
 

 

University of St Andrews 
 
 

 
 
 
 

  

 

 
Full metadata for this thesis is available in                                      

St Andrews Research Repository 
at: 

http://research-repository.st-andrews.ac.uk/ 
 

 
 
 
 

 
This thesis is protected by original copyright 

 
 

http://research-repository.st-andrews.ac.uk/


1, 6, 6a-Trithiapentalenes and Related Compound

Reactivity towards Electrophiles

and

Exploratory Syntheses"

being a Thesis presented by

ROBIN WOLFE-MURRAY

to the University of St. Andrews

in application for the degree of Ph.D.



 



ABSTRACT

The reactivity of 1, 6, 6a-trithiapentalenes and analogues towards

electrophile s was studied. 3, 4-Disubstituted-6a-thia- 1, 2-diaza-

pentalenes underwent displacement reactions with arenediazonium

fluoroborates. Reaction initially occurred at C-3(4) giving 6a-thia-

1, 5, 6-triazapentalene s which subsequently underwent diazo coupling

to yield 6a-thia- 1, 2, 5, 6-tetraazapentalene s. 3, 4-Di sub stituted 1,6a-

dithia-6-azapentalenes gave products arising from diazo coupling at

both C-3 and C-4, whereas 1, 6a-dithia-6-azapentalenes unsubstituted

at C-3 and C-4 gave products arising predominantly from reaction at

C-4.

In the case of 6, 6a-dithia-1, 2-diazapentalenes, diazo coupling

only occurred at C-3 displacing an arenediazonium ion. N-Methyl-

5 - (1 -p-nitrophenyl- 5-t-butyl - 6, 6a-dithia- 1, 2 -diazapentalen - 3- yl) -

pentanamide was isolated after coupling 6-methyl-2-t-butyl-4, 5-

tetramethylene-1, 6a-dithia-6-azapentalene with p-nitrobenzenediazonium

fluoroborate showing that the reaction proceeded by way of a monocyclic

intermediate.

3-(2'-Dimethylaminovinyl)-1, 2-dithiolium perchlorates (Vilsmeier

salts) reacted in the presence of nitrosonium ions and diazonium ions

yielding 1-oxa-6, 6a-dithia-2-azapentalenes and 6, 6a-dithia-1, 2-

diazapentalenes, respectively.

Electrophilic reaction at S-l and S-6 also occurs during the

diazo-coupling of trithiapentalene s and analogues. Products arising

from reaction at S- 1 and S-6 in 2, 5-dimethyl(ene)- 1, 6, 6a-trithia-

pentalenes were isolated from diazo coupling experiments. The

oxidative desulphurisation of trithiapentalenes and analogues by



mercury(ll) acetate involved reaction at S-l(6) and bromination of

3, 4-disubstituted trithiapentalenes most likely involved an oxidative-

coupling reaction at the lateral sulphurs.

Pyrrolo trithiapentalenes and pyrrolo oxadithiapentalenes were

synthesised during exploratory work. An attempt to synthesise an

aza analogue from N-aminopyrrole and a series of derivatives was

partly successful.

Halogenated derivatives of 3-(pyrrol-2'-ylidene)- 1, 2-dithioles

were synthesised and examined by H nmr spectroscopy. The

reactivity of the pyrrole nitrogen towards electrophiles frustrated

attempts to synthesise systems containing a three-centre bond in a

novel environment

13
C nmr spectroscopy was used in a structural study of 1-phenyl-

3-phenylazo-5-t-butyl-6, 6a-dithia-l, 2-diazapentalene and 3-formyl-

5-phenyl-l-oxa-6, 6a-dithiapentalene. Thermal excitation of these

systems leads to rupture of the three-centre bond and subsequent

rotation about the C-3(4)-C-4 bond.
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(v)

EXPLANATORY NOTE

This thesis is divided into three sections, Parts One, Two

and Three. Each part is divided into a number of principal sections.

'Part One' consists of an introductory discussion of the

background literature relevant to the work embodied in this thesis.

'Part Two' is a discussion of the results achieved in the course

of the investigation.

'Part Three' is devoted to a description of the experimental

details and is complementary to Part Two.

Where reference is made to chemical literature, this is

indicated by a number in superscript, a key to which can be found

at the end of the thesis. The structural formulae which have been

reproduced for illustrative purposes have been assigned Arabic

numerals, which correspond to the numbers which have been assigned

to the relevant compounds in the text.

I
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ABSTRACT

The reactivity of 1, 6, 6a-trithiapentalenes and analogues towards

electrophile s was studied. 3, 4-Disubstituted-6a-thia- 1, 2-diaza-

pentalenes underwent displacement reactions with arenediazonium

fluoroborates. Reaction initially occurred at C-3(4) giving 6a-thia-

1, 5, 6-triazapentalenes which subsequently underwent diazo coupling

to yield 6a-thia- 1, 2, 5, 6-tetraazapentalene s. 3, 4-Di sub stituted 1,6a-

dithia-6-azapentalenes gave products arising from diazo coupling at

both C-3 and C-4, whereas 1, 6a-dithia-6-azapentalenes unsubstituted

at C-3 and C-4 gave products arising predominantly from reaction at

C-4.

In the case of 6, 6a-dithia- 1, 2-diazapentalenes, diazo coupling
I

only occurred at C-3 displacing an arenediazonium ion. N-Methyl-

5-( 1 - p-nitrophenyl - 5-t-butyl - 6, 6a-dithia- 1, 2-diazapentalen- 3- yl) -

pentanamide was isolated after coupling 6-methyl-2-t-butyl-4, 5-

tetramethylene-1, 6a-dithia-6-azapentalene with p-nitrobenzenediazonium

fluoroborate showing that the reaction proceeded by way of a monocyclic

intermediate.

3-(2'-Dimethylaminovinyl)- 1, 2-dithiolium perchlorate s (Vilsmeier

salts) reacted in the presence of nitrosonium ions and diazonium ions

yielding 1-oxa-6, 6a-dithia-2-azapentalenes and 6, 6a-dithia-1, 2-

diazapentalenes, respectively.

Electrophilic reaction at S-l and S-6 also occurs during the

diazo-coupling of trithiapentalene s and analogues. Products arising

from reaction at S-l and S-6 in 2, 5-dimethyl(ene)-1, 6, 6a-trithia-

pentalenes were isolated from diazo coupling experiments. The

oxidative de sulphur isation of trithiapentalene s and analogues by
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mercury(ll) acetate involved reaction at S-l(6) and bromination of

3, 4-disubstituted trithiapentalenes most likely involved an oxidative-

coupling reaction at the lateral sulphurs.

Pyrrolo trithiapentalenes and pyrrolo oxadithiapentalenes were

synthesised during exploratory work. An attempt to synthesise an

aza analogue from N-aminopyrrole and a series of derivatives was

partly successful.

Halogenated derivatives of 3-(pyrrol-2 1-ylidene)- 1, 2-dithioles

were synthesised and examined by H nmr spectroscopy. The

reactivity of the pyrrole nitrogen towards electr ophile s frustrated

attempts to synthesise systems containing a three-centre bond in a

novel environment.,

13
C nmr spectroscopy was used in a structural study of 1-phenyl -

3-phenylazo-5-t-butyl-6, 6a-dithia-l, 2-diazapentalene and 3-formyl-

5-phenyl-l-oxa-6, 6a-dithiapentalene. Thermal excitation of these

systems leads to rupture of the three-centre bond and subsequent

rotation about the C-3(4)-C-4 bond.
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FOREWORD

A 1, 6, 6a-trithiapentalene was first prepared in 1925 by the

thionation of 2,4, 6-heptantrione with phosphorus pentasulphide

The product was correctly formulated as C H S~ but it was not7 o j

until 1958 that the correct geometry of the molecule (5) was

23,24 54
established by X-ray ' and infrared spectroscopy . Since

then, considerable interest in the unusual features of the system

has grown.

S _ S — S

5

The valency of the sulphur atom in the sequence S. . . .S. . . .S

was originally in question as attempts were made to explain the

bonding in the molecule using classical two-centre, 2-electron bonds

The three hetero atom sequence is properly described by a three-

centre , 4-electron bond, allowing the system to be bicyclic and plana

The three hetero atoms are linear and the central sulphur is hyper-

valent. There are many variations of the structure (3a ).

The atoms A, B, D, and E have been formally replaced by

N; the atoms X and Z by N, O, S, Se and Te; and the atom Y by S, S

and Te.
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B D.

A C E
1 II I
X Y Z

3a

A large number of these heterocyclic systems were synthesised

and their reactivity towards electrophiles has been studied.

Bromination, nitrosation and diazo-coupling of the trithiapentalenes

and analogues occurred at C-3(4) whereas protonation and methylation

occurred at S-l(6).

Our aim in this thesis was, in part, to thoroughly examine in

more detail the mechanism proposed for the reactions of trithiapentalenes

and analogues with electrophiles and to follow a suggestion that

nitrosation of trithiapentalenes may involve reaction at sulphur (1 or

In addition, systems, designed to incorporate a three-centre bond

• , , 13
in various environments, were synthesised and C nmr spectroscopy

was used as a means of determining the effect of thermally exciting

three-centre bonded systems.



PART ONE

INTRODUCTORY DISCUSSION OF BACKGROUND

LITERATURE



Trithiapentalenes and Analogues

1, 6, 6a-Trithiapentalene and analogues collectively are a

family of hetero-bicyclic molecules which has attracted much

interest due to its novel bonding, structures and reactions.

Reviews on 1, 6, 6a-trithiapentalenes and analogues have been written
1 2 3,4

by Breslow and Skolnik , Lozac'h and Vialle , Lozac'h ' ,

Beer^' ^, Klingsberg^ and Reid^.

A The Structure of Trithiapentalenes and Analogues

There has been controversy over the formulation of 1, 6, 6a-

trithiapentalenes and related compounds which have been studied

by various techniques of organic structure determination. The

major studies, involving X-ray crystallographic and nmr spectroscopic

techniques, resulted in the formulations of the thione (1) and the

thioaldehyde (2) being discarded in preference to the trithia-

pentalene (3).

S
II

S S s

1 2 3

The way in which these results were obtained will now be
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discussed by dealing first with the trithiapentalenes and then the

separate analogues.

(i) 1_, _6 ,_6a- T ritAhip_entolj;ne s_

The structure of 1,6, 6a-trithiapentalene (4) has been determined

by X-ray crystallography^.

1.68

> 11.

I. 02

2.36 2.36

4

Bond lengths (%.) and bond angles (°) in 1, 6, 6a-trithiapentalenes

The molecule shows symmetry. The three sulphur atoms

are collinear and the overall structure is planar. A comparison of
o

the sulphur-sulphur bond lengths (2. 363 A) with the sulphur - sulphur

single bond length in a cis-planar disulphide group (2. 10 and

the sum of Van der Waals radii of two sulphur atoms (3.70

shows that there is a significant interaction between the sulphur

atoms in 1, 6, 6a-trithiapentalene which, however, does not amount

to a full single bond.

Both the lateral carbon-sulphur bonds (1. 684 %) and the

central carbon-sulphur bond (1.748 %) are shorter than a carbon-

sulphur single bond (1. 81 %) indicating the presence of stabilization

through TT-bonding. The lengths of the C(2)-C(3) bond (1.354 A)

and the C(3)-C(3a) bond (1.409 are very similar to those of the
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C(l)-C(2) bond (1. 358 %) and the C(l)-C(8a) bond (1.421 51),
13

respectively, in naphthalene

Examples of other symmetrically substituted trithiapentalcnes

which have been examined by X-ray crystallography are the compounds

(5) - (10).
Me Me

a.30 2. SO

X 3 6 2.30

Ph

2.31 a.3i

1.6b 1.66

a.2.3 Xl> 3

10

Bond lengths (5t) and some twist angles (°) in symmetrically substituted

trithiapentalene s

Although the structures (5)^, (6)^, (7)* and (8)*^ show C 2v

symmetry, it is to be noted that structures (9)^ and (10)*^ do not.

2, 5-Dimethyl-l, 6, 6a-trithiapentalene (5) was the first compound

of the series to be synthesised. It is worth examining the controversy

over its structure which, initially, was incorrectly proposed by
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Arndt, Nachtwey and Pusch as 3, 7-dimethyl-l, 2-dithiepin-5-thione

(ll)20.
S
'

70% HCIO

// \\Me\ /Me P.SC Me
^s-s7 2 5 *s—s

11 12

This formulation appeared to be supported by chemical and

spectroscopic evidence. On treatment with strong acid, the

thione (11) gave a compound assigned the 3, 7-dimethyl-l, 2-dithiepin-

5-one structure (12). Thionation with phosphorus pentasulphide then
21

reversed the reaction . When the thione was examined by nmr

22
spectroscopy it possessed symmetry . However, the correct

structure (5) of the molecule was determined by Bezzi and coworkers

23, 24
using X-ray crystallography

The 2, 5-diphenyl*^ and 3, 4-diphenyl-l, 6, 6a-trithiapentalenes* °
do not show C symmetry in crystallographic studies. The phenyl

Ct v

groups in the 2, 5-diphenyl derivative are twisted at 45° and 3°
about the connecting bonds C(2)-phenyl and C(5)-phenyl, respectively,

because of intermolecular forces. The marked deviation from

symmetry in 3, 4-diphenyl-1, 6, 6a-trithiapentalene is presumably

due to steric clash between the bulky phenyl groups.

The results from cry stallographic studies of the asymmetrically

substituted derivatives (13)2^, (14) ^>27^ (15)2^( (16)2°, (17)^°,
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31 32
(18) and (19) showed that the sulphur-sulphur distances in

the S. . . . S. . . . S sequence are unequal.

Me

Me

Ph

Ph

2.tS

Ph

14
2. 25

Ph

2..SO 2.22.

16

Me Ph Ph

The S-S bond lengths (51) of asymmetrical trithiapentalenes

There has been at least one exception to the generalisation

that asymmetrically substituted derivatives have unequal sulphur-

sulphur bond lengths in the S- • *S* • -S sequence. 2-(p-Dimethyl-

aminophenyl) -1, 6, 6a-trithiapentalene (20) has equal sulphur-

sulphur bond lengths.
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This is an accidental equality of the sulphur-sulphur bonds

caused by the introduction of a p-dimethylamino group in the

2-phenyl substituent of 2, 4-diphenyl-l, 6, 6a-trithiapentalene (16).

The individual sulphur-sulphur interactions which have a bond

order less than unity are sensitive to changes in both their intra-

and intermolecular environment. Although individual sulphur-

sulphur distances may vary by as much as 0.4 %, the total distance

between the lateral sulphur atoms remains fairly constant at about

4. 7 % .

. 33-40
Numerous papers covering early nmr studies

of the trithiapentalenes lose their significance as structural evidence

because of the possible perturbations created by the number of

aryl, S-methyl, and ester groupings which are present. More

recent investigations of the simple alkyl derivatives and the parent

compound present a strong case for the bicyclic structure. The

nmr spectra of symmetrically substituted trithiapentalenes show

in all cases, the magnetic equivalence of the ring protons or

substituents at the pairs of sites, C(2), C(5) and C(3),C(4),

demonstrating that the molecules possess real or time averaged
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symmetry in solution even though an asymmetric S* • -S* • *S

sequence was observed in the solid state.

Examples of the simple symmetrically substituted molecules

which have been examined by nmr spectroscopy are compounds
41 -45(21)-(25)41 4b.

*>1.18

21

S118

&7.S3

22

S*S3

S3.34.. i 3.3 if

^8.83
» $>8.51

The chemical shifts (ppm) of symmetrically substituted

trithiapentalene s.

Since time-averaged symmetry is possible then the claim that

the molecules are rendered symmetrical by single bond-no bond

24, 33
tautomeiism (2 6a b) cannot immediately be excluded.



26

If, however, the chemical shift data for 2-H in trithiapentalenes,

which lie in the range 68.58-9.43, is compared with data on

45-47
heterocyclic thioaldehydes (R-CHS) which show that the

chemical shift of the thioformyl proton in the most polarised

(R^=CH-S ) thioaldehydes does not occur at higher field than 610.2,

then the implication is that the 2-H in trithiapentalene s is in the

environment (27) and not (28).

27 28

Therefore on the basis of spectral information, the claim

that the trithiapentalenes are monocyclic structures appears to be

unfounded.

Other methods of structure determination have been applied

to the trithiapentalenes with varying degrees of success. A C-13
48

nmr study has been carried out supporting the symmetrical

bicyclic structure in solution. As a vapour phase study of trithia¬

pentalenes would enable the molecule to be examined under conditions
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where the intermolecular forces acting in the solid state would not

49
be present, a recent electron diffraction study of the vapour of

the parent compound is of interest. Good agreement was obtained

between theoretical and experimental radial distribution curves

using models with symmetry, while asymmetrical models (C
^

symmetry) gave poor agreement with experiment.

Throughout the structural investigations of trithiapentalenes

there is agreement that the molecules are planar and have bicyclic

structures with three collinear sulphur atoms. They are also in

many ways analogous to the 10 tt-electron system of naphthalene.

(ii) I-Oxa^f^ 6a-dithiapentalene s

A late ral sulphur atom in the sequence S • • • S • • • S of 1, 6, 6a-

trithiapentalene has been formally replaced by the more electronegative

atom, oxygen.

1.2-fc

Ph

Bond lengths (%) of oxadithiapentalenes
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X-ray crystallographic studies of the compounds (29) ,

51 52
(30) and (31) , show that the sulphur-sulphur bond shortens

(2. 106 %) to near equivalence with the cis-planar disulphide bond

(2. 10 %). The sulphur-oxygen bond, (2.41 %.) is considerably

longer than that of a sulphur-oxygen single bond (1.70 %) ^ , yet

considerably shorter than the sum of Van der Waals radii of a

12
sulphur and oxygen atom (3.25 %) . Therefore there is a similar

interaction between the central sulphur and the lateral sulphur and

oxygen atoms in oxadithiapentalene s and between the central sulphur

and lateral sulphur atoms in trithiapentalenes, but the interaction

between the oxygen and central sulphur in oxadithiapentalenes is

weaker than the interaction between the central sulphur and lateral

sulphurs in trithiapentalenes.

The comparatively short sulphur-oxygen bond in structure

(31) is explained by a contribution from the dipolar form (32).

S s+ o-

32

The dipole moment of this compound has been determined (4.40D)

and it is much smaller than the value (13 D) calculated for the dipolar
53

form (32) . The contribution by the dipolar form (32) is therefore

small. This evidence is in support of the largely covalent tricyclic
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formulation for the molecule.

Further evidence supporting the bicyclic structure of the
54

oxadithiapentalenes has been obtained from their infrared spectra

The prominent feature in the infrared spectra of these molecules

is the absence of the usual carbonyl frequency (1620-1720 cm

and the presence of one or more strong bands in the range 1500-1600
-155 18

cm , which have been identified as C-O absorptions using O

isotopic substitution. These observations are inconsistent with

the monocyclic structure (33) and suggest a sulphur-oxygen interaction.

O

33

The X-ray studies show that the S- • *S« • - O sequence is not

51
quite linear and that the bicyclic structure is not perfectly planar

(iii) 1_, J^^DitFm^j^azaj^ntalene^

A lateral sulphur atom in the S- • • S. . . S sequence of 1,6, 6a-

trithiapentalenes has been formally replaced by the more electro¬

negative atom, nitrogen.
56

Crystallographic structure determinations of compounds (34)
57

and (35) have been carried out. The results show that the

replacement of a sulphur atom in a trithiapentalene by a nitrogen
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Ph

1.1+0

1.33

Ph

34

1.3 2.

S N
2.3fe 188 \

Quinol-3-yl35

Bond lengths (51) of dithiaazapentalenes

i

atom causes the sulphur - sulphur bond to shorten (2. 396 and

2. 364 %) although the shortening is much less than that caused by-

replacement by oxygen. Both compounds (34) and (35) are planar

and the S* • -S* • *N sequence is almost collinear. The sulphur -

nitrogen distances (1.871 X. and 1.887 %) are nearer to the sum of
X 2

the sulphur and nitrogen covalent radii (1.74 51) than to their sum

1 2
of Van der Waals radii (3. 35 %)

Structurally, therefore, 1,6 a-dithia-6-azapentalenes are more

similar to 1, 6, 6a-trithiapentalenes than the corresponding 1-oxa-

6, 6a-dithiapentalenes, and nmr spectroscopic data on the ring
4 1

proton chemical shifts of 1, 6, 6a-trithiapentalene (21) , 6-methyl-
58 59

1, 6a-dithia-6-azapentalene (36) and 1 -oxa-6, 6a-dithiapentalene (37)

show there is a progressive increase in deshielding of the ring protons

in the series oxadithiapentalene —» dithiaazapentalene —» trithia-

pentalene, attributable to a corresponding increase in the size of

the ring current, due in turn to a corresponding increase in the

degree of TP-electron delocalisation.
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Me
36 37

Chemical shifts (ppm) of the ring protons in 6-methyl-l, 6 a-

dithia-6-azapentalene and l-oxa-6, 6a-dithiapentalene

(iv) O th e_r_Analog;u ej3 jp^ r ithiap_ental enes_

The symmetrical 1, 6-dioxa-6a-thiapentalene (38)^ and

6a-thia-l, 6-diazapentalene (39) ^ have been examined by X-ray

cry stallo graphy.

OMe

l.3a 1.3a 132. l- = V 1.3; 1.30.

O S O N S N
1.88 1.88 / 1.30 1.0,5 \

Me Me
38 39

Bond lengths (%.) are shown

Both molecules are planar and the sulphur-oxygen distances

(1.88 2l) and sulphur-nitrogen distance s (1. 90 %.) of the
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dioxathiapentalene and thiadiazapentalene respectively, indicate

the presence of a strong interaction between the central sulphur

and lateral heteroatoms. The deviation from symmetry in the

N«•*S...N sequence of the thiadiazapentalene is due possibly to

the strain imposed by the trimethylene bridge.

The parent compounds, 1, 6-dioxa-6a-thiapentalene (40)
G 3

and 6a-thia-l, 6-diazapentalene (41) along with simple alkyl

derivatives have been studied by nmr spectroscopy.

62

^63

Me

40 41

Chemical shift (ppm) and coupling constants (H^) are shown
The results show that 1, 6-dioxa-6a-thiapentalene and 6a-thia-

1, 6-diazapentalene possess real or time-averaged symmetry in CS^
o o

solution at temperatures down to -90 C and -70 C, respectively,

supporting the bicyclic structures (40) and (41) rather than the

possible monocyclic structures (40a) and (41a).

O O

Me
40a 41a
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The asymmetric analogues, 6, 6a-dithia-l, 2-diazapentalenes

and l-oxa-6, 6a-dithia-2-azapentalenes are also pertinent to the

work embodied in this thesis.

An X-ray crystallographic structure determination of 1-phenyl-
64

5-t-butyl-6, 6a-dithia-1, 2-diazapentalene (42) shows that, although

both the sulphur-sulphur (2.426 %) and sulphur-nitrogen (1.841 %.)
distances are significantly greater than covalent sulphur-sulphur

(2. 10 %) and sulphur-nitrogen (1.75 %.) single bonds, respectively,

they are much shorter than the corresponding sums of Van der Waals

radii.

Bond lengths in

This data supports the bicyclic formation for 6, 6a-dithia-l, 2-diaza¬

pentalenes rather than the 3-arylazomethylene-l, 2-dithiole structure

(43).

A determination of the bond lengths in the nitroso compound

(44)^ shows that the sulphur-sulphur (2. 18 %.) and sulphur-oxygen

(2.03 A) distances are longer than their corresponding single bonds,

yet much shorter than the corresponding sums of Van der Waals radii.

The nitroso compound is therefore best represented by the bicyclic

formulation (44).
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S S O
2.ib a.03

44

Bond lengths in %.

B The Bonding in Trithiapentalenes and Analogues

The electronic structure of 1, 6, 6a-trithiapentalene has been

thoroughly described by M.O. theories of varying degrees of
66-73 66

sophistication . The theory of Gleiter and Hoffmann that

the three sulphur atoms in the S...S...S sequence in trithia¬

pentalene s are bonding by a 3-centre, 4-electron bond is accepted

as the best theory. It is important to distinguish 4-electron 3-centre

bonding from two 2-electron bonds connecting a central atom with two

terminal atoms. The latter case also involves four electrons but

four orbitals instead of three.

The essential feature of this theory is to regard the three

sulphur atoms as a linear sequence of atoms which uses three

orbitals and four electrons for (f -bonding. The TT-bonding is

superimposed.

There is one occupied bonding orbital involving all three atoms,
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one occupied non-bonding orbital with the electron density localised

on the lateral atoms and one empty anti-bonding orbital. Therefore

the three atoms are held together by only one bonding electron pair

which explains why the bonds in the three hetero atom sequences

of trithiapentalene and analogues is usually 5-15% longer than a normal

single bond.
6)7

Johnston and Ward have carried out SCF MO calculations on

1, 6, 6a-trithiapentalene, using a 10 Tr-electron model similar to

that previously employed by Maeda^ The p orbital of the
z

central sulphur serves as a TT-orbital.
z y
f ?

c>'<ooSoos^ X

The effect of formal replacement of the lateral sulphur atoms by
57

oxygen and nitrogen has been discussed by Leung and Nyburg

There is a correlation between the difference of electronegativities
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of the sulphur and the replacement atom and the length of the

sulphur-sulphur bond in the sequence S» • -S - • «X (X = replacement

atom). The sulphur-sulphur bond shortens as the difference of

electronegativity increases.

The manner in which the S- • • «S sequence in trithiapentalenes

is affected by the addition of methyl and phenyl substituents has been
71

described by the results of the CNDO/2 calculations

The CNDO/2 energy curves show:

i) A 2-methyl group causes a lengthening of the S(l)-S(6a) bond and

-a 3-methyl group causes a shortening of it.

ii) A 2-phenyl group has a lengthening effect on the S(l)-S(6a) bond

which varies with the twist angle of the phenyl group, being

negligible at a twist angle 0° and most pronounced at 90°.
A 3-phenyl group shortens the S(l)-S(6a) bond, but to a small

degree only, and in this case the effect is independent of the

twist angle.

Compounds (13)-(17) demonstrate these results.

The accepted theories of bonding in the trithiapentalenes and

analogues offer an explanation for their approximately planar and

bicyclic structure which contains a collinear sequence of three

hetero atoms. Perturbation of the S(l)-S(6a) bond, by formal

replacement of S(6) by oxygen or nitrogen, and by the addition of

methyl and phenyl substituents, is also explained. Examples of

3-centre bonding are common in inorganic chemistry
74 81

(Br3, I~, (SCN)3 , (SeCN)~) " .
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C Syntheses of Trithiapentalenes and Analogues

As the chemistry of trithiapentalenes has been extensively

1-9
reviewed , only syntheses generally applicable for the preparation

of simple trithiapentalenes and their analogues will be considered here.

The first synthesis of trithiapentalenes involved the reaction

of a 1, 3, 5-triketone with phosphorus pentasulphide and it has been
82

^used in the preparation of a number of trithiapentalenes . For

example, thionation of heptan-2,4, 6-trione (45) gives 2, 5-dimethyl-

1, 6, 6a-trithiapentalene (46)

Oxidative coupling reactions lead to trithiapentalenes, oxadi-

thiapentalenes and dioxathiapentalenes. Ring-opening of 4H-thio-

pyran-4-thione s (47), by hydroxide or sulphide in aqueous dimethyl-

sulphoxide gives dianions (48 or 49) which undergo intramolecular

oxidative coupling in the presence of potassium ferricyanide to

42
yield oxadithiapentalene s (50) or trithiapentalenes (51)

In a similar reaction, treatment of 4H-pyran-4-thione (52)

with sulphide produces the di-anion (53) and subsequent oxidation

o o o

45

3

46
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S OH

K^Fe(CN),J— » 6
S

48

47
K3Fe(CN)6

»

S

49

-S

51

59
affords the l-oxa-6, 6a-dithiapentalene (54)

.2-

-OS s- o -—s -—s

52 53 54

The redox potential of the process Tl^-—* T1 is the basis for

an elegant synthesis of 1, 6-dioxa-6a-thiapentalenes
83

S

II
T1<CF3C°2>3

/T1(cf3CO2)2
Ho0 R
-E-» I I

o— s

55 Cr3C°2
56

57

(R=H, Me, CO Et)
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Reacting 4H-pyran-4-thiones (55) with thallium(lII)trifluoro-

acetate results in the intermediates (56) which upon hydrolysis

yield the dioxathiapentalenes (57).

Versatile syntheses of trithiapentalenes and analogues are

available using 1, 2-dithiolium salts. The Vilsmeier salts (59)

formed by the reaction of 3-methyl(ene)-l, 2-dithiolium salts (58)
41, 42

with dimethyl thloformamide and acetic anhydride ' or

phosphoryl chloride^, react with various mono-acid nucleophiles

giving trithiapentalene s and analogues (60) in good yield.

R3
R2

^MeNCHS R

Ac^O g
- (or POCl3)

58

(Z=0, S, Se, Me-N)

/ \ 84The dithiolium salts (58) also react with arenediazonium ions

8 5
or nitrosonium ions to form 6, 6a-dithia-l, 2-diazapentalenes (61)

or 1-oxa-6, 6a-dithia-2-azapentalene s (62).

1, 2-Dithiolium salts (63) containing a substituent at position

3 which is a good leaving group, undergo condensation with methyl(ene)
38 86-89

carbonyl or thiocarbonyl compounds ' (64). The products are

oxadithiapentalenes or trithiapentalenes, respectively (65).
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(Y=MeS,Cl,H) (Z=0,S)

Interconversion of the analogues

Many ithree-centre bonded compounds can be converted into
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analogues through very simple processes. A great variety of

compounds tan be obtained in this way. 1, 6, 6a-Trithiapentalenes

have been converted into l-oxa-6, 6a-dithiapentalenes by the hydrolytic

, _ 21
action of strong acids

h3O
O

The sulphur atom may also be replaced by oxygen by oxidative

90
methods, in particular, using mercuric acetate

Hg(OAc).

P2S5 ■O

The reverse process, thionation of 1-oxa-6, 6a-dithiapentalenes,

is usually carried out by the action of phosphorus pentasulphide

although a notable exception is compound (66) which fails to react
35, 82

66

Methylation of the simple analogues containing the sequences
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S---S---S, S»••S*•• N, S---S---0, S • • • S • • • NN and S • • • S • • • ON

by either methyl iodide or methyl fluorosulphonate has been used to

form monocyclic intermediates. The salt may then react with

mono-acid nucleophiles to form analogues of the starting compound.

The formation of 6a-thia-1,6-diazapentalenes (67) is an example of

• 63
this reaction

Mel

■N
■i

\
Me

/
Me

MeNH2
*

+
\

Me

N
/

Me

•N
\

Me

67

These reactions, although appearing straightforward, are not always

reliable as the position of methylation varies from analogue to

analogue. This is discussed more fully in the section entitled

"Electrophilic Reactions and Mechanisms of 1, 6, 6a-Trithiapentalenes

and Analogues".

Nucleophiles may react with trithiapentalene s and oxadithia-

58,91
pentalene s directly. 1, 6, 6a-Trithiapentalene, for example,

reacts with aqueous methylamine to yield 6-methyl-l, 6a-dithia-6-
58

azapentalene

MeNH.(aq)
b

Me



- 25 -

3, 5-Diphenyl-l-oxa-6, 6a-dithiapentalene reacts with aniline to

91
produce 2, 4, 6-triphenyl-l, 6a-dithia-6-azapentalene

Ph Ph

PhNH^ Ph
• N

VPh

These nucleophilic reactions can be interpreted as revealing

potential thioaldehyde and aldehyde character of the trithiapentalene s

and oxadithiapentalenes, respectively.

Electrophile s such as the nitrosonium ion or the diazonium

ion are often used in the interconversion of the trithiapentalenes,

oxadithiapentalenes and dithiaazapentalenes into the oxadithiaaza-

pentalenes, dithiadiazapentalene s and thiatetraazapentalene s. As

these reactions involve a rearrangement, they are dealt with more

fully in the section which discusses the mechanisms of the reactions

of the trithiapentalenes and analogues.

The overall pattern for the synthetic approach to trithia-

pentalenes and analogues has been to increase the number and

types of heteroatoms involved in both the carbon skeleton of the

molecules and the three-centre unit. The only other major advance

in the synthetic pattern has been to extend the three-centre sequence

6
to a five-centre sequence .
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This allows the potential for five-centre bonding to be

examined.

/
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Electrophilic Reactions and Mechanisms of 1, 6, 6a-Trithiapentalenes

and Analogues

Although there has been considerable interest in recent years

in the synthesis and structure of 1, 6, 6a-trithiapentalenes and

analogues, comparatively little attention has been paid to the

reactions of these compounds. As a major part of this thesis will
/ >

be devoted to reactions of various trithiapentalenes a resume of the

reactions of trithiapentalenes and analogues already performed

will be useful.

Haloge nation_

Halogenation occurs at the 3- or 4-position unless blocked by

substituents. Bromination of several substituted trithiapentalenes

(68) takes place readily in an apparently straightforward reaction

39> 44> 92
to give monobromo compounds (69)

1 2 Br
-5

s-— s s

1 2
a R =R =Ph

b R1=R2=Me
1 2

c R =Ph, R =Me

d R1=Ph,R2=SMe
68

69
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Bromination of compound (70) also affords a mono-bromo

97
derivative (70)

70

Br2> Ph

Br

s s (!)
71

1, 6-Dioxa-6a-thiapentalene reacts readily to give the dibromo

derivative (72a) in high yield. Iodination can be controlled to

83
yield either the mono- or di-iodo derivative

O •O

a) Br2/CCl4
b) I^/A gOAc
c) Excess

/AgOAc

a) R*=R^=Br
b) R =H; R2=I
c) R1 =R2=I

72

Chlorination of the oxadithiapentalene (73),gives the mono

91
chloro derivative (74)

Me SZC12
Ph CI

Me

73 74
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(ii) Formulation
N

Vilsmeier-Haack formylation of trithiapentalenes has been

93-98
achieved using dimethylformamide with phosphoryl chloride

Reaction occurs preferentially at position 3. 3-Formyl-l, 6, 6a-

trithiapentalene (7 5) has been obtained by the reaction of 1, 6, 6a-

trithiapentalene (21) with dimethyl thioformamide and phosphoryl
44

chloride"

Me NCHS/POC1
— > 3

21 75

(iii)

The protonation of trithiapentalenes and analogues in trifluoro-

acetic acid has been extensively studied. Nmr spectroscopy was

used to study the numerous derivatives of each system which are

available.

The spectra of 1, 6, 6a-trithiapentalene and the 2-t-butyl

derivative in trifluoroacetic acid were too complex to analyse. The

2, 5-dimethyl derivative did not protonate in trifluoroacetic acid and

increasing the acidity of the solvent (trifluoroacetic acid-5% perchloric

acid) served only to hydrolyse the trithiapentalene to the oxadithia-

pentalene (85b) which protonated in a manner described below.
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Attention was therefore turned to the 3, 4-disubstituted trithia-

99
pentalenes . Rapid exchange made protonation of the 3,4-bridged

derivatives (76) unobservable in trifluoroacetic acid. However, by-

increasing the acidity of the solvent (trifluoroacetic acid-5%

perchloric acid), a slower rate of exchange enabled protonation to

be observed. Protonation occurred at sulphur (77). The 3,4-

dimethyl derivative (7 8) also underwent slow protonation in

trifluoroacetic acid at sulphur (7 9).

'(ch ) ,(ch9)

TFA/5% HCIO

77

Protonation at carbon would lead to the formation of an

unstable alkyl thioaldehyde group and has net been detected by these

experiments. However, when deuteriotrifluoroacetic acid was

used as the solvent, H/D exchange at C-3(4) was detected. A

deuteriotrifluoroacetic acid solution of 1, 6, 6a-trithiapentalene (21 )
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was quenched with a solution of sodium carbonate in deuterium

oxide. The nmr spectrum of the recovered 1, 6, 6a-trithiapentalene

(in deuteriochloroform) showed that H/D exchange occurred at

C-3(4). This vas caused by a small equilibrium concentration

of the C-protonated intermediate (80) present in deuteriotrifluoro-

acetic acid solution.

s — s s

21 80

H. D

DTFA

Under similar conditions to the trithiapentalenes, l-oxa-6, 6a-
35,99-102

dithiapentalene s, protonatedat both oxygen and carbon

The nmr spectra of the 2, 5-dimethyl and 3,4-dimethyl derivatives

in trifluoroacetic acid-perchloric acid medium showed almost equal

amounts of O- 1 and C- 3 protonation (82 and 83). Isomerisation

further complicated the nmr spectrum of the 3,4-dimethyl derivative

after O-l protonation (82 and 84).

The other derivatives studied (81a and d) showed oxygen

protonation in trifluoroacetic acid-perchloric acid medium but

carbon protonation could only be inferred after H/D exchange

studies in deuteriotrifluoroacetic acid showed a loss of the H-3

signal from the corresponding spectrum in trifluoroacetic acid.
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R R

R' R-
H

+ Ri

O s ■

81

_ 2 3
R R

\ U
J +s CJ

H
82

+

a) R1=R2=R3=R4=H
b) R1=R4=CH3; R2=R3=H

/ 1 4 2 3
c) R =R =H; R =R = CH3
d) R^Bu1; R2=R3=R4=H

OH

|i Me
Me

+S-

84

5 8
Protonation of 1, 6-dithia-6-azapentalenes (85) in trifluoro-

acetic acid oogirred at nitrogen to form the cations (86). 2, 5, 6-

Trimethyl-1, 6a-dithia-6-azapentalene (85b) revealed the presence

of the C-4 (87b) as well as the N-6 (86b) protonated species.

R R"
R

4 1TFAR1
R R

N
\

85
Me

v 1 2 3 4a) R =R =R =R =H

14 2 3
b) R =R =CH3; R =R =H
c) RX=R4=H; R2=R3=CH3
d) R^BuS R2=R3=R4=H

-S+

86

«NHMe i
■D i.

R

The presence of the C-4 protonated species (87) in low concentrations
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in equilibrium with the major protonation products (86) was

established by H/D exchange experiments. The nmr spectra of

the derivatives (86) in deuteriotrifluoroacetic acid showed a loss

of the H-3 signal from the corresponding trifluoroacetic acid spectra.

The H-4 signal was also missing from the spectrum of the trimethyl

derivative (85b). Apart from protonation at nitrogen and carbon

it was also suggested that protonation took place at sulphur although

there was no evidence to support the claim.

99
The results of studies with 1, 6-dioxa-6a-thiapentalenes (88)

indicated that protonation occurs preferentially at oxygen (89) and

to a lesser extent at carbon (90) which is most readily detected by

H/D exchange.

88 89 90

The 6, 6a-dithia-l, 2-diazapentalenes (91) were protonated at

103
N-1 and C-4 . Protonation at nitrogen (92) was detected in tri¬

fluoroacetic acid and at carbon (93) by H/D exchange in deuteriotri¬

fluoroacetic acid.

In comparison, 1-oxa-6, 6a-dithia-2-azapentalenes (94)
99

protonated exclusively at oxygen (95)

Protonation, in general, seems to occur at the more electro¬

negative of the atoms in the lateral positions (1 or 6) of the
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r

r

r r

s

91

I
n

Ph

s n
+ s.

92
Ph

2 R d

Ph

r1=r2=r3=h
1 2 3

r =h; r =r =ch,

r^bu1; r2=r3=h

94 95

electron-rich three-centre sequence. It may also occur to a

lesser extent at the carbon atoms in positions 3 or 4.

(iv) Mj3thylatmn_

As with protonation, several studies of the methylation of

trithiapentalenes and their analogues have been carried out. Methyl

iodide or methyl fluorosulphonate have been used as the methylating

91
reagents. Trithiapentalenes undergo methylation at sulphur and

99
oxadithiapentalenes at oxygen . In contrast to protonation,
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dithiaazapentalenes undergo methylation at sulphur rather than

91,104-106
nitrogen

Again in contrast to protonation, 6, 6a-dithia-l, 2-diazapentalenes

were found to undergo methylation at sulphur except for 1-phenyl-5-t-

butyl-6, 6a-dithia-l, 2-diazapentalene which underwent partial

methylation at N-l as well as S-6. The ratio of N-l to S-6 methylation

was 2:5.

/ A summary giving the positions at which protonation and

methylation of trithiapentalenes and their analogues occur, is given

in the table on the next page. It demonstrates the differences between

protonation and methylation. Protonation of the trithiapentalenes

is thermodynamically controlled whereas methylation is kinetically

controlled.

An example of the use of protonation in synthesis is the hydro-
21

lytic desulphurisation of trithiapentalenes, first used by Arndt

Methylation has been used in the synthesis of 6a-thia-l, 6-diaza-

pentalenes (page 24 ).

Oxidative_J3e §p!phuri_sation_

Oxidative de sulphurisations in which mercuric acetate is

used may be regarded as involving electrophilic attack at sulphur.
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TABLE I

Protonation and Methylation of Trithiapentalenes and
Analogue s

Protonation Methylation

1

s — s s

I
T

s— s o

i T

I

N

T \l(

— k,

t

s — s —o

I

\
Ar

S S

r M
s— s

t
N

j y. N

\
Me

I
N

,Ar

N

s — s — o

T

(Reaction sites are marked » )
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For example, oxidative desulphurisation of 6, 6a-dithia-l, 2-
103

diazapentalenes (96) gives 1-oxa-6a-thia-5, 6-diazapentalenes (97)

R1 R2
Hg(OAc)?

S S N

\r
96 97

This synthesis is restricted in its applications to compounds

which are blocked at position 3 and which are therefore not

susceptible to electrophilic acetoxymercuration at this position.

) Nitrosation

, , , , . , . , 36,44,92,107Nxtrosation of 1, o, oa-trithiapentalenes using

nitrous acid occurs with difficulty unless activated by a strongly

electron releasing substituent in position 2(5). Nitrosation of 2-

methylthio-5-t-butyl (98) and 2-dimethylamino-5-t-butyl-l, 6, 6a-

trithiapentalene s (99) takes place smoothly, giving the thio ester

(100) and the thioamide (101).
44 107

l-Oxa-6., 6a-dithiapentalenes (102) ' undergo nitrosation

with ease and in high yield. The products are the compounds (103),

or if substituted in position 3, the compounds (104). 1, 6a-Dithia-
44 107

6-azapentalene s (105) ' also react readily with nitrous acid

undergoing nitrosation to give the products (106), or if substituted

at position 4, the products (107).
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SMe NO+ Bu
CS^Mc

98

Bu |NMe2 NO+ Bu*
100

CSNMe.

nr^f
3 S O

99

R4NO+
o s — s o

102 103 R3=H

R1,R2,R3,R4=Alkyl,
Aryl, H.Ary.

R2 R3
R4NO+

Me

105 106

101

R

R R"

O

104 R

R2 R3
R'

I
O

r3£H
107

The mechanism of nitrosation will be discussed fully in

terms of a general mechanism of electrophilic reactions with

trithiapentalene s and analogues (see page 41 ).

/ .,% -p.. ~ .. 84, 108, 109(vn) Dxazo_Coupling

Arene diazonium ions are weak electrophiles but they do

react with trithiapentalenes and analogues under mild and non-

oxidative conditions affording new, stable, three-centre bonded

structures by rearrangement (Scheme I). The electrophilic

nature of the diazonium ion may be varied by changing the substituent

in the aryl group.
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z ch3cn/h?o s s+ z
109

I
R4

110

r =h/h+ y^H
-ho.

h'
C=Z

111
Ar

112

Scheme I

Diazo coupling of 1, 6-, 6a-trithiapentalenes, 1-oxa-6, 6a-dithia-

pentalenes and 1, 6a-dithia-6-azapentalenes (108) occurs at C-3(4),

C-3, and C-4 respectively, forming the monocyclic intermediates

(109) which rearrange by rotation around the C-3a - C-3(4) bond to

form the more stable three-cent re bond sequence S • • • S« • • NN (111

or 112). The imine or thio carbonyl functional group in the

intermediate (111) usually undergoes hydrolysis forming the

carbonyl equivalent. If the position of electrophilic attack [C-3(4) ]

is substituted this loss of a proton to form the carbonyl compound
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(111, Z = O) can not occur and hydrolysis of the dithiolium

intermediate (110) results in the loss of formic acid to give

compound (112). It was not possible to establish the presence of

the resulting formic acid but the reaction of 2, 3-tetramethylene-5-

t-butyl-l-oxa-6, 6a-dithiapentalene (113) with p-nitrobenzenediazonium

fluoroborate in acetonitrile/water gave a carboxylic acid (115)

showing that hydrolysis of the intermediate (114) is consistent

109
with the given mechanism (Scheme I)

h9h

(viii) General_Mechanism_for l±l®.9trpphilic_Attack cii^Trfthiaj)_entalene_s_
and _An?d.q_gu_e_s

If the reactions of trithiapentalenes and analogues with

electrophiles are considered together, then a general scheme can

be constructed (Scheme II).
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R

X Y Z

116

1 1tE+ II

X Y+ Z.

117
E

1HN'U

R

I11A

E

X Y Nu X Y Z

118 120

E = (A=B)
+

II
B

R A=B

122 123

Scheme II

Pathway I shows electrophilic attack occurring at the lateral

hetero atoms (X or Z) in the sequence X- • • Y« • • Z. There is the

further possibility of the ion (117) reacting with a mono-acid nucleo-

phile to form the new three-centred sequence X« • • Y. • . Nu in

compound (118).

■ Pathway II covers attack at carbon to give the monocyclic

intermediate (119). Theproceeding reaction is dependent on the

type of electrophile. If the electrophile is an atom (halogenation)
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or a group (formylation) which either cannot undergo further

bonding with Y or whose interaction with Y is weaker than the

original interaction (Y• • • Z) then simple electrophilic substitution

takes place (pathway II.) and the substituted derivative (120) is

obtained. When the electrophile is of a type that can bond with Y

to form a stronger interaction than the original Y« • • Z interaction

then pathway II ia followed. Examples of these electrophile s areB

the nitrosonium ion and the arenediazonium ions. There are two
I

possible modes of reaction; rearrangement or displacement.

Rearrangement (11^,) occurs if R=H and there may or may not be
hydrolysis of the group C=Z. If the position of attack is substituted

(R^H) then displacement^.^,,) occurs and the compound (116) is
referred to as blocked.



PART TWO

DISCUSSION
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I The Reactivity of Trithiapentalenes and Analogues

towards Electrophiles

Having constructed a general mechanism (page 41) which is

consistent with all previous electrophilic reactions of trithiapentalenes

and related compounds, it is the aim of this thesis, in part, to

systematically examine how fitting the mechanism is towards further

reactions of trithiapentalenes and aza analogues with arenediazonium

ions. Initially, our investigation is concerned with pathway II and

subsequent steps in the general mechanism.

Pathway II was derived from reactions of arenediazonium ions

84, 109
with l-oxa-6, 6a-dithiapentalenes ' . The products from both

nitrosation and diazo coupling of 1, 6, 6a-trithiapentalenes, 1, 6a-

dithia-6-azapental enes and l-oxa-6, 6a-dithiapentalenes fitted into

the pathway.

The preliminary step in pathway II involves attack by the

electrophile at C-3 forming an intermediate (11'9) in which the three-

centre bond is ruptured to form a dithiolium intermediate (X=Y=S).

Since the three-centre bond in oxadithiapentalene s is highly perturbed

in comparison with those in the trithiapentalenes and aza analogues,

then on considering the strengths of the pairs of interactions in the

three-centre bonds and the intermediates formed after electrophilic

attack we may draw a parallel between the formation of an intermediate

and the cleavage of an interaction.

The S. . .S. . .O sequence in oxadithiapentalenes contains a

strong S-S interaction and a weak S-O interaction. After electrophilic
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reaction the S-S interaction is always retained. There is no evidence

for reaction at sites other than C-3 in oxadithiapentalene s. However,

both S-S interactions in trithiapentalenes (page 2) and the S-S and S-N

interactions in the aza analogues (page 11) are nearly equal in

strength. Therefore, rupture of the three-centre bonds in trithia¬

pentalenes and aza analogues may lead to intermediates from

electrophilic reactions at either C-3 or C-4. Thus we envisaged

that by choosing suitable conditions for the reactions of trithiapentalenes

and aza analogues with electrophiles, products resulting from

electrophilic attack at both C-3 and C-4 would be detected. A

cuggcction that the products from nitrosation of trithiapentalenes and

related compounds could also be explained by electrophilic reaction

at S-l(6) will also be thoroughly examined.
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A The Reactivity of Analogues of Trithiapentalene s towards

Electrophile s

(i) _3,_4- Disubstituted_ 6aAhia_-_l ,_6;_di_a z, jypent_al_ene_s

In the preliminary investigation of pathway II of the general

mechanism, the reaction of symmetrical aza-analogues, 6a-thia-l,6-

diazapentalene s, which are substituted at C-3 and C-4, with arene-

diazonium fluoroborates in ethanol were studied. If the pathway
I
I

(llgtl) is correct only one product should be obtained.
Both 3, 4-dimethyl- (124a) and 3, 4-trimethylene-6a-thia-1, 6-

diazapentalene (124b) reacted with p-nitrobenzenediazonium fluoro¬

borate to give the expected products, 3, 4-dimethyl- (125a, i) and

3, 4-trimethylene - 2-phenyl - 6a-dithia- 1,2, 6-triazapental ene (125b, i),

respectively. However, when benzenediazonium fluoroborate was

used, the thiatetraazapentalenes (126a.+b) were obtained.

a) R=CH^ (i) Ar = p-nitrophenyl
b) -R-R- = -(CH^)^- (ii) Ar = phenyl

In the case of the 3, 4-dimethyl thiadiazapentalene (124a) both

the thiatriazapentalene (125a, ii) and the thiatetraazapentalene (126a, ii)

were isolated. The 3, 4-trimethylene-thiadiazapentalene (124b)

afforded only the thiatetraaza product (126b, ii).
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There are therefore two product types, thiatriazapentalenes

(125) and thiatetraazapentalenes (126). The p-nitrobenzenediazonium

ion, has reacted at C-.3(4) with the thiadiazapentalenes (124) to

give the intermediate (127i) which rearranged to form the thiatriaza¬

pentalene (125i).
Ar

/
R N—N

127

(i) Ar = p-nitrophenyl

(ii) Ar = phenyl

f

If,after this reaction was completed, there was any p-nitrobenzene-

diazonium fluoroborate remaining, then it did not react with the

thiatriazapentalenes (125i).

On the other hand, the benzenediazonium ion being less

electrophilic than the p-nitrobenzenediazonium ion reacted with the

thiadiazapentalenes (124) more slowly, thus enabling the

intermediate (127, ii) to rearrange and form the thiatriazapentalene

(125, ii) before the benzenediazonium fluoroborate had been totally

consumed. The thiatriazapentalene (125, ii) in turn reacted with

remaining benzenediazonium ions to afford the thiatetraaza products

(126, ii).

Several factors may affect the rates of these reactions.

Protonation of the aza analogues (124 and 125) may have slowed down

electrophilic attack. (Fluoroboric acid was present in the reaction
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mixture.) Deactivation of the thiatriazapentalene s (126, i) through

electron withdrawal by the p-nitrophenyl substituent may have

prevented further reaction with p-nitrobenzenediazonium fluoroborate

as the thiatriazapentalene s (126, i) were the only products observed.

Since fluoroboric acid was present in the reaction mixture and

acid hydrolysis of 6a-thia-l, 6-diazapentalenes has been previously
100

detected , acid hydrolysis cannot be excluded from the mechanism

describing electrophilic reactions on thiadiazapentalenes. Acid
10

hydrolysi s of the N...S...N sequence gives an N. . . S. . . O sequence

If this occurred during the reaction presently under discussion, the

1 -oxa- 6a-thia-6-azapentalene s (128) would have reacted in a similar

109
fashion to l-oxa-6, 6a-dithiapentalenes , producing the thiatriaza¬

pentalene s (125).

A rigorous mechanistic investigation may differentiate between

the acid hydrolysis pathway and the direct pathway involving the

formation of the thiatriazapentalene s but the investigation would be

complicated by the low yields of products isolated.

To show that acid hydrolysis of 6a-thia-l, 2, 6-triazapentalene s

(125) did not occur under the conditions of the reaction between arene-

diazonium fluoroborates and 6a-thia-1, 6-diazapentalenes (124), a

Me

128
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control reaction was carried out. The arenediazonium fluoroborate

(2mmol) was replaced by fluoroboric acid (2 mmol) and starting

material (125b, ii) was retrieved without loss after reaction.

Although the presence of the trimethylene thiatriazapentalene

(125b, ii) was not detected during the reaction betweeen the thiadiaza-

pentalene (124b) and benzenediazonium fluoroborate it was

demonstrated that the trimethylene thiatriazapentalene (125b, ii)

reacted with benzenediazonium fluoroborate in ethanol to yield the

thiatetraazapentalene (126b, ii).

PhN*
* Jn— y —j

Ph Ph' ^ Ph

125b, ii 126b, ii

It is therefore probable that the triazapentalene (125b, ii), was

formed during the reaction between the diazapentalene (124b) and

benzenediazonium fluoroborate and then has reacted with excess

benzenediazonium fluoroborate to afford the only product (125b, ii)

isolated.

For the reactions between arenediazonium fluoroborates and

6a-thia-l, 6-diazapentalene s (124) the general mechanism (page 41)

neither accounted for possible further reactions of the products (122) and (123)

with unreacted electrophile nor did it cover the possibility of acid

hydrolysis during the reactions. Scheme III is a more complete

mechanism.
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Scheme III

The mechanism for reaction of 3, 4-disubstituted-6a-thia-1, 6-diaza-

pentalenes with arenediazonium fluoroborate s

Me

ArN, i

+

Ar
R N=N

Me

Me Me

iArNZ C-3 reaction
Ar

N=N

Me Me

J

1^1
N S N

Me/ NAr

Ar

I
R R

Ar

C-4 reaction
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(ii)_3j_4-Disubstitut_ed _1 >_6a-_dithiaj6_-_aza£_ental_enes_

Having studied the reactions of thiadiazapentalene s (124) which

contain the symmetrical N. . .S. . . N sequence with arenediazonium

fluoroborates in ethanol, the 1, 6a-dithia-6-azapentalene s (129) were

studied under similar reaction conditions.

The dithiaazapentalenes contain a three-centre bond in which"

the S-N interaction is approximately as strong as the S-S interaction.
/

In forming a monocyclic intermediate after electrophilic attack on

the dithiaazapentalenes, one of the interactions must be broken.

However, as the interactions are similar in strength then we can

argue that although only one product was detected during reactions

84,109
of oxadithiapentalene s with electrophile s ' two products should

be formed in the reactions of dithiaazapentalenes with electrophiles

under suitable conditions.

Reacting 3, 4-dimethyl- (129a) and 3, 4-trimethylene-dithia-

azapentalene (129b) with p-nitrobenzenediazonium fluoroborate gave

both the dithiadiazapentalene (132, i) and the thiatriazapentalene (133, i)

However the dithiaazapentalenes (129a, b) reacted with benzene-

diazonium fluoroborate to yield only the dithiadiaza analogues

(132a, b, ii).

These results may be explained by the use of two very

similar interpretations: (l) the stability of the intermediates (130)

and (131) or (2) the selectivity of the arenediazonium ions.

(1) When stabilised by the electron withdrawing power of the

p-nitrophenyl substituent, both the dithiolium intermediate (130, i)
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ArN2

Ar
/

130

s
Me

R R

Ar

132

129
Me

ArN~fNA'2 N=N R

Me Ar

N
4 k

/

R
V

R

Me

133

i a) R=CH. (i) Ar=p-nitrophenyl
(ii) Ar-phenylb) -R-R=r(CH2)3-

andfee iscthiazolium intermediate (131, i) existed long enough for

rearrangement to occur followed by nucleophilic attack by ethanol

to give the products (132, i) and (133, i) respectively. The phenyl

substituent stabilised only the dithiolium intermediate long enough

for rearrangement and nucleophilic attack to occur, thus only the

dithiadiazapentalene (132, ii) was obtained.

(2) The more electrophilic p-nitrobenzenediazonium ion

reacted with the dithiaazapentalene (129) at either C-3 or C-4 causing

the S-N or the S-S interactions to break on forming the dithiolium

intermediate (1 30, i)or.the isothiazolium intermediate (131, i).

Rearrangement of the two intermediates (130, i) and (1 31, i) followed

by nucleophilic attack gave the two products, (132, i) and (133, i) „

Benzenediazonium fluoroborate was more selective. It reacted
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Me Ar Ar

130 132

Me

133

i) Ar = p-nitrophenyl

ii) Ar = phenyl

only at C-4 in the dithiaazapentalene giving the dithiolium intermediate

which rearranged and yielded the product (132, ii).

The reactions of dithiaazapentalenes with arenediazonium

fluoroborate s have been previously investigated using acetonitrile/water
103

as solvent . As ethanol is a more nucleophilic solvent than

acetonitrile the monocyclic intermediates will have a shorter life-time

before rearranging to give the products. The reactions in ethanol

were cleaner, faster and gave better yields of both products (132 and

133). A comparison of the reaction times and yields is summarised

in Table II.



TableII
Reactionsofarenediazoniumfluoroborates(10mmol)with1,6a-dithia-6-azapentalenes(5mmol)

StartingMaterials

Solvent

ETHANOL
(1HouratRoomTemp) Product%Yield

ACETONITRILE/WATER
(2HoursatRoomTemp) Product%Yield

+,

129a+p-0,N-C,H.-N,BF,r26424
132a 133a

13.1 38.8

132a 133a

8.3 23.0

129b+p-0oN-C,H.-N_BF" c26424
129a+C6H5-N2BF4 129b+C,HC-NB̂F" 6524

132b 133b 132a 132b

23.7 13.1 12.6 2.6

132b 133b

18.0 6.0

NoReaction NoReaction



- 54 -

(iii) J^^a^DiJ-hia^ aza^ental_ene s_ un_substitutedand_C_-4_

In the general mechanism (page ^1) pathway II has been

constructed to accommodate the electrophilic rearrangement

reactions of analogues which do not carry substituents at C-3 or C-4.

2-t-Butyl-dithiaazapentalene (134) is sterically hindered to

electrophilic attack at C-3. Coupling at C-4 by benzenediazonium

fluoroborate and p-nitrobenzenediazonium fluoroborate allowed the

t-butyl-dithiadiazapentalene (135) to be isolated.

Bu*- /s. Bu^"

S S N £

^Me
134

This reaction is compatible with pathway IIg( of the general
mechanism. However, 2-phenyl-dithiaazapentalene (136) on reaction

with benzenediazonium fluoroborate afforded two products (137 and

138) which corresponds to electrophilic attack at both C-3 and C-4.

136 137 138

The production of 1, 5-diphenyl-6, 6a-dithia- 1, 2-'diazapentalene

(137) follows a similar route as pathway 11^, of the general mechanism
but the phenylazo-thiatriazapentalene (138) has been produced by

135
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electrophilic attack at C-3 in the dithiaazapentalene (136) followed

by a rearrangement to form a probable intermediate (139).

Subsequent electrophilic substitution gives the product (138)

through formal loss of the thiobenzoyl group.

139

Hydrolysis must be involved in the formation of the dithiadiaza-

pentalenes (135 and 137) and probably involved in the formation of the

thiatriazapentalene (138) but how and when it takes place is uncertain.

The structure of compound (138) was elucidated by elemental

analysis, mass spectrum and nmr spectrum. The elemental

analysis and an accurate mass determination of the parent ion in

the mass spectrum showed the presence of five nitrogen atoms.

The *H nmr spectrum showed signals corresponding to the presence

of two phenyl rings, an AB system from 4-H and 5-H, and a singlet

from the N-methyl group. Structure (138) was confirmed by synthesis.

The reaction of 1-phenyl-6-methyl-6a-thia-1, 2, 6-triazapentalene
103

(140) with benzenediazonium fluoroborate gave the product (138)

in 98% yield.
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(iv) substituted_ _6 >_§a_"bb^L3-.! Li br 41 9_z1 a£ept§lene_s

Displacement, rearrangement, and substitution reactions have

all been observed in the reactions of 1, 6a-dithia-6-azapentalenes

with electrophiles. However, only displacement reactions were

observed when 6, 6a-dithia-1, 2-diazapentalenes (141) were coupled

with arenediazonium ions.

For a displacement reaction to take place, the electrophile

must be of a specific type. Considering the general mechanism (page

41) any electrophile can attack trithiapentalenes and analogues but

attack may not lead to products. Assuming that the electrophile

has partially reacted at C-3(4) and formed the intermediate (119)

then to enable a displacement to take place there are four factors

which must be complied with: (1) the analogue must carry a substituent

at the position of attack; (2) the intermediate must exist long enough

to allow rearrangement to proceed; (3) rotation about C3(4)-C3a

must bring the electrophilic species into proximity to the central

sulphur (Y=S); (4) the interaction between the electrophilic species

and the central sulphur must be stronger than the original interaction

in the starting analogue. It is not certain whether the displaced
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group is in its original C=X(Z) form or if it is hydrolysed to C=0

prior to displacement.

Although there are two possible sites for electrophilic attack

in the dithiadiazapentalenes (141) whfch could result in displacement

reactions, it was found that more-electrophilic diazonium ions

displaced le ss-electrophilic diazonium ions after attack at C-3.

An excess of diazonium fluoroborate was used but no reaction at C-4

was detected.

141

a) R=CH3
b) -R-R- = -(CH2)3-

142
\ 2Ar

143

Ar = C.H.OMe
2 6 4

Ar = C ,H
3

Ar = 0oNC,H2 6 4

3, 4-Dimethyl- (141a) and 3, 4-trimethylene-1-p-methoxyphenyl-

6, 6a-dithia-l, 2-diazapentalene (141b) reacted with benzenediazonium

fluoroborate in acetonitrile producing the 1-phenyl derivatives (142)

which, when coupled with p-nitrobenzenediazonium fluoroborate,

gave the corresponding 1-p-nitrophenyl derivatives (143). These

were the first displacement reactions recorded in which a diazonium

group was displaced by the attacking electrophile rather than a C=X

group.

(v) _6-M_ethyl -_2^t_-butyR4_, 5 AcA^m^hy^ene -1_, _6a_^diyii_antale_ne_

Confirmation that displacement reactions observed in the

electrophilic reactions of aza analogues of trithiapentalenes were
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related, in part, to the general mechanism (page 41) based on the

diazo-coupling of oxadithiapentalenes was achieved when the dithia-

azapentalene (144) was allowed to couple with p-nitrophenyldiazonium

fluoroborate.

Bu

Me
144

Bu

Bu
(CH2)4CONHMe

-S -

147

-N
\Ar

ArN
+

Bu

N +S N

Ar/ NMe
146

148

Ar = p-nitrophenyl

Methylation of the oxadithiapentalene (149) followed by

reaction with methylamine afforded the starting material (144).

The dithiaazapentalene (144) reacted with p-nitrobenzene-

diazonium fluoroborate yielding two products (147) and (14-8)

confirming that a displacement reaction occurred similar to that

previously observed in the reactions of 1 -oxa-6, 6a-dithiapentalenes
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Me

with arenediazonium fluoroborate s
109

However, the oxadithiapentalene (149) did not diazo-couple

109
at C-4 . It was suggested that two factors are responsible for

the inertness of C-4: either the 1, 2-oxathiolium intermediate (151)

was less aromatic than the 1, 2-dithiolium intermediate (150) or the

formation of the 1, 2-oxathiolium system (151) would create an

unstable thiocarbonyl function.

Bu
=o

Ar

150
Ar

151

In the case of the dithiaazapentalene (144) diazo-coupling

occurred at the corresponding C-3 position along with the

displacement reaction at C-4. Therefore the isothiazolium

intermediate (146) was probably of a comparable stability to the

dithiolium intermediate (145), The possible presence of a relatively



- 60 -

unstable thiocarbonyl groupin the isothiazolium system (14 6) did not

prevent reaction.

As both products (147 and 148) contain carbonyl groups

hydrolysis has occurred during their formation, but how the

hydrolysis takes place was not certain.
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B The Reaction of Vilsmeier Salts with Electrophile s

The Vilsmeier salts (152) were prepared by the reaction of

3-methyl(ene)- 1, 2dithiolium salts with dimethylthioformamide and

41,42,44-58
acetic anhydride or phosphoryl chloride ' ' . The reaction

of Vilsmeier salts with monoacid nucleophiles gave trithiapentalenes

and simple analogues as described in the introduction (page 21).

In order to extend the use of Vilsmeier salts in the syntheses

of analogues of trithiapentalenes, their reactions with the electrophiles

NO+ and ArN* were examined. The driving force for the electrophilic

reaction with Vilsmeier salts is considered by us to be the stability

of the resulting three-centre bonded systems (154 and 155).

There were two pathways along which the reaction proceeded.

After the electrophile had attacked C-l! and formed the intermediate

(153), the reaction proceeded by rearrangement giving the products
-f

(154) or by overall displacement of the C=NMe^ group giving the

products (155), These pathways are related to the pathways 11^,
and H in the general mechanism (page 41). The dication (153)

is equivalent to the intermediate (121).

5-Phenyl-3-(2'-dimethylaminovinyl) - 1, 2dithiolium perchlorate

(152a) and 5-t-butyl-3-(21 -dimethylaminovinyl)- 1, 2-dithiolium

perchlorate (152b), both of which have no substituent on C-l',

reacted with the p-nitrobenzenediazonium ions and the nitrosonium

ion in acetonitrile/water and acetonitrile/acetic acid, respectively,

to give the rearrangement products (154a and b, i and ii). Only

the t-butyl salt (152b) reacted with the less electrophilic benzene-

diazonium ion, giving a mixture (^H nmr) from which the product
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152 153

S S B

154

1 2 3 4
a) R =phenyl;R ,R ,R =H

. 1 t 2 3 4
b) R =Bu ;R ,R ,R =H

1 3 2 4
c) R =phenyl; R =CH3;R ,R =H

. 2 3 14
d) R ,R =CH3; R ,R =H

\Br3^H

2 3
R R

R'iLrA
S S B

155

(i) A=N; B=NC .H NO5 5 2

(ii) A=N; B=0

(iii) A=N; B=NC6H5

(154b, ii) was isolated in very low yield.

5-Phenyl - 3- (21 -dimethylamino- 1' - methylvinyl) - 1, 2-dithiolium

perchlorate (152c) and 4-methyl-3-(2-dimethylamino- 1'-methylvinyl)■

1, 2-dithiolium perchlorate (152d), reacted with p-nitrobenzene-

diazonium fluoroborate and the nitrosonium ion. Their reactions

followed the displacement mechanism equivalent to pathway H^tl
+

in the general mechanism (page 41). Loss of the C=NMe^ group

occurred.

Although a hydrolysis step has occurred during some of the

reactions since the C-NMe^ group is replaced by a C=0 group after
rearrangement, it was essential to show that hydrolysis of the

Vilsmeier salts (152) to 1 -oxa-6, 6a-dithiapentalenes did not occur.



- 63 -

The Vilsmeier salts (152) have previously been shown to form 1-oxa-
41.42

6, 6a-dithiapentalenes in the presence of hydroxide ' . Control

reactions were carried out to demonstrate that they were quite stable

under the electrophilic reaction conditions. The Vilsmeier salts

(152) were subjected to the electrophilic reaction conditions without

the addition of the electrophilic species. By retrieving the starting

salts (152) in high yield, it was shown that hydrolysis of the salts to

l-oxa-6, 6a-dithiapentalene s did not occur.

Therefore the salts (152) can be used to produce further

analogues of the trithiapentalenes and the formation of the dication

(153) as an intermediate is probable.
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C Electrophilic Reactions of Trithiapentalene s Involving

Electrophilic Reaction at Sulphur (1 or 6)

Although the localisation energy for electrophilic reaction at

S-l(6) in the trithiapentalenes is approximately equal to that for attack

at C-3(4) the only experimental evidence for reaction at S-l(6)

with electrophiles is the fact that S-protonation and S-methylation

(page 29) occur under appropriate conditions. As the mechanism
/

for protonation and methylation of trithiapentalenes did not involve

the possibility of rearrangement or displacement reactions (page 41,

pathway and 11^,,), and as there has been no evidence for the
diazo-coupling or nitrosation reactions occurring at the lateral

sulphurs in trithiapentalenes, we decided to examine the possibility

of electrophilic reaction at S-l(6) in trithiapentalenes. There had

previously been a suggestion that reaction at S-l(6) may have occurred

107
during nitrosation of trithiapentalenes and analogues

Nitrosation at S-l(6) of the trithiapentalenes would lead to the

structure (156). Structure (157) would be the counterpart in diazo-

coupling reactions. These structures (156 and 157) may have played

+S

N
II
°

156

crucial roles during rearrangement, displacement and hydrolysis

reactions observed when trithiapentalenes were reacted with nitrosonium

ions and diazonium ions. Structures similar to structures (156) and
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(157) may have been involved during electrophilic reactions of

trithiapentalenes and related compounds but they did not necessarily

influence the structure of the products detected. Thus the structures

(156 and 157) remained undetected.

In order to isolate either intermediates or products related

to these structures, an appropriate electrophile had to be chosen.

Arenediazonium ions were chosen as they are v/eak electrophiles

yet undergo rearrangement and displacement reactions with trithia¬

pentalene s. Moreover the reaction conditions are mild and non-

oxidative. It is also well known that arenediazonium ions react

readily with sulphur nucleophiles. Diazo-coupling reactions with
111 112 112

thiophenols , mercaptans and thiocarboxylic acids yield

diazo thio ethers resulting from attack by sulphur at the (3 -nitrogen

atom.

+

Ar-N = N + Na++S-C H -* Ar-N=N-S-C,H_
« p 65 65

The formation of thiadiazoles followed a similar pathway. Thus

the diazotisation of 2, 2"-diamino-diphenyl-disulphide (158) under normal

aqueous conditions yielded benz-1-thia-2, 3-diazole (160). The

intermediate (1 59)was formed when the reaction was carried out in

strongly acidic conditions, being stable under these conditions but

slowly decomposing to give the benzthiadiazole (160) on addition of

water113.

The reaction of diazonium ions at S-l(6) in trithiapentalenes was

first established in the reaction of 2-t-butyl-4, 5-tetramethylene-

1, 6, 6a-trithiapentalene (161) with p-nitrobenzenediazonium fluoro-

borate. The trithiapentalene (161) was synthesised by thionation of
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NH,

NH,

+
EN

■N=N
+158 159 ^ 160

its oxa analogue (149) using phosphorus pentasulphide.

Bu
ArN,

161 Ar
162

Ar

After careful consideration of the elemental analysis, the

mass spectrum and the nmr spectrum of the product, structure

(162) was assigned to the product from the coupling of the trithia-

pentalene (161) with p-nitrobenzenediazonium fluoroborate. The H

nmr spectrum indicated that two p-nitrophenyl groups were present

but the elemental analysis and an accurate M+ determination showed

that only two nitrogen atoms had been incorporated into the product.

Assuming that two equivalents of p-nitrobenzenediazonium fluoroborate

have reacted with the trithiapentalene (161), loss of two nitrogen

atoms has occurred.

The sites of reaction were deduced by further examination of

the nmr spectrum. Two singlets were assigned to the t-butyl
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group (61.35) and a single proton (67.27) which did not exchange

in the presence of acid. Three muitiplets (t-63. 10; t-62. 97;

Quintet.-6 2. 11) at high field, integrating to six protons, typified

three adjacent methylene groups. It was concluded that reaction,

in part, had involved one terminal methylene group in the tetrahydro

benzo ring of the trithiapentalene (161).

As C-2(5) methyl(ene) groups in trithiapentalenes have previou

114,115
been shown to be acidic , it was assumed electrophilic attack

had occurred at C-d . Other possible sites for reaction were C-3,

C-4, S-l and S-6. The structural evidence obtained for the product

(162) would not support the structure of possible products from the

reaction at C-3 or C-4. Electrophilic reaction seemed therefore to

have taken place at S-l or S-6. This enabled two possible isomers

(162) and (163) to be proposed as plausible structures.

Bu

Ar Ar Ar Ar

163

Additional evidence, consistent with structure (162), was

obtained. The product (162), on treatment with hydroxide, gave

the acetylene (164) in high yield (7 6%).

Structure (164) demonstrated that not only had the diazonium

ions reacted at C-d and S-l in trithiapentalene (161) but also that

the electrophile that attacked S-l had lost two nitrogen atoms during

the formation of the product (162).
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\Ar

164

Loss of nitrogen by the p-nitrobenzenediazonium ion while

it reacted with the trithiapentalenes has to be explained before

an overall mechanism for electrophilic reactions of trithiapentalenes

involving electrophilic attack at S-l(6) can be proposed. Diazonium

116
ions can lose nitrogen by homolytic or heterolytic fission

Nucleophilic dediazoniations of arenediazonium ions were once

considered to be the only authentic cases of an S^l mechanism in
nucleophilic aromatic substitution and therefore the source of aryl

117
cations . However, recent experimental results are less

consistent with a pure S^T1 mechanism than with bimolecularr N

mechanisms**^ Although kinetic evidence suggests loss of

, . . .118
nitrogen through an S^i mechanism, the evidence is not conclusive

At least five pathways, involving five different intermediates

(165 ^; 166* 157 igg ; 1^9 ^ have been proposed to

explain the dediazonisation.
122

The presence of free aryl radicals under the conditions of the

electrophilic reaction was considered doubtful but reaction giving a

common intermediate from pure homolytic or pure heterolytic
123 124

dediazoni sation or a charge-transfer intermediate cannot be



- 69 -

discounted.

165

N=N

N
-V' C6H5X

166 167

169

During diazo-coupling of the trithiapentalene (161), loss of

nitrogen could be readily achieved by direct nucleophilic substitution

involving intermediates (171) similar to the intermediates (165) and

(166). However, since reactions between sulphur and diazonium

ions occur predominantly at the (3 -nitrogen atom, the dithiolium

intermediate (170) was more likely. Loss of nitrogen from the

intermediate (170) could have involved a spiro intermediate (172)

similar to the intermediate (169) proposed by Lewis for the
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decomposition of p-phenylenebis-(diazoniumfluoroborate), through

either a homolytic or heterolytic mechanism.

^ ^o-
,K

o 172

Alternatively, electron transfer from the trithiapentalene to

the diazonium ion forming a charge-transfer intermediate (173)

analogous to that formed between dimethylsulphoxide and diazonium
124

ions would cause intramolecular homolytic dediazonisation giving

the dithiolium intermediate (171).

Bu

N« N-'
173

In the overall mechanism of diazo-coupling of the trithiapentalene

(161) we suggest that the initial electrophilic reaction is at S-l .

Although the solvent was methanol, it must be remembered that the

reaction took place under slightly acidic conditions and that there

were no activating substituents present in the trithiapentalene (161)

to promote loss of a proton from the methylene group (C-d). Initial
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coupling at C-d is therefore improbable. After coupling at S-l the

methylene group (C-d) is activated by the dithiolium ring (171) and

loss of a proton to form the intermediate (174) would enable further

coupling with the second p-nitrobenzenediazonium ion.

°2N

S S

174

The product (162) was formed by loss of a proton from the

coupled dithiole (175), recalling the synthesis of 6, 6a-dithia-1, 2-
84

diazapentalene s

Bu

°2n 175
no.

Benzenediazonium fluoroborate reacted with the trithiapentalene

(161) giving a product (176) in very low yield (0. 5%) along with

starting material (161; 98. 5%). Accurate determination allowed

a tentative assignment of the structure (176) to the product.

The overall reaction pathway proposed for electrophilic reaction

at S-l in the trithiapentalene (161) is summarised in Scheme IV.
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176

In order to evaluate how prevalent electrophilic reactions at

S-l(6) in trithiapentalenes were,the reactions of two other trithia-

pentalenes, (177) and (180), with arenediazonium cations were studied.

2, 5-Diethyl-3, 4 - tri methylene - 1, 6, 6a-trithiapentalene (177)

coupled with p-nitrobenzenediazonium fluoroborate in methanol

giving two products (17 8) and (17 9).

ArN
+

17 9

A comparison of the H nmr spectrum of the starting material

(177) with those of the products shows that both products contain two

additional p-nitrophenyl rings but they have each lost one methylene

group. As in the coupling reaction of the t-butyl trithiapentalene

(161) dediazonisation has occurred and this was supported by

elemental analysis data and accurate M determinations. Neither
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Scheme IV

Electrophilic reactions at S-l(6) in trithiapentalenes

carrying a methyl(ene) group on C-2(5)

3
R R~

s S — S —N
Ar \r

a) R =Bu ; R -H; -R -R —- -(CH^)^-; -R -R - - - (CH^)3-
b) R1,R4=CH3CH2-; -R2-R3=-(CH2)3-; R* = CH3

14 ? 3 *
c) R ,R =CH3; R^.R =H; R =H
(i) Ar=p-nitrophenyI

(ii) Ar-phenyl
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the dithiadiazapentalene (178) nor the dithiole (179) would undergo base-

induced elimination.This is not surprising since they are blocked at

the reaction sites C-l' and C-3', respectively.

It is assumed that the purple isomer, being the major product

(41.7%) has an analogous structure (17 8) to the t-butyl-dithiadiaza-

pentalene (162) and the pink isomer (3.5%) has the alternative

structure (1 79).

/ In dimethylformamide, 2, 5-dimethyl-1, 6, 6a-trithiapentalene

(180) reacted with benzenediazonium fluoroborate giving two

isomeric products (181) and (182).

-Ar 181

ArN,
Me Me

180

Ar=phenyl

Me

Ar

1.
182

Again, by comparing the H nmr spectrum of the starting

material (180) with those of the two products, it could be seen

that each product contained two additional phenyl rings but only one

+
methyl group. The elemental analysis and an accurate M

determination showed the presence of two nitrogen atoms. Therefore

the coupling reaction had involved two equivalents of benzenediazonium

fluoroborate and had incurred the loss of two nitrogen atoms.
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However, both isomers were produced in almost equal

yields, a red isomer (9.2%) and a plum-coloured isomer (8.2%).

The products (181 ) and (182 ) decomposed in the presence of

hydroxide with only starting material ( ~ 40%) being recovered from

the reaction mixture. Although the red isomer did not react with

t-butoxide in refluxing benzene and the plum coloured isomer

completely decomposed under these conditions, we did not ascertain

which isomer, red or plum-coloured, had which structure (181 or

182 ).

Presumably, the lack of reactivity of the dithiadiazapentalene

(181) was caused by H-1' being inert or thiophenate being a poor

leaving group. In order to try to assign the isomers their individual

structures, the trithiapentalene (180) was allowed to react with p-

nitrobenzenediazonium fluoroborate in an attempt to synthesise the

p-nitro derivative s of the two isomers (181, i) and (182, i). For a

base elimination, the p-nitrophenyl group would activate H-l' in

the compound (181, i) and p-nitrothiophenol would be a good leaving

group. However, coupling took place at C-3(4) and only one product

(183) was isolated.

(i) Ar=p-nitrophenyl
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Confirmation of structure (183) was obtained by synthesis.

2, 5-Dimethyl- 1 -oxa-6, 6a-dithiapentalene coupled with p-nitrobenzene-

diazonium fluoroborate to give the product (183).

The formation of the pairs of products (178, 179) and (181, 182)

showed that diazonium coupling reactions with trithiapentalene s may

involve electrophilic reaction at S-l(6) and can be observed if a

reactive methyl(ene) group is present at C-2(5).

Having detected electrophilic reactions at S-l(6) in the trithia-

pentalenes (161, 177, 180), a further investigation of previously

examined reactions of trithiapentalene s with electrophile s was carried

out. We envisaged that reaction at S-l(6) may have taken place but

had not been detected.

The 3, 4-disubstituted trithiapentalenes (1 84), on coupling with

p-nitrobenzenediazonium fluoroborate in acetonitrile had given

displacement products (185) in low yield when compared with the
103

coupling reactions of their oxa and aza analogues . Using methanol

as solvent, the trithiapentalenes (184) were coupled with p-nitrobenzene¬

diazonium fluoroborate. After reaction, the reaction mixtures were

extracted exhaustively with benzene, and extracts well washed with

water, thus collecting starting material (184) and displacement

products (185). The aqueous washings were then treated with

methylamine. This yielded the trithiapentalenes (184) and the dithia-

azapentalene s (186).

The result of the reaction of the aqueous layer with methylamine

shows that a noteworthy amount of material had been taken up into the

aqueous extracts during reaction work-up. This material must
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R R

S S S

184 . +

MeOlK^rN2
Reaction Mixture

184 185 Ar 184 186 Me

a) R=CH3
b) -R-R-=-(ch2) -

Ar =p-nitrophenyl

be in an ionic form and results from attack at S-l(6).

Oxidative de sulphurisation of trithiapentalene s and analogues

could also involve electrophilic reaction at S-l(6). Therefore, an

attempt was made to trap out the mercury(ll) intermediates (189)

for structural study.

Making use of the chlorovinyl salts (188) which have been

previously prepared the dithiaazapentalenes (189) were

synthesised. The 3, 4-trimethylene - 1 -oxa-6, 6a-dithiapentalene

(187a) was prepared by oxidative de sulphurisation of 3, 4-trimethylene-

1, 6, 6a-trithiapentalene.

Both oxadithiapentalenes (187) reacted with phosphoryl chloride
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in dimethylformamide yielding the chlorovinyl intermediates (188)

which, in the presence of p-nitroaniline or aniline, afforded the

dithiaazapentalene s (189, i) and (189, ii), respectively.

POC1.

O DMF

187

a) R=CH3
b) -R-R-=-(CH2)3-

189

(i) Ar=p-nitrophenyl

(ii) Ar=phenyl

Ar

During desulphurisation of the 6, 6a-dithia-6-azapentalenes (189) by

mercuric acetate, unstable salts (190) which on contact with water

yielded the 1-oxa-6a-thia-6-azapentalenes (191) were isolated.

Even though the salts could not be characterised it is felt that

under the correct conditions they could be examined by nmr

spectroscopy which should contain signals arising from the acetate

group. Mercury(ll) being diamagnetic should not interfere with the

spectrum.

It is again probable that reaction was taking place at S-l(6)

during the oxidative desulphurisation of the dithiaazapentalenes (189)

but unfortunately this was not proven.

Another electrophilic species that has not hitherto been shown

to react at sulphur was Br+. On reacting the trithiapentalenes (184)
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r r

189

a) R=CH3
b) -r-r-=-(ch2)3-
Ar=

Hg(OAc) 2

\Ar Ar

with bromine in acetonitrile, unstable salts (192) precipitated.

The addition of a small amount of perchloric acid to the reaction

Br.

LeNH

2X

R r

184

a) R=CH3
b) r-r=-(ch2)3-

s

193
Me

mixture enabled the more stable perchorate (192, b, X =C10^) to
be isolated and characterised, in part.
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From the H nmr spectrum of the salt (192b), two low field

singlets, (69.73) and (68.74) were assigned to C0-H and C -H.
c 5

The salt was therefore asymmetrical and dissimilar from the

protonated species (194).

R R

S+ S
\ CIO"

H 4

194

The salts (192) reacted with methylamine yielding both the

trithiapentalenes (184) and the dithiaazapentalenes (193). These salts

are therefore believed to be the result of oxidative coupling of the tri¬

thiapentalene s (184) by bromine in a reaction similar to the oxidative

128
coupling of thiols to disulphides

In conclusion, from the results of the reactions of the trithia-

pentalenes (161, 177, 180, 184) with arenediazonium ions, electrophilic

reactions, in general, with trithiapentaienes and analogues may involve

electrophilic attack at S-l(6) as well as C-3(4) for which the general

mechanism (page 41) is constructed. Initial reaction of the electrophile

at the lateral heteroatoms in trithiapentalenes and analogues may very

well be involved in the hydrolysis step which occurs during displacement

and rearrangement reactions. It is certainly possible that the

nitrosation of 1, 6a-dithia-6-azapentalenes and 1, 6, 6a-trithiapentalenes

involve the previously suggested 6-nitrosylthiovinylisothiazolium
107

and 3-nitrosylthiovinyl- 1, 2-dithiolium cations (156)
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II Syntheses of Trithiapentalene s and Related Compounds

Containing Three-centre Bonds in Varied Environments

Synthetic studies in the field of trithiapentalene s and related

compounds have, in the past, specialised in formally replacing

the atoms throughout the pentalene skeleton of the analogues with

various heteroatoms and by varying the heteroatoms incorporated

in the three-centre bond.

We decided to attempt to synthesise heterocyclic compounds

which, by design, could rearrange from structures containing

a three-centre bond into zwitterions.

195 196

For example, the structure (195), which is fully aromatic,

could rearrange into a zwitterion (196) in which there is an electron

depleted dithiolium ring and an electron rich pyrrole ring. Both

structures are potentially stable.

As an alternative, we also decided to attempt to synthesise

a molecule in which the three-centre bond was under angular strain.

Distortion of the three-centre bond in structure (197a) may lead to

a bent three-centre bond in structure (197b).
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197a 197b
C ondensation of_p^r_role_s_wrth_ ]_, FjiRMcHium _salt_s

The reactions of 1, 2-dithiolium salts with nucleophiles have

been used in the synthesis of trithiapentalenes and analogues (page 21),
J

As both the structures (195) and (197) could be synthesised by

reacting pyrroles with 1, 2-dithiolium salts, the feasibility of

condensing pyrroles (199) with dithiolium perchlorates (198) was

studied. By refluxing the dithiolium salts (198) in the presence of

the pyrroles (199) in ethanol, the condensation products (200) were

obtained.

Bu

4 3
R R

O
CIO.

198

N

k1
199

R

CIO,

200

a) R1, R2,R3,R4 = H
13 4 2

b) R , R ,R = H; R = CH,
14 2 3

c) R ,R = H; R ,R = CH,
3 4 12

d) R , R = H; R , R = CH,
4 12 3

e) R = H; R , R , R = CH
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In these condensations, reaction only occurred at C-5 of the

pyrroles (199a-e) except in the case of the pyrrole (199c). The

presence of a product from reaction at C-4 of the pyrrole (199c) was

detected by H nmr spectroscopy. It was assumed that varied

only slightly throughout the nmr spectra of the series of products

(200a-e). This assumption enabled all the signals in the nmr

spectrum to be assigned [Table III (overleaf) ]. The nmr spectra

of the products (200a) and (200c) in trifluoroacetic acid did not show

signals corresponding to N-H absorption. Proton exchange had

probably occurred. Using deuteriotrifluoroacetic acid the ^

values were obtained by deuterium/hydrogen exchange of l'-H.

It was also noted that in deuteriotrifluoroacetic acid, 4'-H exchanged

from the products (200a) and (200c).

Having demonstrated that condensation reactions between

pyrroles (199) and dithiolium salts (198) could be carried out,

a simple condensation structure was designed to incorporate a

three-centre bond.

In the presence of triethylamine, 2-methyl-3-ethoxycarbonyl-5-

hydroxypyrrole (200f) condensed with the dithiolium perchlorate (198)
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Table III

H nmr spectra of compounds (200a-e) in trifluoroacetic acid

Compound Peak(ppm) Type jab(h2> Integral (H) Assigning

200a 8. 17 s - 1 4-H

7. 54 m J3,4,^-° 1 5' -H

7.44 m J4,5,=2-° 1 3' -H

6. 61 m J3,5,= 1.2 1 4' -H

1. 68 s 9 Bu

200b 10. 30 br. s JNH,4'=2-8 1 N-H

7. 97 s " 1 4-H

- 00COft dd JNH,3'=2'3 1 31 -H

6.42 dd J3'4'=4-2 1 4 1 -H

2.47 s 3 51 -Me

1. 62 s - 9 Bu

200c 7. 86 s - 1 4-H

7. 20 d J3'NH=2'6 1 3'-H

2.41 s — 3 5'-Me

2. 14 s - 3 4 '-Me

1.61 s - 9 Bu

«

200d 8. 02 s - 1 4-H

7.49 d J3'4'=4-6 1 3'-H

6.46 d - 1 4'-H

4. 00 s - 3 N-Me

2.46 s - 3 51 -Me

1. 68 s - 9 Bu

200e 7. 89 s - 1 4-H

7. 30 br. s J3'4lMe"°' 9 1 3'-H

3. 98 s - 3 N-Me

2. 39 s - 3 51 -Me

2. 16 s - 3 4 1 -Me

1. 63 s _ 9 Bu
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The H nmr spectrum of the oxadithiapentalene (201) in

hexadeuteriodimethyl sulphoxide showed that 4-H had shifted from

67.23 in the dithiolium ring (198) to 68.49 in the pyrrolooxadithia-

pentalene (201) where it was in the proximity of a carboxyethyl

group.

Thionation of the pyrrolooxadithiapentalene (201) with phosphorus

pentasulphide in refluxing xylene yielded the pyrrolotrithiapentalene

<202>-

From the H nmr spectrum (CDCl^) of the pyrrolotrithiapentalene
(202), the ring proton, 7 -H, shifted downfield to 69.20 in comparison

with 7-H in the pyr rolooxadithiapentalene (6 8. 60; CDCl^).
The progressive increase in deshielding of ring protons along

the series 1-oxa-6, 6a-dithiapentalene s —» 1, 6a-dithia-6-azapentalene s

—f 1, 6, 6a-trithi,apentalenes has previously been attributed to the

increase in ring current. It was inferred from this that, as the

increase in deshielding was still present then the structures (201) and

(202) were consistmt with the experimental data available. Thus two

new compounds, related to the trithiapentalene system, have been

synthesised using the condensations of pyrroles with 1, 2-dithiolium

salts.
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In an attempt to synthesise aza analogues of the pyrrolo-

trithiapentalene (202), 3-methylthio-5-t-butyl- 1, 2-dithiolium

perchlorate was condensed with N-aminopyrrole to yield two

products, (203) and (204).

Bu
H
N Bu

N ^
•S+ S+

T \N
N'

I
NH.

cio~ cio4
203 204

The minor product (204) was treated with hydroxide but no

stable product could be isolated. The product (205) may have

existed in a highly polar form (206) which was susceptible to

decomposition.

Bu

205 206

The product (205) would also have an N-H group incorporated

into the three-centre bond. There have been no reports of three-

centre bonds incorporating an N-H group. Thus this could be an

unstable situation.

There seem to be three problems involved in the synthesis of

a derivative of product (205). The perchlorate (204) was obtained

as a minor product, the structure (205) may exist in an unstable polar

form (206), and the N-H group in the structure (206) could be in an
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unstable situation. To overcome these problems, several

derivatives of N-aminopyrrole were synthesised.

Condensation of N-aminopyrrole with benzaldehyde, p-nitro-

benzaldehyde and pivaldehyde gave the imine s (208).

RCHO + o —• o
I 1
NH2 N

207 208

a) R=p-nitrophenyl

*b) R=phenyl

c) R=t-butyl

/The imines (208, a,b,c) have a less nucleophilic nitrogen

than N-aminopyrrole, therefore they should condense with the

dithiolium perchlorate (198) giving higher yields of products analogous

to structure (204). However, on reaction with the dithiolium perchlorate

(198), the imines (208) afforded intractable tars.

The imines (208, b,c) were reduced by lithium aluminium

hydride to give 1-benzylaminopyrrole (209b) and 1-neopentylamino-

pyrrole (209c)» 1-p-Nitrobenzylidene-iminopyrrole (208a) was reduced

by sodium borohydride in the pre sence of aluminium trichloride, to

1-p-nitrobenzylaminopyrrole (209a).

O
N

N ^

No u 1 H CH.Ra) R=p-mtrophenyl 2

b) R=phenyl

c) R=neopentyl

209
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The aminopyrroles (209a and c) reacted with t-butyldithiolium

perchlorate (198) giving intractable tars. However, 1-benzylamino-

pyrrole (209b) yielded the product (210) together with a mixture

containing traces of the salt (211) (*H nmr). Thus reaction had

occurred mainly at the amino nitrogen.

O
N

Bu1 / N
CH2
I■S+
Ph

210

The aminopyrroles (207) and (209b, c) were allowed to react

with 3-chloro-5-phenyl- 1, 2-dithiolium chloride (212). Condensation

occurred at the amino nitrogen giving-the products (213).

oN

I
Ph CI f. A Ph.Ô"NT '

+

S+ ^ N' s S+

R

Cl" | CI
212 NHR 213

a) R=H

b) R=Ph-CH2-
c) R=But-CH2-

1-p-Nitrobenzylaminopyrrole afforded an intractable oil on

reaction with the dithiolium chloride (212). The products (203)

and (213a), when treated with hydroxide, gave the compounds (214)

and (215), thus confirming their structures.
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t N N
Bu

rr
ph

214 215

In a final attempt to stabilise the product (205) we tried to

trap it as the N-acetyl derivative (216).

Bu
t

S _ S N

C
II
o

3

216

In the presence of acetic anhydride, the perchlorate (204) was

treated with triethylamine. However, no products were isolated.

Before attempting to synthesise a compound (197) which contains

a three-centre bond under angular strain the simple condensation

products (200a, c) were neutralised with hydroxide and the neutral

forms (217) were halogenated. The neutral oils (217) were rather

unstable and were not characterised.

The neutral compounds (217 , i, ii) could exist in either the

neutral form (217) or the zwitterionic form (220).

Variable temperature H nmr spectral studies with the derivative

(218, i) in carbon disulphide showed that at -50°C two singlets

(67. 90, 67. 95) were present, integrating to one hydrogen assigned

to 4-H. On raising the temperature the rings rotated more rapidly
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(r1, r4=h)
(r2,r3=chJ

(i) X =Br

(ii) X=I

and the singlets coalesced at -8°C (67. 95). At higher temperatures

only one peak (67. 95) was observed. Throughout the temperature

range the t-butyl group absorbed at 61. 50.

3 4 .

r ,r =h)
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Variable temperature H nmr spectra studies of the derivative

(218, ii) showed that at -30°C two singlets were present (88.05, 8 8.25),

integrating to one hydrogen assigned to 4-H. However, on raising the

temperature, as the rings rotated more rapidly, the singlets broadened

at -10°C and did not sharpen until + 10°C (88. 15). An accurate

coalescence temperature was therefore not obtained. The t-butyl

absorbed at 81.51 throughout the temperature range.

The variable temperature studies indicate that there is a

resistance to rotation about the bond C -C . This is probably due5 c.

to the double bond character of the bond but it would be of interest to

examine the molecules (2 18i, ii) and (219) by X- ray crystallography

to find out if there is any interaction between 3'-X and S-2 in the

structures(221) and (222).

221 222

Such an interaction would indicate that a halogen atom had

been incorporated into a three-centre bond.

In an attempt to synthesise the compound (223), the neutral

oil (217c) was treated with phosphoryl chloride and dimethylformamide

but there was no trace of a reaction product (tic). When trying to

obtain the compound (224), the neutral oil was added to a solution

of p-nitrobenzenediazonium fluoroborate but again there was no

reaction (tic).
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Me Me

Bu Me Bu Me

Ar

223 224

Lack of reaction was presumably due to reaction of the compound

(217a) at nitrogen with the electrophile preventing further electro-

philic substitution at C-31. The trihalo derivatives (2I8,i,ii)

readily methylated at nitrogen with methyl fluorosulphonate yielding

the fluorosulphonates (225).

X X

Bu
t X

CIO
S — S+ Me 4

i) X=Br

ii) X=I

225
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III
13

Studies of C nmr Spectra

Photochemically induced excitation of the trithiapentalenes

129 130
and analogues has already been examined ' . Our aim was to

observe the thermally induced rupture of the S-6a - O(N) bond in

the structures (226 and 227) and subsequent rotation about the bond

Ph
I

,N

t
Ph

Ph

C 3 - C-3a.

As the 2-H and formyl proton in 3-formyl-5-phenyl- 1 -oxa-6, 6a-

dithiapentalene (226) were nearly magnetically equivalent and the

ten phenyl protons in 1-phenyl-3-phenylazo-5-t-butyl-6, 6a-dithia-

1, 2-diazapentalene were approximately magnetically equivalent, it
1 3

was decided to examine the compounds (226 and 227) using C nmr
A ,*• '

spectro scopy.

The variable temperature study of the oxadithiapentalene (226)
o

in heptadeuteriodimethylformamide showed that by 90 C there was an

increase in the peak height of C-2 (6183. 39) in relation to the formyl

carbon (6185.50), showing that the relaxation time of C-2 was

decreasing as the vibration of C - 2 increased on warming. The

formyl carbon and C-2 coalesced to a broad peak at 120°C. The

broad peak sharpened to a singlet (6 184.25) at 140°C. The two

carbons have therefore become magnetically equivalent. It was
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> «

assumed that cleavage of the S-6a - O bond has occurred and

rotation about C-3 - C-3a was occurring.

Alternatively rupture of the S-6a - O bond could have led to

the dithiole (2 28) which may have contained two formyl carbons

which were magnetically equivalent by accident.

228
13

The C nmr spectrum of the dithiadiazapentalene (227) in

deuteriochloroform showed the two phenyl rings as a series of four

pairs of singlets (6153.12, 6144. 18; 6130.46, 6127.24; 6129.04,

6129.43; 6122. 60, 6120.71). The variable temperature nmr

spectral study of the dithiadiazapentalene (227) showed that coalescence

of the phenyl peaks had not occurred by 160°C. However by studying

the compound (227) in deuteriochloroform, where a trace of acid

may be present the peaks broadened as though approaching coalescence

by 80°C. 80°C was the safe maximum temperature to which a

sealed tube containing deuteriochloroform and trimethylsilane could

be taken. In deuteriobromoform, in which more acid was probably

present than in deuteriochloroform, complete coalescence of all

four carbon pairs, arising from the phenyl rings in the dithiadiaza¬

pentalene (227) had occurred by 70°C. Presumably protonation at
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C-3 had occurred.

13
The carbon assignments in the C nmr spectra studies were

inferred after examining the series of compounds (229-237).
13

Tetramethylsilane was used as the reference in C nmr

spectra carried out at room temperature. Hexamethyldisiloxane

was used as the reference in variable temperature spectra unless

otherwise stated.
/

From decoupled spectra, tertiary secondary and primary

carbons were distinguished by peak heights. When necessary,

undecoupling allowed the averaged splittings (J ) and multipletC -H

type to be ascertained. This enabled the carbons in 1 -phenyl-5-t-

butyl-6, 6a-dithia-1, 2diazapentalene (229) to be fully assigned.

The carbon atoms in the other compounds (230-236, 226 and 227)

were assigned in the same manner or the assignment was inferred

by a result from a similar molecule.

13
The results of the C nmr spectra are summarised in table

IV.



- 96 .

$31. 8°

CHj CH,
\l

„H".M 4,":!s' 5115.56
^ V \l\.OL.

I toq>S

^/ao.13

Sias.n

1,11.05 Vn.St
CH, CHi 3

Sits.n

(in.ii

(Iblll

(|10.I,S

1115 51

1111.06 llll.to

Chemical shifts (ppm) of 6, 6a-dithia- 1, 2-diazapentalene s



- 97-



- 98 -

Table IV

Compound

229

n
C nmr Spectra

Noise Spectrum Undecoupled Spectrum

Peak

no.
ppm

Peak

Height
F orm

C entred

(ppm)
Splittings

(Hz)
1 196. 28 11 D.D 196.03 8.0; 3.7

2 161.04 12 D.D 160.89 13. 5; 10.4

3 143.38 10 T 143.21 8. 0

4 135.56 66 D.D 135.39 192.4; 3.0

5 129.65 .123 D.D 129. 35 161. 3; 7.9

6 125.99 68 D. T 125.82 162. 1; 7. 5

7 120. 13 116 D.D. D 119.96 163.5; 6.2

8 116.35 46 D 116.20 162. 7

9 78. 64 9

10 77. 04 9 cdci3
11 75.45 11

12 40. 79 25 M 40. 62 -

13 31. 80 123
quartet
of 31. 64 126. 7; 4. 5E

14 0 9
septets

TMS

1 165.77 61 D.Q 165.60 171.9; 6. 0

2 154.73 26 M 154.56 4.2

3 146. 19 30 Q 146. 28 6. 6

4 142. 19 29 T 141.95 8. 1

5 129.40 117 D.D 129. 35 161. 2; 7.6

6 128.86 35 M 128. 79 4.0

7 125.93 55 D. T 125.70 162.. 2; 7.5

8 120.24 116 D.T 119.95 163.2; 5. 6

9 78. 67 32

10 77. 07 30 CDC13
11 75.48 30

12 21. 05 35 Q.D 20. 89 128.4; 4. 8

13 18. 56 31 Q 18. 40 129.2

14 0 19 TMS
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Table IV (cont)

Compound Noise Spectrum

231

Peak

no.
ppm

Peak
„ . ,. Form
Height

1 167.17 56

2 157.66 10

3 142. 61 6

4 137.32 43

5 129.54 118

6 126. 51 65

7 120.45 113

8 119. 61 51

9 ^1 00 o LP 8

10 77.07 8 CDC1
j

11 75.48 9

12 0 7 TMS

Undecoupled Spectrum

Splittings
(Hz)

Centred

232 1 161.77 55 D. T 161.76 192.0; 3.6

2 151.27 6 M 151.26 3.6

3 148.28 15 T 148.25 6. 8

4 142.72 10 T 142.74 8. 0

5 131.35 19 M 131.35 5.2

6 129.25 119 D.D 129.23 161.2; 7.6

7 125.54 57 D.T 125.53 162.0; 7.8

8 119.82 118 D.T 119.79 162. 8; 6.2

9 78.49 8

10 76.89 11 cdci3
11 75. 29 9

12 28.76 44 Complex splitting

13 26.45 44 pattern - no further

14 22.23 38 assignment

15 0 16 TMS

233 1 181.20 52 D.D 180.81 173.5; 5.7

2 178.76 10 M 178.38 5.0

3 172.28 7 M 171.88 5. 1
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Table IV (cont)

Compound

233(cont)

234

Noise Spectrum Undecoupled Spectrum

Peak

No. ppm
Peak

Height
F orm Centred Splitting s

(Hz)

4 122.36 61 D.D 122.00 167.2; 3.8

5 108.61 52 D.D 108.27 167.6; 22.1

6 78.78 7

7 77. 20 9 CDC13
8 75. 54 10

9 37. 52 12 M 37.21 5. 1

10 31. 64 124 quartet of
multiiplets

32. 07 127.2; 4.5

11 0 9 TMS

1 181. 33 94

2 171.54 12

3 163.45 11

4 132.64 13

5 130.74 100

6 129. 12 178

7 127.21 145

8 122.79 92

9 109.63 75

10 7-8. 76 9

11 77. 19 8

12 75. 58 10

13 0 8

D.D 180.99 174.2; 5.1

M 171. 19 5. 0

quartet 163. 12 4.4

T 132. 64 7.9

D. T 130. 44 161.2; 7.2

D.D.D 128. 69 137. 8; 7.2; 2.8

D. T 126. 95 161.2; 5.8

D.D 122. 59 168. 5; 4.2

D.D.D 109. 35 167. 6;22. 1; 2. 6

CDC1.

TMS

1 182.33 46

2 167.94 21

3 163.30 22

4 133.39 27

5 130.59 55

6 129. 12 115

7 127.35 120

8 121.03 62

9 116.54 35
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Table IV (cont)

Compound Noise Spectrum Undecoupled Spectrum
Peak

No. PPm
Peak

Height
F orm Centred Splitting

(Hz)
i

235(cont) 10 78. 69 50

11 77. 12 53 cdci3
12 75. 51 56

13 14. 54 37

14 0 36 TMS

236 1 182. 28 108 D. T. 182.01 172.0; 2

2 162. 94 10 M 162.81 3. 5

3 137.41 96 D. T 137. 12 180.0; 3

*
4 137.21 34 quartet 136.92 5. 3

5 120.93 17 D. T 120.59 20. 8; 5

/

6 78. 82 19

1
7 77. 21 14

8 75.59 17

9 28. 23 103 T.D CO00•OsJ 128. 3; 2

10 24. 69 123 T.M. 24.44 127. 9; 5

11 21. 67 110 T.D 22. 39 124.9; 2

12 0 17

1 195.18 9

2 154.08 7

3 153.66 12

4 153.12 15

5 144. 18 17

6 130.46 51

7 129.43 92

8 129.04 107

9 127.24 47

10 122.60 96

11 121.40 40

12 120.71 88
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Table IV (cont)

Compound Noise Spectrum
Peak

PPm
Peak

No.

227(cont)

226

(10 sec

pulse delay)

Peak

Height

Undecoupled Spectrum

SplittingsForm Centred

13 78. 64 12

14 77. 04 14

15 75.44 12

16 40.70 13

17 31. 87 87

18 0 6

1 186. 92 52

2 184. 72 41

3 176.46 26

4 174.63 25

5 132. 26 68

6 129. 63 110

7 128.15 114

8 125.88 56

9 121.31 39

10 78.73 112

11 77. 12 120

12 75. 51 102

13 0 55

CDC1,

TMS

(Hz)



PART THREE

EXPERIMENTAL
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Introductory Notes

All products from any reactions were identified by comparing

their tic behaviour, melting point, nmr spectra, colour and crystal

form with authentic samples. All compounds which had not been

previously prepared were characterised by their melting point, H

nmr spectra, colour, crystal form, M~*~ parent ion, C,H,N analysis,

uv spectra and, if necessary, their ir spectra.

Melting points were determined on a Kofler hot-stage apparatus and

were corrected. nmr spectra were measured at 31.4°C with a Yarian

HA100 spectrometer operating at 100 MHz. The chemical shifts (6) were

expressed in ppm downfield from the tetramethylsilane reference signal.

Solutions in deuteriochloroform were 0.4M, in hexadeuteriodimethyl-

sulphoxide, trifluoroacetic acid and deuteriotrifluoroacetic acid were 0.5M

and in carbon disulphide were 0. 1M except where these concentrations could

not be attained, when saturated solutions were employed. Chemical shift

values given in the experimental section refer to singlet absorptions

unless otherwise stated, in which cases the symbols have their usual

meanings. Signals assigned to the pairs of o- and m-protons of -nitrophenyi

substituents are the four most intense signals in the AA'BB' pattern

unless otherwise stated.

13 o
C nmr spectra were measured at 47 C with a Varian CFT-20

spectrometer operating at 20 MHz. The chemical shifts (6) are

expressed in ppm downfield from the tetramethyl silane reference signal

except in the variable temperature studies where the chemical shifts

(6) were expressed in ppm downfield from the hexamethyldisiloxane

reference signal. Solutions in deuteriochloroform, deuteriobromoform

and heptadeuteriodimethylformamide were 1. 0M except where these

concentrations could not be attained, when saturated solutions were used.
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Mass spectra were recorded on an AEI MS902 instrument.

Carbon, hydrogen and nitrogen microanalysis were carried out by

Mr. J. Bews of this department. Thin layer chromatography (tic)

was performed on silica (MN Kieselgel G) coated plates (0.25 mm

thick), which were developed in iodine vapour. Yields quoted refer

to material judged pure by tic, unless otherwise stated. For column

chromatography, alumina was Spence type H (100/200 mesh) and

silica was Sorbsil Silica Gel.

Ultraviolet and visible spectra were measured on a Unicam

SP820 spectrophotometer. Light absorption data refer to solutions

in cyclohexane unless otherwise stated. Infrared spectra were

measured with a Perkin-Elmer 257 spectrophotometer. Samples

were prepared as KBr discs.

"Petrol" refers to 40/60 petroleum ether and "ether" to

diethyl ether. Acetic acid, acetic anhydride, methanol, ethanol,

cyclohexane, n-hexane, petrol, acetone and dimethylsulphoxide

were all redistilled commercial solvents.

Benzene, petrol, ether and xylene were refluxed over sodium

wire for 1 hour and distilled to give the dry solvents which were

stored over sodium wire. Where necessary, crude solvents were

pre-dried over calcium chloride for two days.

For chromatography, benzene was dried by azeotropic

distillation, the preliminary 25% of the distillate being used for

extraction. Ether was dried over calcium chloride, filtered and

distilled.

Chloroform and methylene chloride were boiled over phosphoric

anhydride for 1 hour, then percolated through a dry packed column of
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alumina (12.5 x 2.5 cm) as required.

Acetonitrile was refluxed over sodium hydride (5 % dispersion

in oil, 2 g per litre) for 30 minutes and distilled. The distillate was

then refluxed over phosphoric anhydride for 30 minutes and distilled

twice.

Dimethylformamide was allowed to stand over calcium hydride

for 1 week and was then distilled under reduced pressure. Dry

ethanol was obtained by dissolving sodium in ethanol(7. 5 g per litre),

adding diethyl succinate (25 g per litre) and refluxing for two hours.

Perchloric acid was 70% w/w and of Analar grade.

2M-Aqueous sodium hydrogen sulphide solutions were prepared

by saturated 2M-aqueous sodium sulphide nonahydrate solutions with

hydrogen sulphide (ca. 2 hours).

Dimethyl sulphate, acetyl chloride, aniline,

carbon disulphide, methyl iodide and methyl fluorosulphate were

redistilled commercial reagents.

N-aminopyrrole was prepared by the method of Flitsch, Kramer

, 125and Zi mmermann

Solutions were dried over anhydrous sodium sulphate, and

solvents were evaporated at reduced pressure with a rotary film

evaporator. Solids were dried in vacuo over phosphoric anhydride.
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IA The Reactions of Trithiapentalenes and Analogues with

Electrophile s

(i) 3, 4-Disubstituted 6a-thia-1, 6-diazapentalenes

General Procedure:

The arenediazonium fluoroborate (10 mmol), in ethanol (50 ml),

was added to a solution of the thiadiazapentalene (5 mmol) in ethanol

(100 ml) and the mixture was stirred for 30 minutes. The reaction

mixture was then poured into water (500 ml), extracted with benzene

(2 x 500 ml) and washed with water (2 x 500 ml). The extracts were

dried and evaporated. The subsequent procedure is described for

the individual thiadiazapcntalcnca and depends on which arenediazonium

fluoroborate was used.

a) With p-nitrobenzenediazonium fluoroborate (10 mmol, 2.37g):-

1, 3, 4, 6-Tetramethyl-6a-thia-1, 6-diazapentalene (124a) (5 mmol,

0. 91 g): The residue was chromatographed on alumina (30 x 2. 8 cm)

eluting with benzene: ether (9:1). The intense purple band gave orange

eluates which afforded 3, 4, 6-trimethyl-1-p-nitrophenyl-6a-thia-1, 2 , 6-

triazapentalene (125a, i) (0.99 g, 69%)

1, 6-Dimethyl- 3, 4-trimethylene- 6a-thia- 1, 6-diazapentalene (1 24b)

(5 mmol, 0. 98 g): The residue was chromatographed on alumina

(70 x 3.4 cm) eluting with ether. The preliminary yellow eluates

were disregarded and the following red eluates afforded 6-methyl-3, 4-

trimethylene - 1 -p-nitrophenyl - 6a-thia- 1,2, 6-triazapentalene (125b, i)

(0.34 g, 22%)103.

b) With benzenediazonium fluoroborate (10 mmol, 1.73 g):-

1, 3,4, 6- Tetramethyl - 6 a -thia- 1 , 6-diazapentalene (124a) (5 mmol,
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0.91 g): The residue was chromatographed on alumina (70 x 3.2 cm).

Elution with petrol:benzene (1:1) gave red eluates which afforded 3,4-

dimethyl- 1, 6-diphenyl-6a-thia- 1,2, 5, 6-tetraazapentalene (126a, ii)

0. 14 g, 9%). Continued elution with benzene-ether (9:1) gave yellow

eluate s which afforded 3,4, 6-trimethyl - 1 - phenyl - 6a-thia- 1,2, 6-triaza-
103

pentalene (125a, ii) (0.36 g, 29%)

1, 6-Dimethyl - 3, 4 - trimethylene- 6a-thia - 1, 6-diazapentalene

(124b) (5 mmol, 0.98 g): The residue was chromatographed on

alumina (40 x 3.2 cm). The preliminary yellow eluates were disregarded

and the following purple eluates afforded 3, 4-trimethylene-1, 6-diphenyl-

6a-thia- 1, 2, 5, 6-tetraazapentalene (126b, ii) ^ (0.06 g, 6%).

c) Test Reactions

The stability of 6-methyl-3, 4-trimethylene- 1 -phenyl-6a-thia-

1, 2, 6-triazapentalene( 125b, ii) to acid hydrolysis:-

Fluoroboric acid (2 mmol, 10 ml of 20% HBF^) was added to
a solution of the thiatriazapentalene (125b, ii) (1 mmol, 0.26 g) in

ethanol and the reaction mixture was stirred for 30 minutes. It

was then poured into water (100 ml), extracted with benzene (2 x 100

ml) and washed with water (2 x 100 ml). The extracts were dried

and evaporated. The residue was then chromatographed on alumina

(10 x 2.2 cm). Elution with benzene gave orange eluates which

afforded the star ting material (125b,ii) (0.24 g, 94%).

Reactivity of 6-methyl-3, 4-trimethylene- 1 -phenyl-6a-thia-

1, 2, 6-triazapentalene (129b, ii) towards benzenediazonium fluoro-

borate:-
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To a solution of the thiatriazapentalene (125b,ii) (2 mmol,

0.51 g) in ethanol (60 ml) was added a solution of benzenediazonium

fluoroborate (4 mmol, 0.69 g) in ethanol (20 ml) and the reaction

mixture was stirred for 30 minutes then poured into water (200 ml),

extracted with benzene (2 x 200 ml) and washed with water (2 x

200 ml). The extracts were dried and evaporated. The residue

was chromatographed on alumina (80 x 1. 8 cm). Elution with

petrol:benzene (1:1) brought off purple-red eluates as a mixture.

Rechromatographing the mixture on alumina (80 x 1.8 cm) and

eluting with petrol:benzene (1:1) gave red eluates which afforded

3, 4-trimethylene- 1, 6-diphenyl- 6 a*-thia- 1,2,5, 6-tetraazapentalene
103

(126b, ii) (0.04 g, 12%)

(ii) 3, 4-Disubstituted 1, 6a-dithia-6-azapentalenes

General Procedure:

The arenediazonium fluoroborate (10 mmol) was added to a

solution of the dithiaazapentalene (5 mmol) and the mixture was

stirred for 1 hour at room temperature. The reaction mixture was

then poured into water and extracted with benzene (2 x 500 ml). The

extracts were washed with water (2 x 500 ml), dried and evaporated.

The residual oil was chromatographed by the method stated for each

dithiaazapental ene, depending on the arenediazonium fluoroborate used.

a) With p-nitrobenzenediazonium fluoroborate (10 mmol, 2.37 g):-

3, 4, 6-Trimethyl-1, 6a-dithia-6-azapentalene (129a) (5 mmol,

0.93g): The residual oil was chromatographed on alumina (50 x 2.8 cm)
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eluting with benzene: ether (9:1) giving red eluates which were

evaporated and kept for rechromatographing. Continued elution

gave purple eluates which afforded 3,4, 6-trimethyl- 1 -p-nitrophenyl -

6a-thia- 1, 2, 6-triazapentalene (133a, i) (0.56 g, 39%). The red oil

was rechromatographed on silica (50 x 1. 8 cm) eluting with benzene.

Red eluates afforded the 3, 4-dimethyl- 1-p-nitrophenyl-6, 6a-dithia-
84

1, 2-diazapentalene (132a, i) (0.19 g, 13%)

6-Methyl-3, 4-trimethyl- 1, 6a-dithia-6-azapental ene (129b) (5

mmol, 0.99 g):- The residual oil was chromatographed on alumina

(60 x 2. 8 cm) eluting with benzene. The preliminary red eluates

were evaporated and the residual red oil retained for rechromatographing.

The following deep purple eluates afforded 6-methyl-3, 4-trimethylene-
103

1-p-nitrophenyl-6a-thia-1, 2, 6-triazapentalene (133b, i) (0.20 g, 13%)

The red oil was rechromatographed on silica (50 x 1. 8 cm) and elution

with benzene gave red eluates which afforded 3, 4-trimethylene-1-p-
84

nitrophenyl-6, 6a-dithia-1, 2-diazapentalene (132b, i) (0.35 g, 24%)

b) With benzenediazonium fluoroborate (10 mmol, 1.7 3 g):-

3, 4, 6-Trimethyl-1, 6a-dithia-6-azapentalene (129a) (5 mmol,

0. 93 g): The residual oil was chromatographed on alumina (50 x 2. 6

cm) eluting with benzene. The first red eluates afforded 3, 4-dimethyl-

1-phenyl-6, 6a-dithia-1, 2-diazapentalene (132a, ii) (0.11 g, 12%).

The following yellow eluates afforded starting material (129a) (0. 13 g,

11%).

6-Methyl - 3, 4-trimethylene - 1, 6a-dithia - 6-azapental ene (1 29b)

(5 mmol, 0. 99 g): The residual oil was chromatographed on alumina
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(40 x 2. 6 cm) eluting with petrol:benzene (1:1). The first red

eluate s afforded 3, 4-trimethylene- 1 -phenyl - 6, 6a-dithia- 1, 2 -diaza-

pentalene (132b, ii) (0.03 g, 3%). The following yellow eluate s

afforded starting material (129b) (0.21 g, 21%) .

(iii) 1, 6a-Dithia-6-azapentalenes unsubstituted at C-3 and C-4

a) With p-nitrobenzenediazonium fluoroborate: -

A solution of 6-methyl-2-t-butyl-1, 6a-dithia-6-azapentalene (134)

(5 mmol, 1. 07g) in methanol (200 ml) had p-nitrobenzenediazonium

fluoroborate (10 mmol, 2.37 g) added and then was stirred for 1 hour

at room temperature. 1-p-Nitrophenyl-5-t-butyl-6, 6a-dithia-l, 2-
109

diazapental ene-3-carbaldehyde (135, i) (1.54 g, 88%) precipitated

out of solution as a red solid and was collected by filtration, washed

with water and dried over phosphoric pentoxide under vacuum.

Recrystallisation of the residue from the filtrates using cyclohexane-

benzene gave a further crop of product (0.08 g).

b) With benzenediazonium fluoroborate:-

A solution of 6-methyl-2-t-butyl-1, 6a-dithia-6-azapentalene (134)

(5 mmol, 1.07 g) in methanol (200 ml) had benzenediazonium fluoroborate

(10 mmol, 1.73 g) added and was stirred at room temperature for 1

hour. The reaction mixture was then extracted with benzene (2 x 500ml).

The extracts were washed with water (2 x 500 ml), dried and evaporated.

The residue was chromatographed on alumina (20 x 2. 6 cm). Elution

with benzene gave red eluates which afforded 1-phenyl-5-t-butyl-6, 6a-
109

dithia-1, 2-diazapentalene-3-carbaldehyde (135, ii) (1.45 g, 95%)
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A solution of 6-methyl-2-phenyl- 1, 6a-dithia-6-azapental ene

(136) (5 mmol, 1. 17 g) in methanol (600 ml) had benzenediazonium

fluoroborate (10 mmol, 1.73 g) added and was stirred at room

temperature for 1 hour. The reaction mixture was then extracted

with benzene (4 x 500 ml) and the extracts were washed with water

(2 x 500 ml), dried and evaporated. The residual oil was chromato-

graphed on silica (50 x 2.6 cm). Elution with benzene gave red

eluates which afforded 1, 5-diphenyl-6, 6a-dithia-1, 2-diazapentalene-
84

3-carbaldehyde (137) (0.71 g, 44%) . Continued elution gave a

mixture which by tic consisted of two spots; a yellow spot followed

by a brown spot. (The yellow spot had similar tic behaviour to

starting material.) The mixture was rechromatographed on alumina

(80 x 1.8 cm) eluting with benzene. The preliminary yellow eluates

were disregarded and the following orange eluates afforded a mixture

which was then rechromatographed on alumina (80 x 1.8 cm) eluting

with benzene. Again the preliminary yellow eluates were disregarded

and the following orange eluates afforded an orange compound which was

purified by rec rystallisation (x2) from cyclohexane affording 6-methyl-

l-phenyl-3-phenylazo-6a-thia-1, 2, 6-triazapentalene (138) (0.10 g, 6%),

orange needles (from cyclohexane), mp 168-170°C
Found C 63. 5; H 4.7; N 21. 8

C, _H, j-N-S requires C 63. 6; H 4. 8; N 21. 517 15 5

at m/e 321. 1057

C H N S requires 321.104817 15 5 ^

nmr 6 3. 68 (3H, N-Me), 7. 20-7. 51 (6H, m, 2m- + p-protons
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of both phenyl rings), 7.86-8.12 (5H, m, 2 o-protons of

both phenyl rings + 4-H) and 8.32 (1H, d, J 3.6 Hz, 5-H)54

433 (log£ 4.56), 285 sh (3. 94), 255 (4. 14) and 242 nm sh

(4.05)

c) Synthesis of 6-methyl-1-phenyl-3-phenylazo-6a-thia-1, 2, 6-triaza-

pentalene

6-Methyl-1-phenyl-6a-thia-1, 2, 6-triazapentalene (1 mmol, 0.22 g)

dissolved in methanol (20 ml) had benzenediazonium fluoroborate (2 mmol,

0. 35 g) added and the mixture was stirred at room temperature for

10 minutes. The deep purple reaction mixture was then poured into

water (100 ml) and extracted with benzene (4 x 100 ml). The extracts

were washed with water (3 x 100 ml), dried and evaporated. The

residue was chromatographed on a column of alumina (10 x 2. 2 cm).

Elution with benzene gave orange eluates which afforded 6-methyl-l-

phenyl-3-phenylazo-6a-thia-1, 2, 6-triazapentalene (138) (0.32 g, 98%),

identical with the sample (nmr spectrum in CDCl^) previously prepared.

(iv) 3, 4-Disubstituted 6, 6a-dithia-1, 2-diazapentalene

General Procedure:-

To a solution of 1, 6a-dithia- 1, 2-diazapentalene s (2 mmol) in

acetonitrile (180 ml) was added a solution of arenediazonium fluoro¬

borate (4 mmol) in acetonitrile (20 ml) and then the reaction mixture

stirred at room temperature for 15 minutes. The mixture was poured

into water (200 ml) and extracted with benzene (2 x 200 ml). The

extracts were washed with water (2 x 200 ml), dried and evaporated.

A
max
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The residual oil was chromatographed by the method stated for each

dithiadiazapentalene, depending on the arenediazonium fluoroborate

used.

a) With p-nitrobenzenediazonium fluoroborate (4 mmol, 0.95 g):-

3, 4-Dimethyl- 1 -phenyl- 6, 6a-dithia- 1, 2-diazapentalene (142a)

(2 mmol, 0.50g): The residual oil was chromatographed on alumina

(10 x 2.2 cm). Elution with benzene gave dark purple eluates which

afforded 3, 4-dimethyl-1-p-nitrophenyl-6, 6a-dithia-l, 2-diazapentalene
84

(143a) (0. 56 g, 95%) .

3, 4-Trimethylene - 1 - phenyl -6, 6a-dithia- 1, 2-diazapentalene (142b)

(2 mmol, 0. 52 g): The residual oil was chromatographed on alumina

(10 x 2.2 cm). Elution with benzene gave dark purple eluates which

afforded 3, 4-trimethylene - 1 - p-nitrophenyl - 6, 6a-dithia- 1, 2 -diaza-
84

pentalene (143b) (0.60 g, 98%)

b) With benzenediazonium fluoroborate (4 mmol, 0.69 g):-

1 -p-Methoxyphenyl- 3, 4-dimethyl - 6, 6a-dithia- 1, 2-diazapentalene

(141a) (2 mmol, 0.56 g): The residue was chromatographed on alumina

(60 x 2.2 cm). Elution with benzene gave two red bands of which the

first red eluates afforded 3, 4-dimethyl- 1 -phenyl-6, 6a-dithia- 1, 2-
84

diazapentalene (142a) (0.27 g, 54%) . The second red eluates

afforded starting material (141a) (0.25 g, 44%).

1 -p-Methoxyphenyl -3, 4-trimethylene -6, 6a-dithia- 1, 2-diaza¬

pentalene (141b) (2 mmol, 0.58 g): The residue was chromatographed

on alumina (10 x 2.2 cm). Elution with benzene gave dark red eluates

which afforded 3, 4-trimethylene- 1 -phenyl-6, 6a-dithia-1, 2-diazapentalene
84

(142b) (0. 52 g, 99%) .
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(v) 6-Methyl-4, 5-tetramethylene-2-t-butyl- 1, 6a-dithia-6-azapentalene

(a) Synthesis: -

Methyl fluorosulphonate (40 mmol, 4. 56 g, 3.42 ml) was added

to a solution of 2, 3-tetramethylene-5-t-butyl- 1 -oxa-6, 6a-dithiapentalene

(20 mmol, 5.0880 g) in methylene chloride (60 ml) and the reaction

mixture was left standing overnight (12 hr). The intermediate salt was

ethered out as a brown oil. The ether was decanted off and the oil was

taken up in acetonitrile (50 ml). Treatment of the solution with methylaminc

(100 ml) aqueous) gave 6-methyl-4, 5-tetramethylene-2-t-butyl- 1, 6a-

dithia-6-azapentalene (144) (4.18 g, 77%) as a yellow precipitate which was

collected by filtration then dried in vacuo over phosphorus pentoxide. The

product gave yellow spars from cyclohexane, mp 173.5-174.5

Found C 63. 1; H 7. 9; N 5. 3

C14H21S2N reTuires C 62. 9; H 7. 9; N 5. 2
M+ at m/e 267. 1119

C, .H S N requires 267.111514 21 2 ^

nmr 6 1.40 (9H, Bu^), 1. 82 (4H, m, b+c-H^), 2.52
2H.rn.a-H ), 2.73 (2H, m, d-H^, 2 . 75 (3H, N-Me)
and 7.16 (1H, 3-H)

\ 422 (log£ 4. 16), 267 sh (3. 75), 2.45 sh (4. 17)m 3.x

and 231 nm (4.28)

(b) Reaction with p-nitrobenzenediazonium fluoroborate: -

A solution of the dithiapentalene (144) (5 mmol, 1.34 g) in

acetonitrile:water (9:1, 100 ml) had p-nitrobenzenediazonium

fluoroborate (10 mmol, 2. 37 g) added and then was stirred for 15
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minutes at room temperature. The reaction mixture was then

extracted with benzene (5 x 500 ml) washed with water (2 x 500 ml),

dried and evaporated. The residual oil was chromatographed on

alumina (40 x 2.8 cm). Elution with benzene gave yellow eluates

which afforded di-p-nitrophenyl-disulphiae (0.15 g)

M+ at m/e 307.9921

C12N2°4S2 re9uires 307.9925

Further elution with ether gave orange eluates which afforded

3-pivaloyl-4, 5-tetramethylene- 1-p-nitrophenyl- 6a-thia- 1,2, 6-triaza-

pentalene ? (148) (0.84 g, 42%), orange-red spars from

cyclohexane-benzene, mp 221-222°C
I

Found C 59.9; H 6.1; N 13.9
I

C20H24N4°3S re9uires c 59. 9; H 6. 1; N 14.0
M+ at m/e 400.1577

C-^H^.N.O.S requires 400.156920 24 4 3 n

*H nmr 61.48 (9H, Bu*), 1. 84 (4H, m, b+c-H2), 2.61 (4H,m,

a+d-H^), 3. 48 (3H, NMe), 7 . 67 and 7 . 76 (2H, 2 o-protDns
of 1 -Ar) and 8.14 and 8.2 3 (2H, 2 m-protons of 1 -Ar)

\ max 467 (log£ 4.57), 355 (4.01), 271 (4. 43) and 222 nm (4. 20)
-\r (KBr disc) 1663 (C=0) cm

max

Continued elution with ether:ethanol (1000:1) gave dark red

eluates which afforded a residue which was rechromatographed on

silica (30 x 2. 6 cm). Elution with benzene initially gave orange-

yellow eluates which were neglected, but later gave red eluates which
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afforded N-methyl -5- (1 -p-nitrophenyl- 5-1-butyl - 6, 6a-dithia- 1,2-

diazapentalen-3-yl)-pentanamide (147) (0.21 g, 9.5%), dark red

prisms from acetonitrile, mp 152- 154°C
Found C 55.3; H 6.2; N 13.0

^20^26^4^3*^2 reclu^res C 55.3; H 6.0; N 12.9
M+ at m/e 434. 1447

Co.H_,N.00S_ requires 434.144620 26 4 3 2 ^

1
H nmr

max

51/*,max

61.49 (9H, Bu1), 1.89 (4H,m,b+c-H2), 2. 35 (2H, br. t,

d-H2), 2.83 (3H, d, JNH NMe 5.0 Hz,N-Me), 3.09 (2H,
br.t, a-H2), 5. 93 (1H, br, NH), 7 . 80 (1H, 4-H), 7.79 and
7.89 (2H, 2 o-protons of 1-Ar), and 8.17 and 8.25 (2H,

2 m-protons of 1-Ar)

506 (log 6 4.3), 470 sh (4. 23), 340 (4. 13), 258 (4. 08),

226 (4. 39) and 208 nm (4. 24)

(KBr disc) 1640 (C=0) cm
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B Reactions of Vilsmeier Salts with Electrophiles

(i) Diazo-Coupling of Vilsmeier Salts

a) With p-nitrobenzenediazonium fluoroborate: -

To a warmed solution of Vilsmeier salt (5 mmol) in acetonitrile

(60 ml) and water (10 ml) was added a warmed solution of p-nitro¬

benzenediazonium fluoroborate (12.5 mmol, 2.96 g) in acetonitrile

(30 ml). The reaction mixture was stirred for 1 hour at 50°C. The

resulting mixture was then extracted with benzene (3x11). The

extracts were washed with water (3 x 500 ml), dried and evaporated.

The chromatography procedure used on the residual solids and the weights

and yields of the products are described for the individual salts.

5-t-Butyl-3-(2-dimethylaminovinyl)-1, 2-dithiolium perchlorate

(152b) (5 mmol, 1.64 g): The residue was chromatographed on silica

(80 x 3.2 cm) and eluted with benzene. The preliminary faint orange

eluates were discarded and the following dark orange eluates afforded

1 -p-nitrophenyl- 5 -t-butyl - 6, 6a-dithia- 1, 2-diazapentalene - 3-carbalde-
109

hyde (154b,i) (1.36 g, 78%)

5-Phenyl - 3 - (2- dim ethyl aminovinyl) - 1, 2-dithiolium perchlorate

(152a) (5 mmol, 1.74 g): The residue was chromatographed on silica

(100 x 3.2 cm) and eluted with benzene. The preliminary faint orange

eluates were disregarded and the following dark red eluates collected

in fractions. The later, tic impure fractions were rechromatographed

on silica (60 x 2.0 cm) and eluted with benzene. The tic pure eluates

from both chromatograms were combined and they afforded 1-p-nitro¬

phenyl- 5-phenyl - 6, 6a-dithia- 1, 2-diazapentalene - 3 -carbaldehyde (154a, i)
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109
(0. 84 g, 46%) \

5-Phenyl- 3- (2- dimethylamino - 1 -methylvinyl) - 1, 2-dithiolium

perchlorate (152c) (5 mmol, 1.74 g): (Due to the insolubility of the

dithiolium salt the reaction procedure was changed. Rather than 60

ml of acetonitrile and 10 ml of water, 195 ml of acetonitrile and 25

ml of water were used.) The residue was chromatographed on

silica (100 x 3. 2 cm) and eluted with benzene. The preliminary

red-purple eluates afforded 3-methyl-5-phenyl-1-p-nitrophenyl-6, 6a-
84

dithia-1, 2-diazapentalene (155c, i) (0.74 g, 42%)

4-Methyl- 3-(2-dimethylamino- 1 -piethylvinyl) - 1, 2-dithiolium

perchlorate (152d) (5 mmol, 1.50 g): The residue was chromatographed

on silica (80 x 3. 2 cm) and eluted with benzene. The preliminary

pink eluates afforded 3, 4-dimethyl-6, 6a-dithia-1, 2-diazapentalene
84

(155d, i) (0.29 g, 10%) .

b) With benzendiazonium fluoroborate

To a warmed solution of 5-t-butyl-3-(2-dimethylaminovinyl)-

1, 2-dithiolium perchlorate (152b) (1 mmol, 0.33 g) in acetonitrile

(12 ml) and water (2 ml) was added a warmed solution of benzene-

diazonium fluoroborate (2.5 mmol, 0.33 g) in acetonitrile (6 ml) and

the mixture was stored at 50°C for 1 hour then extracted with benzene

(200 ml x 3). The extracts were washed with water (100 ml x 3),

dried and evaporated. The residue was chromatographed on silica

(60 x 1.8 cm) eluting with benzene. The eluates afforded a mixture

containing 1-phenyl-5-t-butyl-6, 6a-dithia-l, 2-diazapentalene-3-

carbaldehyde (154b, iii) (O.Olg).
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(ii) Nitrosation of Vilsmeier Salts

General Method: -

Sodium nitrite (10 mmol, 0.69 g) was added to a stirred

solution of the perchlorate (5 mmol) in acetonitrile (50 ml) and acetic

acid (50 ml) at room temperature. The mixture was stirred for 10

minutes. The addition of sodium nitrite (10 mmol, 0. 69 g) followed

by stirring for 10 minutes was repeated twice after which the

reaction mixture was poured into water (500 ml) and extracted with

benzene (2 x 500 ml). The extracts were washed with water (500 ml),

saturated sodium hydrogen carbonate solution (100 ml), water (500 ml),

then dried and evaporated. Subsequent work-up is described for the

individual salts.

5-t-Butyl - 3-(2-dimethylaminovinyl) - 1, 2-dithiolium perchlorate

(152b) (5 mmol, 1. 64 g): The residue (tic shows two yellow spots) was

chromatographed on alumina (30 x 5.5 cm). Elution with benzenerether

(4:1) gave yellow eluates which afforded 5-t-butyl-1 -oxa-6, 6a-dithia-
85

2-azapentalene-3-carbaldehyde (154b, ii) (0.92 g, 80%)

5-Phenyl-3-(2-dimethylaminovinyl)-1, 2-dithiolium perchlorate

(152a) (5 mmol, 1.74 g): (Due to insolubility 150 ml of acetonitrile

was used rather than 50 ml.) The residue (tic showed two yellow

spots) was chromatographed on alumina (50 x 3. 2 cm). Elution by

benzene:ether (4:1) gave yellow eluates which afforded 5-phenyl-1-oxa-

6, 6a-dithia-2-azapentalene-3-carbaldehyde (154a, ii) (0.30 g, 24%)

5-Phenyl-3-(2-dimethylamino- 1-methylvinyl)- 1, 2-dithiolium

perchlorate (152c) (5 mmol, 1.81 g): (Due to insolubility, 150 ml of



- 119 -

acetonitrile was used rather than 50 ml.) The residue (tic showed

two yellow spots) was chromatographed on alumina (50 x 3.2 cm).

Elution by benzene:ether (4:1) gave yellow eluants which afforded

3-methyl-5-phenyl- 1 -oxa-6, 6a-dithia-2-azapentalene (155c, ii)
107

(0. 19 g, 17%)

4-Methyl - 3- (2-dimethylamino - 1 -methylvinyl) -1,2- dithiolium

perchlorate (152d) (5 mmol, 1.50 g): The residue (tic showed two
I

yellow spots) was chromatographed on alumina (30 x 5.5 cm). Elution

with benzene:ether (4:1) gave yellow eluates which afforded 3,4-

dimethyl-l-oxa-6, 6a-dithia-2-azapentalenes (155d,ii) (0.53 g, 61%)^.

(iii) Blank reactions:-

A solution of 5-t-butyl-3-(2-dimethylaminovinyl)- 1, 2-dithiolium

perchlorate (152b) (5 mmol, 1.64 g) in acetonitrile (90 ml) and

water (10 ml) was stirred at 50°C for 1 hour. The salt was precipitated

by addition of ether and collected by filtration (1.40 g, 86%).

A solution of 5-phenyl-3-(2-dimethylamino-1-methylvinyl)- 1, 2-

dithiolium perchlorate (152c) (5 mmol, 1.81 g) in acetonitrile (195 ml)

and water (25 ml) was stirred at 50°C for 1 hour. The salt was

precipitated by addition of ether and collected by filtration (1.56 g,

86%).
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C Electrophilic Reactions of Trithiapentalenes Involving

Electrophilic Reaction at Sulphur (1 or 6)

(i) 4, 5-Tetramethylene-2-t-butyl- 1, 6, 6a-trithiapentalene (161)

a) Synthesis: -

Phosphorus pentasulphide (20 mmol, 4.45 g) was added to a

vigorously stirred solution of 2, 3-tetramethylene-5-t-butyl-1 -oxa-6, 6a-

dithiapentalene (20 mmol, 5.09 g) in benzene (60 ml) and the reaction

mixture was refluxed for 1 hour. It was then poured into water

(500 ml) and extracted with benzene (2 x 500 ml). The extracts

were washed with water (2 x 500 ml), dried and evaporated. The

residual oil was chromatographed on silica (60 x 2.6 cm) eluting with

petrol:benzene (1:1). The preliminary orange eluates afforded

4, 5-tetramethylene-2-t-butyl-1, 6, 6a-trithiapentalene (161) (5.11 g,

94%) orange spars from hexane, mp 74.5-75°C.
Found C 57. 9; H 6. 8

C H S requires C 57.7; H 6.71 j I o 3

M+ atm/e 270.0561

C._H S requires 270.057013 18 3

1TT 61.41 (9H, BuS, 1.79-1.98 (4H, m, b+c-H ), 2.80-2.96H nmr 2

(4H, m, a+d-H2) and 7.72 (1H, 3-H)
\ 474 (log6 3. 90), 258 (4.73), 234sh (4.23) and 207 nm (4. 19)

ma.x

b) Reactions with arenediazonium fluoroborates

General Procedure:-

To a solution of the trithiapentalene (161) (5 mmol, 1.35g) in

methanol (200 ml) was added arenediazonium fluoroborate (10 mmol)
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and the reaction mixture was stirred at 50°C for 30 minutes. It was

then extracted with benzene (3 x 500 mi). The extracts were washed

with water (2 x 500 ml), dried and evaporated. The chromatographic

procedure depends on the arenediazonium fluoroborate used.

(1) With p-nitrobenzenediazonium fluoroborate (10 mmol, 2.37 g):

The residue was chromatographed on alumina (40 x 2. 6 cm). Elution

with benzene gave yellow eluates which afforded starting material

(161) (0.26 g, 19%), and continued elution gave brown-purple eluates

which on evaporation gave a residue which was rechromatographed

oh silica (100 x 1. 8 cm). Elution with petrol:benzene (1:1) gave

yellow-orange eluates which afforded p-nitroanisole (nmr-CDClJ.

Continued elution gave deep purple eluates which afforded 5-(3', 3'-

dimethyl - 2' -p-nitrophenylthio- 11 -butenyl) - 3, 4-trimethylene- 1 -p-

nitrophenyl-6, 6a-dithia-1, 2-diazapentalene (162, i) (1.05 g, 39%),

purple prisms from benzene, mp 219-220°C.
Found C 55.7; H 4.4; N 10. 3

C9 H N O S requires C 55. 5; H 4. 5; N 10.3
LJ L* X X X

M atm/e 540.0968

C25H24N4O4S3 requires 540.0967

H nmr 6 1. 35 (9H, Bu'), 2 . 11 (2H, quintet, b-H ), 2. 97 (2H,

t,c-H2), 3. 10 (2H,t,a-H2), 7. 27 (1H, 3-H), 7.27 and
7.18 (2H, 2 o-protons of2'-Ar), 7.76 and 7. 85 (2H,

2 o-protons of 1-Ar), 7.90 and 7.99 (2H, 2 m-protons

of 2'-Ar) and 8.17 and 8.26 (2H, 2 m-protons of i-Ar)

\ 537 (log6 4.29), 342 (4.33), 225 (4.51), and 204 nm
1T13.X

(4. 50)
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(2) With benzenediazonium fluoroborate (10 mmol, 1.73 g):

The residue was chromatographed on alumina (40 x 1. 8 cm). Elution

with petrol:benzene (9:1) firstly gave orange eluates which afforded

the starting material (161) (1.33 g, 98.7%), then yellow eluates

which afforded 5-(3', 3dimethyl-2'-phenylthio- 11 -butenyl)- 3, 4-

tetramethylene- l-phenyl-6, 6a-dithia- 1, 2-diazapentalene (1 62, ii)

(0.012 g, 0.5%), orange-red crystalline material

M+ atm/e 450.12 66

C H S N requires 450.125825 26 3 2

(ii) 2, 5-Diethyl-3, 4 - tri methylene-1, 6, 6a-trithiapentalene (177)

a) With p-nitrobenzenediazonium fluoroborate:

To a solution of the trithiapentalene (177) (5 mmol, 1.28 g) in

methanol (500 ml) was added p-nitrobenzenediazonium fluoroborate

(10 mmol, 2.37 g) and the reaction mixture was stirred at 50°C for

30 minutes. It was then poured into methylene chloride (500 ml) and

washed with water (2 x 500 ml). The extracts were dried and

evaporated. The residual dark-purple oil was chromatographed on

alumina (7 5 x 2.8 cm). Elution with benzene gave dark red eluates

which afforded the starting material (177) (0.43 g, 34%). The suc¬

ceeding orange-yellow eluates were disregarded. Elution with

benzene:ether (9:1) initially brought off purple eluates which afforded

a mixture but later eluates afforded the purple isomer, 5-(2'-p-

nitrophenylthio- 1' -but enyl) - 11, 4 - tri methylene- 1 -p-nitrophenyl-

6, 6a-dithia- 1, 2-diazapentalene (178) (1.10 g, 42%), dark purple

needles from benzene, mp 133-135°C
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Found C 55. 0; H 4. 3; N 10. 6

C24H22N4°4S3 requireS C54-7JH 4.2; N 10.6
m/e at M+ 526.0792

C24H22N4O4S3 requires 526.0903
nmr 6 1. 1 6 (3H, t, , ,7. 7 Hz, 41 -H ), 2. 06 (2H, m, b-H2),

(saturated
solution) 2. 50 (2Hq, J 4,7.7 Hz,3'-H2), 2. 80 (2H, t, a-H ), 2.92

(3H,3-H3), 3.44 (2H,t,c-H ), 7.31 and 7.40 (2H,2 o-

protons of 2'-Ar), 7.83 and 7.91 (2 o-protons of 1-Ar),

8. 07 and 8. 16 (2 m-protons of 2'-Ar) and 8. 19 and 8. 28

(2 m-protons of 1-Ar)

537 (log 4.40), 344 (4.46) and 237 nm (4.44)
rYlcLX

The mixture from the intermediate eluates was rechromatographed

on alumina (75 x 2. 8 cm). Elution with benzene-ether (9:1) gave pink

eluates which afforded the pink isomer, 3-ethyl-5-(3'-p-nitrophenylazo-

21 -p-nitrophenylthio- 2 1 -butenylidene) - 1 '4, -trimethylene - 1, 2-dithiole

(179) (0.09 g, 3.5%), black needles from benzene, mp 156-158°C
Found C 54. 9; H 4. 1; N 10. 7

C24^22^4^4^3 reclu^res ^ 54.7; H 4.2; N 10.6
m/e at M+ 526. 0797

C24H22N4O4S3 requires 526.0803

*H nmr 6 1. 27 (3H, t, J 7. 6 Hz, 2"-H3), 2. 00 (2H, m, b-HL,),
2. 83 (2H,q, J ,7.6 Hz, 1"-H ), 2.86 (2H,t,a-H2),
2.97 (3H,3'-H ), 3.42 (2H;t,c-H2), 7.33 and 7.41 (2H,
2 o-protons of 2'-Ar), 7.92 and 8.01 (2H, 2 o-protons of

3'-Ar), 8.11 and 8.20 (2H, 2 m-protons of 2 ' - Ar), and

8. 26 and 8. 35 (2H, 2 m-protons of 3'-Ar)
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max
540, 337 and 230 nm (log £ values were not determined

owing to low solubility)

(iii) 2, 5-Dimethyl- 1, 6, 6a-trithiapentalene (180)

a) With p-nitrobenzenediazonium fluoroborate: -

p-Nitrobenzenediazonium fluoroborate (10 mmol, 2.37 g) was added to

a solution of the trithiapentalene (180) in methanol (600 ml). The

reaction mixture was stirred at 50°C for 30 minutes before adding

more p-nitrobenzenediazonium fluoroborate (5 mmol, 1.18 g). The

reaction mixture was again stirred at 50°C for 30 minutes, then

extracted into chloroform (500 ml). The extract was washed with

water (2 x 100 ml), dried and evaporated. The residue was

chromatographed on alumina (30 x 2.8 cm) by elution with benzene.

The preliminary orange eluates afforded starting material (180) (0.08 g,

9%) and' the later red eluates afforded 3-acetyl-5-methyl -1 -p-nitro-

phenyl-6, 6a-dithia-1, 2-diazapentalene (183) (1.02 g, 64%) red

needles from acetonitrile, mp 243-245°C
Found C 48.6; H 3. 3; N 13.2

Ci3H11N303S2 requires C 48.6; H 3.4; N 13.1
M* at m/e 321. 0230

13 11 3 3 2

requires 321. 0242

XH nmr 62. 74 (3H, CH CO), 2. 83 (3H, d, J tt 0. 8 Hz, 5-Me),3 CHj4
7.92 and 8.01 (2H, 2 o-protons of 1-Ar), 8.27 and 8.36

(2H, 2 m-protons of 1-Ar) and 9. 17 (1H, br, 4-H)

487 (log£ 4.26), 356 (4.21), 322 (4.1 1), 282 (3.93),

and 223 nm (4. 37)

(KBr disc) 1675 (C=0) cm
- 1

V max
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b) With benzenediazonium fluor oborate: -

Benzenediazonium fluoroborate (10 mmol, 1.73 g) was added to a

solution of the trithiapentalene (180) (5 mmol, 0.94 g) in dimethyl-

formamide (50 ml) and the reaction mixture was stirred for 15

minutes at 50°C. It was then extracted into benzene (2 x 500 ml),

The extracts were washed (6 x 200 ml), dried and evaporated. The

residue was chromatographed on alumina (70 x 2. 8 cm). Elution

with petrol:benzene (4:1) brought off orange eluates which afforded

starting material (180) (0. 53 g, 56%). Continued elution with petrol:_

benzene (3:1) gave red eluates from which the residual oil was

rechromatographed on alumina (30 x 2.2 cm) by elution with

petroT.benzene (3:1). Only the red eluates which afforded pure red

isomer (181) were collected. 1 -Phenyl-5-(21 -phenylthio- 1'-propenyl)-

6, 6a-dithia-1, 2-diazapentalene (181) (0.17 g, 9%), red needle s from

ethanol, mp 104-105°C

Found C 61. 9; H 4. 3; N 7. 8

C19H16N2S3 re9uires C 61.9; H 4.4; N 7.6
m/e at M* 368.0471

^19^16^2^3 reclu^res 368.0476

nmr 62.43 (3H, d, J (1. 2Hz, 31 -H3 ), 6.49 (1H, double quartet, I-H,

J1, 3,1.2-Hz, J ^<1. 1Hz), 7.18-7.82 (11H, m, 5 protons of 2'-Ar,
5 protons of 1-Ar and 3-H) and 8.28 (1H.4-H)

A 521 (log£ 4.43), 362 (4.02), 253 (4.43), 235 (4.47) and
max

210 nm (4. 52)

On the first column, continued elution with petrohbenzene (2:1) gave
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plum-coloured eluates from which the residue was cleaned up by-

further chromatography on alumina (30 x 2.2 cm) with petrol:benzene

(2:1) elution, giving the plum-coloured isomer (182), 3-methyl-5-(3' -

phenylazo-2 '-phenylthio-21 -propenylidene)- 1, 2-dithiole (0. 1 5 g, 8. %)

plum-coloured prisms from cyclohexane, mp 138-141°C
Found C 61.9; H 4.4; N 7.4

C nH N S requires C 61.9; H 4.4; N 7.619 1 o 2 8

M+ at m/e 368.0464

C H N S requires 368.047619 16 28

1H nmr 61. 94 (3H, d, J___ . 1.2Hz,3-Hj, 6. 94 (1H, br, 31-H),
3

SsaoT^iont 7.17-7.84 (llH,m, 5 protons of 2'-Ar, 5 protons of 3'-Ar
and l'-H) and 8.35 (1H,4-H)

\ 523 (log £ 4.34), 357 (3.81), 254 (4. 52) and 209 nm (4. 51)
max

(iv) Base-induced elimination reactions

a) Using sodium hydroxide:-

A stirred solution of the compound in dimethylformamide (140 ml)

was treated by a slow addition of sodium hydroxide (2 mmol, 0.08 g)

in water (35 ml) and then stirred at room temperature for 15 minutes.

The resulting mixture was extracted into benzene (2x500 ml). The

extracts were washed with water (4x500 ml),dried and evaporated. Sub¬

sequent chromatography is described for the individual starting compounds.

5-(3', 3' - Dimethyl -21 -p-nitrophenylthio- 1' -butenyl) - 3, 4-tri-

methylene-1-p-nitrophenyl-6, 6a-dithia-l, 2-diazapentalene( 162, i):

The residue was chromatographed on alumina (40 x 2. 8 cm). Elution

with benzene gave red eluates which afforded
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5-(31, 3'-dimethylbutan- 11 -ynyl)-3,4-trimethylene- 1 -p-nitrophenyl-

6, 6a-dithia-1, 2-diazapentalene (164) (0.29 g, 7 6%), dark-red needles

from cyclohexane, mp 224-225°C
Found C 59. 2; H 4. 9; N 10. 9

C
i Hi9N3O2S2 requires C 59.2; H 5.0; N 10.9

at m/e 385. 0918

C19H19N3O2S2 requires 385.0918
nmr 61.39 (9H, Bu^), 2.17 (2H, m, b-H^), 3. 14 (4H, t, a+c-H2),

7. 85 and 7. 95 (2H, 2 o-protons of 1-Ar) and 8. 24 and

8.34 (2H,2 m-protons of 1-Ar)

,\ 548 (log£ 4.44), 347 (4.30), 305sh(3.92), 253sh(3.98)
max

and 228 nm (4. 35)

js (KBr disc) 2206 (CEC) cm
max 1 \ 1

The red isomer (181) (1 mmol, 0.37 g) (1-phenyl-5-(2'-phenylthio-

1'-propenyl)-6, 6a-dithia-1, 2-diazapentalene): The residue was

chromatographed on alumina (20 x 2.8 cm) eluting with benzene.

The red eluates afforded starting material (181) (0. 14 g, 38%)

The plum-coloured isomer (182) (1 mmol, 0.37 g) (3-methyl-5-(3'-

phenylazo - 2 ' -phenylthio-2' - propenylidene)- 1, 2- dithiole): The re sidue

was chromatographed on alumina (20 x 2. 8 cm) eluting with benzene.

The plum-coloured eluates afforded starting material (0. 18 g, 50%)

b) Using potassium t-butoxide:-

Potassium t-butoxide (2 mmol, 0.22 g) was added to a solution

of the isomer (1 mmol, 0.37 g) in benzene (40 ml). The reaction
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mixture was refluxed for 30 minutes then poured into water (100 ml).

The mixture was then extracted with benzene (2 x 500 ml). The

extracts were washed with water (2 x 100 ml), dried and evaporated.

Subsequent procedure is described with the individual isomers.

The red isomer (181) (1-phenyl-5-(2'-phenylthio-1'-propenyl) - 6, 6a-

dithia-1, 2-diazapentalene): The oily residue was chromatographed

on alumina (30 x 2. 8 cm) eluting with benzene to give red eluates

which afforded the starting material (181) (0.32 g, 86%).

The plum-coloured isomer (182) (3-methyl-5-(3'-phenylazo-2'-

phenylthio-2 '-propenylidene) - 1, 2-dithiole): The residue was an

intractable brown oil (0. 11 g).

(v) 2, 5-Dimethyl-l-oxa-6, 6a-dithiapentalene

a) With p-nitrobenzenediazonium fluoroborate:-

A solution of p-nitrobenzenediazonium fluoroborate (3 mmol,

0.71 g) in acetonitrile (25 ml) was poured into a solution of the oxa-

dithiapentalene (2 mmol, 0.34 g) in acetonitrile (50 ml) and the

reaction mixture was left at room temperature for 30 minutes.

The reaction mixture was extracted with benzene (2 x 200 ml). The

extracts were washed (3 x 100 ml), dried and evaporated. The

residual solid was taken up in benzene and chromatographed on

alumina (10 x 2. 8 cm). Elution with benzene gave orange eluates

which afforded 3-acetyl- 5-methyl - 1 - p-nitrophenyl - 6, 6a-dithia- 1,2-

diazapentalene (183) (0.64 g, 99%). Identical to sample previously

prepared.
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(vi) The reactions of 3, 4-disubstituted- 1, 6, 6a-trithiapentalenes

a) With p-nitrobenzenediazonium fluoroborate: -

General Method:

To a solution of trithiapentalene (5 mmol) in methanol (500 ml)

was added p-nitrobenzenediazonium fluoroborate (10 mmol, 2.37 g)

and the mixture stirred at room temperature for 2 hours. The

resulting reaction mixture was exhaustively extracted with benzene
I

(6 x 300 ml) and washed with water (6 x 300 ml). The combined

aqueous extracts were reacted with methylamine (25 ml) and stirred

at room temperature for 10 minutes.

The benzene extracts were dried and evaporated. The residue

was chromatographed on alumina (30 x 2. 8 cm). Elution with

benzene:petrol (1:1) gave red eluates which afforded starting

material. Continued elution with benzene gave pink eluates which

afforded the diazapentalene.

The reaction mixture from treatment of the aqueous extracts

with methylamine was poured into benzene (500 ml) and extracted

with benzene (4 x 500 ml). The extracts were washed with water

(2 x 500 ml), dried and evaporated. The residual oil was

chroma tographed on alumina (20 x 2.2 cm). Elution with benzene

gave pink eluates which afforded the trithiapentalene. Continued

elution with ether gave the dithiaazapentalene. Weights and yields

for all products are given with the individual trithiapentalenes.

(1) 3, 4-dimethyl- 1, 6, 6a-trithiapentalene (184a) (5 mmol, 0.94 g):

Diazo coupling gave starting material (184a) (0, 18 g, 19%) and
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3, 4-dimethyl- 1 -p-nitrophenyl- 6, 6a-dithia- 1, 2-diazapentalene (185a)
84

(0.27 g, 18%) . Methylamine reacting with the aqueous extracts

43
gave 3, 4-dimethyl-1, 6, 6a-trithiapentalene (184a) (0.06 g, 6.1%)

and 3, 4, 6-trimethyl- 1, 6a-dithia-6-azapentalene (186a) (0.08 g,

8. 4%)58.

(2) 3, 4-trimethylene- 1, 6, 6a-trithiapentalene (184b) (5 mmol, 1.00 g)

Diazo-coupling gave starting material (184b) (0.25 g, 25%) and 3,4-
/
I/

trimethylene-1 -p-nitrophenyl-6, 6a-dithia-l, 2-diazapentalene (185b)
84

(0. 65 g, 43%) . Methylamine reacting with the aqueous extracts

gave 3, 4-trimethylene-1, 6, 6a-trithiapentalene (184b) (0.006 g, 0.63%)

and 1 - methyl-3, 4-trimethylene - 1, 6a-dithia- 6-azapentalene (184b)^
(0.021 g, 2.2%).

b) With bromine:-

3, 4-dimethyl-1, 6, 6a-trithiapentalene (184a):

A chloroform solution of bromine (2. 5 mmol, 12.5 ml of 0. 2M)

was added dropwise to a solution of the trithiapentalene (5.0 mmol,

0.94 g) in chloroform (50 ml). The immediate precipitation of the

intermediate bromide was completed by addition of ether which was

then decanted off. The residual oil was covered with benzene (50 ml)

and then ethanolic methylamine (25 ml) was added while vigorously

stirring. After 5 minutes the reaction mixture was poured into

benzene (500 ml) and washed (2 x 500 ml). The benzene extracts

were dried and evaporated. The residue was chromatographed

on alumina (40 x 2.8 cm). Elution with benzene gave pink eluates
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which afforded the starting material (184a) (0.18 g, 19%). Continued

elution with ether gave 3, 4, 6-trimethyl- 1, 6a-dithia-6-azapentalene

(193a) (0.32 g, 35%)58.

3, 4-trimethylene- 1, 6, 6a-trithiapentalene (184b):

To a solution of 3, 4-trimethylene - 1, 6, 6a-trithiapentalene (5 mmol,

1.00 g) in acetonitrile (250 ml) and perchloric acid (5 mmol, 5 ml of 1M

HCIO^/CH^CN) was added bromine (2. 5 mmol, 12. 5 ml of 0. 2 M
I

Br^/CH^CN) and the reaction mixture was stirred for 5 minutes.
Addition of ether fully precipitated the unstable intermediate (192b),

1', l"-dithiobis-(7-methylene-4, 5, 6-trihydro-1, 2-dithia-indenium)-

perchlorate (1.23 g, 82%)

Found C 33.7; H 2. 8

C. ,H ,S.CLOn requires C 32.1; H 2.71616628

2H nmr 62. 1 5 (4H, t, 6-H^ and 6"<-H2), 2. 84 (4H, t, 4-H2 and
(A saturated v 3 ^ , 5-H and 5*-H ), 8.74 (2H, 3-Hsolution m TFA) 2' \ > > 2 2' v

and 3*-H), 9.73 (2H, l'-H and 1"-H)

A suspension of the perchlorate (192b) (2. 5 mmol, 1. 50 g) in

benzene (50 ml) was treated with ethanolic methylamine (25 ml) while

being vigorously stirred at room temperature for 15 minutes. The

resulting solution was extracted into benzene (500 ml). The benzene

extracts were washed (2 x 500 ml), dried and evaporated. The

residue was chromatographed on alumina (40 x 2. 8 cm). Elution

with benzene gave pink eluates which afforded the trithiapentalene

(184b) (0. 10 g, 10%). Further elution with ether gave yellow eluates

which afforded 6-methyl-3, 4-trimethylene-1, 6a-dithia-6-azapentalene

(193b) (0.67 g, 68%)58.
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(vii) 3, 4-Disubstituted-6-aryl- 1, 6a-dithia-6-azapentalenes

a) Syntheses:-

General Method:

Phosphoryl chloride (10 mmol, 1.53 g, 0. 92 ml) was added to

a solution of the oxadithiapentalene (187) (5 mmol) in dimethylformamide

(25 ml) and the mixture was stirred at 50°C for 10 minutes. A

solution of the aryl amine (10 mmol) in dimethylformamide (25 ml) was

then added and the stirring was continued for 30 minutes at 50°C.
The reaction mixture was extracted into benzene (2 x 500 ml). The

extracts were washed (5 x 100 ml), dried and evaporated. The

subsequent procedure is described for the individual oxadithiapentalene s

and depends on the aryl amine used.

(i) Using p-nitroaniline (10 mmol, 1. 38 g):-

3, 4-Dimethyl-1-oxa-6, 6a-dithiapentalene (187a) (5 mmol, 0.86 g):

The residue was chromatographed on alumina (40 x 2.8 cm). Elution

with benzene gave purple eluates which afforded 3, 4-dirnethyl-6-p-

nitrophenyl-1, 6a-dithia-6-azapentalene (189a, i) (0.78 g, 54%), golden

needles from cyclohexane/benzene, mp 184-185°C
Found C 53. 5; H 4.0; N 9. 5

C13H12N2°2S2 re9uires C 53.4; H 4. 1; N 9.6
M+ at m/e 292.0324

<^13H12N2<~)2^2 recluires 292. 0340

1H nmr 62. 67 (3H, 3-H ), 2.77(3H,d,J 0.8Hz,4-H ),-5 CH^
(saturated

solution) 7.41 and 7. 50 (2H, 2 o-protons of 6-Ar), 8.14 (lH,br,
5-H), 8.20 (lH.br, 2-H) and 8.23 and 8.33 (2H, 2 m-

protons of 6-Ar)
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\ 497 (log£ 4. 24, 366 (3.90), 307sh(3.92), 267 (4.09)max

and 227 nm (4. 29)

3, 4-Trimethylene-1 -oxa-6, 6a-dithiapentalene (187b) (5 mmol,

0.92 g): The residue was chromatographed on alumina (40 x 2.8 cm).

Elution with benzene gave purple eluates which afforded 3, 4-trimethylene-

6-p-nitrophenyl-1, 6a-dithia-6-azapentalene (189b, i) (1.24 g, 81%),

golden needles from cyclohexane/benzene, mp 153-154°C
Found C 55.0; N 9.2; H 4.0

C14H12N2°2S2 recluires C 55*2; N 9.2; H 3.9
at m/e 304.0335

C , .H, _N„0oS_ requires 304.034014 12 2 2 2 n

*H nmr 61.95 (2H, quintet, b-H^), 2.76 ^Hjt.c-H^ ), 2.88
(saturated ^

solution) (2H,t,a-H^ ), 7.39 and 7.30 (2H, 2 o-protons of 6-Ar),
7. 68 (lH,t, J___ -1.0 Hz, 5-H), 8. 16 and 8.24 (2H, 2

2

m-protons of 6-Ar) and 8.24 (1H,2-H)

(' tentatively assigned signals)

^ max 500 (log£ 4.32), 352 (3.97), 276 (4.25), 225 (4.35)

and 206 nm (4. 31)

(ii) Using aniline (10 mmol, 1.08 g, 0.98 ml):-

3, 4-Dimethyl-1-oxa-6, 6a-dithiapentalene (187a) (5 mmol,

0.86 g): The residue was chromatographed on alumina (40 x 2.2 cm).

Elution with petrol:benzene (9:1) gave red eluates which afforded

3, 4-dimethyl-1, 6, 6a-trithiapentalene (0.06 g, 7%). Continued

elution with benzene gave orange eluates which afforded 3, 4-dimethyl-

6-phenyl- 1, 6a-dithia-6-azapentalene (189a, ii) (0.49 g, 40%), red
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micro-needles from n-hexane, mp 81-82°C
Found C 63.1; H 5.3; N 5. 5

^13^13^2^ recluires C 63.1; H 5.3; N 5.6
M* at m/e 247. 0476

^13^13^2^ recluires 247.0489

nmr 62. 58 (3H, br-4-CHj, 2. 68 (3H, d, J___ ,1.0 Hz, 3-H),■i 3

7.35 (5H, N-Ar), 8.01 (1H, quartet, J 0. 5 Hz, 5-H),
3

and 8.28 (1H, quartet, J, 1.0 Hz,2-H)
3

\ 466 (log£ 4. 06), 258 (4. 31), 237 (4. 28) and 207 nm (4. 23)
max

3, 4-Trimethylene-1 -oxa-6, 6a-dithiapentalene (187b) (5 mmol,

0.92 g): The residue was chromatographed on alumina (40 x 2.2 cm).

Elution with petrol:benzene (3:1) gave yellow eluates which afforded

3, 4-trimethylene-6-phenyl- 1, 6a-dithia-6-azapentalene (189b, ii)

(0.82 g, 63%) red plates from methanol, mp 86-87°C.
Found C 64. 8; H 4. 9; N 5. 3

C14H13NS2 requires C 64.8; H 5.0; N 5.4
m/e at 259.04 84

C14H13NS2 requires 259.0489

nmr 6 1. 98 (2H, quintet, b-H^), 2. 75 (2H, t, c-H^ ), 2.86 (2H,
t,a-H, ), 7.33 (5H, N-Ar), 7. 84 (1H, t, J_„ _ 1.0 Hz, 5-H)

and 8. 14 (1H, 2-H)

\ 467 (log £ 4. 14) and 257 nm (4. 35)
max

b) Reaction with mercury(ll) acetate:-

Procedure:

To a solution of the dithiaazapentalene (2 mmol) in chloroform
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(40 ml) was added mercury(ll) acetate (4 mmol, 1. 27 g) and the

reaction mixture was refluxed for 1 hour. It was then extracted

into chloroform (2 x 200 ml), which was washed with water (2 x

100 ml), dried and evaporated. The residue was chromatographed

on alumina (30 x 2.8 cm). Elution with benzene gave red eluates

which afforded starting material and continued elution with ether:

methanol (20:1) gave orange eluates which afforded the oxathiaaza-

pentalene. Weights and yields are given with the individual dithia-

azapentalenes.

3, 4-Dimethyl - 6-p-nitrophenyl- 1, 6a- dithia- 6-azapentalene (1 89a)

(2 mmol, 0.58 g) gave starting material (0.09 g, 15%) and then 3,4-

dimethyl-6-p-nitrophenyl- 1 -oxa-6a-thia-6-azapentalene (191) (0.41 g,

74%) orange microneedles from acetonitrile, mp 206-207°C

Found C 56.4; H 4.2; N 10.2

^13^12^2^3^ re9.ui-res C 56.5; H4.4; N 10.1
M+ at m/e 276.0569

C13H12N2O3S requires 276.0558

*H nmr 62.47 (3H,d, J , 0. 4 Hz, 3-H,), 2. 56 (3H, d, J_IT ,

(saturated CH32 3 CH35
solution) 0.8 Hz, 4-H^), 7.47 and 7.56 (2H, 2 o-protons of 6-Ar),

7.89(lH,d, J 0.8 Hz, 5-H), 8. 21 and 8. 30 (2H, 2 m-
3

protons of 6-Ar) and 8. 77 (1H, d, J0 0. 4 Hz, 2-H)
3

\ 452 (log £ 4.51), 343 (3. 61), 285sh(3.68), 252 (4.0)^ max

and 213 nm (4. 13)

3, 4- Trimethylene- 6-p-nitrophenyl - 1, 6a-dithia- 6-azapentalene (1 89b)

(2 mmol, 0.61 g) gave starting material (0.01 g, 1.9%) followed by
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3, 4-trimethylene- 6-p-nitrophenyl- 1 -oxa- 6a-thia- 6-azapentalene

(191b) (0.55 g, 96%), deep-purple needles from benzene/cyclohexane

mp 211-213°C
Found C 58.4; H 4. 3; N 9. 6

C14H12N2°3S re9uires C 58- 3' H 4. 2; N 9.7
1TT 61.99 (2H, quintet, b-H_), 2. 77 (2H, t, a-H*), 2. 83 (2H,H nmr 2 2

t.c-H^ ), 7.41 and 7.51 (2H, 2 o-protons of 6-Ar), 7.84
( 1H, br, 5-H), 8. 21 and 8.31 (2H, 2 m-protons of 6-Ar)

and 9.00 (1H, 2-H)

( tentatively assigned signals)

\ 460 (log £ 4.46), 348 (3.51), 294 (3. 65), 255 (3.95),
max

217 sh (4.08) and 203 nm (4. 17)

M* at m/e 288.0569

C H _N_O.S requires 288.0559
14 12' 2 3
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II Synthesis of Trithiapentalene s and Related Compounds

Containing Three-Centre Bonding; in Varied Environments

(i) Pyrrole Synthesis

a) Imino-pyrrole s:-

General Method:

With a trace of toluene sulphonic acid as catalyst (0.002 g) a

solution of N-aminopyrrole (10 mmol, 0. 82 g) and the aldehyde

(10 mmol) in benzene (100 ml) was refluxed for 2 hours using

Dean -Stark apparatus to remove the water of condensation.

Potassium carbonate was added to the cooled solution which was then

filtered. On evaporation of the filtrates, the product was obtained.

The weights and character of each iminopyrrole are given depending

on the aldehyde used.

p-Nitrobenzaldehyde (10 mmol, 2.51 g) gave 1-p-nitro-
>

benzylidene-aminopyrrole (208a) (2.22 g, 95%), pale green needles

from benzene, mp 143-145°C
Found C 61. 1; H 4. 1; N 19.7

C. H N O requires C 61.4; H4.2; N 19.511 7 3 Z

at m/e 215.0692

C^H^N^O^ requires 215.0695
*H nmr 66. 29 (2H, t , and J 2.4Hz, 3-H and 4-H), 7. 18

(2H, t » J23 and J^ 2.4Hz, 2-H and 3-H), 7.88 and
7. 97 (2H, 2 o-protons of p-nitrophenyl ring), 8.23 and

8.32 (2H,2 m-protons of p-nitrophenyl ring), and 8.37

(1H, N=C-H)
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Benzaldehyde (10 mmol, 1.06 g, 1.02 ml) gave 1-benzylideneamino-

pyrrole (208b) (1.50 g, 88%)*
Pivaldehyde (10 mmol, 0.86 g, 1.11 ml) gave 1 -neopentylideneami.no-

pyrrole (208c) (1.44 g, 96%) colourless oil bp 63-68°C/0.1 mm Hg

at the block.

Found C 71.8; H 9.7; N 18.8

C9H14N2 recluires C 71*9; H 9*4; N 18'7
at m/e 150. 1149

C H N requires 150.11579 14 2 ^

*H nmr 6 1. 16 (9H, Bu'), 6. 1 3 (2H, t„ and 2.4 Hz, 3-H

and 4-H), 6.99 (2H, t, J and J 2.4 Hz, 2-H and4-H),23 24

and 7. 64 (1H, N=CH)

b) Amino-pyrroles:-

(i) Reduction by LiAlH^:
After refluxing a solution of the imino-pyrrole (10 mmol)

containing a suspension of lithium aluminium hydride (10 mmol, 0. 38g)

in ether (20 ml, Na-dry) for two hours, water was slowly added and

the product was extracted with ether (2 x 500 ml), washed (500 ml),

dried and evaporated. Distillation of the residual oil gave the product,

depending on the imino-pyr role used.

1-Benzylidene-amino pyrrole gave 1-benzylamino-pyrrole (209b)

(1.72 g, 99.9%), white needles from petroleum ether, mp 47-49°C
Found C 76.7; H 6. 9; N 16. 3

C11H12N2 recluires C 76-7> H 7-°! N 16.3
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M+ at m/e 172.0996

re9uires 172.1000

*H nmr 64. 17 (2H,CH ), 4. 57 (lH.N'-H), 6.00 (2H, t J^ and

J23 2. 3Hz, 3-H and 4-H), 6. 66 (2H, t., J23 and J24 2. 3Hz,
2-H and 5-H) and 7.28 (5H, Ph)

1-Neopentyliminopyr role gave 1 -neopentylaminopyrr ole ^209c)

(1.45 g, 95. %), colourless oil, bp 85-95°C/0.1 mm Hg at block.

Found C 71.1; H 10.7; N 18.6

C9H16N2 requires C 71.0; H 10.6; N 18.4
m /e at M+ 152. 1313

C_H.,N, requires 152.13159 1 o Z

lH nmr 60 . 94 (9H, Bu*), 2. 84 (2H, CH2), 4. 42 (1H, br, N'-H), 6.01
(2H, t-, J34 and J32 2. 3Hz, 3-H and 4-H) and 6.71 (2H, t-

J23 and J24 2. 3 Hz, 2-H and 4-H)

(ii) Reduction by NaBH4/AiCl3:
Aluminium trichloride (8 mmol, 1.07 g) was added to a solution

of 1-p-nitrobenzylidene-amino-pyrrole (10 mmol, 2.15 g) and sodium

borohydride (25 mmol, 0. 91 g) in tetrahydrofuran (25 ml Na-dry) and

the reaction mixture stirred for 30 minutes at room temperature.

The solution initially turned reddish-brown then pale-yellow. On

completion, water was slowly added to the reaction mixture which

was extracted with ether (2 x 500 ml). The extracts were washed

(500 ml), dried and evaporated yielding the 1-p-nitrobenzylamino-

pyrrole (209a) (2. 16 g, 99%), yellow needles from benzene/cyclohexane

mp 118- 120°C
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Found C 60. 6; H4.9; N 19.6

Cj 1^3©2 requires C 60. 8; H 5.1; N 19.3
m/e at M 217.0856

^11^11^3^2 reclu4res ^17.0851
1„ 64. 34 (2H, -CH.-), 4.76 (1H, br, N'-H), 6.00 (2H,t,H nmr 2 ' v

J34 and J23 2.3Hz, 3-H and 4-H), 6. 66 (2H, . t, J23 and

J^4 2.3 Hz,2-H and 5-H), 7.40 and 7.49 (2H, 2 o-protons
of p-nitrophenyl ring) and 8. 10 and 8. 19 (2H,2 m-protons

of p-nitrophenyl ring)

(ii) Condensations of 1, 2-dithiolium salts with pyrroles

a) With alkyl pyrroles: -

General Method:

A solution of 3-methylthio-5-t-butyl-1, 2-dithiolium perchlorate

(198) (10 mmol, 3.05 g) and the pyrrole (20 mmol) in ethanol (40 ml)

was refluxed for 15 minutes. On cooling, excess ether was added to

precipitate the product. Weight's and yields of products are given

with the individual pyrroles.

Pyrrole (199a) (20 mmol, 1.34 g, 1. 39 ml) yielded 3, 2'-pyrrolyl-5-

t-butyl-1, 2-dithiolium perchlorate (200a) (3.17 g, 98%), orange

needles from ethanol, mp 217-219°C
Found C 41. 0; H 4. 5; N 4. 5

C11 H14C1N04S2 re9uires c 40- 8> H 4.4; N 4. 3

nmr spectrum - Table III (page 84)

\ 442 (log £ 4.49), 288 (3.78), 247 (3. 78) and 209 nmin3.x

(methanol) /? 7 o\
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2-Methylpyrrole (199b) (20 mmol, 1.62 g) yielded 3-(5-methyl-2-pyrrolyl)-

5-t-butyl-1, 2-dithiolium perchlorate (200b) (3.60 g, 94%)

with one ethanol of crystallisation, orange spars from ethanol,

mp 142-144°C

Found C 43.7; H 5.4; N 3. 8

C, -H. ,ClNO .S . EtOH requires C 43. 8; H 5.8; N 3.712 16 4 2 ^

nmr spectrum - Table III (page 84)

\ 453 (log£ 4.53), 284 (3.75) and 253 nm (3. 63)/'max

(methanol)

2,i-Dimethylpyrrole (199c) (20 mmol, 1.90 g) yielded 3-(4, 5-dimethyl-

2-pyrrolyl)-5-t-butyl-1, 2-dithiolium perchlorate (200c)

(3.23 g, 96%), red prisms from ethanol, mp 145-147°C
Found C 44. 5; H 5. 1; N 4.0

C ,H C1NO .S7 requires C 44.4; H 5. 1; N 4. 01 J 1 O 4 L,

nmr spectrum - Table III (page 84)

\ 479 (log £4.61), 345 (3.13), 287 (3.89), 257 (3.77)''max

(methanol) ^ ^ ^ (3>77)

1, 2-Dimethylpyrrole (199d) (20 mmol, 1.90 g) yielded 3-(l,5-

dimethyl-2-pyrrolyl)-5-t-butyl- 1, 2-dithiolium perchlorate (200d)

(3.08 g, 88%), orange needles from ethanol, mp 199-201°C
Found C 44.2; H 5.2; N 3.9

C^H, C1NO .S_ requires C 44.4; H 5.1; N4.01318 42

nmr spectrum - Table III (page 84)
\ 453 (log£ 4.53), 284 (3.75) and 253 nm (3.63)/v max

(methanol)



- 142 -

1, 2, 3 - Trimethylpyrrole (199e) (20 mmol, 1.28 g) yielded 3 - (1, 4 , 5-

trimethyl - 2 - pyrr olyl) - 5-1-butyl- 1, 2-dithiolium perchlorate (200e)

(3.23 g, 88%), orange-red needles from acetonitrile, mp 219-224°C
Found C 46. 1; H 5. 6; N 3. 8

C14H20C1NO4S2 recluires C 45*9; H 5.5; N 3.8

nmr spectrum - Table III (page 84)

^max 470 (log £ 4. 64), 350 (3. 24), 287 (3.83), 256 (3.65)
(methanol)

and 217 nm (3.77)

b) With N-aminopyrrole and derivatives

General Method:

A solution of the dithiolium salt (10 mmol) and pyrrole (15

mmol) in ethanol (30 ml) was refluxed for 30 minutes then left to

cool to room temperature by which point the first product had

crystallised out. The first product was collected by filtration and

washed with ether. On addition of ether to the filtrates a second

product or a mixture precipitated out and was collected by filtration.

The final filtrates were treated with perchloric acid (2 ml, 72%)

causing, in some cases, a third product to precipitate. This was

collected by filtration.

The products obtained are described with the individual pyrroles

and depend on the dithiolium salt used.

(i) Using 3-methylthio-5-t-butyl-1, 2-dithiolium perchlorate (198)

(10 mmol, 3.0 5 g): -

N-Amino-pyrrole (15 mmol, 1.23 g) gave 3-(l-amino-2-pyrrolyl)-

5-t-butyl-1, 2-dithiolium perchlorate (204) (0.67 g, 20%) as the first
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product, brown needles from ethanol, mp 239-240°C
Found C 39.4; H 4. 6; N 8.4

C 11^ 5 CIN^O^S^ requires C 39.0; H 4,5; N 8.3

H nmr 61.53 (9H, Bu*"), 6.49 (lH,d.d,J 2.7 Hz and
(d6-DMSO
saturated) J4,3, 4. 9Hz, 4-H), 7. 15 (2H, br, N-H2), 7.58-7.72

(2H,m, J 1.4 Hz, J5,4, 2.7 Hz and J^, 4.9 Hz,
3'-H and 5'-H) and 8. 64 (1H.4-H)

\ 435 (log£ 4.51), 290 (4.76), 248 (3.81) and 207 nmH13.X

(4.02)

Addition of ether gave a mixture of two products, (203)and (204), but

addition of perchloric acid gave the second product, 3-1'-pyrrolyl -

I
amino-5-t-butyl-d, 2-dithiolium perchlorate (203) (0.77 g, 23%),

orange crystals from ethanol, mp 209-210°C
Found C 39. 2; H 4. 6; N 8. 3

C11H15C1N2°4S2 recluires C 39.0; H 4.5; N 8. 3

*H nmr 61.35 (9H, Bu*), 6.16 (2H, t , J, ,4, and J3101 3 Hz),
(d6-DMSO ' 1
saturated) 6. 88 (2H, t > 3' anc^ ^2 '41 6.89 (1H, 4-H)

and 10. 60 (1H, br, N'-H)

1-p-Nitrobenzylidene-aminopyrrole (208a) gave no reaction.

1-Benzylidene-aminopyrrole (208b) gave an intractable tar (1.88 g)

and starting dithiolium perchlorate (1.27 g, 42%) on additon of ether.

1 -Neopentyl-iminopyrrole (208c) gave starting dithiolium perchlorate

(1. 52 g, 50%) and an intractable oil (1. 34 g) on addition of ether.

1-p-Nitrobenzyl-aminopyrrole (209a) gave starting dithiolium perchlorate
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(1.85 g, 61%) and an intractable tar (0.49 g).

1-Benzyl-aminopyrrole gave i-(N-benzyl-N, 1 '-pyrrolyl)amino-

5-t-butyl- 1, 2-dithiolium perchlorate (210) (2.82 g, 65%), pale

yellow plates from ethanol, rap 179- 180°C
Found C 50.4; H 4. 6; N 6. 5

C18H21C1N2°4S2 recluires C 50-4' H 4. 9; N 6. 5

1H nmr 61. 52 (9H, Bu*), 5.47 (2H,-CH--), 6.20 (2H,t,
(d-6 DMSO)

J3,4, and J 2. 3 Hz, 3'-H and 4'-H), 6. 91 (2H,
t, J and J2,4, 2.3 Hz, 2'-H and 5'-H), 7. 37
(5H,Ph) and 8.24 (lH.br, 4-H)

On addition of ether, a mixture precipitated. The mixture

contained starting dithiolium perchlorate (198) and traces of the

salt (211).

1-Neopentyl-aminopyrrole gave an intractable oil (1.37 g) on cooling.

(ii) Using 3-chloro - 5-phenyl-1, 2-dithiolium perchlorate:-

N-Aminopyrrole gave 3-phenyl-5, 1 '-pyrrolylamino- 1, 2-

dithiolium chloride (213a) (2. 68 g, 91%), dark brown prisms from

dimethylformamide, mp 144-146°C
Found C 52. 8; H 4. 2; N 9. 8

C13Hj C1N2S2 requires C 53.0; H 3.8; N 9.5

1H nmr 64. 51 (1H, N'-H), 6. 17 (2H, t, J and J
(d-6 DMSO

saturated) 2. 3 Hz, 31-H and 4'-H), 6.95 (2H, t, 3, and ,4(

2.3 Hz, 2'-H and 5'-H), 7.47-7.58 (4H,m, 2 m + p-protons

of Ph and 4-tl) and 7. 74-7. 86 (2H, m, 2 m-protons of

Ph)
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1-p-nitrobenzyl aminopyrrole gave an intractable tar (0.10g).

1-benzyl aminopyrrole gave 3-(N-benzyl-N, 1'-pyrrolyl)amino-5-

phenyl-1, 2-dithiolium chloride (213b) (2.84 g, 66%), yellow hexagonal

prisms from ethanol, melts with decomposition 204-206°C
Found C 62.3; H 4.2; N 7.2

C20H17C1N2S2 re<4uires C 62-4; H 4-4; N 7.3

H nmr

(d-6 DMSO
saturated)

65. 63 (2H,-CH -), 6.23 (2H, t, J and J

2.4 Hz, 3'-H and 4'-H), 6. 96 (2H, t, J2«3« and J2'4'
2.4 Hz, 2 1 -H and 5'-H), 7. 36 (5H, Ph'), 7 . 65-7. 77 (3H,

m, 2 o- + p-protons of 3-Ph), 8.10-8.23 (2H,m,

2 m-protons of 3-Ph) and 8. 94 (1H, br,4-H)

1-Neopentyl-aminopyrrole gave 3-(N-neopentyl-N, 1'-pyr rolyl) -

amino-5-phenyl-1, 2-dithiolium chforide (213c) (3.37 g, 92%) on

addition of ether and (0.28 g, 7%) on addition of perchloric acid.

Yellow prisms from acetonitrile, mp 203-204°C
Found C 50.2; H 4.8; N 6.6

C18H21C1N2°4S2 recluires C 50'4; H 4'9' N 6'5
1
H nmr

(d-6 DMSO
saturated)

60. 98 (9H,Bu ), 4.24 (2H, -CH2~), 6.43 (2H, t,
J and J 2.4 Hz, 3'-H and 4'-H), 7. 37 (2H,

t, J and J 2.4 Hz, 2'-H and 5'-H), 7.66-7.

(3H, m, 2 m- + p-protons of 3-Ph), 8.01-8.16 (2H, m,

2 o-protons of 3-Ph) and 8.39 (lH,br,4-H)

c) With 2-methyl-3-ethoxycarbonyl-5-hydroxypyrrole

Triethylamine (20 mmol, 2.8 ml) was added to a solution of 3-

methylthio-5-t-butyl-1, 2-dithiolium perchlorate (198) (10 mmol, 3.05
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and 2-methyl-3-ethoxycarbonyl-5-hydroxypyrrole (11 mmol, 1.86 g)

in ethanol (40 ml) and the solution was refluxed for 15 minutes. On

cooling the product crystallised out and was collected by filtration,

washed with water (250 ml) and ethanol (50 ml) and then dried to

yield l-ethoxycarbonyl-2-methyl-6-t-butylpyrrolo [2, 3-b ] -1-oxa-

6, 6a-dithiapentalene (201) (2.24 g, 69%), orange needles from

ethanol, mp 240-243°C

/ Found C 55. 5; H 5.9; N 4.2

C. CH S _ O Q N requires C 55.4; H 5.9; N 4.3I o 19 3

M+ at m/e 325.0798

C
j ,-H^ requires 325.0806

*H nmr 61.37 (3H,t, J 7 . 1 Hz, CH CH_,), 1. 44 (9H, Bu'),
(saturated CH2LH3 Z

solution ) 2.4 6 (3H, 2 -H ), 3.36 (2H, quartet, J„TT 7.1 Hz,

CH^CH ), and 8.60 (1H.7-H)
\ 462 (log£ 4. 20), 325sh (3. 64), 303 (3.76), 263 (3. 64),ma.x

222 (4. 25) and 205 nm (4. 16)

Thionation: -

A solution of the pyrrolo oxadithiapentalene (201) (10 mmol, 325 g)

in xylene (80 ml , Na-dry) had phosphorus pentasulphide (10 mmol,

2.22 g) added and was refluxed for 20 minutes. The cooled solution

was treated with excess sodium hydrogen sulphide (5M) and then

extracted with benzene (2 x 500 ml). The extracts were washed

(2 x 500 ml), dried and evaporated. The residue was chromatographed

on alumina (30 x 2.6 cm) eluting with benzene: ether (3:1) to remove

traces of a yellow product which were disregarded. Elution with

benzene:ether (1:3) gave purple eluants which afforded
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1 - ethoxycarbonyl- 2-methyl - 6-t - butylpyr rolo [2, 3-b] - 1, 6, 6a-trithia-

pentalene (202) (2.43 . g, 7 9%), purple prisms from cyclohexane, mp

168-169°C

Found C 53.0; H 5.7; N 4.0

C. _H. S _ O _ N requires C 52. 8; H 5. 6; N 4. 1Id 17 j l.

at m/e 341.0572

C15H19S3O2N requires 341.. 057 8
1H nmr 6 1. 38 (3H, t, J TT ___ 7 . 1 Hz, CH,CH.), 1. 46 (9H, Bul),

l. D

2.49 (3H, 2 -H ), 4.38 (2H, quartet, J 7.1 Hz,
3 3 2

-CH2CH ), 9.03 (1H.7 -H) and 9. 54 (1H, br, N-H)
\ 524 (log £ 3.91), 348 (3.78), 274 (4.61), 238 (4.31)/* max

and 207 nm (4.36)
I

(iii) Reactions of pyrrolyl dithiolium salts with base

a) Direct reaction

General Method

To a suspension of the salt (2 mmol) in ethanol (10 ml) was

added sodium hydroxide (2 ml of 2M, 100% XS) and the reaction

mixture was stirred at room temperature for 1 hour. It was then

extracted with benzene (2 x 200 ml). The extracts were washed

with water (2 x 200 ml), dried and evaporated. The residue was

chromatographed on alumina (20 x 2.2 cm) by eluting with benzene.

The yellow eluates afforded the products. Weights and yields are

given with the separate salts.
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3-Phenyl - 5, 1' -pyr rolylamino- 1, 2- dithiolium chloride

(213a) gave 3-phenyl-5, 11-pyr rolyli mino - 1, 2-dithiole (215)

(0.51 g, 98%), yellow needles from cyclohexane, mp 137-139°C

Found C 60. 3; H 3. 8; N 10.7

^13^10^2^2 reclu^res C 60.4; H 3.9; N 10.8
M+ at m/e 258. 0277

^13^10^2^2 reclu^res 258.0285
*H nmr 66.24 (2H,t , J and J 2. 4 Hz, 3'-H and 4'-H) ,

6.90 (2H, t , J2,3, and J 2.4 Hz,2'-H and 5'-H),
7. 06 (1H.4-H) and 7. 36-7. 64 (5H,m, 3-Ph)

3- 1 'Pyrrolylamino- 5-t-butyl- 1, 2-dithiolium perchlorate

(20 3) gave 5, 1'-pyrrolylimino - 3 - t-butyl- 1, 2-dithiole (214) (0.47 g,

98%), yellow needles from n-hexane, mp 78-79°C
Found C 55. 3; H 5. 9; N 11. 5

C11H14N2S2 recluires C 55.4; H 5. 9; N 11.7
M+ at m/e 238.0592

C11H1/1N_S_ requires 238.059811 14 2 2 ^

1H nmr 6 1. 37 (9H, Bu*), 6.21 (2H, t ., and J"3 2. 3 Hz,
3" -H and 4" -H), 6. 2 1 (1H, 4-H) and 6. 85 (2H, tuJ^,
and J 2. 3 Hz, 2'-Hand5'-H)

3-( 1 -Amino-2-pyrrolyl)- 5 -t-butyl - 1, 2-dithiolium perchlorate

(204) did not give any isolated products. The chromatography gave

a purple solution which afforded a compound (0. 02 g) which decomposed

on handling. Later yellow eluates gave an oil (0. 16 g) which was

intractable.
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b) followed by halogenation

Preparation of 3-(3, 4 , 5-tribromo-2-pyrrolylidene-5-t-

butyl-1, 2-dithiole (218, i)

To a solution of 3, 2'-pyrrolyl-5-t-butyl - 1, 2-dithiolium perchlorate

(200a) (5 mmol, 1.62 g) in methanol (20 ml) was added sodium

hydroxide (20mmol,0.80 g in 200 ml H^O) and the mixture extracted
with benzene (2 x 200 ml). The extracts were washed with water

(2 x 200 ml), dried and evaporated. The residual oil was taken up

in methanol (100 ml) and then, on stirring, bromine (20mmol, 3. 20 g,

1.04 ml) was slowly added. The reaction mixture was refluxed for

30 minutes and after cooling poured into dilute sodium carbonate

( ~ 3g in 500 ml) and extracted with benzene (3 x 500 ml). The

extracts were washed, dried and evaporated.

The residue was chromatographed on a silica column (40 x 2. 5 cm)

by eluting with benzene. The orange-red eluates afforded 3-(3 t 4, 5_

tribromo-2-pyrrol ylidene)-5-t-butyl-1, 2-dithiole (218, i) (1.79 g,

78%), red plates from acetonitrile, mp 141-143.5°C
Found C 28.7; H 2.1; N 3.1

cnHioBr3NS2 reTuires c 28-7; H 2-2; N 3-°
M+ at m/e: 462.7739; 46 0.7777; 458.7799; 456.7808

in the ratio 1:3:3:1

CHH10Br3NS2 requires 462.7747; 460.7767; 458.7786; 456.7806
*H nmr 6 1. 47 (9H, Bu'), 8. 04 and 8. 11 (1H, 4-H)

\ 492 (log 6 4.50), 474 (4.49), 300sh (3.45) andIY13.X

272 nm (3. 89)
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Preparation of 3-(3,4, 5-triiodo - 2-pyr rolylidene) - 5-t-

butyl-1, 2-dithiole (218, ii)

To a solution of 3, 2'-pyrrolyl-5-t-butyl- 1, 2-dithiolium perchlorate

(200a) (5 mmol, 1.62 g) in methanol (20 ml) was added sodium

hydroxide (20mmol,0.80 g in 200 ml H^O) and the mixture extracted
with benzene (2 x 200 ml). The extracts were washed with water

(2 x 200 ml), dried and evaporated. The residue was dissolved in

methanol (100 ml) and then, on stirring, iodine (20 mmol, 5.08 g)

and silver acetate (20 mmol, 3. 34 g) were added. The mixture was

refluxed for 15 minutes and then cooled before pouring into sodium

hydroxide (40 mmol, 1. 60 g in 200 ml H^O), extracted with benzene
(2 x 500 ml), washed with water (500 ml), sodium thiosulphonate

(200 ml, 0.2M) and then with water (500 ml). The extracts were

dried and evaporated then the residue was chromatographed on

alumina (40 x 2.0 cm) by eluting with benzene. The dark red

fraction afforded 3-(3, 4, 5-triiodo-2-pyr rolylidene)- 5-t-butyl-

1,2-dithiole (218, ii) (2.36 g, 79%), dark red crystals from cyclohexane,

mp 136-138°C
Found C 22.2; H 1. 6; N 2.3

C H I NS requires C 22.0; H 1.7; N 2.3
i 1 1 U J £

at m/e 600.7374

C
J 1H1 0I3NS2 require s 600.7394

*H nmr 6 1. 47 (9H, Bu') and 8. 1 9 (1H, br, 4-H)

\ 516 (log£ 4.47), 492sh (4.45), 300sh(3. 62), 271 (3.94)
m3.x

and 214 nm (4.19)
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Preparation of 3-(3 -bromo-4 ,5 -dimethyl- 2- pyrrolylidene)-

5-t-butyl-1, 2-dithiole (219)

To a solution of 3-( 4, 5-dimethyl- 2- pyrrolyl)- 5-t-butyl-dithiolium

perchlorate (200c) (5 mmol, 1.76 g) in methanol (20 ml) was added

sodium hydroxide (20 mmol, 0.80 g in 200 ml an<^ mi-xture

extracted with benzene (2 x 200 ml). The extracts were washed

with water (2 x 200 ml), dried and evaporated. The residue was

dissolved in methanol (100 ml) and then on stirring, bromine (10 mmol,

1.60 g, 0.52 ml) was slowly added. The reaction mixture was

refluxed for 30 minutes and after cooling, poured into dilute sodium

carbonate ( ~3 g in 500 ml) and extracted with benzene (3 x 500 ml).

The extracts were washed, dried and evaporated.

The residue was chromatographed on alumina (40 x 2.5 cm)

eluting with benzene. Orange eluates afforded 3-( 3-bromo-4 ,5 -

dimethyl - 2-pyrrolylidene)-5-t-butyl-1, 2-dithiole (219) (0.13 g, 39%),

dark brown prisms from petrol 60/80, mp 121-122°C
Found C 47. 6; H 4. 9; N 4. 2

C, ,H. , BrNS0 requires C 47. 3; H 4.9; N 4.213 15 L.

M+ at m/e 330. 9878 and 328. 9901

in the ratio 1:1

C. ,H, .BrNS. requires 330. 9888 and 328. 990813 16 2

1H nmr 6 1. 42 (9P, Bu*), 1.95 and 1.97 (3H,4'-H^), 2.24 and
2.27 (3H,5'-P ) and 7.83 and 7.95 (1H.4-H)

\ 456 (log 6 4.26), 305 (3.25) and 265 nm (3.80)
max
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c) Followed by attempted formylation

To a solution of 3-( 4 , 5-dimethyl- 2 - pyrrol yl)-5-t-butyl-

1. 2-dithiolium perchlorate (200c) (2 mmol, 0.68 g) in methanol

(8 ml) was added sodium hydroxide (8 ml of 1M) and the mixture

extracted with benzene (2 x 200 ml). The extracts were washed with

water (2 x 200 ml), dried and evaporated. The residue was

azeotroped dry with benzene (500 ml x 2) then taken up in

dimethylformamide (10 ml). This solution was added to a cooled

solution of dimethylformamide (10 ml) and phosphoryl chloride (10 mmol,

0.9.1 ml) and stirredfor30 minutes at room temperature then 2 hrs

at 80°C. The solution was poured into sodium hydroxide (20 ml of 1M)

but tic showed no reaction. Only starting material was present.

d) Followed by attempted diazo-coupling

To a solution of 3-( 4 , 5-dimethyl-2 - pyrrol yl)-5-t-butyl-

1, 2-dithiolium perchlorate (200c) (2 mmol, o.68 g) in methanol (8 ml)

was added sodium hydroxide (8 ml of 1M) and the mixture extracted

with benzene (2 x 200 ml). The extracts were washed with water

(2 x 200 ml),, dried and evaporated. The residue was taken up in

ethanol and this solution was added to a freshly prepared solution

of p-nitrobenzenediazonium fluoroborate (3mmol, 0.71 g) in

ethanol:water (1:1, 60 ml). The solution was stirred at 60 C for

30 minutes but tic showed no reaction. Only starting material was

pre sent.
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e) Followed by acetylation

Acetic anhydride (10 mmol, 0.94 ml) was added to a solution

of 3-(l -amino - 2-py rrolyl)-5-t-butyl- 1, 2-dithiolium perchlorate (204)

(0. 5 mmol, 0. 17 g) in acetonitrile (10 ml) before adding triethylamine

(11 mmol, 1.52 ml). The solution was then left at room temperature

for 12 hours before being poured into water (100 ml) and left for

a further hour. The reaction mixture was then extracted into

benzene (2 x 100 ml). The extracts were washed (2 x 100 ml) .

dried and evaporated. The residue was chromatographed on alumina

(20 x 2.2 cm). Elution with benzene gave purple eluates which

decomposed on work-up.

(iv) Methylation of trihalopyrrolylidene dithioles

Procedure: -

Methyl fluorosulphonate (4 mmol, 0.32 ml) was added to a

solution of the trihalo compound (2 mmol) in dry methylene chloride

(10 ml) and allowed to stand for 12 hours. Precipitation of the product

is completed by the addition of ether. The product was collected by

filtration and washed with ether.

3-(3 ,4 ,5 -Tribromo-2- pyrrol ylidene) - 5-t-butyl - 1, 2-dithiole

(218, i) (2 mmol, 0.92 g) gave 3-(l -methyl-3, 4, 5-tribromo-2-pyrrolyl)-

5-t-butyl-1, 2-dithiolium fluorosulphonate (225, i) (1.10 g,

96.5%), yellow needles from acetonitrile, mp 165-167°C
Found C 25. 1; H 2. 2; N 2.4

Cl2H13Br3FN03S3 requires C 25.2; H 2.3; N 2.4
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nmr 61. 15 (9H, Bu4), 4.12 (3H, N-Me) and 8.49 (1H.4-H)
(in TFA)
\ 452 (log £ 4.54), 300 (3. 95) and 240 nm (4.06)

max

3-(3 ,4,5 -Triiodo-2 - pyrxol ylidene) - 5-t-butyl- 1, 2-dithiole

(218, ii) (2 mmol, 1.20 g) gave 3-(l -methyl-3,4, 5-triiodo-

2-pyrrolyl)- 5-t- butyl- 1, 2-dithiolium fluorosulphonate (225, ii)

(1.41 g, 98%), red-brown needles from methanol, mp 196-199°C
Found C 22.2; H 1. 6; N 2. 3

C11H10I3NS2 re9uires C 22-°: H 1-7> N 2.3

JH nmr 6 1. 74 (9H, Bu4), 4. 18 (3H, N-Me) and 8. 43 (1H, 4-H)
(in TFA)

\ 478 (log t 4. 24), 290 (3. 84) and 260 nm (3. 97)'
max
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