|FO | ) and w e r e c l a s s e d as u n o b s e r v e d . The s t r u c t u r e 

was s o l v e d by d i r e c t m e t h o d s u i t h t h e non h y d r o g e n a toms 
o 

b e i n g s o l v e d a n i s ^ t r o p i c a l l y and t h e m e t h y l h y d r o g e n s b e i n g 

p l a c e d i n a s t a g g e r e d c o n f o r m a t i o n and r e f i n e d as a r i g i d 

b o d y . R e f i n e m e n t was by f u l l m a t r i x l e a s t s q u a r e s t o g i v e 

R = 0 . 0 6 9 . 

The X - r a y s t r u c t u r e , u i t h bond l e n g t h s and a n g l e s , i s 

g i v e n i n F i g s . 6 and 7 ; s t r u c t u r e ( 1 2 3 ) i s t h e r e f o r e i n c o r r e c t 

and t h e m o l e c u l e i s i n f a c t m e t h y l 1 , 3 , 5 , 2 , 4 , 6 - t r i t h i a -

t r i a z e p e n e - 7 - c a r b o x y l a t e ( 1 3 2 ) . H e r e a g a i n t h e m o l e c u l e i s 

( 1 3 2 ) ( 1 3 3 ) 

t o t a l l y p l a n a r and t h e s i m i l a r i t i e s b e t w e e n s t r u c t u r e s ( 1 3 0 ) 

and ( 1 3 2 ) can be s e e n i n t h a t b o t h compounds have a n a l o g o u s 

r e s o n a n c e f o r m s ( 1 3 1 ) and ( 1 3 3 ) . The s t r u c t u r e ( 1 3 2 ) makes 

t h e m a j o r c o n t r i b u t i o n as t h e c a r b o n n i t r o g e n bond l e n g t h 



1 . 2 8 ( 2 ) 

o 

F i g . 6 ( a l l bond l e n g t h s i n A) 

( e s t i m a t e d s t a n d a r d d e v i a t i o n s 

i n p a r e t h e s e s ) 

1 . 5 7 ( 1 ) 

1 . 5 7 ( 1 ) 

03 GJ 
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en 
•H 
Li_ 
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o 
o f 1 . 2 8 4 A i s t h e norm f o r a d o u b l e bond and t h e c a r b o n 

o 111 
s u l p h u r bond o f 1 . 7 4 6 A a p p r o x i m a t e s t o a s i n g l e b o n d . 
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4 . 3 . M e c h a n i s m o f f o r m a t i o n . 

Tuo m e c h a n i s t i c p a t h w a y s f o r t h e f o r m a t i o n o f compound 

( 1 3 0 ) a r e g i v e n i n Schemes X I I I and X I V . I n b o t h o f t h e s e 

t h e r e i s a s t e p i n v o l v i n g 1 , 5 a d d i t i o n o f t h e a c e t y l e n e 

a c r o s s t h e S^N^ r i n g , b u t t h e t u o m e c h a n i s m s d i f f e r i n 

t h e t i m i n g o f t h i s s t e p . I n Scheme X I I I i t i s shoun as 

t h e f i r s t s t e p t o g i v e t h e i n t e r m e d i a t e ( 1 3 4 ) ; compounds 

( 1 3 6 ) t o ( 1 3 9 ) a r e known e x a m p l e s o f 1 , 5 a d d i t i o n p r o d u c t s 

o f S^N^ u i t h r e l a t e d s t r u c t u r e s . 

X 

X = P h 3 P = N - ( 1 3 6 ) 1 1 6 S S 

X = C I ( 1 3 7 ) 1 1 7 ( 1 3 9 ) 1 1 9 

X = n e 9 N - ( 1 3 8 ) 1 1 8 
z ( v l e 3 S i - N = S = N - S i l v l e 3 ( 1 4 0 ) 

The b e s t m e t h o d o f p r e p a r i n g ( 1 3 9 ) i s t o r e a c t ( 1 3 7 ) 

190 
u i t h ( 1 4 0 ) . T h i s compound ( 1 3 9 ) i s known t o l o s e N 2 S 

120 
u i t h r e l a t i v e e a s e , and t h e same f r a g m e n t i s l o s t i n 

121 
t h e f o l l o u i n g r e a c t i o n . 

. - n 7 S 
(Ph3P=)2N't" S A N 5 ~ - — o (Ph 3P=) 2N S 3 N 3 " 
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£ = C O ^ e 

(134) 

Scheme X I I I , 

v 

s 
/ N 
(130) 

e - c=c -e 
V > 

\ 
N ^ N 

" \ 
+ (13°) 

( 1 2 1 ) 

Scheme X I V 

\ 
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T h e r e f o r e an N 2 S f r a g m e n t c o u l d be l o s t as shoun i n 

Scheme X I I I . A l t e r n a t i v e l y a f u r t h e r m o l e c u l e o f a c e t y l e n e 

c o u l d add t o g i v e t h e i n t e r m e d i a t e ( 1 3 5 ) , u h i c h t h e n 

f r a g m e n t s as shown i n Scheme X IV / . The mechan ism i n Scheme 

X I V s t a r t s u i t h t h e a c e t y l e n e a d d i t i o n e x a c t l y as f o r 

t h i a d i a z o l e f o r m a t i o n (Scheme X I I , page 65) f o l l o u e d by 1 , 5 

a d d i t i o n o f a f u r t h e r a c e t y l e n e m o l e c u l e t o g i v e ( 1 3 5 ) , 

u h i c h decomposes as i l l u s t r a t e d . From t h e e v i d e n c e p r e s e n t e d 

i t i s i m p o s s i b l e t o d i s t i n g u i s h b e t u e e n t h e t u o r o u t e s , 

u h i c h a r e s p e c u l a t i v e a t t h e p r e s e n t t i m e . 

Tuo m e c h a n i s t i c p a t h u a y s a r e a g a i n p r e s e n t e d f o r t h e 

f o r m a t i o n o f ( 1 3 2 ) and t h e s e a r e shoun i n Scheme X V . B o t h 

go v i a t h e a d d u c t ( 1 3 6 ) , u h i c h can be t h e t h i a d i a z o l e 

p r e c u r s o r , b u t on t h i s o c c a s i o n , by f r a g m e n t i n g as i n p a t h s 

a o r t h e compound ( 1 3 2 ) i s f o r m e d . I n r o u t e a s u l p h u r 

e x t r u s i o n g i v e s ( 1 3 7 ) and i f t h i s s p e c i e s u e r e f l a t i t u o u l d 

f o r m a l l y be a 12 TT e l e c t r o n a n t i - a r o m a t i c s p e c i e s , so t h i s 

c o u l d p r o v i d e t h e d r i v i n g f o r c e f o r t h e r i n g c l o s u r e t o 

g i v e ( 1 3 8 ) u h i c h l o s e s m e t h y l c y a n o f o r m a t e t o g i v e ( 1 3 2 ) . 

A gas l i q u i d c h r o m a t o g r a p h o f t h e s o l v e n t f r o m t h e S ^ N ^ -

DMAD r e a c t i o n s h o u e d none o f t h e n i t r i l e uas p r e s e n t , and 

i n d e p e n d e n t e x p e r i m e n t s h o u e d t h a t t h i s compound d i d s u r v i v e 

r e f l u x i n g i n t o l u e n e u i t h H o u e v e r , as t h e n i t r i l e i s 

o n l y f o r m e d i n s m a l l y i e l d s and o t h e r r e a c t i v e s p e c i e s may 

be p r e s e n t i n t h e a c t u a l r e a c t i o n , t h i s r e s u l t s h o u l d be 

v i e u e d u i t h c a u t i o n and does n o t n e c e s s a r i l y d i s c o u n t t h i s 
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'.j 1 

s s 
\ 
N ^ J 

( 1 3 6 ) 

E = C02(vle 
Q 

- S 

X S N — 
s s 

( 1 3 7 ) 

( 1 3 9 ) 

( 1 3 8 ) 

- 6 C N 

£ 

( 1 3 2 ) 

Scheme XV 
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m e c h a n i s m . 

The r o u t e b g i v e n i n Scheme XV shows t h e i n t e r m e d i a t e 

( 1 3 6 ) r i n g c l o s e t o g i v e t h e i n t e r m e d i a t e ( 1 3 9 ) , u h i c h 

can f r a g m e n t t o g i v e ( 1 3 2 ) and t h e n i t r i l e s u l p h i d e ( 1 4 0 ) , 

T h i s f r a g m e n t c o u l d be l o s t as s u l p h u r and t h e n i t r i l e . 

The n i t r i l e s u l p h i d e ( 1 4 0 ) c o u l d be a p r e c u r s o r t o t h e 

1 , 2 , 4 - t h i a d i a z o l e ( 1 2 4 ) as r e a c t i o n o f ( 1 4 0 ) u i t h m e t h y l 

c y a n o f o r m a t e u o u l d y i e l d t h i s p r o d u c t and r e a c t i o n s o f t h i s 

t y p e a r e knoun t o be f a c i l e u i t h e l e c t r o n d e f i c i e n t 

122 

n i t r i l e s . H o u e v e r , f o r m a t i o n o f t h e n i t r i l e s u l p h i d e 

( 1 4 0 ) a p p e a r s d o u b t f u l s i n c e none o f t h e ^ t h i a z o l e ( 1 4 1 ) i s 

o b s e r v e d , and t h i s i s t h e e x p e c t e d p r o d u c t o f DMAD and ( 1 4 0 ) . 

e e 

^ £ = C 0 ? n e 

( 1 4 1 ) 

A l s o t h e y i e l d o f ( 1 2 4 ) i s t o o h i g h f o r i t a l l t o h a v e been 

f o r m e d by t h e n i t r i l e s u l p h i d e r o u t e . 

A t t e m p t s t o i n c r e a s e t h e y i e l d o f compounds ( 1 3 0 ) and 

( 1 3 2 ) by v a r y i n g t h e c o n d i t i o n s o f t h e r e a c t i o n o f S^N^ 

u i t h DNAD a r e g i v e n i n T a b l e 7 . 
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T a b l e 7 

R a t i o S o l v e n t V h % Y i e l d 

S 4 N 4 : DMAD ( 1 2 1 ) ( 1 2 4 ) ( 1 3 0 ) ( 1 3 2 ) 

1 2 • t o l u e n e 6 67 3 5 14 

1 1 t o l u e n e 6 . 6 55 1 . 5 6 9 

1 2 t o l u e n e 1 . 6 a 30 t r a c e 8 0 . 5 

1 2 t o l u e n e 6 b 37 t r a c e 1 15 

1 2 b e n z e n e 1 5 . 5 52 3 . 5 5 18 

a One e q u i v a l e n t o f A l C l ^ added t o S^N^ p r i o r t o r e a c t i o n 

b DMAD a d d e d t o t h e S^N^ i n r e f l u x i n g t o l u e n e o v e r t h e 

f i r s t 5 h o u r s . 

No p r e c i s e r a t i o n a l e can be g i v e n t o e x p l a i n t h e r e s u l t s 

i n T a b l e 7 , b u t t h e y do s h o u t h a t u i t h m a n i p u l a t i o n i t may 

be p o s s i b l e t o p r o d u c e compounds ( 1 3 0 ) and ( 1 3 2 ) i n 

r e a s o n a b l e y i e l d s . 
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4 . 4 . R e l a t e d r i n g s y s t e m s , 

A l i t e r a t u r e s u r v e y has shoun t h a t t h e s e v e n membered 

r i n g s o f compounds ( 1 3 0 ) and ( 1 3 2 ) a r e t o t a l l y n o v e l u i t h 

t h e o n l y compound a p p r o a c h i n g t h e i r s t r u c t u r e s b e i n g t h e 

t h i o t r i t h i a z y l c a t i o n ( 4 7 ) . 

? \ — r \ 
s—s s—s 

( 4 7 ) 
+ 

T h i s compound ( 4 7 ) i s p l a n a r ^ u i t h a s u l p h u r - n i t r o g e n 
o 

bond l e n g t h o f 1 . 5 6 A and i s r e g a r d e d as a 1 0 " T T e l e c t r o n 

a r o m a t i c s y s t e m . The u l t r a v i o l e t s p e c t r u m ( t a k e n i n 12N 

123 

H C l ) has t u o p e a k s a t 2 7 0 nm and 342 nm u h i c h i s s i m i l a r 

t o t h e u l t r a v i o l e t s p e c t r u m o f compounds ( 1 3 0 ) and ( 1 3 2 ) 

and t h e r e f o r e s u g g e s t s a s i m i l a r i t y i n e l e c t r o n i c 

c o n f i g u r a t i o n . 

O t h e r s u l p h u r n i t r o g e n compounds u h i c h a r e r e g a r d e d as 
2 + 10TT e l e c t r o n a r o m a t i c s p e c i e s a r e S^N^ a n c J S^N^ . The 

S^N^ a n i o n i s a p l a n a r s i x membered r i n g u i t h s u l p h u r 
o 124 

n i t r o g e n bond d i s t a n c e s i n t h e r a n g e 1 . 5 8 t o 1 . 6 3 A . 

The anion can be prepared by the reaction of S^N^ uith azides 

+ + 125 
o f l a r g e c a t i o n s e . g . Cs , Bu^N . e t c . and t h e u l t r a 

v i o l e t s p e c t r u m o f B u ^ N * S ^ N ^ - i n e t h a n o l g i v e s a A ( max 
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195 
3 6 0 nm l o g 6 = 3 . 9 , 

The S^N^ d i c a t i o n i s p r e p a r e d f r o m t h e o x i d a t i o n o f 

126 
S^N^ i n l i q u i d s u l p h u r d i o x i d e u i t h SbF^ or SbCl^# I t 

e x i s t s i n t h r e e f o r m s , t u o o f u h i c h a r e p l a n a r and t h e 

t h i r d t y p e p r e s e n t i n t h e c r y s t a l s o f S ^ N ^ S b C l ^ ^ d e v i a t e s 126 
s l i g h t l y f r o m p l a n a r i t y • No u l t r a v i o l e t s p e c t r a l d a t a 

u a s a v a i l a b l e f o r t h i s compound . 

A compound t h a t a p p e a r s t o be i n t h e same c a t e g o r y as 

t h e t u o a z e p i n e d e r i v a t i v e s i s t h e e i g h t membered r i n g 

compound ( 1 4 2 ) u h i c h i s r e p o r t e d by U o o d u a r d and 

127 

c o - u o r k e r s . Even t h e p r e p a r a t i o n g i v e n b e l o u i s 

r e m i n i s c e n t o f >an S^N^ r e a c t i o n as i t i s s t a t e d t o be " v e r y 

m e s s y " and g i v e s compound ( 1 4 2 ) i n 5% y i e l d as t h e o n l y 

i d e n t i f i a b l e p r o d u c t . 

9 
NH s c i 2 

Ph x 
x n h 2 

DBU 

A 
( 1 4 2 ) 

V 
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The h e t e r o c y c l i c r i n g i n compound ( 1 4 2 ) i s a l s o p l a n a r 

u i t h s u l p h u r n i t r o g e n bond l e n g t h s i n t h e r a n g e 1 * 5 6 t o 
0 

1 . 5 7 A and c a r b o n n i t r o g e n bond l e n g t h s b e t u e e n 1 . 3 2 and 
0 127 

1 . 3 3 A, and i t i s s u g g e s t e d t h a t t h e e i g h t membered r i n g 

i s a 1 O T T e l e c t r o n a r o m a t i c s y s t e m , v e r y s i m i l a r t o compounds 

( 1 3 0 ) and ( 1 3 2 ) - . The p l a n a r i t y o f t h i s e i g h t membered r i n g 

i s l o s t uhen t h e p h e n y l g r o u p s a r e r e p l a c e d u i t h d i m e t h y l -

amino g r o u p s as i n ( 1 4 2 a ) ; t h e s u l p h u r - s u l p h u r d i s t a n c e o f o 1 2 7 2 . 0 6 A s u g g e s t s some t r a n s a n n u l a r b o n d i n g i n t e r a c t i o n . 

The p h o s p h o r u s a n a l o g u e ( 1 4 3 ) o f compound ( 1 4 2 ) i s knoun 

P h v . / ^ A / P h P v / p p p p 

P h ^ N X / / " - P h / N F V 

( 1 4 3 ) ( 1 4 3 a ) 

and a d o p t s a p u c k e r e d c o n f o r m a t i o n s i m i l a r t o compound 

( 1 4 2 a ) . However t h e o r e t i c a l c a l c u l a t i o n s s u g g e s t t h a t 

e l e c t r o n u i t h d r a u i n g g r o u p s a t t a t c h e d t o p h o s p h o r u s may 

1 2 7 a 

i n d u c e p l a n a r i t y , and C h i v e r s and c o - u o r k e r s h a v e 

s t a t e d t h e y hope t o p r e p a r e t h e t e t r a f l u o r o compound 

( 1 4 3 a ) t o t e s t t h i s h y p o t h e s i s . 

The u l t r a v i o l e t s p e c t r u m o f compound ( 1 4 2 ) i n 
ethanol gave A at 271, 281, 294, 306, 318 and 419 n m . 1 2 7 

y max 
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4 . 5 . C h e m i c a l P r o p e r t i e s . 

l ie h a v e u n d e r t a k e n a p r e l i m i n a r y i n v e s t i g a t i o n i n t o 

t h e c h e m i s t r y o f compounds ( 1 3 0 ) and ( 1 3 2 ) and t h i s shous 

c e r t a i n p a r a l l e l s u i t h t h e c h e m i s t r y d e s c r i b e d f o r 

127 
U o o d u a r d f s compound ( 1 4 2 ) . Both a z e p i n e d e r i v a t i v e s 

( 1 3 0 ) and ( 1 3 2 ) g a v e no d e c o m p o s i t i o n a f t e r b e i n g h e a t e d 

u n d e r r e f l u x i n x y l e n e f o r 24 h o u r s , a p r o p e r t y s h a r e d by 

compound ( 1 4 2 ) . On i n c r e a s i n g t h e t e m p e r a t u r e t o r e f l u x i n g 

d e c a l i n , compound ( 1 3 0 ) uas t o t a l l y decomposed i n 5 . 5 . h o u r s 

and t i c a n a l y s i s i n d i c a t e d t h a t t h e 1 , 2 , 5 - t h i a d i a z o l e ( 1 2 1 ) 

uas a p r o b a b l e p r o d u c t . Compound ( 1 3 2 ) e x h i b i t e d g r e a t e r 

t h e r m a l s t a b i l i t y i n t h a t a f t e r h e a t i n g f o r 33 h o u r s i n 

d e c a l i n t i c a n a l y s i s s h o u e d s t a r t i n g m a t e r i a l s t i l l r e m a i n e d , 

and t h a t t h e m o l e c u l e decomposed t o b a s e l i n e m a t e r i a l r a t h e r 

t h a n any s i n g l e p r o d u c t . When compound ( 1 4 2 ) uas h e a t e d a t 
o 127 2 2 0 C i t decomposed t o g i v e b e n z o n i t r i l e . P h o t o l y s i s a t 

3 0 0 nm f o r 1 . 6 h o u r s o f compound ( 1 3 0 ) g a v e s u l p h u r and a 

50% y i e l d o f t h e 1 , 2 , 5 - t h i a d i a z o l e ( 1 2 1 ) . The g r e a t e r 

s t a b i l i t y o f compound ( 1 3 2 ) uas a g a i n i l l u s t r a t e d i n t h a t 

t h i s compound r e q u i r e d p h o t o l y s i s f o r 4 h o u r s a t 3 0 0 nm t o 

e f f e c t c o m p l e t e d e c o m p o s i t i o n and t h i s gave s u l p h u r and 

S^N^ ( 1 2 ^ ) as t h e o n l y i d e n t i f i a b l e p r o d u c t s . A p o s s i b l e 

mechan ism i s g i v e n o v e r l e a f ; S2N2 i s knoun t o d i m e r i s e t o 
3 

S ^ N ^ . T h e r e i s a l s o t h e p o s s i b i l i t y o f n i t r i l e s u l p h i d e 

e x t r u s i o n f o l l o u e d by i t s s u b s e q u e n t d e c o m p o s i t i o n t o t h e 

n i t r i l e and s u l p h u r . T h e r e i s no r e p o r t on t h e p h o t o l y s i s 
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h V 

3 0 0 nm 
+ H e O ^ C N + S 

( 1 3 2 ) E = co2ne 

o f compound ( 1 4 2 ) . 

B o t h a z e p i n e d e r i v a t i v e s ( 1 3 0 ) and ( 1 3 2 ) f a i l e d t o shou 

any s i g n i f i c a n t r e a c t i o n u i t h MCPBA i n d i c h l o r o m e t h a n e , 

e v e n uhen h e a t e d a t r e f l u x f o r 4 , 0 h o u r s . Compound ( 1 4 2 ) 

uas a l s o i n e r t t o t h i s o x i d i s i n g a g e n t u n d e r t h e same 

. . 127 ' c o n d i t i o n s « 

The g r e a t e r s t a b i l i t y o f compound ( 1 3 2 ) uas a g a i n 

i l l u s t r a t e d by i t s f a i l u r e t o r e a c t u i t h t r i p h e n y l p h o s p h i n e 

e v e n a f t e r h e a t i n g a t r e f l u x i n t o l u e n e f o r 57 h o u r s , 

u h e r e a s compound ( 1 3 0 ) uas decomposed by t u o e q u i v a l e n t s 

o f t r i p h e n y l p h o s p h i n e a f t e r 1 5 , 5 h o u r s i n r e f l u x i n g t o l u e n e . 

A t t e m p t s t o h y d r o l y s e b o t h compounds ( 1 3 0 ) and ( 1 3 2 ) to 

t h e a c i d s u e r e u n s u c c e s s f u l . They b o t h d i s s o l v e d s l o u l y a t 

room t e m p e r a t u r e i n 1N NaOH, b u t n e u t r a l i s a t i o n u i t h 1N HC1 

p r o d u c e d no p r e c i p i t a t e . E x t r a c t i o n o f t h e s e s o l u t i o n s gave 

v e r y l i t t l e p r o d u c t , f o r u h i c h t h e mass s p e c t r u m gave no 

i d e n t i f i a b l e i o n s e x c e p t s t a r t i n g m a t e r i a l . S i m i l a r 

r e s u l t s u e r e o b t a i n e d u i t h e t h a n o l i c p o t a s s i u m h y d r o x i d e . 
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T h e r e f o r e i t u o u l d a p p e a r t h a t b o t h m a t e r i a l s ( 1 3 0 ) and 

( 1 3 2 ) a r e decomposed by b a s e and t h i s i s n o t t o o s u r p r i s i n g 

as compound ( 1 4 2 ) i s a l s o u n s t a b l e t o b a s e , b e i n g 

h y d r o l y s e d t o b e n z a m i d e by p o t a s s i u m h y d r o x i d e i n a q u e o u s 

127 d i o x a n . 
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4 . 6 , T h e o r e t i c a l c a l c u l a t i o n s . 

* 

MNDO-SCF c a l c u l a t i o n s u s i n g t h e RHF method h a v e 

b e e n a p p l i e d t o t h e r i n g s y s t e m s o f compounds ( 1 3 0 ) and 

( 1 3 2 ) . The r e s u l t s a r e i n a g r e e m e n t u i t h t h e p r o p o s a l t h a t 

b o t h a r e 10"TT e l e c t r o n a r o m a t i c s y s t e m s . The c a l c u l a t i o n s 

u e r e a c t u a l l y p e r f o r m e d on t h e as y e t unknown d e c a r b o x y l a t e d 

s p e c i e s ( 1 4 4 ) and ( 1 4 5 ) and t h e p r e d i c t e d bond l e n g t h s , 

a n g l e s and c h a r g e d e n s i t i e s a r e shoun o v e r l e a f . 

B o t h r i n g s y s t e m s a r e p r e d i c t e d t o be p l a n a r and t h e 

bond d i s t a n c e s and a n g l e s a r e i n v e r y good a g r e e m e n t u i . t h 

t h o s e o b t a i n e d f r o m t h e X - r a y a n a l y s i s . 

The c h a r g e d i s t r i b u t i o n f i g u r e s s u g g e s t t h a t t h e 

t r i t h i a d i a z e p i n e ( 1 4 4 ) i s b e s t r e p r e s e n t e d by t h e r e s o n a n c e 

f o r m s ( 1 4 6 ) t o ( 1 5 2 ) . 

The d i p o l a r s t r u c t u r e s ( 1 4 6 ) t o ( 1 4 9 ) u i l l make a 

g r e a t e r c o n t r i b u t i o n t h a n t h e h i g h e r e n e r g y q u a d r u p o l a r 

f o r m s ( 1 5 0 ) t o ( 1 5 2 ) ; S^ h a v i n g d o u b l e t h e e l e c t r o p h i l i c 

c h a r a c t e r o f S^ and S^ as t h e r e a r e t u o s t r u c t u r e s i n u h i c h 

t h i s atom b e a r s a p o s i t i v e c h a r g e . 

Seven a n a l o g o u s r e s o n a n c e f o r m s can a l s o be u r i t t e n f o r 

t h e t r i t h i a t r i a z e p i n e ( 1 4 5 ) and t h e i n c r e a s e d s t a b i l i t y o f 

t h i s compound can t h e n be r a t i o n a l i s e d . The s t r u c t u r e s ( 1 5 3 ) 

and ( 1 5 4 ) , u h i c h c o r r e s p o n d t o ( 1 5 1 ) and ( 1 5 2 ) i n t h e p r e v i o u s 

* p e r f o r m e d by D r . H . R z e p p a o f t h i s D e p a r t m e n t . 
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1 . 5 8 1 . 5 3 

O u t e r f i g u r e s a r e 
0 

^ bond l e n g t h s i n A 

I n n e r f i g u r e s a r e 

a n g l e s i n 

1 . 5 8 

( 1 4 4 ) 

C a l c u l a t e d Bond L e n g t h s 

and A n g l e s 

1 . 5 9 

1 . 5 9 

1 . 5 3 

( 1 4 5 ) 

e x a m p l e , w i l l make a much g r e a t e r c o n t r i b u t i o n s i n c e t h e 

n e g a t i v e c h a r g e u h i c h u a s on c a r b o n i n t h e p r e v i o u s e x a m p l e 

can nou be p l a c e d on n i t r o g e n . The g r e a t e r c o n t r i b u t i o n o f 

t h e s e t u o r e s o n a n c e f o r m s ( 1 5 3 ) and ( 1 5 4 ) can be s e e n f r o m 

t h e c h a r g e d e n s i t y f i g u r e s u h i c h shou S^ t o h a v e l e s s t h a n 
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- 0 . 5 9 
^ N n . 

0 - 3 2 0 . 7 8 

- 0 . 2 2 - 0 . 5 9 

c — s ' 
- 0 . 2 2 0 . 3 2 

-0.61 

0.27 S ^ S 0.81 

- 0 . 0 4 - 0 . 6 5 

- 0 . 3 7 0 . 4 7 

( 1 4 4 ) ( 1 4 5 ) 

C a l c u l a t e d C h a r g e D e n s i t i e s 

( 1 4 6 ) 

+ 

( 1 4 7 ) 

- o 4-
w 

( 1 4 8 ) 

I* 1 

(149) 

s+ 

IT*** 

r tt 

w + 

( 1 5 0 ) 

+ 

k 
\ / 

( 1 5 1 ) (152) 
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.. .. r-H i 
N — ^ N N — " 

( 1 5 3 ) ( 1 5 4 ) 

d o u b l e t h e e l e c t r o p h i l i c c h a r a c t e r o f S 5 i n t h e h y p o t h e t i c a l 

compound ( 1 4 5 ) . 

O t h e r c a l c u l a t e d p a r a m e t e r s a r e g i v e n b e l o u and h e r e 

( 1 4 4 ) ( 1 4 5 ) 

H e a t o f f o r m a t i o n / k c a l raoJ-1 127 137 

D i p o l e m o m e n t ^ 1 . 6 0 . 5 

I o n i s a t i o n p o t e t i a l ^ ^ 8 . 9 9 . 1 

a g a i n t h e s e f i g u r e s i n d i c a t e t h a t s y s t e m ( 1 4 5 ) s h o u l d be 

t h e more s t a b l e . T h i s i s i n good a g r e e m e n t u i t h our f i n d i n g s 

t h a t compound ( 1 3 2 ) i s t h e r m a l l y and p h o t o c h e m i c a l l y m o r e 

s t a b l e and l e s s r e a c t i v e t o w a r d s t r i p h e n y l p h o s p h e n e t h a n 

compound ( 1 3 0 ) . 

I n c o n c l u s i o n i t c a n be s t a t e d t h a t t h e r e a c t i o n o f DMAD 

and S^N^ p r o d u c e s t u o n o v e l s e v e n membered r i n g h e t e r o c y c l e s 

u h i c h may be r e g a r d e d as 10TT e l e c t r o n a r o m a t i c s y s t e m s . 

E v i d e n c e f o r t h e a r o m a t i c c h a r a c t e r o f t h e t u o compounds 
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comes f r o m X - r a y c r y s t a l l o g r a p h y , HO c a l c u l a t i o n s and 

u l t r a v i o l e t s p e c t r a l d a t a . I f T a s h i r o ' s d a t a f o r compound 

( 1 2 5 ) , u h i c h p r e s u m a b l y has t h e r e l a t e d s t r u c t u r e shoun 

b e l o u , can be t r u s t e d t h e n t h e p r o t o n a t 6 8 , 9 0 i n d i c a t e s 

a r i n g c u r r e n t may u e l l be p r e s e n t . The compounds ( 1 3 0 ) and 

( 1 3 2 ) may be r e g a r d e d as t h e b i s and mono c a r b o n a n a l o g u e s 

o f t h e unknoun S^N^ u h i c h i s p r e d i c t e d t o be a 1 0 T 
3 

electron aromatic molecule. 

" ( 1 2 5 ) " 

£ = C02r<le 
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C h a p t e r 5 A n o v e l b i c y c l i c h e t e r o c y c l e . 

5 . 1 . I s o l a t i o n . 

The f o l l o w i n g r e a c t i o n h a s been r e p o r t e d by T a s h i r o 

11 
and c o - w o r k e r s . ' 

P h - C = = C - H 
Toluene 

6 h 

Ph. 

r v 

V 
( 1 5 5 ) 16% ( 1 5 7 ) 5% 

( 1 5 6 a ) 

o r 

&% ( 1 5 6 b ) P h 

They c o u l d n o t d i s t i n g u i s h b e t w e e n t h e two s t r u c t u r e s 

p r o p o s e d f o r t h e t r i c y c l i c p r o d u c t , ( 1 5 6 a ) o r ( 1 5 6 b ) . 

T h e i r m a i n e v i d e n c e f o r e i t h e r o f t h e s e s t r u c t u r e s came 

f r o m c h e m i c a l d e g r a d a t i o n i n w h i c h t h e compound ( 1 5 6 a ) or 

( 1 5 6 b ) was h y d r o l y s e d by e t h a n o l i c p o t a s s i u m h y d r o x i d e t o 

t h e a m i n o t h i a d i a z o l e ( 1 5 7 ) and a t r a c e o f p h e n y l a c e t i c a c i d . 

Ue f e l t t h a t t h e r e a c t i o n d e s e r v e d f u r t h e r i n v e s t i g a t i o n 

b e c a u s e o f t h e u n i q u e h e t e r o c y c l i c s k e l e t o n o f compound 

( 1 5 6 a ) o r ( 1 5 6 b ) . On r e p e a t i n g t h i s r e a c t i o n compounds 
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( 1 5 4 ) and ( 1 5 6 a o r b ) u e r e o b t a i n e d i n s i m i l a r y i e l d s b u t 

compound ( 1 5 7 ) u a s n o t i s o l a t e d . The a m i n o t h i a d i a z o l e ( 1 5 7 ) 

i s p r e s u m a b l y f o r m e d by h y d r o l y s i s o f t h e t r i c y c l i c m a t e r i a l 

( 1 5 6 a o r b ) and i t s n o n - i s o l a t i o n may be a t t r i b u t e d t o o u r 

r e a c t i o n b e i n g c a r r i e d o u t i n d r y t o l u e n e u n d e r n i t r o g e n . 

N e i t h e r o f t h e s e c o n d i t i o n s u a s s p e c i f i e d by T a s i r o and 

11 c o - u o r k e r s , b u t ue f o u n d t h a t t h e d r y s o l v e n t and i n e r t 

a t m o s p h e r e g a v e a c l e a n e r r e a c t i o n . From t h e s p e c t r a l d a t a 

1 13 
i n c l u d i n g t h e mass s p e c t r u m , H and C n m r , i n f r a r e d and 

u l t r a v i o l e t s p e c t r a i t u a s n o t p o s s i b l e t o d i s t i n g u i s h 

b e t u e e n ( 1 5 6 a ) o r ( 1 5 6 b ) o r e v e n t o say i f e i t h e r o f t h e s e 

s t r u c t u r e s u a s c o r r e c t , as t h e d i t h i a d i a z i n e d e r i v a t i v e 

( 1 5 8 ) a l s o f i t t e d t h e s p e c t r a l d a t a , i f n o t p e r h a p s t h e 

c h e m i c a l d e g r a d a t i o n . H o u e v e r , on t h e f o l l o u i n g c h e m i c a l 

P h - C = G - C = C - P h 

( 1 5 9 ) 

e v i d e n c e i t u a s shoun t h a t t h e s t r u c t u r e ( 1 5 8 ) uas u n l i k e l y 

t o be c o r r e c t . I f i t u e r e , r e a c t i o n o f t h e d i - y n e ( 1 5 9 ) o r 

t h e t h i a d i a z o l e ( 1 6 0 ) u o u l d be e x p e c t e d t o y i e l d t h e same 

p r o d u c t . A l t h o u g h t h i s r e a c t i o n ( s e e C h a p t e r 6 , page ) 

g a v e compounds ( 1 6 0 ) and ( 1 6 1 ) , no p r o d u c t c o r r e s p o n d i n g 

t o ( 1 5 6 a o r b ) o r ( 1 5 8 ) u a s i s o l a t e d . 
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/ P h 

( 1 6 0 ) (161) 

On t h e r m o l y s i s t h e d i t h i a d i a z i n e d e r i v a t i v e ( 1 5 8 ) w o u l d 

y i e l d t h e b i s - t h i a d i a z o l e ( 1 6 1 ) , b u t when compound ( 1 5 6 ) 

was t h e r m o l y s e d t i c a n a l y s i s showed t h a t t h e b i s - t h i a d i a z o l e 

( 1 6 1 ) was n o t a p r o d u c t . 
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5 . 2 . C r y s t a l l a q r a p h i c a n a l y s i s 

Hence X - r a y c r y s t a l l o g r a p h y a p p e a r e d t o be t h e b e s t 

m e t h o d o f r e s o l v i n g t h e s t r u c t u r e o f t h e compound ( 1 5 6 ) , 

b u t g r o w i n g c r y s t a l s s u i t a b l e f o r t h i s t e c h n i q u e p r o v e d an 

a r d u o u s t a s k . S l o w e v a p o r a t i o n f r o m a v a s t a r r a y o f s o l v e n t 

s y s t e m s , r a n g i n g i n p o l a r i t y f r o m p e t r o l t h r o u g h m e t h a n o l 

t o DMSO p r o d u c e d m i n u t e t w i n n e d n e e d l e s t h a t w e r e t o t a l l y 

u n s u i t a b l e . O t h e r m e t h o d s t h a t i n c l u d e d t h e d i f f u s i o n 

128 128 t o g e t h e r o f two s o l v e n t s , s l o w c o o l i n g , and s u b l i m a t i o n 

a l s o p r o d u c e d t h e s e u n s u i t a b l e c r y s t a l s . The o n l y t e c h n i q u e 

t h a t p r o d u c e d a n y t h i n g a p p r o a c h i n g c r y s t a l s s u i t a b l e f o r 

X - r a y a n a l y s i s was t h a t o f room t e m p e r a t u r e e v a p o r a t i o n o f 

e t h a n o l - c h l o r o f o r m s o l u t i o n s and a f t e r e i g h t e e n m o n t h s of 

v a r y i n g c o n c e n t r a t i o n s and g e o m e t r i e s o f f l a s k s , s u i t a b l e 

c r y s t a l s w e r e o b t a i n e d . T h e s e came f r o m e v a p o r a t i o n o f a 

s a t u r a t e d s o l u t i o n o f t h e compound i n c h l o r o f o r m c o n t a i n i n g 

30% e t h a n o l . They w e r e m o n o - c l i n i c , s p a c e g r o u p C , c 

a = 1 8 . 5 0 2 ( 7 ) , b = 1 1 . 3 8 8 ( 3 ) , c = 7 . 4 2 2 ( 2 ) A 

P= 9 6 . 4 6 ( 3 ) ° , U = 1554 . A? Z = 4 , D c = 1 . 5 2 g. cm""3 . 

A t o t a l o f 1 0 7 2 i n d e p e n d e n t , r e f l e c t i o n s w e r e m e a s u r e d on a 

d i f f T a c t o m e t e r ( O ^ 5 5 ° ) u s i n g Cu-K^. r a d i a t i o n , and o f 

t h e s e 158 had | Fo | <C 3 (J* ( j F o | ) and w e r e c l a s s e d as 

u n o b s e r v e d . The s t r u c t u r e u a s s o l v e d by d i r e c t m e t h o d s 

w i t h t h e n o n - h y d r o g e n a toms r e f i n e d a n i s t r o p i c a l l y and t h e 

h y d r o g e n a toms p l a c e d i n c a l c u l a t e d p o s i t i o n s and a l l o w e d 
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t o r i d e on t h e i r p a r e n t c a r b o n a t o m s . R e f i n e m e n t by f u l l 

m a t r i x l e a s t s q u a r e s g a v e R = 0 . 0 5 1 and t h e s t r u c t u r e ( 1 6 2 ) 

i s shoun i n f i g s . 8 , 9 and 1 0 . 

(162) 

T h i s f a s c i n a t i n g s t r u c t u r e ( 1 6 2 ) i s a l m o s t t h a t o f 

11 
( 1 5 6 a ) d e s c r i b e d by T a s h i r o and c o - u o r k e r s e x c e p t t h a t 

t h e r e i s no f o r m a l bond b e t u e e n N2« and S ^ , t h u s a l l o u i n g 

t h e 1 , 2 , 5 - t h i a d i a z o l e r i n g t o r e m a i n u n p e r t u r b e d . The f ^ i - S ^ o d i s t a n c e o f 2 . 6 7 A i s s h o r t e r t h a n t h e sum o f t h e van d e r 
0 

UJaals r a d i i , 3 . 3 A , u h i c h s u g g e s t s t h a t t h e r e i s o n l y a 

s m a l l i n t e r a c t i o n b e t u e e n t h e t u o a toms as shoun by t h e 

s p a c e f i l l i n g r e p r e s e n t a t i o n i n f i g . 9 . T h i s i n t e r a c t i o n i s 

much l e s s t h a n a f o r m a l s i n g l e b o n d , u h i c h u o u l d r e q u i r e o 
a d i s t a n c e o f 1 . 7 4 A and may r e s u l t s i m p l y f r o m t h e m o l e c u l a r 

g e o m e t r y s i n c e t h e C - N - C a n g l e a t t h e i m i n e n i t r o g e n i s 
2 

n o r m a l f o r a sp h y b r i d i s e d n i t r o g e n . As t h e C-N bond l e n g t h s 

t o N^ c o r r e l a t e u e l l u i t h t h o s e v a l u e s f o r C-N s i n g l e and 

d o u b l e bonds i t can be c o n c l u d e d t h a t t h e s t r u c t u r e ( 1 5 6 a ) 

c o n t r i b u t e s o n l y a v e r y s m a l l amount t o t h e r e s o n a n c e f o r m 

o f < 1 6 X ) . 



F i g . 8 ( a l l bond l e n g t h s i n A ) 

( e s t i m a t e d s t a n d a r d 

d e v i a t i o n s i n 

p a r a n t h e s e s ) 

1.4 9(1) 1.4 6(1) 

1.37(1 ) 

c 
Y12T7 (7 

1.41(1) 1-41(1) N 1.30(1) 1 . « ( 1 ) 
119.2(6) 

c 
T ^ T b T a I ^ 1 .679(9) 

. N )104.7(6) 
c 124.5(7) 

1.37(1) 

128 3(3) T C 110.1 (4) 

101.2(4) 

1.769(9) 
1.641(9) 

105.0(6) 
102.7(6) 

2.67(1 ) 
116.0(5) 

1.588(8) 
99.8(5) 

1 .567(9 ) 

o 
CD 
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5 . 3 . Mechan ism o f F o r m a t i o n . 

A mechan ism f o r t h e f o r m a t i o n o f t h e s u b s t i t u t e d 

1 , 3 , 2 - d i t h i a z o l e ( 1 6 2 ) i s g i v e n i n Scheme X V I . W h e t h e r 

N - S - N o r S - N - S a d d i t i o n t a k e s p l a c e f i r s t i s n o t known b u t 

t h e mode o f a d d i t i o n t o g i v e ( 1 6 3 ) r a t h e r t h a n ( 1 6 4 ) i s 

f a v o u r e d on t h e b a s i s o f s t e r i c r e p u l s i o n o f t h e p h e n y l 

g r o u p s f r o m e x a m i n a t i o n o f a m o d e l . M i g r a t i o n o f t h e 

p r o p o s e d t h i o n i t r o s o g r o u p as i n ( 1 6 5 ) i s t h e most d u b i o u s 

s t e p , t h e o n l y a r g u m e n t i n i t s f a v o u r i s t h a t m i g r a t i o n 

does o c c u r t h r o u g h a s i x membered r i n g i n t e r m e d i a t e . 

129 

S^N^ i s k n o u n t o f o r m a d d u c t s u i t h L e u i s a c i d s , so 

i t u a s d e c i d e d t o i n v e s t i g a t e i t s r e a c t i o n u i t h p h e n y l a c e t y l e n e 

i n t h e p r e s e n c e o f a l u m i n i u m t r i c h l o r i d e . The r e a g e n t s u e r e 

h e a t e d a t r e f l u x i n t o l u e n e f o r 3 h o u r s t o y i e l d 3% o f t h e 

t h i a d i a z o l e ( 1 5 5 ) and 20% o f compound ( 1 6 2 ) To c h e c k t h a t 

S ^ N ^ A I C I ^ uas t h e s p e c i e s t h a t a l t e r e d t h e c o u r s e o f t h e 1 3 0 

r e a c t i o n , t h e a d d u c t u a s i n d e p e n d e n t l y s y n t h e s i s e d , b u t 

n o t i s o l a t e d b e c a u s e o f i t s a i r s e n s i t i v i t y . I n s t e a d i t uas 

r e a c t e d d i r e c t l y u i t h p h e n y l a c e t y l e n e i n i t s m o t h e r l i q u o r 

o f 1 , 2 - d i c h l o r o e t h a n e , b u t t h e l o u e r r e f l u x t e m p e r a t u r e 

a p p e a r e d t o h a v e an a d v e r s e e f f e c t on t h e r e a c t i o n , i n t h a t 

a f t e r 52 h o u r s a t r e f l u x t e m p e r a t u r e o n l y compound ( 1 6 2 ) 

c o u l d be i s o l a t e d i n 3% y i e l d . 

The s t r u c t u r e o f S ^ N ^ A l C l ^ has n o t been d e d u c e d b u t i t 

i s b e l i e v e d t o h a v e t h e same c o n f o r m a t i o n as t h a t o f t h e 
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P h - C = C - H ^ \ 
I 

v T ^ H 

i 

Ph H 

V 

Ph H 

Ph 

( 1 6 5 ) ( 1 6 3 ) > p h ( H ) 

( ) = ( 1 6 4 ) 

H. / P h 

- H 2 S 

Scheme XV I (162) 
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BF^ a d d u c t u h o s e s t r u c t u r e ( 1 6 6 ) has been s o l v e d by X - r a y 

a n a l y s i s . 

O = S 

O ~ N 

O = B 

o = F 

The m a i n d i f f e r e n c e i n g e o m e t r y o f t h e a d d u c t u i t h t h a t 

o f t h e p a r e n t compound i s t h a t i n t h e f o r m e r ( 1 6 6 ) t h e s u l p h u r 

a toms l i e i n t h e p l a n e o f t h e s q u a r e , uhereas . i n S^N^ t h i s 

s i t u a t i o n i s r e v e r s e d , i . e . i t i s t h e n i t r o g e n a toms t h a t 

l i e i n t h e p l a n e o f t h e s q u a r e ( 1 ) , 

T h e r e f o r e i t i s p r o p o s e d t h a t i n o r d e r t o s u p p r e s s t h e 

y i e l d o f t h i a d i a z o l e ( as m e n t i o n e d e a r l i e r t h i s has 

o c c u r r e d i n p r e v i o u s e x a m p l e s ) and t o i n c r e a s e t h e y i e l d of 

( 1 6 2 ) t h e a d d u c t m u s t e n c o u r a g e t h e a c e t y l e n e t o a t t a c k a t 

s u l p h u r . T h i s t h e o r y i s i n a g r e e m e n t u i t h t h e y i e l d o f 

compound ( 1 3 0 ) b e i n g i n c r e a s e d i n t h e p r e s e n c e o f a l u m i n i u m 

t r i c h l o r i d e as h e r e a g a i n i t i s p r o p o s e d t h a t a d d i t i o n t o 

s u l p h u r i s r e q u i r e d f o r t h e f o r m a t i o n o f t h i s p r o d u c t . 

A r a t i o n a l f o r t h e d i f f e r e n c e i n r e a c t i v i t y o f S^N^ 

i n t h e p r e s e n c e o f a l u m i n i u m t r i c h l o r i d e i s d i f f i c u l t t o 

e n v i s a g e , e s p e c i a l l y a s a r e c e n t p u b l i c a t i o n has shoun t h a t 

b o t h S 2 N 2 ( A 1 C 1 3 ) 2 and S ^ ^ l C l ^ " " can be i s o l a t e d f r o m t h e 

131 a t h e r e a c t i o n o f S , N , and t h e L e u i s a c i d . 
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5 . 4 . • C h e m i c a l P r o p e r t i e s . 

The 1 , 3 , 2 - d i t h i a z o l e r i n g , u h i c h i s a p a r t o f ( 1 6 2 ) , i s 

n o v e l ; t h e r e i s j u s t o n e r e p o r t o f a s a t u r a t e d 1 , 3 , 2 -

d i t h i a z o l i d i n e ( 1 6 7 ) t h a t u a s p r e p a r e d f r o m t h e b i s - s u l p h e n 

c h l o r i d e . ^ 

^ s c t 

^ S C l 

The t h e r m a l s t a b i l i t y o f t h e b i c y c l i c compound ( 1 6 2 ) i s 

s u r p r i s i n g i n v i e u o f i t s n o v e l 1 , 3 , 2 - d i t h i a z o l e m o i e t y ; 

e v e n a f t e r 8 0 h o u r s a t r e f l u x i n d e c a l i n t i c a n a l y s i s 

s h o u e d s t a r t i n g m a t e r i a l s t i l l r e m a i n e d . The d e c o m p o s i t i o n 

p r o d u c t s u e r e b a s e l i n e m a t e r i a l . 

An e x p l a n a t i o n o f t h i s t h e r m a l s t a b i l t y , t h a t u o u l d 

a l s o i n c o r p o r a t e t h e p l a n a r i t y o f t h e m o l e c u l e , u o u l d be 

t o c o n s i d e r t h e compound as a t r i c y c l i c 14~TT e l e c t r o n 

a r o m a t i c s y s t e m ( 1 5 6 a ) as o r i g i n a l l y u r i t t e n by T a s h i r o 

and c o - u o r k e r s . H o u e v e r t h e m o l e c u l e uas d e c o l o u r i s e d by 

by MCPBA a f t e r 2 h o u r s a t room t e m p e r a t u r e so c l e a r l y i t 

shous g r e a t e r r e a c t i v i t y t h a n e i t h e r o f t h e 10 "TT e l e c t r o n 

compounds d e s c r i b e d p r e v i o u s l y i n C h a p t e r 4 a n d , as ue 

h a v e s e e n , t h i s s t r u c t u r e i s n o t i n good a g r e e m e n t u i t h t h e 

X - r a y r e s u l t s . 

PleNH, 
\ — Me 

( 1 6 7 ) 
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C h a p t e r 6 F u r t h e r E x a m p l e s o f t h e C h e m i s t r y o f S u l p h u r 

N i t r o g e n H e t e r o c y c l e s . 

6 . 1 . F u r t h e r r e a c t i o n s o f S ^ N ^ • 

D u r i n g t h e c o u r s e o f t h e u o r k a l r e a d y d e s c r i b e d some 

f u r t h e r e x p l o r a t o r y r e a c t i o n s o f S^N^ u i t h v a r i o u s o r g a n i c 

compounds u e r e i n v e s t i g a t e d . Some o f t h e s e r e a c t i o n s a r e 

r e l a t e d t o t h e e a r l i e r u o r k , u h i l s t o t h e r s a r e i n e n t i r e l y 

d i f f e r e n t a r e a s . S i n c e t h e s e r e a c t i o n s u e r e l a r g e l y 

u n p r o d u c t i v e t h e y a r e c o l l e c t e d t o g e t h e r b r i e f l y i n t h i s 

c h a p t e r . 

An e q u i m o l a r ' r a t i o o f S^N^ and 1 , 4 , - d i p h e n y l -

b u t a d i y n e u e r e h e a t e d a t r e f l u x i n t o l u e n e f o r 7 h o u r s 

b e f o r e a l l s t a r t i n g m a t e r i a l u a s c o n s u m e d . T h i s p r o d u c e d a 

c o m p l e x r e a c t i o n m i x t u r e , a s m a l l a l i q u o t o f u h i c h uas 

s e p a r a t e d by p r e p a r a t i v e p l a t e c h r o m a t o g r a p h y , t o g i v e s i x 

c o m p o n e n t s . Tuo o f t h e s e u e r e p r o p o s e d t o be t h e t h i a d i a z o l e s 

( 1 6 0 ) and ( 1 6 1 ) on t h e b a s i s o f t h e i r mass s p e c t r a . A t t e m p t s 

( 1 6 0 ) ( 1 6 1 ) 

t o i s o l a t e b o t h compounds i n s u f f i c i e n t q u a n t i t y t o o b t a i n 

a n a l y t i c a l s a m p l e s by c o l u m n c h r o m a t o g r a p h y u e r e u n s u c c e s s f u l 
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b e c a u s e o f i n c o m p l e t e r e s o l u t i o n o f t h e i n d i v i d u a l 

c o m p o n e n t s . The o n l y p r o d u c t t h a t uas i s o l a t e d i n a p u r e 

s t a t e (1% y i e l d ) uas a b r i g h t o r a n g e s o l i d f o r u h i c h t h e 

t e n t a t i v e s t r u c t u r e ( 1 6 8 ) i s p r o p o s e d . The e v i d e n c e f o r 

a t 6 6 . 8 4 and 7 * 5 4 u h i c h a r e a s s i g n a b l e t o Ha and Hb , 

1 3 

r e s p e c t i v e l y , and t h e C nmr s p e c t r u m u h i c h gave C^ and 

C2 a t 1 1 7 . 6 and 1 5 2 . 8 ppm, r e s p e c t i v e l y . T h i s s p e c t r u m gave 

t h e c o r r e c t number o f l i n e s f o r h y d r o g e n b e a r i n g c a r b o n s , 

b u t t u o o f t h e q u a t e r n a r y c a r b o n s u e r e m i s s i n g . These u e r e 

a s s i g n e d t o t h o s e o f t h e t h i a d i a z o l e r i n g , t h e i r a b s e n c e 

b e i n g a t t r i b u t e d t o t h e l o u c o n c e n t r a t i o n o f t h e s o l u t i o n 

f r o m u h i c h t h e s p e c t r u m u a s o b t a i n e d . The mass s p e c t r u m gave 

a s t r o n g m o l e c u l a r i o n , u i t h l o s s e s , o f 104 and 1 3 6 , t h e 

d o t t e d l i n e s i n d i c a t i n g t h e s e f r a g m e n t s . I t i s n o t p o s s i b l e 

t o s t a t e t h e s t e r e o c h e m i s t r y o f t h e d o u b l e bonds i n s t r u c t u r e 

( 1 6 8 ) . I t i s i n t e r e s t i n g t o n o t e t h a t i n t h i s p r o d u c t ( 1 6 8 ) 

t o l u e n e has m o s t p r o b a b l y become i n c o r p o r a t e d . T h i s i s t h e 

f i r s t t i m e t h a t ue h a v e o b s e r v e d s o l v e n t p a r t i c i p a t i o n , 

a l t h o u g h o t h e r a u t h o r s h a v e c l a i m e d t h a t r e a c t s u i t h 

t h i s comes from- t h e H nmr s p e c t r u m u h i c h shoued s i n g l e t s 1 

Ha Ph 

( 168} 
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1 32 
t o l u e n e t o g i v e t h e t r i a z i n e ( 1 6 9 ) i n t r a c e a m o u n t s ; ue 

h a v e n e v e r o b s e r v e d t h i s p r o d u c t i n any o f our r e a c t i o n s . 

S l o u a d d i t i o n o f t h e y n a m i n e ( 1 7 0 ) , and o f t h e e n a m i n e 

( 1 7 1 ) t o S^N^ i n b e n z e n e a t room t e m p e r a t u r e p r o d u c e d e x o -

t h e r m i c r e a c t i o n s t h a t g a v e c o m p l e x m i x t u r e s t h a t u e r e u n -

s t a b l e t o c h r o m a t o g r a p h y ; a t t e m p t s t o p r o d u c e more s t a b l e 

p r o d u c t s by h e a t i n g t h e r e a c t i o n s o l u t i o n a t r e f l u x o r 

a l l o u i n g i t to s t a n d o v e r s i l i c a g e l y i e l d e d o n l y i n t r a c t a b l e 

t a r s . 

Ph 

Ph 

' N ^ P h 

( 1 6 9 ) 

M e - C = C — N E f -

( 1 7 0 ) ( 1 7 1 ) 

The 3 - n i t r o s o - i n d o l i z i n e ( 1 7 2 ) gave t h e n i t r i l e ( 1 7 3 ) i n 

21% y i e l d i n u h a t a t f i r s t s i g h t a p p e a r s t o shou S^N^ as a 

r e d u c i n g a g e n t . 

R = NO = ( 1 7 2 ) 

R = NH2 = ( 1 7 4 ) 

S 4 N 4 . 
— — — - o 
t o l u e n e 
A 4 . 5 h 

R = H = ( 1 7 5 ) 

H o u e v e r t h i s does n o t seem t o be t h e c a s e as t h e n i t r i l e 

( 1 7 3 ) uas a l s o o b t a i n e d uhen t h e i n d o l i z i n e s ( 1 7 4 ) (60%) 

1 33 

and ( 1 7 5 ) (20%) u e r e t r e a t e d u n d e r t h e same c o n d i t i o n s . 

T h e r e f o r e t h e m o s t p r o b a b l e r o u t e t o t h e n i t r i l e ( 1 7 3 ) f rom 

i n d o l i z i n e ( 1 7 4 ) i s d e h y d r o g e n a t i o n o f t h e amino g r o u p and 

d e c o m p o s i t i o n v i a t h e n i t r e n e , u h e r e a s f o r t h e o t h e r 
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t u o compounds ( 1 7 2 ) and ( 1 7 5 ) t h e 3 - p o s i t i o n i s m o s t 

p r o b a b l y s u b s t i t u t e d u i t h a n i t r o g e n b e a r i n g f r a g m e n t f r o m 

S^N^ u i t h s u b s e q u e n t d e c o m p o s i t i o n y i e l d i n g t h e n i t r i l e 

( 1 7 3 ) . F u r t h e r e v i d e n c e t h a t S^N^ i s n o t a r e d u c i n g a g e n t 

uas p r o v i d e d b y i t s f a i l u r e t o r e a c t u i t h a z o x y b e n z e n e 

even a f t e r t h e r e a g e n t s u e r e h e a t e d a t r e f l u x i n t o l u e n e 

f o r 20 h o u r s . 

The r e a c t i o n o f b e n z y n e , g e n e r a t e d f r o m p h e n y l d i a z o n i u m 

134 

t e t r a f l u o r o b o r a t e p r o d u c e d a c o m p l e x r e a c t i o n , f r o m 

u h i c h o n l y t h e s u l p h u r d i i m i d e ( 1 7 6 ) c o u l d be i s o l a t e d i n 

m i n u t e y i e l d (1%)•as a p u r e p r o d u c t . 

P h ^ s I e 
P h S - N = S = N — S P h T ^ \ _ / 

I n / — \ £ = C0 9 Me 
t ro n / \ 2 SBu £ i 

( 1 7 6 ) ( 1 7 7 ) ( 1 7 8 ) 

I n some a t t e m p t e d r e a c t i o n s S^N^, p r o v e d t o be u n r e a c t i v e ; 

t h i s u a s t h e c a s e u i t h t h e r e a g e n t s p h e n y l m e c u r i c c h l o r i d e , 

t h e d i t h i o - e s t e r ( 1 7 7 ) and t h e d i i o d o - a l k e n e ( 1 7 8 ) . t h e y 

s h o u e d n e g l i g i b l e r e a c t i o n e v e n a f t e r b e i n g h e a t e d a t r e f l u x 

i n t o l u e n e f o r up t o 7 2 h o u r s . 
"7 C *3t f. 

The o x i d e s ( 1 7 9 ) and ( 1 8 0 ) o f a r e b o t h r e p o r t e d 9 

b u t b o t h a r e p r e p a r e d f r o m c o m p l e x s t a r t i n g m a t e r i a l s , so ue 

i n v e s t i g a t e d t h e p o s s i b i l i t y o f t h e i r p r e p a r a t i o n by d i r e c t 

o x i d a t i o n . 

S^N^ r e a c t e d s l o u l y a t room t e m p e r a t u r e u i t h 2 e q u i v a l e n t s 

o f nCPBA i n d i c h l o r o m e t h a n e , b u t a f t e r 48 h o u r s t h e o r i g i n a l 
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2 ( n e 3 S i N ) 2 S + 2 ( F 0 2 S ) 2 D o J^Q 
A r n /"^O 
* 4 

( 1 7 9 ) 

f ^ V 
(S~ I \ I ? C1) C I + S02(NH ) 2 - — ^ S SL 

1 1 1 A cci. \ / ^ o 
N c ^ N 

( 1 8 0 ) 50fo 

o r a n g e s o l u t i o n uas c o l o u r l e s s . S t a n d a r d u o r k up o f t h i s 

r e a c t i o n ga\ /e a c r u d e s o l i d , uhose mass s p e c t r u m c o n t a i n e d 

no p e a k s c o r r e s p o n d i n g t o t h e S - o x i d e s ( 1 7 9 ) o r ( 1 8 0 ) , b u t 

g a v e Sg as t h e o n l y i d e n t i f i a b l e p r o d u c t . T h i s r e a c t i o n uas 

r e p e a t e d u i t h s l i g h t v a r i a t i o n s i n t h e u o r k up p r o c e d u r e b u t 

Sg and m - c h l o r o b e n z o i c a c i d u e r e t h e o n l y i d e n t i f i a b l e 

p r o d u c t s . 
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6 , 2 . R e a c t i o n s o f S ^ N ^ C l ^ • 

A s t u d y o f t h e r e a c t i o n s o f S ^ N ^ C l ^ u i t h a s m a l l number 

o f o r g a n i c s u b s t r a t e s a r e r e p o r t e d i n t h i s s e c t i o n . I n 
50 

k e e p i n g u i t h t h e o b s e r v a t i o n s o f B a r t o n and c o - u o r k e r s ue 

f o u n d t h a t S ^ N ^ C l ^ e x h i b i t s g r e a t e r r e a c t i v i t y t h a n S ^ N ^ , 

b u t a g a i n y i e l d s o f p u r e p r o d u c t s a r e g e n e r a l l y l o u , 

S l o u a d d i t i o n o f an a c e t y l e n e t o S ^ N ^ C l ^ i n b e n z e n e a t 

room t e m p e r a t u r e g a v e t h e f o l l o u i n g y i e l d s o f 1 , 2 , 5 -

t h i a d i a z o l e s ( 3 ) , 

A c e t y l e n e % y i e l d ( 3 ) 

P h - C = C - H : 40 

P h - C = C - P h 19 

e-c=c-e 91 

The s l o u a d d i t i o n o f t h e a c e t y l e n e , d i l u t e d i n b e n z e n e and 

a d d e d o v e r 20 m i n u t e s , uas f a v o u r e d s i n c e u i t h p h e n y l a c e t y l e n e 

t h i s p r o c e d u r e r a i s e d t h e y i e l d o f t h i a d i a z o l e f r o m 23% t o 

40%. A p o s s i b l e m e c h a n i s m f o r t h i s t r a n s f o r m a t i o n i s g i v e n 

i n Scheme X V I I . E v i d e n c e f o r t h e mechan ism p r e s e n t e d i s t h a t 

on a d d i t i o n o f t h e a c e t y l e n e t h e l i g h t y e l l o u s o l u t i o n becomes 

8 

g r e e n u h i c h i s t h e c o l o u r o f t h e t h i a z y l c h l o r i d e m o n o m e r , 

and a 17% y i e l d o f S 7 N „ C 1 uas i s o l a t e d f r o m t h e d i p h e n y l -

a c e t y l e n e r e a c t i o n . The e q u a t i o n s f o r t h e f o r m a t i o n o f t h i s 

compound a r e : 

2NSC1 + S 2 C 1 2 o s
3

N 2 C 1 2 + S C 1 2 
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R 

CI 
I 

\ 

\ 
R 

R-

R-

N. 

:N' 

(3) 

CI 

- N S C l 
c=-

- S C I . 

Scheme X V I I 

R-

R-

a 

N' 
\ 

(181 ) 
SCI 

R-

R' 

N. 
+ 

V 
c i 

- ^ S C l 

3 S 3 N 2 C 1 2 + S 2 C 1 2 2 S 4 N 3 C 1 + 3SC1„ 

S 2 C 1 2 + C l 2 

and as t h e e q u i l i b r i u m 

2 S C 1 2 o 

137 

i s u e l l k n o u n , t h e m e c h a n i s m p r e s e n t e d p r o v i d e s b o t h 

s p e c i e s ne c e s s a r y f o r t h e f o r m a t i o n o f S ^ N ^ C l . 

The r e a c t i o n u i t h d i p h e n y l a c e t y l e n e a l s o g a v e a 6% y i e l d 

o f b e n z i l , t h i s p r o d u c t p r o v i d i n g an i l l u s t r a t i o n o f t h e 

o x i d a t i v e p o u e r s o f S ^ N ^ C l ^ u h i c h a r e h a r d l y s u r p r i s i n g as + 

i t can be u n t t e n as a s o u r c e o f C l • As a l l t h e s e r e a c t i o n s 

u e r e p e r f o r m e d u n d e r an a t m o s p h e r e o f n i t r o g e n t h e o x y g e n i n 

b e n z i l p o s s i b l y a r o s e d u r i n g co lumn c h r o m a t o g r a p h y . 

The r e a c t i o n o f d e o x y b e n z o i n and S ^ N ^ C l ^ p r o c e e d e d a t 
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CI CI 
I i 

A -
cr CI 

room t e m p e r a t u r e t o y i e l d b e n z i l ( 6%) and t h e e x p e c t e d 

t h i a d i a z o l e ( 3 ) ( 7 % ) . The m a j o r p r o d u c t , a s o l i d o b t a i n e d 

by f i l t r a t i o n (45% y i e l d by w e i g h t ) , c o u l d n o t be 

c h a r a c t e r i s e d b e c a u s e o f i t s a i r s e n s i t i v i t y . The mechan ism 

f o r t h e f o r m a t i o n o f t h e t h i a d i a z o l e f r o m t h e k e t o n e can 

be e n v i s a g e d as. a d d i t i o n o f t h e e n o l f o r m o f d e o x y b e n z o i n , 

i n a mode s i m i l a r t o t h e a c e t y l e n e shoun i n Scheme X V I I , 

u i t h s u b s e q u e n t d e h y d r a t i o n g i v i n g t h e same i n t e r m e d i a t e 

The o x i d a t i v e p o u e r s o f S - N - C l , , u e r e a g a i n i l l u s t r a t e d 

uhen i t uas t r e a t e d u i t h t h i o p h e n o l and sod ium t h i o p h e n o x i d e 

i n t h e hope o f d i s p l a c i n g t h e c h l o r i n e a toms t o g i v e 

compound ( 1 8 2 ) . D i p h e n y l d i s u l p h i d e uas o b t a i n e d i n y i e l d s 

r a n g i n g f r o m 30 t o 7 0 % . 

(181 ). 

S P h 

\ 

( 1 2 9 ) SPh 
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6 . 3 . R e a c t i o n s o f S ^ N ^ C l . 

The r e a c t i o n s o f p h e n y l a c e t y l e n e and DMAD u i t h S ^ N ^ C l 

a r e d i s c u s s e d i n t h i s s e c t i o n . B o t h r e a c t i o n s p r o d u c e d 

c o m p l e x m i x t u r e s , f r o m u h i c h o n l y t r a c e amounts o f p u r e 

compounds c o u l d be i s o l a t e d . 

Uhen S ^ N ^ C l uas h e a t e d a t r e f l u x f o r 4 . 5 h o u r s i n 

t o l u e n e u i t h p h e n y l a c e t y l e n e a c o m p l e x r e a c t i o n m i x t u r e 

uas o b t a i n e d . One p r o d u c t i s o l a t e d f r o m t h i s uas a y e l l o u 

s o l i d ( 1 / 6 ) ; a n a l y s i s and mass s p e c t r u m i n d i c a t e d t h a t t h i s 

had t h e same m o l e c u l a r f o r m u l a as compound ( 1 6 2 ) , b u t a. 

c l o s e r e s e m b l a n c e i n s t r u c t u r e uas t h o u g h t u n l i k e l y as t h e r e 

uas no peak a t 121 i n t h e mass s p e c t r u m c o r r e s p o n d i n g t o 
+ 

P h - C = S , i n d i c a t i n g t h a t t h e r e uas p r o b a b l y no b e n z y l i c 

s u l p h u r b o n d i n g . The u l t r a v i o l e t s p e c t r u m o f t h i s compound 

s h o u e d s i m i l a r i t i e s t o t h a t o f t h e s p e c t r u m o f t h e b i c y c l i c 
•i 

m a t e r i a l ( 1 6 2 ) and t h e H nmr shoued t h e t u o p h e n y l g r o u p s 

u e r e i n d i f f e r e n t e n v i r o m e n t s , b u t t h e s e p a r a t i o n o f t h e 

o r t h o p r o t o n s uas n o t as g r e a t as i n compound ( 1 6 2 ) . The 

p h Ph Ph Ph 

(162) ( 1 8 3 ) 
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i n f r a r e d s p e c t r u m u a s c o m p l e x b u t some p e a k s u e r e common 

t o t h o s e r e c o r d e d f o r t h e b i c y c l i c compound ( 1 6 2 ) , On t h i s 

s l i g h t amount o f i n f o r m a t i o n t h e s t r u c t u r e ( 1 8 3 ) may be 

c o n s i d e r e d b u t m u s t r e m a i n v e r y t e n t a t i v e ; t h e s m a l l amount 

nmr s p e c t r u m b e i n g o b t a i n e d , u h i c h u o u l d h a v e h e l p e d t o 

v e r i f y t h i s m o l e c u l a r g e o m e t r y . As uas n e a r l y t h e c a s e f o r 

compound ( 1 6 2 ) , m i n u t e t u i n n e d n e e d l e s p r e v e n t e d t h e 

d e f i n i t i v e a n s w e r b e i n g g a i n e d f r o m X - r a y c r y s t a l l o g r a p h y . 

A s e c o n d p r o d u c t ( 1 % ) o b t a i n e d f r o m t h i s r e a c t i o n uas 

a c o l o u r l e s s s o l i d , u h o s e m o l e c u l a r f o r m u l a uas s i m i l a r t o 

compound ( 1 8 3 ) -but i t h a d one m o r e s u l p h u r a t o m . The s t r u c t u r e 

( 1 8 4 ) i s t e n t a t i v e l y a s s i g n e d t o t h i s m o l e c u l e , m a i n l y on 

t h e b a s i s o f t h e mass s p e c t r u m u h i c h gave s t r o n g m o l e c u l a r 
1 

i o n s a t 386 and 1 9 3 . The H nmr i n d i c a t e d b o t h p h e n y l g r o u p s 

u e r e e q u i v a l e n t and t h e i n f r a r e d s p e c t r u m i n d i c a t e d t h a t 

a 1 , 2 , 5 - t h i a d i a z o l e r i n g may be p r e s e n t . For t h e r e a s o n s 

g i v e n i n t h e p r e v i o u s e x a m p l e t h e p r o p o s e d s t r u c t u r e ( 1 8 4 ) 

m u s t r e m a i n s p e c u l a t i v e , as t h e a l t e r n a t i v e s t r u c t u r e ( 1 8 5 ) 

c a n n o t be e n t i r e l y r u l e d o u t on t h e s p e c t r a l d a t a a v a i l a b l e . 

o f s a m p l e a v a i l a b l e ( 1 0 mg a f t e r a n a l y s i s ) p r e v e n t e d a C 13 

Pt- Ph 

( 1 8 4 ) ( 1 8 5 ) 
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6 , 4 . C o n c l u s i o n . 

The r e a c t i o n s o f S ^ N ^ , S ^ N ^ C l and S ^ N ^ C l ^ u i t h e l e c t r o n 

r i c h o r g a n i c s u b s t r a t e s l e a d s t o a v a r i e t y o f i n t e r e s t i n g 

p r o d u c t s . H o u e v e r , t h e c r u d e , p r o d u c t i s u s u a l l y a c o m p l e x 

m i x t u r e and t h e . y i e l d s o f p u r e s u b s t a n c e s a r e g e n e r a l l y 

l o u . The m u l t i p l i c i t y o f p a t h w a y s by u h i c h t h e s e r e a g e n t s 

can r e a c t , u h i l s t m e c h a n i s t i c a l l y i n t e r e s t i n g , i m p o s e s 

s e v e r e l i m i t a t i o n s on t h e i r s y n t h e t i c u t i l i t y , and a 

c o n s i d e r a b l e h i n d r a n c e i n any c h e m i c a l s t u d y o f t h e p r o d u c t s . 



EXPERIMENTAL 
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EXPERIMENTAL 

R e a g e n t s 

7 143 143 S ^ N ^ , S ^ N ^ C l a n d S ^ N ^ C l ^ u e r e p r e p a r e d by 

l i t e r a t u r e m e t h o d s , CAUTION S . N , i s EXPLOSIV/E t o h e a t and 4 4 

shock and s h o u l d be t r e a t e d w i t h t h e u t m o s t c a r e . I n o r d e r 

t o m i n i m i s e t h e r i s k o f an e x p l o s i o n , t h e S^N^, uas l e f t 
7 

s l i g h t l y m o i s t u i t h d i o x a n f r o m t h e S o x h l e t e x t r a c t i o n . 

A l t h o u g h S ^ N ^ C l and S ^ N ^ C l ^ h a v e n o t been o b s e r v e d t o 

decompose v i o l e n t l y t h e y s h o u l d s t i l l be t r e a t e d u i t h c a r e . 

T h e s e r e a g e n t s u e r e s t o r e d u n d e r n i t r o g e n a t 0°C and a l l 

t h e i r r e a c t i o n s u e r e c o n d u c t e d u n d e r n i t r o g e n i n d r y 

s o l v e n t s , u n l e s s o t h e r u i s e s t a t e d . 

S u l p h u r d i c h l o r i d e and d i s u l p h u r d i c h l o r i d e u e r e 
147 

p u r i f i e d by t h e m e t h o d s o f F i e s e r and F i e s e r and s t o r e d 

a t 0°C u n d e r n i t r o g e n . They u e r e used u i t h i n 6 months o f 

p u r i f i c a t i o n , T h i o n y l c h l o r i d e and s u l p h u r y l c h l o r i d e u e r e 

d i s t i l l e d u n d e r n i t r o g e n p r i o r t o u s e . 

The f o l l o u i n g r e a g e n t s u e r e p r e p a r e d by l i t e r a t u r e 

m e t h o d s : b e n z i l m o n o h y d r a z o n e , ^ a z i b e n z i l , ^ ^ d i p h e n y l k e t e n e , ^ 

t h i o b e n z i l i c a c i d , ^ b e n z i l b i s h y d r a z o n e , ^ ^ t h i o b e n z a m i d e , ^ 
95 75 £ - n i t r o t h i o b e n z a m i d e , d i p h t h a l i m i d o s u l p h i d e , N - m o r p h o l i n o 

s u l p h e n y l c h l o r i d e , ^ d i a z o m e t h a n e , ^ ^ b e n z a l d o x i m e , ^ ^ 

85 1 4 5 
b e n z o h y d r o x a m y l c h l o r i d e , d i b e n z o y l s u l p h i d e , 

1 4 6 97a 94 
s u l p h a m i d e , N - c h l o r o b e n z a m i d e , L a u e s s o n f s r e a g e n t , 

145 148 p h e n y l a c e t y l e n e , d e o x y b e n z o i n and 1 - m o r p h o l i n o c y c l o -
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h e x e n e . ^ ^ 

A l u m i n i u m t r i c h l o r i d e u a s p u r i f i e d by s u b l i m a t i o n 

p r i o r t o u s e . 

O t h e r r e a g e n t s u e r e c o m m e r c i a l l y a v a i l a b l e and 

u s e d u i t h o u t f u r t h e r p u r i f i c a t i o n . 

S o l v e n t s 

H y d r o c a r b o n s o l v e n t s u e r e d r i e d by s t a n d i n g o v e r 

s o d i u m , THF uas d r i e d by d i s t i l l a t i o n f r o m sodium u i r e 

u n d e r n i t r o g e n o n t o m o l e c u l a r s i e v e ( t y p e 3 A ) , DMSO uas 

d r i e d by d i s t i l l a t i o n f r o m c a l c i u m h y d r i d e u n d e r r e d u c e d 

p r e s s u r e o n t o m o l e c u l a r s i e v e ( t y p e 3 A ) . Carbon t e t r a c h l o r i d e 

uas d r i e d by d i s t i l l a t i o n f r o m c a l c i u m c h l o r i d e , t h e f i r s t 

15% o f t h e d i s t i l l a t e b e i n g d i s c a r d e d . 

E t h e r r e f e r s t o d i e t h y l e t h e r , u h i c h uas d r i e d by 

s t a n d i n g o v e r s o d i u m . 

P e t r o l r e f e r s t o t h e p e n t a n e f r a c t i o n , bp 4 0 - 6 0 ° C and 

uas r e d i s t i l l e d b e f o r e u s e . 

P e t r o l ( b p 6 0 - 8 0 ° ) uas r e d i s t i l l e d b e f o r e u s e . 

M e t h a n o l uas d r i e d by r e f l u x i n g o v e r magnesium t u r n i n g s 

and d i s t i l l a t i o n . 

C h r o m a t o g r a p h y 

Column c h r o m a t o g r a p h y uas p e r f o r m e d i n medium p r e s s u r e 

^ 150 
a p p a r a t u s s i m i l a r t o t h a t d e s c r i b e d ^ S t i l l e t a l u s i n g 

s i l i c a g e l H ( R o s e C h e m i c a l s ) or a l u m i n a ( M e r c k 
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( t y p e E ) n e u t r a l ) . S a m p l e s u e r e u s u a l l y a p p l i e d t o t h e s e 

c o l u m n s p r e - a d s o r b e d on s m a l l q u a n t i t i e s o f t h e a p p r o p r i a t e 

m a t e r i a l . 

T h i n l a y e r c h r o m a t o g r a p h y ( t i c ) uas used t h r o u g h o u t 

t h i s u o r k t o m o n i t o r t h e p r o g r e s s o f r e a c t i o n s and t h e 

p u r i t y o f c o m p o u n d s . S i l i c a ( M e r c k G . F ^ ^ ) and a l u m i n a 

( M e r c k G . F . 2 5 4 ) u e r e u s e d as t h i n l a y e r s on g l a s s m i c r o -

s c o p e s l i d e s . P r e p a r a t i v e p l a t e c h r o m a t o g r a p h y uas c a r r i e d 

o u t u i t h 20 x 20 cm g l a s s p l a t e s c o a t e d u i t h s i l i c a ( M e r c k 

P . F . 2 5 4 ) o r c o m e r c i a l l y a v a i l a b l e 20 x 20 cm a l u m i n a p l a t e s . 

A f t e r e l u t i o n t h e p l a t e s u e r e o b s e r v e d u n d e r u l t r a - v i o l e t 

l i g h t . The a p p r o p r i a t e compound uas removed f r o m e i t h e r 

t h e s i l i c a o r a l u m i n a by u a s h i n g u i t h m e t h a n o l , 

HPLC uas c a r r i e d o u t on an Pye Unicam LC20 s e p a r a t o r 

u i t h a 6 i n c h p a r t i s i l c o l u m n u s i n g a UV20 d e t e c t o r 

o p e r a t i n g a t 2 5 4 nm, E l u t i o n uas u i t h n - h e x a n e 1 1 - b u t a n o l 

4 : 1 , 

GLC uas c a r r i e d o u t on a P e r k i n - E l m e r F11 u i t h a 

2 , 8 mm d i a m e t e r , 2 m e t e r co lumn p a c k e d u i t h 15% s i l i c o n 

g r e a s e on c h r o m o s o r b P 8 0 - 1 0 0 mesh . The oven t e m p e r a t u r e 

u a s 8 0 ° C 

S p e c t r a 

I n f r a r e d ( i . r . ) s p e c t r a u e r e r e c o r d e d 

u s i n g a P e r k i n - E l m e r 2 8 9 o r 2 9 8 s p e c t r o m e t e r . S p e c t r a o f 

s o l i d s u e r e t a k e n as KBr d i s c s or N u j o l m u l l s and l i q u i d s 
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as t h i n f i l m s b e t w e e n N a C l p l a t e s . A b b r e v i a t i o n s u s e d a r e : -

( s ) s t r o n g , ( v s ) v e r y s t r o n g , (m) medium and ( u ) w e a k , 

1 
H nmr u e r e r e c o r d e d on a 60 MHz l / a r i a n EM360A, a 90 

MHz P e r k i n - E l m e r R32 o r a 2 5 0 MHz B r u k e r s p e c t r o m e t e r , t h a t 

1 3 

a l s o c a r r i e d o u t t h e C nmr a t 6 2 , 9 MHz, T e t r a m e t h y I s i l a n e 

uas u s e d as i n t e r n a l r e f e r e n c e . 

Mass s p e c t r a ( m / e ) u e r e r e c o r d e d on a \jG m i c r o m a s s 

s p e c t r o m e t e r , A v a r i a b l e t e m p e r a t u r e mass s p e c t r u m uas uhen 

a s a m p l e uas p l a c e d i n t h e p r o b e a t a l o u t e m p e r a t u r e 

and a s p e c t r u m i s r u n f o r e v e r y 1 0 ° i n c r e a s e i n p r o b e 

t e m p e r a t u r e , 

U l t r a - v i o l e ' t ( u , v . ) s p e c t r a u e r e r e c o r d e d u s i n g a Pye 

Unicam S P 8 0 0 B , 

O t h e r d a t a 

M e l t i n g p o i n t s (mp) u e r e d e t e r m i n e d on a K o f l e r H o t 

S t a g e a p p a r a t u s , and a r e u n c o r r e c t e d , 

P h o t o l y s e s u e r e c a r r i e d o u t i n a R a y o n e t P h o t o c h e m i c a l 

R e a c t o r u i t h a s l o u b l e e d o f n i t r o g e n b e i n g p a s s e d t h r o u g h 

t h e s o l u t i o n s . 

E l e m e n t a l m i c r o a n a l y s i s u e r e c a r r i e d o u t i n t h e A n a l y t i c a l 

S e c t i o n o f t h i s C h e m i s t r y D e p a r t m e n t u n d e r t h e s u p e r v i s i o n 

o f Mr K , D o n e s . 
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R e a c t i o n o f and B e n z i l m o n o h y d r a z o n e 

B e n z i l m o n o h y d r a z o n e ( 2 . 2 4 g , 10 mmol ) and S^N^ ( 0 . 9 2 g , 

5 mmol ) u e r e h e a t e d a t r e f l u x i n t o l u e n e ( 2 0 m l ) f o r 24 

h o u r s . The s o l u t i o n u a s c o o l e d , f i l t e r e d t o remove s u l p h u r 

( 5 0 m g ) , and c h r o m a t o g r a p h e d on a l u m i n a ( 4 0 g ) . E l u t i o n 

u i t h p e t r o l g a v e s u l p h u r ( 2 9 0 mg) and p e t r o l - c h l o r o f o r m 

3 : 1 g a v e ( 5 3 ) , 3 : 2 g a v e ( 5 6 ) and 1 : 1 g a v e ( 5 4 ) . E l u t i o n 

u i t h d i c h l o r o m e t h a n e - m e t h a n o l 9 : 1 g a v e ( 5 5 ) . 3 , 4 D i p h e n y l -

1 , 2 , 5 - t h i a d i a z o l e ( 5 3 ) ( 0 . 1 9 g , 8%) a c o l o u r l e s s s o l i d m . p . 

8 4 - 8 6 ° C ( l i t ^ 8 5 - 8 6 ° C ) . B e n z i l - b e n z o p h e n o n e a z i n e ( 5 6 ) 

( 0 . 3 5 g , 18%) a,s b r i g h t y e l l o u n e e d l e s m . p . 1 3 5 - 1 3 6 ° C ( l i t 

5 2 o . 129 C) ( m i x e d m . p . u i t h s a m p l e p r e p a r e d i n d e p e n d e n t l y 

52 o 

f r o m b e n z o p h e n o n e h y d r a z o n e and b e n z i l 1 3 5 - 1 3 6 C) f r o m 

p e t r o l - c h l o r o f o r m . ( F o u n d C, 8 3 . 3 ; H , 5 . 2 ; N , 7 . 2 . C 2 ? H 2 Q 

N 2 0 r e q u i r e s C , 8 3 . 5 ; H , 5 . 2 ; N , 7 . 2 . ) <5C ( C D C 1 3 ) 1 2 7 . 7 , 

1 2 8 . 0 , 1 2 8 . 7 , 1 2 8 . 9 , 1 2 9 . 0 , 1 2 9 . 2 , 1 2 9 . 3 , 1 2 9 . 9 , 1 3 0 . 3 , 

1 3 1 . 0 , 1 3 3 . 3 , 1 3 3 . 8 , 1 3 4 . 9 , 1 3 5 . 6 , 1 3 7 . 6 , 1 6 3 . 5 , 1 6 5 . 1 . 

and 1 9 8 . 1 . m / e 3 8 8 ( n + ) . B e n z i l a z i n e ( 5 4 ) ( 0 . 1 2 g , 6%) 

y e l l o u s o l i d m . p . 2 0 0 - 2 0 2 ° C ( l i t 1 3 8 2 0 0 - 2 0 2°c ) . D i p h e n y l -

a c e t a m i d e ( 5 5 ) ( 0 . 0 4 2 3 g , 2%) c o l o u r l e s s s o l i d m . p . 1 6 3 -

1 6 5 ° C ( l i t 1 3 9 1 6 4 - 1 6 5 ° C ) • 

R e a c t i o n o f S ^ N ^ , B e n z i l m o n o h y d r a z o n e and Ammonia 

B e n z i l m o n o h y d r a z o n e ( 1 . 2 4 g , 5 mmol ) and S^N^ ( 0 . 4 6 g , 

2 . 5 mmol ) u e r e h e a t e d a t r e f l u x - i n t o l u e n e ( 1 0 m l ) f o r 24 
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h , d u r i n g u h i c h a s l o u b l e e d o f ammonia , p r e - d r i e d by 

p a s s a g e t h r o u g h a c o l u m n o f KOH p e l l e t s , uas p a s s e d t h r o u g h 

t h e s o l u t i o n . On c o o l i n g t h e s o l u t i o n uas f i l t e r e d t o g i v e 

d i p h e n y l a c e t a m i d e ( 5 5 ) ( 0 . 6 2 g , 60%) m . p . 1 6 2 - 1 6 5 ° C ( l i t 1 3 9 

1 6 4 - 1 6 5 ° C . On s t a n d i n g t h e f i l t r a t e gave a s e c o n d s o l i d 

and t h i s uas b e n z i l a z i n e ( . 0 9 1 1 g , 8%) m . p . 1 9 0 - 1 9 7 ° C 

( l i t 1 3 8 2 0 0 - 2 0 2 ° C ) . 

2 , 2 1 4 , 5 - T e t r a p h e n y l - 1 , 3 - o x a t h i o l e ( 5 8 ) 

. A z i b e n z i l ( 0 . 8 8 g , 3 . 9 6 mmol ) and S^N^ ( 0 . 3 6 g , 1 . 9 5 

mmol ) u e r e s t i r r e d t o g e t h e r i n t o l u e n e f o r 5 m i n . A s o l u t i o n 

o f d i p h e n y l k e t e n e ( 0 . 7 6 g , 3 . 9 1 mmol ) i n t o l u e n e uas t h e n 

a d d e d t o t h e a z i b e n z i l - S ^ N ^ s o l u t i o n o v e r 10 m i n . A f t e r 

s t i r r i n g f o r a f u r t h e r 1 h t h e r e a c t i o n uas c h r o m a t o g r a p h e d 

on a l u m i n a ( 4 0 g ) and e l u t i o n u i t h p e t r o l g a v e a m i x t u r e 

o f t h i o b e n z o p h e n o n e and b e n z o p h e n o n e , i d e n t i f i e d by t i c 

a n a l y s i s ( 0 . 0 5 2 g , 6 . 5 % ) . E l u t i o n u i t h p e t r o l - c h l o r o f o r m 

4 : 1 gave ( 5 8 ) ( 0 . 1 0 8 g , 7%) as a c o l o u r l e s s s o l i d m . p . 

1 4 5 - 1 4 7 ° C ( l i t 5 8 1 4 6 ° C ) . . 

3 > 3 > 4 , 4 - T e t r a p h e n y l t h i e t - 2 - o n e ( 5 9 ) 

( 0 . 3 9 g , 2 . 1 6 m m o l ) , d i p h e n y l k e t e n e ( 0 . 8 4 g , 

4 . 3 2 mmol) and a z i b e n z i l ( 0 . 9 6 g , 4 . 3 2 mmol) u e r e s t i r r e d 

t o g e t h e r a t room t e m p e r a t u r e i n t o l u e n e ( 1 0 m l ) f o r 16 h . 

D u r i n g t h e f i r s t h o u r o f t h e r e a c t i o n a gas uas e v o l v e d 

57 u h i c h gave a p o s i t i v e c a r b o n m o n o x i d e t e s t . The s o l u t i o n 
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u a s f i l t e r e d t o g i v e a s o l i d , u h i c h a f t e r u a s h i n g u i t h 

p e t r o l ( 2 x 10 m l ) g a v e t h e t h i e t - 2 - o n e ( 5 9 ) ( 0 . 0 6 2 g , 1%) 

as a c o l o u r l e s s s o l i d m . p . 1 7 8 - 1 8 1 ° C ( l i t 5 9 1 8 0 - 1 8 1 ° c ) 

T e t r a p h e n y l t h i i r a n e 

D i p h e n y . l d i a z o m e t h a n e ( 0 . 9 2 g , 4 . 7 4 m m o l ) , d i p h e n y l k e t e n e 

( 0 . 8 9 g , 4 . 5 9 mmol ) and S^N^ ( 0 . 4 6 g , 2 . 5 0 mmol ) u e r e s t i r r e d 

t o g e t h e r a t room t e m p e r a t u r e i n b e n z e n e ( 1 0 m l ) f o r 2 h . 

The r e a c t i o n uas c h r o m a t o g r a p h e d on a l u m i n a ( 4 5 g ) and 

e l u t i o n u i t h p e t r o l - c h l o r o f o r m 4 : 1 g a v e t e t r a p h e n y l t h i i r a n e 

( 0 . 2 3 g , 19%) as a c o l o u r l e s s s o l i d m . p . 1 7 6 - 1 7 8 ° C ( l i t 6 0 

1 7 8 ° C ) . 

R e a c t i o n o f S^N^ and D i p h e n y l k e t e n e 

D i p h e n y l k e t e n e ( 0 . 8 7 g , 5 mmol) i n b e n z e n e ( 1 0 m l ) uas 

a d d e d t o a s o l u t i o n o f S^N^ ( 0 . 4 6 g , 2 . 5 mmol) i n b e n z e n e 

( 1 0 m l ) o v e r 20 m i n . The gas e v o l v e d f r o m t h i s r e a c t i o n 

uas shoun t o be c a r b o n m o n o x i d e by p a s s a g e o f t h e n i t r o g e n 

57 

b l e e d t h r o u g h a s o l u t i o n o f p a l l a d i u m c h l o r i d e , u h i c h gave 

a p r e c i p i t a t e u i t h i n 2 m i n o f s t a r t i n g t h e a d d i t i o n . The 

r e a c t i o n uas s t i r r e d f o r a f u r t h e r 16 h a t room t e m p e r a t u r e 

and t h e n r a p i d l y c h r o m a t o g r a p h e d on s i l i c a ( 2 0 g ) . E l u t i o n 

u i t h p e t r o l - c h l o r o f o r m 9 : 1 g a v e t h i o b e n z o p h e n o n e ( 0 . 0 7 0 g , 

1%) as a b r i g h t b l u e s o l i d m . p . 3 8 - 5 0 ° C , ( l i t 6 1 5 3 - 5 4 ° C ) 

t h i s b e i n g t h e o n l y p r o d u c t t o be f u l l y c h a r a c t e r i s e d . 
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R e a c t i o n o f T h i o b e n z o p h e n o n e and B e n z i l m o n o h y d r a z o n e 

T h i o b e n z o p h e n o n e ( 0 , 5 8 g , 2 . 9 3 mmol ) and b e n z i l mono-

h y d r a z o n e ( 0 . 6 6 g , 2 . 9 3 mmol ) u e r e h e a t e d a t r e f l u x i n 

t o l u e n e ( 1 0 m l ) u n d e r an a t m o s p h e r e o f n i t r o g e n f o r 24 h . 
i 

On c o o l i n g t h e s o l u t i o n uas f i l t e r e d t o remove b e n z l mono-

h y d r a z o n e ( 0 . 4 8 g , 72% r e c o v e r y ) and t h e f i l t r a t e uas 

c h r o m a t o g r a p h e d on a l u m i n a ( 2 0 g ) . E l u t i o n u i t h p e t r o l 

g a v e b e n z o p h e n o n e ( 0 . 4 5 g , 84% d e c . o f t h i o b e n z o p h e n o n e ) 

and p e t r o l c h l o r o f o r m 9 : 1 g a v e ( 5 6 ) and 4 : 1 gave ( 5 4 ) . 

B e n z i l - b e n z o p h e n o n e a z i n e ( 5 6 ) ( 0 . 1 3 g , 1 1 . 4 % , 71% on 

o 52 r e c o v e r e d b e n z o p h e n o n e ) y e l l o u s o l i d m . p . 

1 2 9 - 1 3 5 C ( l i t 

1 2 9 ° C ) . B e n z i l a z i n e ( 5 4 ) ( 0 . 0 2 1 g , 3 . 5 % ) y e l l o u s o l i d m . p . 

1 9 9 - 2 0 2 ° C ( l i t 1 3 8 2 0 0 - 2 0 2 ° C ) . 
R e a c t i o n o f B e n z o p h e n o n e and B e n z i l monohy drazont3 

B e n z i l m o n o h y d r a z o n e ( 0 . 4 4 g , 2 . 0 mmol ) and b e n z o p h e n o n e 

( 0 . 3 6 g , 2 . 0 mmol ) u e r e h e a t e d a t r e f l u x i n t o l u e n e ( 1 5 m l ) 

u n d e r an a t m o s p h e r e o f n i t r o g e n f o r 24 h . On c o o l i n g t h e 

s o l u t i o n uas f i l t e r e d t o r e m o v e b e n z i l m o n o h y d r a z o n e ( 0 . 4 0 g, 

91% r e c o v e r y ) and t i c a n a l y s i s o f t h e f i l t r a t e s h o u e d 

t h a t b e n z i l - b e n z o p h e n o n e a z i n e uas n o t p r e s e n t i n t h e 

s o l u t i o n . 

R e a c t i o n o f S^N^ 'and d i p h e n y l k e t e n e 

S^N^ ( 0 . 2 3 g , 1 . 2 8 mmol ) and d i p h e n y l k e t e n e ( 1 . 0 0 g , 

5 . 5 mmol ) u e r e s t i r r e d t o g e t h e r i n t o l u e n e ( 1 0 m l ) a t room 
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t e m p e r a t u r e f o r 3 h . I . r . a n a l y s i s o f t h e s o l u t i o n 

s h o u e d t h e k e t e n e s t i l l t o be p r e s e n t V 2 1 0 0 cm , so a 

f u r t h e r p o r t i o n o f S^N^ ( 0 , 2 3 g , 1 , 2 8 mmol ) uas a d d e d . 

A f t e r s t i r r i n g f o r a f u r t h e r 1 h , i , r , a n a l y s i s o f t h e 

s o l u t i o n s h o u e d a l l t h e k e t e n e t o h a v e been c o n s u m e d . 

R e a c t i o n o f S^N^ and D i p h e n y l k b t e n e 

The p r e v i o u s r e a c t i o n u a s r e p e a t e d , b u t on t h i s 

o c c a s i o n , c y c l o h e x e n e ( 1 0 m l ) r e p l a c e d t o l u e n e as t h e 

s o l v e n t , V a r i a b l e t e m p e r a t u r e mass s p e c t r a g a v e no peak 

c o r r e s p o n d i n g t o d i p h e n y l n o r c a r a n e f r o m a s a m p l e o f t h e 

c r u d e r e a c t i o n . p r o d u c t . 

G e n e r a t i o n o f C a r b o n M o n o x i d e 

F o r m i c a c i d ( 5 8 JUl) uas a d d e d t o c o n c e n t r a t e d s u l p h u r i c 

a c i d ( 2 5 m l ) and t h e c a r b o n m o n o x i d e p r o d u c e d uas p a s s e d 

57 

t h r o u g h a p a l l a d i u m c h l o r i d e s o l u t i o n . A p p r o x i m a t e l y t h e 

same amount o f p a l l a d i u m u a s p r e c i p i t a t e d as t h a t o b t a i n e d 

f r o m t h e r e a c t i o n o f d i p h e n y l k e t e n e ( 0 , 2 9 5 2 g , 1 , 5 2 mmol ) 

and S^N^ ( 0 , 1 3 8 6 g , 0 , 7 5 m m o l ) i n t o l u e n e ( 1 2 m l ) . 

R e a c t i o n o f D i p h e n y l k e t e n e and S u l p h u r 

S u l p h u r ( 0 . 0 6 8 4 g , 2 , 1 3 mmol ) and d i p h e n y l k e t e n e ( 1 , 2 5 g , 

6 , 4 4 mmol ) u e r e s t i r r e d u n d e r an. a t m o s p h e r e o f n i t r o g e n a t 

room t e m p e r a t u r e f o r 2 4 h i n t o l u e n e ( 1 0 m l ) . The r e a c t i o n 

u a s f i l t e r e d t o g i v e s u l p h u r ( 0 . 0 0 1 1 g ) and c h r o m a t o g r a p h y 

o f t h e f i l t r a t e on s i l i c a ( 1 5 g ) gave b e n z o p h e n o n e ( 0 . 0 9 8 2 g , 
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8.5%) as the only identifiable product. 

Reaction of S ^ N ^ C a n d Diphenylketene 

A solution of diphenylketene (0.44 g, 2.29 mmol) in 

benzene (10 ml) uas added to a uell stirred suspension of 

S^I^Cl^ (0.56 g, 2.29 mmol) in benzene (10 ml) over 25 min. 

The nitrogen bleed uas passed through a solution of 

57 

palladium chloride but no reaction uas observed. After 

stirring for 24 h at room temperature, the reaction uas 

chromatographed on silica (20 g) to give benzophenone 

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

Reaction of S^N^Cl and Diphenylketene 

A solution of diphenylketene (0.40 g, 2.06 mmol) in 

benzene (10 ml) uas added over 35 min to a uell stirred 

suspension of S^NgCl (0.42 g, 2.04 mmol). After 1 h 

57 

stirring at room temperature the carbon monoxide test 

indicated a positive result and after 20 h the reaction 

uas filtered to give S^N^Cl (0.34 g, 81% recovery). The 

filtrate uas chromatographed on silica (16 g) to give 

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

product 

Blank Experiment 

Diphenylketene (0.46 g, 2.37 mmol) uas stirred in 

benzene (15 ml) under an atmosphere of nitrogen for 72 h. 
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The reaction uas chromatographed on silica (10 g) and 

elution uith petrol-chloroform 9:1 gave benzophenone 

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

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

solid m.p. 146-148°C ( l i t 1 3 9 147-149°C). 

Reaction of S^N^ and Phenylisocyanate 

57 

A negative carbon monoxide test uas observed uhen 

phenylisocyanate (1.00 g, 8.40 mmol) and S^N^, (0.38 g, 

2.o6 mmol) uere stirred together in toluene (5 ml) at 

40°C for 24 h . Uhen heated at reflux for 2.75 h an 

intractable bla'ck tar uas obtained, for uhich the i.r. spectrum 

shoued some isocyanate V 2250 cm still remained. 

Reaction of S^N^ .and Chlorosulphony1 Isocyanate (CSl) 

A solution of CSI (0.50 m l , 5.11 mmol) in benzene (5 ml) 

uas added over 5 min to a solution of (0.46 g, 2.50 mmol) 

in benzene (15 ml). The CSI addition caused the solution to 

become bright orange and a precipitate uas formed, but a 

negative carbon monoxide test uas observed. The solution 

uas filtered to give a bright orange solid (0.80 g, 98%) 

uhich uas identified by its mass spctrum and i.r. as the 

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

Thiobenzilic Acid Methyl Ester 

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

(0.90 ml, 9.49 mmol) and dry methanol (10 ml) uere stirred 
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together at room temperature for 2.5 h, uhile a slou stream 

of dry HC1 uas passed through the solution. The reaction 

uas stirred for a further 12 h and then heated at reflux 

for a further A.5 h. The solvent uas removed in vacuo and 

the excess dimethyl sulphate uas azeotroped uith benzene 

(50 ml). The remaining oil uas dissolved in ether (50 ml), 

uashed uith saturated aqueous NaHCO^ (2 x 25 ml) and dried 

over magnesium sulphate. Removal of the ether in vacuo 

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

colourless oil that uas used uithout further purification. 

6 h (CC1 4) (90 MHz) 3.02 (1H,S, exch. 0 2 0 ) 3.67 (3H,s) 

7.1 5-7.45 (1 0H,'m ). m/e 258 (M + ). 

A t t e m p t e d S y n t h e s i s of C o m p o u n d ( 6 9 ) 

Thiobenzilic acid methyl ester (0.40 g, 1.5 mmol) and 

NCS (0.24 g, 1.8 mmol) uere stirred together in dry CCl^ (15 

67 

under an atmosphere of nitrogen for 2 h. The solution uas 

then treated uith anhydrous h y d r a z i n e ^ 0 (47/4,1, 1.48 mmol) 

and DBU (0.22 ml, 1.47 mmol) and stirred for a further 2 h. 

The solution uas filtered and an nmr of the crude product 

shoued just starting material (67) and as the intergration 

uas not correct for the thiol proton it uas presumed some 

of the disulphide uas also present. A similar result uas 

observed uhen thionyl chloride uas used in place of NCS. 

Oxidation of Thiobenzilic Acid (66) 

The follouing oxidants gave no reaction uith thio-
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benzilic acid, air, iodine, NCS, and MCPBA gave no 

products by tic analysis. Thiobenzilic acid (0.0376 g, 

0.154 mmol) and LTA (0.136 g, 0.308 mmol) uere stirred 

together in ether (10 ml) for 1 h. The solution uas filtered 

and the nmr of the crude product shoued no thiol proton 

uas present so it uas presumed the product uas the di-

sulphide (70). Uhen DFISO uas added to a C0C1 3 solution 

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

of thiobenzophenone uas observed. 

Oxidation of Thiobenzilic Acid uith DNSO 

Thiobenzili-c acid (0.50 g, 2.05 mmol), molecular 

sieve (0.15 g) and dry DMS0 (5 ml) uere stirred together 

for 16 h under an atmosphere of nitrogen. The solution 

became blue as soon as the thiobenzylic acid uas added to 

the DMS0 and filtered under nitrogen to remove the 

molecular sieve. The DMS0 uas removed under reduced 

pressure and the product distilled at 88-90'C d> 0.02 mmHg 

using bulb to bulb apparatus (0.27 g). The nmr of th'is 

distilate shoued it contained 37% DMS0 and it uas concluded 

that the thiobenzophenone azeotropes uith this solvent. 

Allouing for the DMSO a yield of 42% of the thioketone 

uas obtained. 

Thiobenzilic acid (1.00 g, 4.10 mmol), molecular 

sieve (0.30 g) and dry DHSO (5 ml) uere stirred together 

for 16 h under an atmosphere of nitrogen. The solution 

became blue as soon as the thiobenzilic acid uas added, 
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but uas colourless uith a uhite precipitate after 16 h. 

The solid uas removed by filtration to give disulphide 

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

needles from aq. ethanol m.p. 153-155°C (lit 7 2 151-153°C). 

Tic analysis of the filtrate shoued it to contain sulphur 

and benzophenone. 

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

Benzil bishydrazone (1.16 g, 5.0 mmol) and S^N^ (0.46 g, 

2.5 .mmol) uere heated at reflux in toluene for 6 h. The 

reaction uas chromatographed on silica (25 g) and elution 

uith petrol-chloroform 9:1 gave first (73) and secondly (53). 

3 >5-Diphenyl-1 >4 >2 >6-dithiadiazine (73) uas further purified 

by preperative tic uith petrol-chloroform 4:1 as developing 

solvent to give (9.1 mg, 0.5%) as orange needles m.p. 78- . 

80°C ( l i t 1 1 7 8 - 8 0 . 5°C). < 5 h ( C C 1 4 / ( C D 3 ) 2 C 0 ) (250 M H z ) 7 . 4 5 -

7.55 (3H,m) 7.98 (2H,d 3 = 8 Hz). 6 C ( C D C 1 3 ) 126.9, 128.6, 

131.7, 135.9 and 151.8. i.r. (KBr disc) V m a x 1445(s), 

1208(m ) , 1175(m ), 900(s), 760(s), 675(s) and 585(s). m/e 

270 (M +,17), 167 (3), 121 (100), 103 (97) and 77 (36). 

u.v. (ethanol) A m a v (log 6 ) 210 (4.28), 234 (4.26), 272 (4.31) max 

and 454 (3.42). 3,4-dipheny1-1,2,5-thiadiazole (53) uas 

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

15 o 

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

from this reaction. 
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Thiobenzamide (0,50 g, 3.64 mmol) and triethylamine 

(0.87 g, 8.58 mmol) in dry ether (50 ml) uere stirred 

together under nitrogen at -78°C for 5 min. Sulphur 

dichloride (0.46 m l , 7.28 mmol) uas then added dropuise 

from a syringe over 2 min and the reaction stirred at -78°C 

for a further 15 m i n . The reaction uas alloued to come up 

to room temperature and then heated at reflux under nitrogen 

for 30 min. The solution uas uashed uith uater to remove 

unreacted sulphur dichloride, dried over magnesium sulphate 

and chromatograohed on silica (20 g). Elution uith petrol-

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

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

chloroform 7:3,gave 3,5-dipheny1-1,2,4-thiadiazole (76) 

(82.5 mg, 19%) as a colourless solid m.p. 86-88°C ( l i t 7 3 

90-91°C). 

3,5-Di-p-ni tropheny1-1,2,4-thiadiazole (78) 

p-Nitrothiobenzamimide (0.60g, 3.29 mmol) and triethyl-

amine (0.33 g, 3.30 mmol) uere stirred together under 

nitrogen at -78°C* Sulphur dichloride (10.4 1, 1.64 mmol) 

uas added, and the solution uas stirred for 10 min at 

-78°C, 30 min at room temperature and chromatographed on 

silica (10 g). Elution uith petrol-chloroform 4:1 gave 

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

m.p. 142-146°C ( l i t 1 3 9 146-149°c). Elution uith petrol-

chloroform 3:2 gave 3,5-di-p-nitropheny1-1,2,4-thiadiazole 

(78) (0.25 g, 48%) as rustic red crystals from methanol 
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m . p . 212-214°C (Found C, 51.3; H, 2.4; N, 17.0, C ^ H g N ^ S 

requires C, 51.2; H, 2.4; N, 17.0.) <5C (CDC1 3) 116.8, 117.4, 

124.1 , 124.4, 124.8, 128.5, 129.4 and 134.5. <5H (CDC1 3) 

(90 MHz) 7.90 (2H,d 3 = 8 Hz) 8.48 (2H,d 0 = 8 Hz), 

m/e 328 ( N + , 64), 180 (100), 150 (14), 133 (18), 121 (14), 

105 (52), 90 (12) and 77 (26). i.r. V m a x (nujol) 1410(s), 

1310(m), 1270(m ) , 745(s), 702(s) and 678(s). 

N-thiobenzoylbenzamidine (77) 

Thiobenzamide (0.33 g, 2.41 mmol) and thionyl chloride 

(93 1, 1.19 mmol) uere stirred together under C a C ^ guard 

in benzene (25 ml) for 4 h . The reaction uas chromatographed 

on alumina (15 -g) and elution uith petrol-ether 4:1 gave 

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

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

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

from petrol (bp 60-80°) m.p. 74-76°C (lit 7 4 73-74°c). 

Elution uith ether gave thiobenzamide (0.0864 g, 26% recovery) 

Similar results uere obtained uhen sulphuryl chloride uas 

used in place of thionyl chloride under analogous conditions. 

Reaction of Thiobenzamide and N,N bisphthimido-sulphide 

Thiobenzamide (0.02 g, 1.46 mmol) and N,N bisphthimido-

sulphide (79) (0.24 g, 0.73 mmol) uere stirred together 

at room temperature under nitrogen in dry ether (10 ml) 

for 16 h . The reaction uas chromatographed on alumina (15 g) 

and elution uith petrol-chloroform 9:1 gave 3,5-diphenyl-
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1.2,4-thiadiazole (76) (0.0892 g, 50%) m.p. 89-91°C. 

Elution uith chloroform gave a mixture of thiobenzamide 

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

R e a c t i o n . o f T h i o b e n z a m i d e and N - m o r p h o l i n o 

s u l p h e n y l c h l o r i d e 

A solution of N-morpholino sulphenyl chloride (0.82 g, 

5.34 mmol) in dry ether (5 ml) uas added over 5 min to a 

solution of thiobenzamide (0.69 g, 5.04 mmol) in ether 

(15 ml) under nitrogen at -20°C. The solution uas stirred 

for 1 h at -20°C and then 1 h at room temperature. The 

reaction uas filtered and on evaporation of the solvent 

from the filtrate a solid uas obtained, uhich gave 3,5-

dipheny1-1,2,4-thiadiazole (76) (0.26 g, 44%) from ether 

m.p. 86-88°C. 

Attempted Trapping of Bis-benzimidy1 sulphide (81) 

Thiobenzamide (0.40 g, 2.91 mmol) and benzonitrile 

(0.40 ml, 3.92 mmol) in ether (50 ml) uere treated uith 

o . 79 
dry HC1 gas at 0 C in accord uith the method of Deshpande 

uho claims this reaction gives bis-benzimidy1 sulphide (81). 

Reaction of this solution uith 1 equivalent of sulphur 

dichloride and 4 equivalents of DBU led to only formation 

3,5-diphenyl-1,2,4-thiadiazole by tic analysis. 

' Bis-benzimino disulphide dihydroiodide periodide (82) 

This compound uas prepared in accord uith the literature 
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but thG i.r. spectrum uas very similar to thoiobenzmide 

V (nujol) 1580(s), 855(s), 765(s), 720(m) and 700(s). 
max 

m/e 254 (95) 137 (100). Therefore it uas concluded this 

compound uas better represented by the structure (83). 

S-methyl benzothioimidate (84) 

The title compound (84) uas prepared from the reaction 

8 0 

of thiobenzamide and diazomethane. The product uas 

obtained as a equal mixture of S-methylated and free 

thioamide. Treatment of this mixture uith either sulphur 

dichloride or compound (79) (0.5 equivalent) in THF at 

room temperature gave by tic analysis 3,5-diphenyl-1,2,4-

thiadiazole as the only product. 

Reaction of the anion of thiobenzamide and 

sulphur dichloride 

To thiobenzamide (0.135g, 0.98 mmol) in dry THF (10 ml) 

uas add d solid sodium hydride over 20 min at -78°C under 

nitrogen. A solution of sulphur dichloride (61 JJ.1, 0.97 mmo 

in dry THF uas then added at -78°C and after stirring for 

a further 5 min, the solution uas alloued to uarm up to 

room temperature. Tic analysis of this solution indicated 

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

Reaction of thiobenzamide and CSI 

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

dry acetonitrile (10 ml) uas added CSI (0.31 ml, 3.49 mmol) 
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in dry acetonitrile (5 ml) and the reaction uas stirred 

for 30 min at room temperature. Di(n-butyl)ethyl amine 

(0.61 ml, 3.49 mmol) uas then added to the solution, uhich 

uas then stirred for a further 16 h. The uhole reaction uas 

conducted under nitrogen. The solution uas filtered and the 

filtrate chromatographed on silica (15 g) from uhich 

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

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

spectral data. 

Reaction of Benzohy.droxamyJ., chloride 'and Sulphides 

To a solution of triethylamine (0.31 g, 3.07 mmol) in 

chloroform (20 ml) saturated uith hydrogen sulphide uas added 

benzohydroxamyl chloride (0.25 g, 1.61 mmol) in 

chloroform (10 ml) over 12 min. The reaction uas stirred 

for 2 h at room temperature, after uhich disulphur dichloride 

(0.38 ml, 4.86.mmol) uas added and the solution stirred 

for a further 1 h. Tic analysis of the reaction indicated 

the dithiadiazine (73) uas not present and variable 

temperature mass spectra gave ions corresponding to the 

oxadiazoles (87) and (88). Similar results uere obtained uhen 

benzohydroxamyl chloride uas reacted uith sodium 

sulphide under analagous conditions. 

Sodium benzothiohydroxamate (89) 

8 3 

This reagent uas prepared by the method of Nagata et al 

but some of the practical details uere unclear and the 
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compound (89) uas never obtaind in yields greater than 

8 3 
50%, although Nagata et al claim 72%. 

Reaction of sodium benzothiohydroxamate and 

benzohydroxamyl chloride 

To a solution of sodium benzothiohydroxamate (89) 

(0.50 g, 2.85 mmol) in dry THF (10 ml) uas added a 

solution of benzohydroxamyl chloride (0.44 g, 2.85 mmol) 

in dry THF (6 ml) over 6 min under nitrogen at room 

temperature. The solution uas stirred for 2 h, after 

uhich disulphur dichloride (0.68 ml, 8.48 mmol) uas 

added and the solution stirred for a further 2 h. Tic 

analysis indicated a complex reaction mixture, and as 

the dithiadiazine (73) uas not present the reaction uas 

not further investigated. 

Thiobenzaldehyde trimer (93) 

Sulphamide (1.20 g, 12.5 mmol), benzaldehyde (2.65 g, 

25 mmol) and jD-toluenesulphonic acid (0.25 g, 1.4 mmol) 

uere heated at reflux under an atmosphere of hydrogen 

sulphide for 4 h. Removal of the solvent vacuo gave 

the thiobenzaldehyde trimer (0.41 g, 14%) as colourless 

needles from methanol m.p. 155-225°C (lit 9 0 gives the 

oc form 167°C P form 225-226°C). (CDCl 3) (60 PIHz) 

5.40 (s) and 5.70 (s) indicating the isomers are present 

in the ratio 1:2. This yield uas not optimised as tic of 

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

Reaction of dibenzoyl sulphide and sulphamide 

Dibenzoyl sulphide (1.21 g, 5.0 mmol), sulphamide 

(0.48 g, 5.0 mmol) and £-to l u e n e sulphonic acid ( 0.050 g, 

0.23 mmol) uere heated at reflux in toluene (20 ml) for 

16 h under Dean and Stark conditions. Tic analysis indicated 

negligible reaction had taken place. 

Di-benzamido sulphide (94) 

The copound uas prepared from benzamide and disulphur 

92 
dichloride ad colourless needles from ethanol m.p. 203-

206°C (lit 9 2 221 °C)» 6H(D(
vlS0 d 6)(90 MHz) 7.40-7.60 (6H,m) 

8.00 (4H,dd) and 10.81 (2H,s exch. D 2 0 ) . ^ ( D H S O d 6 ) 128.0, 

128.2, 132.0, 132.9 and 168.1. m/e 272 ( n + , 1.5), 226 (3), 

167 (1), 121 (30), 105 (100) and 77 (82). i.r. (nujol) V „ 
max 

3260(s), 1650(s), 1240(s), 1090(m), 860(m), 820(m), 725(s) 

and 690(s). 

Reaction of di-benzamido sulphide and cyclohexa-T,3-diene 

Di-benzamido sulphide (94) (0.23 g, 0.85 mmol) and cyclo-

hexa-1,3-diene (0.56 m l , 5.87 mmol) uere heated at reflux 

under nitrogen in -toluene (20 ml) for 17 h. On cooling a 

solid uas observed and this uas removed by filtration and 

shoun to be a mixture of di-benzamido sulphide and benzamide 

by tic analysis. The filtrate comprised of at least six 
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components by tic analysis, but the mass spectrum of 

this crude product gave a reasonably strong ion at 231 

uhich corresponds to the product (99). 

N ,N 1-sulphonyldibenzarnide (98) and 2,6-dipheny1-

1,4,3,5-oxathiadiazine-4,4-dioxide (100) 

Both compounds uere prepared from the reaction of 

97 

N-chlorobenzamide and thionyl chloride. They could 

also be prepared in the follouing manner; to a solution 

of sulphamide (0.96 g, 10.0 mmol) and triethylamine 

(2.02 g, 20.0 mmol) in dry THF (15 ml) uas added over 10 

min a solution tif benzoyl chloride (2.81 g, 20.0 mmol) in 

dry THF (10 ml).. The solution uas stirred for 24 h at 

room temperature, filtered and the filtrate chromatographed 

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

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

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

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

178°C (lit 9 7 179-180°C ). m/e 286 (M + ). and secondly N » N 1 -

sulphonyldibenzamide (0.0361 g, 1.5%) as a colourless 

solid from ethanol m.p. 155-158°C (lit 9 7 159-160°C). 

m/e 302 (N +). S ^ D N S O d 6)(90 MHz) 7.5-7.7 (7H, m) and 

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

Reaction of 2,6-diphenyl-1,4,3,5-oxathiadiazine-

4,4-dioxide and hydrogen sulphide 

Compound (100) (0.1349 g, 0.47 mmol) and £-toluene-
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sulphcmic acid (0.05 g , .0.30 mmol) uere heated at reflux 

under an atmosphere of hydrogen sulphide for 32 h. A 

variable temperature mass spectrum of the crude product 

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

Reaction .of diphenyIcyclopropenone and S^N^ 

Diphenylcyclopropenone (1.00 g, 4.85 mmol) and S^N^ 

0.44 g, 2.42 mmol) uere heated at reflux in toluene (25 ml) 

for 48 h. The reaction uas chromatographed on silica (40 g) 

and elution uith petrol-chloroform 4:1 gave first 3,5-

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

secondly unreacted diphenylcyclopropenone (40%) and 

finally 3,4-dipheny1-1,2,5-thiadiazole (53) (0.0957 g, 8%) 

as the only identifiable products. 

Reaction of dipheny lace tylene, S^N^ and di-

morpholinodisulphide 

Diphenylacetylene (0.89 g, 5.0 mmol), S^N^ (0.46 g, 

2.5 mmol) and dimorpholinodisulphide (0.59 g, 2.5 mmol) 

uere heated at reflux in toluene (25 ml) for 48 h . 

Chromatography as in the previous example gave 3,5-

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

3,4-dipheny1-1,2,5-thiadiazole (53) (0.86 g, 72%) as the 

only identifiable products. 

Slou addition of diphenylacetylene to S^N^ 

To a solution of S.N, (0.46 g, 2.5 mmol) being heated 
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at reflux in toluene (10 ml) uas added over a period of 

40 h a solution of diphenylacetylene (0.89 g, 5.0 mmol) ? 

in toluene (10 ml). This slou addition employed a syringe 

(10 ml) uhose plunger uas driven foruard by an electric 

motor in a very lou gear. The reaction uas chromatographed 

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

and (53) in 1.5% and 35% yields respectively. The yield 

of the thiadiazole (53) uas not optimised as not all of 

this material uas isolated. 

Reaction of S^N^, diphenylacetylene and 

aluminium trichloride 

Diphenylacetylene (1.78 g, 10 mmol), S^N.^ (0.92 g, 

5 mmol) and aluminium trichloride (0.66 g, 5 mmol) 

uere heated at reflux in toluene for 13 h. The reaction 

uas chromatographed on silica (55 g) to give unreacted 

diphenylacetylene (44%) and 3,5-dipheny1-1,4,2,6-dithia-

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

products. 

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

Compound (73) (20.0 mg, 0.074 mmol) uas heated at 

reflux in decalin (10 ml) under an atmosphere of nitrogen 

for 6 h. HPLC indicated 10% of the material had decomposed 

to the thiadiazole (53), uhich uas identified by co-injection. 

No reaction uas observed uhen the compound (73) uas heated 

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

Compound (73) (13.9 mg, 5.15 x 10" 5n) in petrol (bp 

60-80 C) uas irridated at 300 nm for 2 h. The solvent uas 

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

thiadiazole (53) by tic analysis and the mass spectrum 

(5.8 mg, 48% ). An insoluble residue left in the 

flask uas dissolved in ethyl acetate and removal of the 

solvent in vacuo gave a solid (4.8 mg) uhich contained 

sulphur. 

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

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

an dichloromethane (5 ml) uas rapidly decolourised on 

addition of HCPBA (21,.4 mg, 1.03 x 10"*4n allouing for 85%). 

The reaction uas stirred at room temperature for 30 min, 

extracted uith saturated sodium bicarbonate (5 ml) and 

dried over magnesium sulphate. Removal of the solvent in 

vacuo gave a light yellou solid (16.1 mg) uhich uas a mixture 

six compounds by tic analysis. The variable temperature 

mass spectrum indicated tuo thiadiazoles may be components 

of this crude product. 

Reaction of 3,5-dipheny1-1,4,2,6-dithiadiazine (73) 

and DMAD 

Compound (73) (13.6 mg, 5.03 x 10" 5n) and DMAD (19 1, 

1.51 x 1O""4!*!) uere heated at reflux in o-dichlorobenzene (2.5 
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under nitrogen. The solvent uas removed in vacuo and the 

resulting oil uas purified by preperative plate chromatog-

raphy (alumina developing solvent petrol-chloroform 4:1) 

uhich gave 3,4-diphenyl-1,2,5-thiadiazole (53) (1.2 m g , 

8%) and a crude sample of the dithiin (118), uhich uas 

purified on a second plate (developing solvent petrol-

chloroform 1:4) to give tetramethyl dithiintetracarboxylate 

(118) (8.4 m g , 48%) as a pale yellou solid m.p. 122-125°C 

( l i t 1 4 1 126-127°C)• 

Reaction of S^N^ and DMAD 

A solution .of DMAD (0.61 m l , 5.0 mmol) and S^N^ (0.46 g, 

2.5 mmol) uere heated at reflux in toluene (20 ml) for 6 h. 

The reaction uas chromatographed on silica (20 g) and 

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

trithiatriazepine-7-carboxylate (132) (0.1464 g, 14%) as a 

o g O 1 1 

colurless solid from petrol (bp 60-80 ) m.p. 81-83 C (lit 

8 2 - 8 3 ° c ) . 6 H ( C C 1 A ) ( 9 0 M H Z ) 3 . 8 5 (3H,s). ( 5 C ( C D C L 3 ) 5 3 . 7 , 

151.3 and 161.9. i.r. (KBr disc) 1740(m), 1698(s), 1440(m), 

1290(s), 1157(m), 1050(s), 980(s), 895(m), 750(m), 380(m) 

and 305(m). m/e 209 ( M + , 6 8 ) , 124 (7), 78 (100) and 60 (36). 

u.v. (ethanol) A (log E) 266(4.09) and 332(3.40). max 

Elution uith petrol-chloroform 4 : 1 gave dimethyl 1 , 3 , 5 , 

2,4-trithiadiazepine-6,7-dicarboxylate ( 1 3 0 ) ( 0 . 0 6 4 1 g, 

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

7 2 - 7 4 ° C ( l i t 1 1 7 3 . 5 - 7 4 ° C ) . 6 H ( C D C 1 3 ) ( ' 9 0 MHz) 3 . 9 8 (3H,s). 

6 C ( C D C 1 3 ) 5 4 . 1 , 1 4 0 . 9 and 1 6 2 . 7 . i.r. (KBr disc) 2 9 8 0 ( M ) , 
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1725(vs), 1710(vs), 1478(m), 1430(s), 1260-1160(vs ), 

1065(s), 990(s ) , 890(m ) , 878 (s), 750(m), 720(m), 670(s), 

619(m ), 600(s), 388(m) and 272(m). m/e 266 (M +,100), 

235 (20), 220 (51), 124 (87), 103 (20), 78 (100) and 

59 (66). u.\/. (ethanol) A (log 6 ) 274(4.26) and 334(3.56). max 

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

thiadiazole-3,4-dicarbOxylate (121) (0.679 g, 67%) as a; 

pink oil from bulb to bulb distilation b.p. 86-88°C @ 0.15 

11 o 

mmHg (lit' ' 111 UC @ 3 mmHg). Elution uith petrol-chloroform 

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

(0.030 g, 3%) as a pale yellou solid that uas characterised 
from its nmr 6>(C0C1„)(90 MHz) 3.92 (3H,s) and 3.97 (3H,s) 

H <j 

and mass spectrum m/e 202 (M ). A GLC trace of the toluene 

solvent removed from this reaction indicated methyl cyano-

formate uas not present. 

Reaction of S^N^ and methyl cyanoformate 

Methyl cyanoformate (0.10 ml, 1.23 mmol) and S^N^ 

(0.11 g, 0.61 mmol) uere heated at reflux in toluene (10 ml) 

for 16 h. Tic anlysis indicated negligible reaction had 

taken place and GLC analysis shoued methyl cyanoformate 

still remained. 

Reaction of S^N^ and DMAD as Table 7 

These reactions uere conducted in a similar manner to 

the previous example. S y N . (5 mmol) uas refluxed uith the 
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a m o u n t of D M A D , s o l v e n t a n d r e a c t i o n time given in TablB 7 

C h r o m a t o g r a p h y as in t h e p r e v i o u s e x a m p l e gave the y i e l d s 

s h o u n in this t a b l e . 

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

6,7-dicarboxylate (.130) 

Compound (130) (8.0 mg, 3.0 x 10 M) uas heated at 

reflux in decalin (5 ml) under nitrogen for 5.5 h. Tic 

analysis (silica, chloroform) indicated compound (130) 

had decomposed to at ldact 3 products, one of uhich uas 

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

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

7-carboxylate (132) 

Compound (132) (7.8 mg, 3.73 x 10" 5M) uas heated at 

reflux in decalin (5 ml) under nitrogen for 33 h. Tic 

analysis (silica, petrol-chloroform 1:1) indicated some 

starting material remained, although some "streaking" from 

decomposition products uas observed. 

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

6,7-dicarboxylate (130) 

Compound (130) (22.2 mg, 8.34 x 10""5m) in petrol (40 m 

(bp 60-80°) uas irridated at 300 nm for 1.66 h. The 

solvent uas removed in vacuo and the oily solid remaining 

uas purified by preperative plate chromatography (silica, 

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

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

+ \ 202 (M ) as the only identifiable products. 

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

7-carboxylate (132) 

Compound (132) (20.9 mg, 1.0 x 10~ 4M) in petrol (40 ml) 

(bp 50-80). uas irridated at 300 nm for 4.16 h. The solvent 

uas removed in vacuo and the oily solid remaining uas 

purified by preperative plate chromatography (silica, petrol-

chloroform 3:2) to give sulphur (5.4 mg) and S.4N.4 (1.2 mg, 

12%) as the only identifiable products. 

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

6,7-dicarboxylate (130) and MCPBA 

Compound (130) (20.0 m g , 7.51 x 10~5Fl) and HCPBA (15.7 m g , 

— 5 

7.73 x 10 M allouing for 85%) uere heated at reflux in 

dichloromethane (3 ml) under CaCl 2 guard for 4 h. Tic 

analysis (silica, chloroform) indicated negligible reaction 

had taken place. Similar results uere obtained uhen compound 

(132) uas treated under analogous conditions. 

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

6,7-dicarboxylate and triphenylphosphine 

Compound (130) (32.9 m g , 1.24 x.10" 4n) and triphenyl-

/ -4 \ 
phosphine (37.9 mg, 1.44 x 10 M) uere heated at reflux 
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under nitrogen in toluene (7.5 ml) for 3 h. Tic analysis 

(silica, chloroform) indicated compound (130) remained 

but all the triphenylphosphine had been consumed. Another 

portion of triphenylphosphine (67.7 mg, 2.58 x 10 uas 

added to the solution, uhich uas refluxed for a further 

12.5 h. Tic analysis shoued only a trace of compound (130) 

remained and at least four decomposition products uere 

present. 

Reaction of methyl 1,3, 5, 2, 4, 6-tri'thiatriazepine-

7-carboxylate (132) and triphenylphosphine 

Compound (1,32) (27.2 mg, 1.30 x 10~ 4M) and triphenyl-

phosphine (36.2 mg, 1.38 x 10 >l) uere heated at reflux 

under nitrogen in toluene (7.5 ml) for 57 h. Tic analysis 

(silica, chloroform) indicated negligible reaction had 

taken place. 

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

trithiatriazepine-7-carboxylate (132) 

Compound (132) (15.8 mg, 7.56 x 10" 5n) dissolved in 

IN NaOH (10 ml) after stirring at room temperature for 

2 h to give a light yellou soution. On neutralization 

uith concentrated HC1 the solution became colourless 

but no precipitate uas observed. This solution uas 

extracted uith ether (2 x 50 ml) and the organic layer 

uas dried over MgSO^. Removal of the solvent in vacuo 

gave an oily solid (4 mg), uhich uas four components by 
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tic analysis, and from the mass spectrum the desired acid 

uas not one of these components. Similar results uere 

observed uhen compound (130) uas treated under analogous 

conditions. Both compounds (130) and (132) behaved in the 

same manner uhen stirred at room temperature uith ethanolic 

potassium hydroxide. 

Reaction of S^N^ and phenylacetylene 

Phenylacetylene (.1.02 g, 10 mmol) and S^N^ (0.92 g, 

5 mmol) uere heated at reflux under nitrogen in toluene 

(20 ml) for 6 h . The reaction uas chromatographed (AO g) 

and elution uit-h petrols-chloroform 9:1 gave 3-phenyl-1,2,5-

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

ether m.p. 42-43°C (lit 1 1 43-44°C). Elution uith petrol-

chloroform 7:3 gave 4*,5-dipheny1-N-(1' ,2',5*-thiadiaz-3-y1) 

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

purple needles from petrol (bp 60-80°) m.p. 188-189°C 

(lit 1 1 187-189°C) (Found C, 53.9; H, 2.8; N, 15.8, C 1 4 H 1 0 

N 4 S 3 requires C, 54.2; H, 2.8; N, 16.0.) 6 C ( C D C 1 3 ) 128.2, 

128.5, 128.8,129.2, 129.4, 131.0, 132.9, 153.8, 160.6, 164.8 

and 178.4. 6 (CDC1 3)(250 MHz) 7.42 (3H,t), 7.55 (3H,t), 8.10 

(2H,q) and 8.50 (2H,q). i.r. (nujol) V> 1415(s), 1155(s), 
ilj cX /\ 

925(s ), 895(m) , 820(m), 780(m), 760(s), 735(m), 720(m) and 

690(s). m/e 354 ( M + , 26), 308 (3), 275 (3), 237 (37), 233 

(37), 178 (15), 177 (3), 135 (15), 121 (100), 103 (54) and 

77 (22). u.v. (ethanol) A '(log 6) 234(4.22), 254(4.13), max 

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

Thermolysis of 4 * t 5 diphenyl-N-(1 1
t2',5

1-thiadiaz-

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

Compound (162) (22.4 mg, 6.32 x 10~ 5n) uas heated at 

reflux under nitrogen in decalin (4 ml) for 80 h. Tic 

(silica, chloroform) indicated decomposition had occured 

as the plate uas extensively s t r e a k e d 1 , but starting 

material still remained. 

Reaction of S^IM^, phenylacetylene and aluminium 

trichloride 

Aluminium trichloride (0.66 g, 5.0 mmol) uas added to 

a solution of phenylacetylene (1.02 g, 10.0 mmol) in toluene 

(20 ml) causing the colourless liquid to become blood red. 

After addition of S^N^ (0.92 g, 5.0 mmol) the solution uas 

heated at reflux for 3 h. Chromatography of the reaction 

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

example gave 3-pheny1-1,2,5-thiadiazole (155) (0.052 g, Z%) 

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

products. 

Preparation of S^N^AlCl^ 

The complex uas prepared on a 6.6 mmol scale by the 

1 t n 

method of Olsen in 1,2-dichloroethane (50 ml). The 

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

product uere observed on cooling the solution. 

Reaction of S^N^AICI^ and phenylacetylene 

To the solution from the previous reaction uas added 

phenylacetylene (1.35 g, 13.23 mmol) and the reaction uas 

heated at reflux for 52 h. The reaction uas filterd to 

remove inorganic material and the filtrate uas chromato-

graphed on silica (50 g) from uhich elution uith petrol-

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

only identifiable product. 

Reaction of 4 1,5-dipheny1-N-(1',2',5'-thiadiaz-3-y1)-

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

Compound (162) (16.0 mg, 4.52 x lO" 5^) and MCPBA 

(18.3 mg, 9.02 x 10" 5M allouing for 85%) uere stirred 

at room temperature in dichloromethane (3 ml) for 2 h . 

The initial deep purple colour of the solution began to 

fade after 10 min and it gradually diminished until a 

light yellou solution remained after 2 h. Tic analysis 

of this solution (silica, chloroform) indicated it uas a 

mixture of at least 4 components. 

Reaction of S^N^ and 1,4-diphenylbutadiyne 

1,4-diphenylbutadiyne (1.03 g, 4.99 mmol) and S^N^, 

(0.96 g, 5.00 mmol) uere heated at reflux in toluene 

(20 ml) for 7 h to produce a complex reaction mixture. 
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A small aliquot (0.2 m l ) of this solution uas separated 

by preparative plate chromatography (alumina, petrol-

chloroform 4:1) to give six components, to of uhich uere 

proposed to be the thiadiazoles (150) and (161) from their 

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

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

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

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

and 77. The remainder of the reaction mixture uas 

chromatographed on silica (50 g) from uhich elution uith 

petrol-chloroform 1:1 gave a compound for uhich structure 

(168) is propos'ed (19.0 mg, 1%) bright orange needles from 

petrol-chloroform m.p. 168-171°C (Found C, 69.4; H, 4.6; 

IN), 10.1, C 2 3
H 1 7 N 3 S 2 requires C, 69.1; H, 4.3; N, 10.5.) 

6 C (CDC1 3) 117.6, 126.3, 127.6, 127.7, 128.7, 129.1, 129.5, 

129.9, 130.0, 130.9, 133.8, 136.3, 137.8, 140.4 and 152.8. 

6 H ( C D C 1 3 - ( C 0 3 ) 2 C 0 ) ( 2 5 0 M H Z ) 6 . 8 3 (1H , s ) , 7 . 3 6 - 7 . 4 0 ( 2 H , M ) , 

7 . 5 0 - 7 . 6 0 (9 H , M ), 7 . 6 3 - 7 . 6 8 ( 2 H , M ) , 7 . 8 3 - 7 . 8 8 ( 2 H , M ) a n d 

8 . 3 4 ( 1H, s ) . i.r. (KBr disc) 3050 ( u ) , 1582 ( s ) , 1570 ( s ) , 

1 4 9 0 - 1 5 2 0 ( M ) , 1 4 4 5 ( M ) , 1 4 3 5 ( M ) , 1 0 0 0 ( M ) , 850(M)., 8 3 0 ( M ) , 

7 5 0 ( s ), 7 0 5 ( s ) , 6 9 5 ( s ), 5 1 0 ( M ) a n d 5 0 2 ( M ) . m / e 3 9 9 ( M + , 

1 0 0 ) , 2 9 4 ( 6 4 ) , 2 6 3 ( 6 1 ) , 1 5 9 ( 1 2 ) , 128 ( 2 6 ) , 121 ( 1 2 ) , 

103 (12) and 77 (19). No other products from this reaction 

uere identified. 
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Reaction of S^N^ uith 1-morpholino-cyclohexene 

To a solution of S^N^ (0.24 g, 1.31 mmol) in benzene 

(10 ml) uas added over 30 min a solution of 1-morpholino-

cyclohexene (0.44 g, 2.63 mmol) in benzene (10 ml). The 

solution changed from orange to red on starting the addition 

and on conclusion uas dark purple and the temperature of 

the solution had risen from room temperature to an 

estimated 40°C. After stirring for a further 16 h at room 

temperature the solution uas a deep red. Tuo dimensional 

tic analysis on both silica and alumina indicated the 

products uere unstable to chromatography. Refluxing a 

aliquot for 2 h or standing over silica produced a multi 

component mixture. Chromatography of the origenal solution 

on silica (15 g) produced no identifiable products. Similar 

results uere obtained uhen S^N^ uas treated uith 1-diethyl-

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

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

S^N^ (0.22 g, 1.19 mmol) and compound (172) (0.55 g, 

2.47 mmol) uere heated at reflux in toluene (20 ml) for 

4.5 h. Chromatography on silica (15 g) and elution uith 

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

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

chloroform m.p. 66-68°C ( l i t 1 4 2 61-68°C) as the only 

identifiable product. 
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Reaction of S^N^ and benzyne 

The reaction uas carried out by the method of Tan ê t 

1 34 

al but in this case tetracyclone uas replaced uith S^N^ 

(0,80 g, 4.35 mmol). The reaction uent from orange to almost 

black and chromatography of the resulting complex reaction 

mixture on silica (25 g) gave, from elution uith petrol-

chloroform 4:1, di(benzenesulphenyl)sulphurdiimide (176) 

(15.2 mg, 1%) as a bright orange solid m.p. 103-104°C 

(lit 3 6 103-105°C). No other products uere identified from 

this reaction. 

Reaction'of S.N, and NCPBA 4—4 

S 4 N 4 (°*52 9' 2 * 8 2 mmol) and MCPBA (1.14 g, 5.61 mmol 

allouing for 85%) uere stirred together at room temperature 

in dichloromethane (50 ml) for 48 h to give a colourless 

solution.. The solution uas washed uith saturated NaHCO^ 

(2 x 25 ml) and dried over MgSO^. Removal of the solvent 

in vacuo gave an oily solid uhose mass spectrum gave Sg 

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

avoiding the bicarbonate uash gave similar results. 

Reaction of S^N^Cl^ and phenylacetylene 

To a suspension of S 3 N 3 C 1 3 (1.27 g, 5.19 mmol) in 

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

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

This caused the solution to initially change from light 
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yellou to pale green and after stirring at room temperature 

for a further 20 h the solution uas a deep red. The 

reaction uas chromatographed on silica (30 g) and elution 

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

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

11 o 

(lit 1 ' 43-44 C) as the only identifiable product. 

Addition of the acetylene from one injection from a 

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

Reaction of S^N^Cl^ and diphenylacetylene 

To a suspension of S^N^Cl^ (1.19 g, 4.87 mmol) in 

benzene (15 ml)'' uas added over 40 min a solution of 

diphenylacetylene (0.86 g, 4.87 mmol) in benzene (15 m l ) . 

The light yellou solution became light green on addition 

of the acetylene and after stirring for 19 h at room 

temperature the solution uas orange uith a yellou precipitate. 

The solution uas filtered and'the yellou solid removed uas 

identified as S^N^Cl (0.17 g, 17%) from its i.r. spectrum. 

The filtrate uas chromatographed on silica (40 g) and 

elution uith petrol-chloroform 4:1 gave 3,4-dipheny1-

1,2,5-thiadiazole (53) (0.2145 g, 19%) as a colourless 

solid from preperative plate chromatography (silica, petrol-

chlorform 4:1) m.p. 80-84°C (lit 1 5 85-86°C). Elution uith 

petrol-chloroform 7:3 gave benzil (0.0592 g, 6%) as a 

pale yellou solid from petrol (bp 60-80°) identified 

from its i.r. spectrum. No other products from this 

reaction uere identified. 
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Reaction of S^N^Cl^ and DHflD 

To a suspension of S^N^Cl^ (0.94 g, 3.76 mmol) in 

benzene (10 ml) uas added over 20 min a solution of DMAD 

(0.46 ml, 3.76.mmol) in benzene (10 ml). This produced a 

light green solution uhich after stirring for a further 

16 h at room temperature appeared orange but uhen exposed 

to air became green. This solution uas heated at reflux 

for 1.25 h under nitrogen to produce a reaction mixture 

that uas more stable to chromatography uhich uas carried 

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

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

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

i.r. spectrum. 

Reaction of S^N^Cl^ and deoxybenzoin 

S^N^Clg (0.68 g, 2.78 mmol) and deoxybenzoin (0.54 g, 

(2.78 mmol) uere stirred together at room temperature 

in benzene (25 ml) for 19 h to giv/e a light yellou 

solution uith a precipitate. This light yellou solid (0.45 

uas removed by filtration, but the compound uas air 

sensitive and could not be characterised. The filtrate 

uas chromatographed on silica (20 g) and elution uith 

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

(53) (44.6 m g , 1%) as a colourless solid characterised by 

i.r. and mass spectral data. Elution uith petrol-chloroform 

1:1 gave benzil (33.0 mg, 6%) as a pale yellou solid m.p. 
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91-93°C ( l i t 1 3 9 94-95°C ) • 

Reaction of S^N^Cl^ and sodium thiophenoxide 

S 3 N 3 C 1 3 (0.92 g, 3.76 mmol) and sodium thiophenoxide 

(1.68 g, 11.28 mmol) uere stirred together at room temper-

ature in benzene (75 ml) for 8 h to give a very dark green 

solution. This reaction uas chromatographed on silica 

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

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

m.p. 54-56°C (lit 1 3 9 61°C) as the only identifiable 

product. Similar results uere obtained uhen S^N^Cl^ uas 

reacted uith thiophenol in the presence of triethylamine. 

Reaction of S^N^Cl and phenylacetylene 

S^N^Cl (0.83 g, 4.03 mmol) and phenylacetylene (0.41 g, 

4.02 mmol) uere heated at reflux in toluene (20 ml) for 

4.5 h. The reaction uas chromatographed on silica and 

elution uith petrol-chloroform 4;1 gave the product assigned 

the structure ( 1 8 3 ) ( 0 . 0 2 1 g , 3 % ) as bright yellou needles 

from ethanol m.p. 151-153°C (Found C, 5 4 . 0 ; H, 2 . 9 ; N 15.5; 

S , 2 7 . 4 , C 1 6 H 1 Q N 4 S 3 requires C, 5 4 . 2 ; H, 2 . 8 ; N, 1 5 . 8 ; S, 

2 7 . 1 . ) 6 H ( C D C 1 3 ) ( 9 0 M H Z ) 7 . 3 0 - 7 . 6 0 (6H,m) and 8 . 0 5 - 8 . 3 5 

( 4 H , M ) . i.r. (KBr disc) 1 51 5 ( s ) , 1490 ( s ) , 1480 ( s ) , 1 4 5 0 ( M ) , 

1435(s), 1390(s ), 1230 ( s ) , 1090 ( m ) , 905 ( s ) , 785(s) 760 (s ) , 

735 (m ), 712 ( s ), 690 ( v s ) a n d 580 ( s ) . m / e 354 (lyl+,100), 250 

( 4 7 ) , 1 8 7 ( 8 5 ) , 1 6 7 ( 3 0 ) , 1 6 0 ( 2 9 ) , 135 ( 6 7 ) , 1 0 3 ( 6 7 ) , 
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7 7 ( 4 1 ) and 6 4 ( 1 0 0 ) . u.v. (ethanol) A m (log 6 ) 2 0 7 ( 4 . 9 4 ) , max 

2 6 5 ( 4 . 8 5 ) , 3 2 0 ( 4 . 6 4 ) , 4 0 0 sh(4.55) and 4 0 9 ( 4 . 6 4 ) . Elution 

uith petrol-chloroform 7:3 gave compound to uhich s tructurQ 

( 1 8 4 ) is tentatively assigned ( 0 . 0 3 9 g, 5%) as a faun solid 

m.p. 1 1 0 - 1 1 8 ° C • 6 H ( C D C 1 3 ) ( 9 0 H H Z ) 7 . 4 0 - 7 . 4 6 (6H,m) and 7 . 7 5 -

7 . 8 5 (4H , m ) . i.r. (KBr disc) 1460(s), 1440 ( s ) , 1350 ( s ) , 

1250(s ) , 1180 ( s ) , 1145(s ), 1000 ( m ) , 970 ( s ) , 830 ( s ) , 780 ( s ) , 

740(m), 712(s ), 698 ( s ) , 655 ( s ) and 545 ( s ) . m/e 3 8 6 ( M + , 1 0 0 ) , 

1 9 3 ( 1 0 0 ) , 1 6 6 ( 2 8 ) , 1 6 0 ( 3 0 ) , 1 3 5 (40),. 1 0 3 ( 5 2 ) , 9 0 ( 5 0 ) 

and 7 7 (3.6). No other product uas identified from this 

reaction. 

Reaction of S^N^Cl and DNftD 

S 4 N 3 C 1 (0.56 g, 2,73 mmol) and DMAD (0.66 ml, 5.46 mmol) 

uere heated at reflux in benzene (20 ml) for 2 h. This 

produced a complex reaction mixture from uhich no pure 

products could be isolated uhen chromatographed on silica 

(30 g). 
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