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SUMMARY

The reaction of several thiophens and furans with 2, 4-dinitrobenzene
diazonium sulphate in glacial acetic acid/water mixture has been studied.
Thiophen and its 2-and 3-monomethyl derivatives gave arylated products
with the liberation of nitrogen. Although there is a strong indication that
free radicals are involved, the reaction mechanism remains uncertain,
Various likely paths are discussed.

2,4-Dimethyl, 2-t-butyl, and 2-phenyl thiophens yielded the azo
compounds with the same diazonium salt. 2-Methylbenzo (b)thiophen, and
3-methylbenzo(b)thiophen also gave the azo coupled products.

2, 5~Dime&y1Mophen yielded an equal proportion of the 3-azo-
compound and the 2,4~dinitrophenylhydrazone of 5-methylthiophen-2-
aldehyde. Both the 2,3, 5-trimethy1.thiophen and the tetramethylthiophen
underwent side chain substitution in the 5-and 2—positioh respectively to
give the corresponding 2, 4-dinitrophenylhydrazones. Dinitrophenylhydrazones
of various polyalkyl thiophen aldehydes were prepared and characterised.

1H n.m.,r. spectra of polyalkyl thiophens in deuteriotrifluoroacetic
acid showed the proton exchange in methyl groups. However, acetylation of
polymethyl thiophens and diazocoupling of polyalkyl benzenoid hydrocarbons

failed to give any side chain substitution products.




The reaction of furan, 2-methylfuran and 3-methylfuran with the
2,4-dinitrobenzene diazonium solution in acetic acid yielded substituted
N-(2,4 dinitroanilino} - 2-ox0-2, 5~-dihydropyrroles. Inifial azo coupling
with the furan followed by ring opening and subsequent rearrangement is
though to be the likely path for this reaction. Benzo(b)furan gave arylated
products under similar conditions while 2-methylbenzo(b)furan gave a
small amount of the azo coupled product in addition to the arylated product.

Several primary aromatic amines including the weakly basic mono
and dinitro anilines were diazotised in trifluoroacetic acid. Short reaction
periods were required for the completion of the diazotisation and high
yields of azo coupled products were obtained by subsequent coupling reactions.

13 .
lH and C n.m.r. data on these benzene diazonium ions in trifluoroacetic

acid was also obtained.

B
%




CONTENTS

Declaration
Certificate
Acknowledgements
Summary
Introduction
Results and Discussion
1) Arvrylation reactions
2) Azo coupling
3) Side chain attack : azo coupling
4) Further investigation in side chain attack
5) The reaction of 2,4-dinitrobenzene diazonium
. ions with furans
6) Diazotisation in trifluoroacetic acid. N. M. R,
spectra of some benzene diazonium compounds
Experimental
General Experimental Procedures
Section I
1) Diazotisation of 2, 4-dinitroaniline
2) Coupling reaction of diazotised 2, 4-dinitroaniline
with anisole
3) Coupling reaction with thiophen
4) Reaction of 2,4-dinitrobenzene diazonium
solution with benzene
5 Reaction with 2-methylthiophen
6) Reaction with 3~methylthiophen
7) Reaction of 2,4-dinitrobenzene diazonium
solution with excess thiophen
8) Coupling reaction of thiophen in presence of
excess benzene
9) Coupling reaction of thiophen in trifluoroacetic
acid
10) Reaction with 2-(2', 4'-dinitrophenyl)thiophen
Section 2
1) Reaction with 2-t-butylthiophen
2) Preparation of 2-phenylthiophen
3) Reaction with 2-phenylthiophen

(1)
(ii)
(iii)
(iv)

11
21
28
36
43

51

60
62

62
62

63
64
65
66
66
67
68

69
70
71

Rl

O Bt S S T S O SN ) Y o S SN o B e A
% e ol it e R SR i s I T e eadk A g Qg A e e T, A R

PR P I 20 15 X et e S A o S A
s i B Yy rad Pl SRR R TR AR P e Gt s

T W

SR, ;

STRE B8




Reaction with 2, 4-dimethylthiophen

4)
5) Preparation of 2~-methylbenzo(b)thiophen
6) Preparation of 3-methylbenzo(b)thiophen
7} Reaction with 2-methylbenzo(b)thiophen
8) Reaction with 3-methylbenzo(b)thiophen
Section 3
1) Reaction with 2, 5~-dimethylthiophen
2) Preparation of 2,3, 5-trimethylthiophen
3) Reaction with 2, 3, 5-trimethylthiophen
4) Preparation of tetramethylthiophen
5) Coupling reaction of tetramethylthiophen
6) Preparation of 2, 3~dimethylbenzo (b)thiophen
7) Coupling reaction of 2, 3-dimethylbenzo(b)thiophen
8) Preparation of alkyl substituted thiophen aldehydes
9) 2,4-Dinitrophenyl hydrazones of methyl and
polymethyl thiophen aldehydes
Section 4
1) Proton exchange reactions of polymethyl thiophens
2) Acetylation experiments
3) Nitration of tetramethylthiophen
4) Attempted coupling reactions of hexamethylbenzene

and 9, 10-dimethylanthracene

Section 5

1) Reaction of furan with 2, 4-dinitrobenzene
diazonium ions
2) 1-(2,4-Dinitrophenyl)~2-(3-carboxyacryloyl)
hydrazine
3) N-(2,4-dinitrophenyl)aminomaleimide
4) 13C n.m.r. spectra
5) Reaction of 2-methylfuran
6) Preparation of 3-methylfuran
7) Reaction of 3~methyliuran
8) Preparation of benzo(b)furan
9) Coupling reaction of benzo(b)furan
10) Preparation of 2-methylbenzo(b)furan
11) Coupling reaction of 2-methylbenzo(b)furan with
2,4-dinitrobenzene diazonium solution
12) Preparation of 2, 5~dimethylfuran and it's
coupling reactions
Section 6
1) General method of diazotisation -
2) Diazotisation of p-nitroaniline and it's coupling

reaction with 1,3, , 5-trimethoxybenzene

71
72
73
74
74

76
77
77
78
80
80
81
82

83

86
87

89.

90

91

92
92
93
93
94
96
96
97
98

99

100

103

103

i




3) Coupling reaction of anisole with diazotised
2,4~dinitroaniline in trifluoroacetic acid

4) 1Hn.m.r. spectra of benzene diazonium ions in
trifluoroacetic acid

5) 13C n.m.r. spectra

References

104

104
106

107




INTROCDUCTION




Introduction

The reactions of arene diazonium compounds have been studied for more
than a hundred years and this study has been associated with many important
developments in organic chemistry. In addition to their academic interest
arene diazonium salts have had a major industrial significance through their
coupling reactions to yield the azo dyestuffs. The most important method of
preparation of aromatic azo compound involves diazotisation of primary
aromatic amines with aqueous nitrous acid, followed by the coupling of the
resultant diazonium salt with an appropriate coupling component (e.g. phenol

or a tertiary amine). One of the motives for the present study was a recent

Scheme 1

aq. HNO,, _ Axl 1
Ar-NH, ——° Ar-NsNX  ——3 Ar-N=N-Ar
diazonium salt Azo compound

interest shown by the dyestuff manufacturers in thiophen azo compounds.

The free amino thioph.ens are very unstable compounds and are required
to be stored either in an inert atmosphere or as a stannic chloride double
salt. 2-Aminothiophen and 2-acetylaminothiophen readily undergo diazo
coupling in the 5—position1. This tendency of the thiophen nucleus to undexjgo
diazo coupling complicates the preparation of a diazonium salt from
2;aminothiophen. Steinkopf and Mh'ller2 isolated a small amount of 2-thienyl
diazonium chloride, the major product being an azo dyestuff formed as a result
of self coupling. More recently some Russian workers report3 the preparation
of 2-thienyl diazonium chloride, by treating the 2-aminothiophen double salt

in 10% hydrochloric acid with sodium nitrite, and subsequent azo coupling




with 2-naphthol. Within the last few years there have been scveral reports

in the patent literature of coupling reactions involving diazotised amin(;
thiophen derivatives4. Even less is known about furan diazonium salts.
2-Methyl, and 2, 5-dimethyl, 3-aminofuran have been diazotised and the
resultant diazonium salts coupled with 2-naphthol but failed to couple with MN-
dimethylaniline. These diazonium salts did not undergo the other. character-
istic reactions of arene diazonium saltss.

Very few simple aminopyrroles are known, 8o that the number which
have been diazotised is sma116. The pyrrole diazonium salt is capable of
conversion into diazopyrrole. A diazopyrrole.will not undergo coupling but
when heated with a phenol, broton transfer occurs and the resultant pyrrole
diazonium salt will couple with the phenoxide anion.

The formation of aromatic diazonium salts in a single step reaction
involving the reaction of excess of nitrous acid with a suitable aromatic
compound has been developed by Tedder and his co—workers7’ 8. This reaction
(Scheme 2) enables an aromatic compound to be converted to diazonium salt in
a single experimental step, compared with the previosly employed three step

process; nitration, reduction to the amine and diazotisation. This one step

Scheme 2
HNO2 - i HNO2 3 .
Ar-H — Ar-NO Ar-N=N X
HX -HX

reaction has been successfully applied to yield diazonium salts from phenols,

aromatic tertiary amines, phenol ethers and polyalkyl benzenes. In all cases




except phenols and tertiary amines,' where the nitroso derivative was stabilised,
the second step in scheme 2 was so 'rapid that no nitroso derivative was
isolated. The mechanism for this reaction under a variety of conditions has
been discussedg.

In the present investigation this route appeared to provide an attractive
alternative for the preparation of heteroaromatic diazonium salts and azo
compounds from derivatives of thiophen and furan which could not be prepared
by the conventional route. Several pyrroles have been converted to 2- and 3-
diazopyrroles by this method and the azo compounds were isolated after
coupling with 2—naphth0110. Attempts to apply the same method to thiophen or
furan proved unsuccessful. Thiophen treated with nitrosyl sulphuric acid
gave a dark brown solution similar to that encountered in. the preparation of
diazonium salt directly from anisole. These red brown colours had been
ascribed to a T\ - complex between the nitrosonium ion and |;hiophen11 or
alternatively were previously‘ ascribed to a complex ion formed between the
nitrosonium ion and the aromatic nitroso compoundlo. Thiophen has a very
similar range of reactivity to anisole, so that the failure to give diazonium
salt under the same conditions was unexpected. Mesitylene, which is less
reactive than thiophen, can Be‘ converted into a diazonium sait by the reaction
with nitrosyl sulphuric acid.

The study of the coupling reaction of benzene diazonium ions with
thiophen and furan was of interest for two reasons: firstly because this
provided an alternative route to thiophen azo compounds and secondly because
the reactivity of polynitrobenzene diazonium ions is similar to that of a

nitrosonium ion which is believed to be an important intermediate in the direct




diazotisation process. The benzene diazonium ion, which can be considered
as the resonance hybrid of the limiting structures (1a) to (1f) is a much
weaker electrophile than nitronium ion, and couples only with phenols and

tertiary amines. The reactivity of the benzene diazonium ion can be increased

L . o o +
N N N:- N ;- N = N
i il I I Il I
N + N N+ N + N + N?

+ +
{y — — ey >
N
e

(1a) (1b) (1c) (1d) (Le) (1f)

by the introduction of electron withdrawing substituents like —NOZ, -F, or
—CF3 (see Table 1). In 1914 Meyer and his coworkers succeeded in forming
azo compounds by the coupling of anisole and phenetole with 2, 4~dinitrobenzene
diazonium saltslz. These workers also repor'ted the coupling with butadiene
de.arivati_ves13 but recently these later products have been assigned different
structuresl4. Even mesitylene coupled to give a crystalline azo compound

with the reactive 2,4, 6-trinitrobenzenediazonium ions

(Table 1 overleaf).
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Table 1 -

93

Effect of substituents on coupling of benzene diazonium salts.

Substituents in

Relative coupling rate

Couples with

i P with CGH5O
i
No substituent 1 1,3, 5 trimethoxyhenzene
4—-H3C—O- 0.1 phenoxide anion
4—NO2 1300 1, 3 dimethoxy benzene
2, 4~dinitro Too fast for measurement methoxylhenzene

2,4, 6-trinitro

" 1" " 1"

1,3, 5 trimethyltianzeng

Thiophen, furan and pyrrole can all attain an "aromatic sextet' by the

delocalisation of two electrons from the heteroatom in the p —orbitals of the

ring. All three compounds show a high reactivity towards electrophilic

aromatic substitution and they have sometimes been rather inappropriately

described as "'super aromatic'’.

The delocalisation of the electron pair of the

heteroatom can be depicted by considering these molecules as the resonance

hybrids of the following contributing structures (2a) to (2e).

(2a)

(2b) (2¢) (2d) (2e)

Z=-l-, S, or O
H




In the case of thiophen, additional structures (3a) to (3e) are possible

owing to the capacity of the sulphur atom to enlarge its valence shell. Finally

structures such as (4) may be considered for furan in view of its "dienic"

character.

+ ’ +
WP T
Ng# "G Ns L S Ns .

(32) (3b) (3¢) (3d) (3¢) 4)

The following table compares different criteria of "aromaticity" of
benzene with corresponding values for thiophen, pyrrole and furan. Although
values differ according to the procedure used for calculation, the following
order of decreasing ground state aromaticity can be assigned. viz,

benzene ) thiophen ) pyrrole) furan.

Table no. 2

Benzene thiophen pyrrole furan | ref.
Resonance energy 36 28 24.5 22 17
in K cal/mole. 36 31 31 23 18
Ratio of C(2)-C(3) to ; 1 0.964 0.959 0.950 | 19
C(3)-C(4) bond length
values based on 100 75 59 46 20
induced ring current 100 90 67 52 21

The electron distribution in the ground state of these five membered

heterocycles is affected by two opposing processes.

The donation of an




electron pair from heteroatom to the T\ —-orbital system of the ring is opposed
by inductive withdrawal due to the greater electronegativity of the heteroatoms
sulphur, oxygen, nitrogen. The electron distribution is often likened to that of
anisole and aniline because of the similarity in chemical behaviour. Furan
and thiophen derivatives are more susceptible to nucleophilic attack than
corresponding benzene derivatives, and this makes the value of the above
comparison questionable. In terms of resonance theory, the greater reactivity
of these five membered heterocycles towards electrophiles can be attributed to
the fact that the Wheland intermediate has the same number of covalent i)onds
as the starting moleculezz. The reported examples of diazo coupling of these
five membered heterocyclic compounds and their benzo analogues (viz. benzo
(b)thiophen, benzo(b)furan, and indole) will now be considered. Pyrrole
itself couples with diazonium cation in acid or neutral conditions to form a

2~ azo derivative but in alkali the 2, 5-bisazo derivative is obtained. Treibs
and Fritz23 have carried out an extensive survey of the coupling properties of
substituted pyrroles using three diazonium salts of widely different reactivity.
The most reactive pyrroles were those substituted with alkyl groups but with
one ¥ -position free. 2, 5-Dimethyl-, 1-methyl-, and pyrrole itself formed a
group of compounds of intermediate reactivity. A less reactive group of
compounds included polyalkyl pyrrole 3~carboxylic acid esters. Pyrrole
derivatives with 2 or more ethyl carboxylate groups failed to react even with
para-nitrobenzene . diazonium ions. These same workers extended their
study to the replacement of groups other than hydrogen by incoming diazonium

cations. Unfortunately the whole of this extensive study was of a qualitative




nature with the colours formed duri.ng the reaction frequently being regarded
as evidence of diazo coupling.

In the thiophen and furan series, examples of diazo coupling are far
fewer in number. The only report of coupling with thiophen compounds involve
activated molecules like 2-acetamidothiophen (5) which is reported to couple
with 4-nitrobenzene diazonium chloride, fo give 2- (4'—- nitrobenzene azo)-5-

i 4
acetamidothiophen (6) . When 5-bromo-2-acetamidothiophen was treated with

4 -

/ \ p-NO,-C H 4—N%Cl ﬂ
H CCO—N’/\_ s> H,CCON""\8 N=

” H H

NO
(5) (6)

Eir':.nitrobenzene diazonium chloride under the same conditions, the bromine
atom was displaced to give the same azo compound. A thorough search of the
literature yields only a few examples of furan azo compounds formed by -
coupling24 and there are no examples of furan or simple substituted furans
undergoing a diazo coupling reaction. It is therefore surprising to find the
diazo coupling reaction quoted as a general reaction of furan in a well known
organic text book25.

In the condensed ring systems that is indole (7), benzo(b)thiophen (8)
and benzo(b)furan (9), only indole and some of it s alkyl derivatives are
reported to undergo diazo coupling. The coupling of benzenediazonium

chloridez,6 diazotised arsanilic acidzv, and diazotised sulphanilic acid28 with

indole are well known, with the last reaction being used as a colour test.
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(") (8 )

The coupling reaction of indole with para-nitrobenzene diazonium chloride has
been investigated kinetica.llyzg. A nearly quantitative yield of 3- (4' -nitro-
benzene azo)-indole was obtained. The reaction between pH 4 to 6 appears
to represent a typical electrophilic substitution of an aromatic nucleus, and

it is unnecessary to invoke addition to C(2) -~ C(3) double bond as is done in
some other reactions of indoles.

3-Hydroxybenzo(b)thiophen 30,31

and 6-methyl, 2~hydroxybenzo(b) .
thiophen32 were the only examples reported in the literature to undergo diazo-
coupling in the benzo(b)thiophen . series while there were none in the case of
benzo(b)furans.,  Thus it seems thal diazocoupling reactions of pyrroles and
indoles are the only ones to have been studied in these series of compounds.
The present thesis reports the reactions of thiophen, benzo(b)
thiophen, furan and benzo(b)furan : and their various alkyl derivatives with
the reactive 2, 4~dinitrobenzene diazonium ion. The work in the thiophen
series is discussed in three separate sections, because of the wide range
of products formed. The first section deals with a group of compounds
which undergo arylation, while the second section covers the reactions which

give azo coupled products. The third section discusses the azo coupling

reactions with the attack taking place on the alkyl side chain. The
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investigation of other electrophilic substitution reactions like proton exchange,
acetylation and nitration,which might proceed with side chain attack in the
polyalkyl thiophens, , together with attampted diazo coupling reactions of

polyalkyl benzenoid compounds,form the substance of the fourth section.

The reactions of furans and benzofurans together with the compounds
synthesised for the structure determination of some of the products are
discussed in the fifth section. Towards the end of this work, a method was
developed to diazotise weakly basic aromatic amines, using trifluoroacetic
acid as the reaction medium, Excellent yields were obtained. The added
advantage is the possibility of running n.m.r spectra of the resulting
solutions. The diazotisation of Yarious aromatic amines and the n.m.r.

data obtained from them form the last section of the thesis.




RESULTS & DISCUSSION
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Section-1

Arylation reactions.

Thiophen undergoes various aromatic electrophilic substitution -
reactions very much more readily than benzene, Where comparative data
is available, the similarity in the reactivity of anisole and thiophen is very
striking, see table 3.

Table 3.

The partial rate factors for anisole (para-position) and thiophen (2-position)

at 25°C.
Reaction Thiophen Anisole Reference
i 9 10
Bromination 1.7x 10 1.1x10 33, 34
Chlorination 1.3 x 107 9.7 x 106 33, 35
Protodesilylation 5 x 103 1.01 x 103 36
Nitration L6 102 1.7x 102 37

Anisole couples with 2, 4-dinitrobenzene diazonium ions, 12 but until
the present work there has been no report of thiophen or any hydrocarbon
thiophen derivatives coupling with a diazonium salt. The highly reactive
2,4 dinitrobenzene diazonium sulphate solution was obtained by diazotising
2,4 dinitroaniline in concentrated sulphuric acid38. This diazotisation can
be carried out at room temperature and takes 1} to 2 hours.

A solution of thiophen in glacial acetic acid was added to an equimolar
solution of 2, 4-dinitrobenzene diazonium sulphate and the reaction was
stirred while maintaining the temperéture at 0°C. Nitrogen was liberated

from the reaction. The deep red coloured solution which formed after a

i e e
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reaction period of 70 hours was poured onto crushed ice/water mixture, and
extracted into chloroform. Crude product obtained after evaporation of the
solvent from the dried extract. was chromatographed on an alumina column
(protected from light) to give 2—(2'4'—dinitropheny1) thiophen (17-20%. A
small amount of 2,5 bis-—(2'4'—dinitropheny1) thiophen (2. 5%) was also isolated.
The monoarylated compound turned greenish on exposure to light, but could

be purified again by chromatography.

Scheme 3.

HsCO@

C H
Ar—N2+ 6 6 y No Reaction
I\
i LY+ AN,
Ar S Ar ™S7 Ar

NO

Ar = NO

In parallel experiments when anisole and benzene were treated with
2,4~dinitrobenzene diazonium sulphate in glacial acetic acid at 0°c for 70
hours, para-(2,4-dinitrobenzene azo}-methoxybenzene was isolated (in 36%
yield) from the anisole experiment, whereas there was no reaction with

benzene. The occurence of arylation from a cold acidic diazonium salt
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solution, under conditions in which the diazonium salt is stable was most
unexpected. The decomposition of the diazonium salt appeared to be induced
by thiophen itself or else some product derived from it. This was confirmed
when evolution of nitrogen was monit;)red39 by connecting the reaction vessels
of the thiophen and the benzene experiments to nitrometers. After 24 hours
at room temperature, no nitrogen was evolved from the benzene s'olul;ion,
whereas the thiophen solution had evolved 75% of the theorectical maximum.
2-Methylthiophen, when treated with 2; 4~dinitrobenzene diazonium
sulphate in glacial acetic acid at 0° for 68 hours, gave 2—methy1~5(2',4'~
dinitrophenyl) thiophen as the main product (25%). Separation of a further
fraction on a preparative ’fLC plate gave a trace of bis(2' ,4'—dinitrophenyl) -
2-methylthiophen.. That the mono aryl derivative had the 2',4Ldinitropheny1—
group in 5 position was as expected and further confirmed by observation of
a coupling constant of 3.5 Hz between the thiophen protons. (The }3 -g'
coupling constant is 3.0~4. 2 Hz40). The experiment was repeated at room
temperature for 24 hours. Again the mono arylated products and a trace
of biarylated products were isolated in similar yields. Reaction with
3~methylthiophen gave 3—methy1~2(2',4'—dinitrophe_pyl)—thiophen. (33.3%).
A coupling constant of 5 Hz for the remaining two thiophen protons indicated
that the aryl group was in 2 position. (1H-1H coupling constants for
thiophen are Jo( ~-B =4.6-5.8 Hz and JO( —5' =1, 5-2.2 Hz40). The bis
aryl derivative (M+ = m/e 430) was obtained in 1% yield. The mass
spectrum and high resolution mass spectrum on a coloured compound, which

was isolated in a small amount, suggested that it contained two 3-methyl
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thiophenyl-groups and one 2'4'—-dinitropheny1 azo group. A tentative structure

(10) was assigned.

CHgy CH,
2=
S S N

(10) O,N NO,

There is little precedent for aromatic compounds initiating the
decomposition of aromatic diazonium salts in acidic media. Broadhead and
Pauson report41 that the addition of benzene diazonium sulphate to ferrqcene
in glacial acetic acid causes steady evolution of gas during several hours at
OOC, with concomitant phenylation of ferrocene. The reaction was success-
ful with several diazonium salts. This reaction is undoubtedly induced by
one electron transfer from the ferrocene. In the case of 2,4-dinitrobenzene
diazonium sulphate, only a trace of arylated product was obtained. A con-
siderable proportion of ferrocene was oxidised to ferricinium salts, while
the diazoﬁium salt was reduced to m-dinitrobenzene.. Another reaction
of interest is some very recent work42 involving the interaction of aryl
diazonium fluoroborate with 2, 4, 6-trisubstituted 7\3- phosphorin. Two
arylation products are formed, viz. l-aryl-l-methoxy-2,4, 6~triphenyl- )\5-
phosphorin and the analogous compound with the phenyl group at C-4 arylated
in the para position.

The arylation observed in the present studies, probably involves
2,4~dinitrophenyl radicals, since the corresponding carbonium ion would
be unlikely to attack a thiophen nucleus which was alreaciy substituted by_ a

2,4-dinitrophenyl group, to yield a biaryl product. TFurthermore a reaction
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of thiophen was carried out under similar conditions, in presence of a
large excess (nine times) of benzene, and the crude product was chromato-
grapted. The first fraction isolated was a mixture of 2, 4-dinitrobiphenyl
and 2~ (2', 4'—dinitrophenyl) thiophen. These compounds had almost identical
Rf values and it was not possible to separate them. Comparison of the
spectral data of this mixture with I. R., mass spectrum (MJr =m/e 244) and
H n.m.r. of the authentic 2, 4dinitrobiphenyl indicated positively the
presence of 2,4-dinitrobiphenyl in the reaction product. In the arylation
reactions so far, 1, 3-dinitrobenzene was never present in appreciable yield,
nor were significant amounts of 2,4, 2’ L 4'—tetranitrobiphenyl iso.lated.

Many reactions of diazonium salts and other diazo compounds are
known in which it is probable that a homolytic cleavage of the Cl~No( bhond
occurs. The classical example is the Gomberg-Bachmann reaction. In

aqueous solution at 0 to 50, the diazotised aromatic amine is converted by
the addition of alkali or sodiu.m acetate to a covalent diazohydroxide or
diazoacetate, and in the presence of a liquid aromatic compound the following
overall reaction occurs.
Scheme 4.

Ar—N;Cl— + NaOH + Ar'H Gl Ar-Ar" + N, + NaCl + H,0

The reaction is heterogeneo-us and the biaryls formed are femoved by steam
distillation. In general, low yields (10-20%) of biaryls are obtained with a
residue containing polymers of chains of the aryl components coupled together.
Several biaryls including thiophen derivatives have been .made by this method43.

This reaction has also been applied to make heteroaryl thiophens44. The

s "
s
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homolytic arylation of thiophen has been studied systematically45 including
the Gomberg reaction, the thermal decomposition of N-nitroso acetanilides
and diaroyl peroxides, 2- And 3- phenyl thiophens were obtained in the

ratio of 90-95: 10-5, from all the phenylating agents tested, except for the
special case of phenyl azo triphenylmethane, Another method of forming
aryl thiophens was developed by Mohlau and Berger46, who added aluminium
chloride to a suspension of dry diazonium chloride in thiophen, or other
aromatic compounds to obtain biaryls in small yields.

The present understanding of the mechanism(s) of homolytic
decomposition of diazonium ions and related compounds is far from complete.
A probable exception is the decomposition of acyl aryl nitrosoamines, a
multi pathway reaction, whose mechanism has been largely clucidated after
an extensive study47. Related reactions also seem to follow multiple path-
ways. Small changes in reactant, solvent, additives etc. making drastic
changes in rate, mechanism and products. Homolytic and heterolytic
mechanisms often resemble eacl; other more closely than was previously
thought, e.g. a common intermediate, is proposed for the decomposition
of arene diazonium ions in acidic methanol, when either homolytic and
heterolytic decomposition of arene diazonium ions may occur‘]:8

The simplest mechanism for the arylation observed in the present
reactions would be electron transfer followed by decomposition of the
diazonium salt and the coupling of the aryl radical with the thiophen radical

cation. Loss of a proton would then lead to the product.’
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Scheme 5.
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The objections to this simple mechanism are two fold. If electron
transfer was the first step, then the polyalkyl thiophens should arylate too,
(see section 2 and 3) since electron transfer can be expected to be faster
than the coupling reaction. Furthermore when excess of thiophen was treated
with the diazonium solution, yield of monoarylated thiophen is about 48%
(based on the diazonium salt).

A mechanism which vs;ould be consistent with yield in presence of
excess thiophen would involve coupling followed by addition of an anion
(i.e. 2, 5~electrophilic addition characteristic of furan).

Scheme 6.

NO

2
O,N N=EN + (/ \5
+ . S 5
X

b=
r@
%m
2
2,
@)
2o

The resulting adduct would be very susceptible to oxidation and 2, 4~dinitro-

benzene diazonium ions are powerful oxidising agents.

|
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Scheme 6 contd.

+
H./\ _H A /7 "
- QNzN\mr NENX 5 Are + Q\X + Ar-H+2N,+X

- Ar

This mechanism though consistent with the stoichiometry, can be
ruled out because little 1, 3~dinitrobenzene was found and no product

corresponding to the thiophen product (X = HSO 4 OF CH_COO-) except with

3
benzo(b) l;hiophennghen a trace of 3~hydroxy~2(2',4'—dinitrobenzene azo) -~
benzo(b)thiophen . was found which could be a by product from such a reaction.

A third alternative mechanism would involve initial coupling through
the sulphur atom. The sulphur atom, by the use of its 3d orbitals can be

shown to have a negative charge in some of the canonical forms of thiophen.

Thus, possibility of an initial attack on the sulphur atom can not be excluded49.

Scheme 7.
e NO
/ A\ H 14 2
§ s  -H
(T iy
N
// "Nz NO2 r NO
—
. NOZ
NO

Reaction of thiophen in trifluoroacetic acid with diazotised 2,4~
dinitroaniline provides further evidence that thiophen nucleus initiates the
arylation. 2,4-Dinitroaniline was diazotised much more rapidly in pure

trifluoroacetic acid, and the diazonium salt coupled with anisole, (seé
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section 6). Thus a coupling reaction could be carried out in simple solvent
system. When thiophen was treated with the diazonium solution in tri;
fluoroacetic acid, after a transient red colour, the solution developed a
deep blue and a rapid evolution of nitrogen ensued almost immediately.
Nitrogen evolution was rapid under these conditions and 1H n.m.r. on an
aliquot from the reaction after 1 hour showed signals due to 2~ (2',4'—
dinitrophenyl) thiophen, which was again the main product isolated. A low
temperature (—150) proton n.m.r. on the reaction was done in an attempt
to see any signals due to the transient red coloured reaction mixture. How-
ever, practical problems like transfer of cold reagents, (without condensa-
tion on the outside of n. m.'r. tube) and inefficient mixing of the reactants
made it difficult to obtain the spectrum of the reaction before the evolution
of nitrogen has begun.

The fact that coupling occurs with polymethyl thiophens suggests
that there is competition between arylation and coupling, and if the nucleus
is sufficiently activated coupling is preferred. The observation that 2-t-
butylthiophen and 2-phenylthiophen couple while 2-methylthiophen arylates
suggests that steric hi_ndrance may play a part in the reaction, and provides
some support for the idea of coupling through the sulphur. The highly solvated
2,4-dinitrobenzene diazonium ion may have some difficulty in approaching the
sulphur atoms in these compounds, although it should be noted that benzo (b)~
thiophen also arylates.

One of the great difficulties in elucidating the mechanism has been the

incomplete recovery of the starting materials. When the reaction mixture is

.
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poured into water the insoluble products consisting mainly of arylated thiophens
are easily extracted and purified by chromatography. However, othex; trace
products remain on the column and in addition the water soluble products
are almost impossible to isolate from the aqueous solution which contains
excess sulphuric acid and acetic acid.

The mechanism of the arylation, an "acidic Gomberg" rea_ction (a
multi pathway reaction ) remains uncertain and it represents an aromatic

substitution which has no exact parallel.
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Section II

Azo Coupling.

Aromatic diazonium ions are only weakly electrophilic and the azo
coupling reactions are essentially limited to those with phenols, amines
and some reactive olefinic compounds. The diazonium ion usually attacks that

atom of the nucleophilic component which exibits the greatest electron
density. Thus in addition to carbon, which gives C-azo compounds, amino
nitrogen and oxygen provide good sites giving N-azo, and O-azo compounds.
The aromatic diazonium ion is also a reagent of high selectivity; e.g. the
azo coupling reaction of phenoxide anions, gives mainly para-substituted
azo compounds and a little ortho-substituted products. -meta-Azo derivatives
are not obtained even in traces.

The mechanism of diazo-coupling reaction is fairly well understood
and is a typical electrophilic substitution i.e. an électrophilic addition with
elimination reaction. A two step mechanism is proposed (scheme 8).

Scheme 8.

+ k +//H

Ar-N=N + Ar'H ﬁ Ar (1)
k \N—Ar
i 2
+ H
Ax” LR e oweee met o Byt @)
N N-Ar ko

+ Certain azo coupling reactions like that of p-chlorobenzene
diazonium ion with 2-naphthol-6, 8-disulphonic acid, are base catalysed and
a hydrogen istope effect is observed51. If the ratio of tlie rate constants

k2 and k_ 1 is large, the first step becomes rate determining and neither

h | — I
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base catalysis nor an isotope effect is observed.

Electrophilic substitution reactions of thiophen give mainly ¢
substituted products. This can be rationalised by taking the Wheland
intermediates as models for the transition states, It is possible to see that
for an « attack there are three limiting resonance structures (11a) to (11lc)
while only two such structures (12a) and (12b) are possible for the B attack.
The isomer distribution of the products is dependent on the electrophile and
the 0</B ratio varies from 3400 for protocledeutera,tion52 to 6.2 for the

. . . 953
nitration reaction
.‘_

{ s S<H [ i 5<H (/ 5<H L attack
\S E s S E S E

(11a) (11b) . (11e)
H H

/ S+/ ' / A B attack

(12a) (12b)

2-t-Butylthiophen in glacial acetic acid was reacted with the 2, 4~
dinitrobenzene diazonium solution, and the crude product obtained was
separated on a silica column. The major product isolated was the azo
compound, 2—t—buty1—5(2',4'— dinitrobenzene azo)-thiophen (16). A coupling
of 4 Hz for the remaining two thiophen protons confirmed éhat substitution
was in 5 - position. Apart from a small amount of unreacted t-butyl
thiophen, a small amount of deep coloured solid (m.p. 2200) was also

" .
isolated. This had M = m/e 472, and A max 526 nm (€ 2.09 x 105) in the

b
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u.v. spectrum. Although the high resolution
mass spectrum did not agree very well
(A m =0.03), by analogy with the trace

product from 3-methylthiophen, . structure

(13) (13) is proposed for this compound.

5, Phenyl-2-(2', 4'-dinitrobenzene, azo)-thiophen (17) was the main
product from the azo coupling reaction of 2-phenylthiophen with the 2,4-
dinitrobenzene diazonium solution. Some unreacted starting material was
also isolated. The reaction with 2, 4~dimethylithiophen was much faster and
was stopped after stirring for five minutes, when a thick orange red precipitate
was formed. A portion of £he crude product obtained by filtration, was
purified on a silica column to give 3, 5-dimethyl —2—(2',4'—-dinitrobenzene
azo)-thiophen (18) in 62% yield. The high yield of the azo dye in this case
can be rationalised as both the methyl groups, jointly activate the remaining
free o{ position. The azo compound had no NH absorption in the I, R,
spectrum. Comparison with the authentic sample of 4- methylthiophen
—-2—-a1dehyde-2' ; 4'-dinitrophenyl hydrazone showed that the diazonium ion
had not attacked the s_ide chain (see section 3) and the product was confirmed
as the azo compound.

Until the present work there has been no report of thiophen or any
hydrocarbon thiophen derivatives coupling with a diazonium salt, and it was'
thought that an activating substituent in the thiophen nucleus like .'ca.cet:aanido1
was essential. Comparison of the effect of substituent on the ability to couple

shows that the reactivity of benzene and naphthalene derivatives decreases in

...
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the order of
0" > NR, SNHR »OR >OH.

The methyl group is an even weaker electron donor, yet benzene derivatives
containing several favourably oriented methyl groups are able to couple.
Mesitylene couples with 2, 4, 6-trinitrobenzene diazonium sa1t15. The same
diazonium salt. reacts with pentamethylbenzene. and 1,2, 3, 5-tet1jamethy1
benzene, but it does not react with 1,2,4, 5 tetramethylbenzene54. Thus
the inductive effect of only two ortho methyl groups in the latter compound is
insufficient for the coupling. Under similar conditions an azo compound
could not be isolated form t—butylbenzeness; . Mesitylene bas three methyl
substituent in the nucleus, .whereas t-butylbenzene. has them in the side
chain, hyperconjugation being unimportant in the latter case. Several
polynuclearhydrocarbons such as benzo(a)pyrene. yield crystalline azo
derivatives even with moderately electrophilic 4-nitrobenzene diazonium
compounds5

The relative reactivity of 2-methyl, 2-phenyl and 2-t-butyl thiophen
in the electrophilic substitution in the five position can be judged from table 4.

Table 4,

Relative rates of a substitution (in 5 position) of 2-substituted thiophen

Substituent Detritiation” Acetyla.l:ionb trifluoro ac etylal:ion0
2-CHg 2.1 x 102 83.7 3.8 x 102
2-t-C4Hg 2.3 x 102 48.5 5.4 x 102
2-CgHg 15.5 - . 1.1x 102

H 1 1 1

‘contd. overleaf.
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a) Reaction in CF3COOH—-CH3COOH mixture at 24, 8° ref. 57.

b) SnCl 4 catalysed acetylation by Ac 20 in dichloroethane at 25° ref. 58.

¢) Reaction with (C FSCO)ZO in dichloroethane at 75° ref. 59.

Thus it seems that increased reactivity in the case of 2-t-butyl and 2-phenyl
thiophen is hard to accept as the sole cause of the azo coupling reaction ‘
observed as opposed to th'e arylation reaction of thiophen itself,

Since the preliminary report of the present workGO, there has been a
report61 of the reaction of diazotised 3-aminothiophen-2~carboxylic acid
with propylene oxide in chloroform. Two thiophen azo compounds (14), (15)
were isolated. The ethoxy group in compound (15) was shown to originate 3
from ethanol present in the commercial chloroform. Although the net result
of the reaction is to join, via an azo linkage, two thiophen rings of which .one
may contain a deactivating group, the exact nature and sequence of the coupling
and decarboxylation remains to be elucidated. The reaction conditions are

also very different from the diazo coupling reactions in the present work.

Scheme 9.
2+ o1
1) CHC
7\ b S S S J o+ 0\ S S 7
S OOH 2) propylene OEt
oxide
(14) (15)

Although benzo(b)thiophen. itself did not give an azo coupled product

both the 2-methyl- and 3-methyl- benzo(b)thiophen: coupled with 2,4~
dinitrobenzene diazonium ion to give the corresponding azo dyes. 2-Methyl-

3—(2',4'~dinitrobenzene azo) ~ benzo(b)thiophen (19) was obtained in 62%
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yield while 3-—mel:hy1--2—(2', 4'~dinitrobenzene azo)-—benzo(b)-thiophen (20)
was obtained in 25% yield.

In benzo(b)thiophen, all the positions in the homocyclic part of the
molecule are much less reaclive than either of those in the heterocyclic part
of the ring, and only small amounts, if any, of the isomers mono substituted
in the benzene ring have been isolated from various other reactions of benzo (b)
thiophen or its mono alkyl derivatives. In the present reactions, the azo
dyes formed were very insoluble in all the solvents tried, and 1H n.m.r.
spectra could not be run. Itis therefore assumed that substitution has taken
place in the remaining free position in the heterocyclic part of the ring. In
contrast with thiophen, 'benzo(b)thiophen is substituted preferentially at the
ﬁ (or-3-) position in various electrophilic reactions, and the reactivity of
these positions is much less compared to thiophen. The higher yield in the- case
of .2~-methylbenzo(b)thiophen - can thus be understood. Activation by the
thiophen ring is not sufficien't for coupling to occur in the homocyclic ring
positions. _Dibenzothiophen failed to couple with the 2, 4-dinitrobenzene
diazonium solution62. 2,3-Dimethylbenzo(b)thiophen, where both the
reactive positions are blocked, did not undergo the diazo coupling reaction.

Both the 2-amin063, and 3—:3.mino64 ~benzo(b)thiophens have been
prepared. Benzo(b)thiophen-2-diazonium chloride, prepared by the method
previously successful for 2-aminothiophen, failed to couple with 2~naphchol
However other replacement reactions of the diazonium group could be
carried out successfully. As seen before, benzo(b)thiophens with activating

substituents were known to couple (page 9). The present work shows that
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éctivation by the methyl group in the 2-or 3- position is sufficient to allow
diazo coupling reaction with the 2, 4~dinitrobenzene diazonium ion. Melting
point and u.v. data of the thiophen and .benzo(b)thiophen azo compounds

(Ar =C 6H3~~2,4-(N02)2) , all of which are new, are collected in table 5.

Table 5.
Structure no. m.p. )\maxnm(e )
By
as .
2 B
R=t-GH R <H . |18 136° 412 (2.51 x 10%)
R=CH, R =H 17 183° 453 (2.48 x 10%)
R =R, =CH, 18 176° 418 (2. 45 x 10%)
Ar
N=N <
[\ & 19 182° 408 (1.71 x 10%)
H
3
CH, .
@Nz ~ o 4
s Ar 20 190 406 (3.1 x 107)
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Section 3

Side chain attack : azo coupling.

The thiophen derivatives, studied in the previous section, reacted
with the diazonium solution to give azo coupled products in the free ¢ position.
The diazo coupling reactions, when both the 2-and 5-position in the thiophen
nucleus is substituted, are described below.

A solution of . 2, b-dimethylthiophen in glacial acetic acid was added to
the 2,4-dinitrobenzene diazonium solution, and the.reaction mixture was
stirred at 0° for 68 hours. The crude product was chromatographed on silica
with benzéne as the eluent. Two coloured compounds were isolated. The
more soluble yellow compoﬁnd (m.p. 1370), which was eluted first from the
column, was found to be 3—(2',44'-—dinitrobenzene azo)-2, 5-dimethylthiophen
(21). The second red product (m.p. 2330) had the same elemental composition
(analysis and high resolution mass spectrum) as the azo compound, but had
an absorption at 3300 cm—1 in its infra red spectrum. This absorption was
attributed to a N-H stretching vibration and the product was assigned the
structure of 2,4~dinitrophenyl hydrazone of .5-methylthiophen~2-aldehyde.

(22). This identification was confirmed by synthesis of the 2, 4-dinitrophenyl

Scheme 10.
;) Ar
. Ar-N2+ N/
TR W WO 5 e A N
3 H, H,C™ s CH 3 8§~ C=N-N-Ar
3 H H
(21) (22)
Ar= NO,,
NO




29

hydrazone of 5-methylthiophen-2-aldehyde, which proved to be identical
with the above product (22) n.m.r., i.r., uv, m.p. and mixed m.p. A
further fraction eluted by chloroform consisted of red resinous material
difficult to separate and identification was not pursued further. The reaction
of 2, 5-dimethylthiophen with 2,4~dinitrobenzene diazonium ions is thus
totally different from that of 2,4~dimethylthiophen: (section 2) where one of
the«{ positions was free and azo coupling was the only product.

The coupling reaction of 2, 3, 5-trimethylthigphen (synthesised as in
Scheme (11) occurred rapidly with the acidic 2, 4-dinitrobenzene diazonium
solution. The reaction was stopped after 15 minutes and the red product was
filtered, dried and recrystélised (m.p. 2520). The 1H n.m.r. spectrum
(deuteriopyridine at 880) had a signal at § 8.36 (-¢=N-), and i.r. spectrum
with an absorption at 3300 cm"1 ( > NH) indicatedgéhat the product was also
the result of coupling through the methyl group.

Scheme 11,
CH3 CH CH
1 N 5
A o N s [
S H3C S CHO H3C S CH
A iz

CH,
H,C / N-N — N —N=Cc~{ \
3 !I i ] CH
H H S 3
NO,,
(24) ' (23)
1) n-BuLi + HCONMe, 3) NH,NH, +KOH

2) 2,4-(NO,),C H,-NHNH, 4) 2,4-(NO,),C. H N=N
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2,4-Dinitrophenyl hydrazones of 2, 5-dimethyl thiophen-3-aldehyde and 3, 5-
dimethyl thiophen—Z—aldehyde were synthesised. The broduct from the
trimethylthiophen coupljng reaction was found to be different from either of
these (by comparing i.r,, n.m.,r, m.p. and mixed m.p.) and was assigned
the structure of 2, 4-dinitrophenyl hydrazone of 4, 5~-dimethylthiophen-2-
aldehyde (23).

A solution of tetramethylthiophen, (synthesised as in scheme 12),
in glacial acetic acid coupled extremely rapidly with the 2, 4~dinitrobenzene

.diazonium solution. A thick red precipitate was formed almost instantaneously

and the reaction was stopped after 5 minutes, The recrystallised product
(m. p. 247-—80) had an NH absorption in the i.r. spectrum at 3290 cm~1. The
compound was #isoluble in most of the common solvents and 1H n.m.r. was
run indeuteriopyridine at hightemperature (8800). The spectrum had a

signal at § 8.60, attributed to ~HC=N-NH-. Thus the diazonium ion had

again attacked the methyl group and the product was established as the
2,4-dinitrophenyl hydrazone of 3,4, 5-trimethylthiophen-2-aldehyde (25),
by comparison with the 2,4-dinitrophenyl hydrazone of 2,4, 5-trimethyl~
thiophen-3-aldehyde (26) which was synthesised by an unambiguous route
(scheme 12).overleaf.

| The azo coupling of reactive diazonium salts with acidic (electron
deficient) methyl or methylene groups is well known . 2-Nitropropane
may be considered as representative of this class of compounds. The
C-H bond has an acidic character due to the neighbouring nitro group, and

the anion formed by the removal of this proton can be attacked by the
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Scheme 12,

c1-cx 9 CH, 01 fﬁf}{ CHly
ArN
cn3ﬂcH / \ / \ cH, l—\j\ ——N N—Ar

S 3 H3C S CH3 S
(25)
H
CH3 CHO CH;  C=N-N-Ar

___) e H

b / \ e mCH

CH, CH; 3

(26)
o No, 1) (CH,0),+HCl  3) C,H NMeCHO+POCL,
NO2 ) 2) LiAlH 4 ; 4) Ar-NHNH2

electrophile viz the diazonium ion.

The azo coupling of heterocyclic compounds with methyl groups in «
or ¥ position from the heteroatom, such as 9 methylacridine (27) or 2
picoline, has been reported by Kharkharov and coworkers%, the coupling
reaction taking place at the methyl group. A series of diazonium salts were
tested and the reaction products were identified by synthesising the correspond-
ing phenyl hydrazones (28). The same authors also report66 that the methyl

Scheme 13.

i
HC=N-N-Ar

O e ArN‘{ O e

(27) (28)




32

group of 2,4, 6-trinitrotoluene is able to react with diazo compounds because
of the acidifying effect of the nitro groups. However this latter observation
has been doubted67.

The coupling of diazonium salts with methyl groups in electron rich
sites (as in the case of polymethyl thiophens) appeared to be without precedent.
Since then a report, predating our preliminary communication60,. which
describes the coupling of 2, 3-dimethylindole (29) with 2-methoxy-4--
nitrobenzene diazonium ion has appearedes. The goupling reaction occurred
at either pH 3 or 6 to 7 to yield the corresponding phenyl hydrazone (34) in
83% and 48% yields respectively.

The product may ar.ise either by the direct attack of the diazonium
ion on (33) which is in equilibrium with the dimethylindole . or by 2 1,3
rearrangement of an initially formed 3-aryl azoindolenine (30) to the aryl
azo methylindole (32) followed by isomerisation to give the phenylhydrazone
(34), as shown in .scheme 14, (overleaf).

The latter mechanism (14B) was preferred by the authors since it was
consistent with the known reactivity of indole in the 3-position, and because
it accounted for the f(_)rmation of products under both acidic and neutral
conditions. The authors doubt whether proton exchange in the methyl group
(as required by the earlier path (14A) will occur at pH 6 to 7; although this
has not been checked experimentally.

Examination of the 1H n.m.r. spectrum of 2, 5.dimethyl, 2,3,5~
tfimethyl, and 2, 3,4, 5-tetramethyl thiophen in deuteriotrifluoro-acetic acid

shows that the ring protons (in case of 2, 5-dimethyl and the trimethyl thiophen)

o LI,
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Scheme 14,
CH3 H3
\ A iR N=N—Ar
rN
CH3 2 " CH3 '
1}
'//‘ H 09 H o (30
1 |
CHy 14 A 148 N=N-Ar
CH —
\ 9 N CH,
H H

(33) \ GHy / (31)

X C HZ-N=N-A1'

(32)

v
CH3

OMe e
| \ CH=N-N-Ar
Ar= NO, S ok H

\

H
(34)

exchange extremely rapidly. The methyl protons exchange less rapidly but
the exchange was sufficiently fast for this process to be associated with the
coupling at the methyl group. Eaborn and Wrigh!:69 have studied hydrogen
exchange in 2-methyl, 3-methyl, and 2, 3, dimethyl benzo (b)tﬁiophens
quantitatively. The rate of exchange of protons from the methyl group is
about four orders of magnitude slower than the exchange of protons from the
thiophen part of the ring. This is consistent with the éualitative observation
with polymethyl thiophens (see section 4). For the reactions studied here,

the exchange process and the coupling reactions almost certainly involve




34

similar mechanisms (Scheme 15).

Scheme 15,

i
H=NN-Ar

Ar= NO 0
: 2 R,,R, = -H or -CH,

NO2

Triebs and coworkers70 report that 2, 3, 4, 5-tetramethylpyrrole
couples with diazotised aniline—g—sulphonic acid, with the ejection of the
2-methyl group. However, the only evidence given is that the reaction gives
same olive green colour as that obtained from the reaction of 2,3, 4-trimethyl~
pyrrole. In general the requirement for the ready replacibility of a group
(other than hydrogen) during the diazo coupling reaction is that the group
should be electron attracting and be able to be eliminated as a stable entity,
eg. a carboxyl or a sulphonic acid group.

Reaction of 2, 3,4, 5-tetramethylpyrrole was carried out with the

2,4~dinitrobenzene diazonium solution. The diazonium solution was found
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very reactive and the blackish red coloured product was impossible to
separate and identify. A similar reaction with 2, 3-dimethylindole was also
unsuccessful,
2, 3-Dimethylbenzo(b)thiophen: also failed to react with the diazonium

solution. Proton exchange in the methyl group was not observed with the
2, 3~dimethylbenzo(b)thiophen under the conditions when proton exchange
was observed with tetramethyl thiophen

The interesting feature of these reactions is that electrophilic sub~
stitution at a methyl group takes place even when reactive "aromatic" sites
are available (cf. 2, 5-dimethyl and 2, 3, 5-trimethyl thiophen). Acylation
reaction of 2, 3, 5-trimethylthiophen with acetic acid and trifluoroacetic
anhydride however y.ielded 3-acetyl 2,4, 5-trimethylthiophen, i.e. éttack
occurred at the "aromatic” 3-position. Thus the nature of the electrophile
(and possibly solubility of the product formed) also has an important role,
in addition to the acidity of the medium, in these azo coupling reactions to

give the side chain substitution products.
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Section 4

TFurther investigation in side chain attack.

This section deals with some electrophilic substitution reactions carried

out to determine the scope of the side chain attack observed in the diazo

coupling reactions of polymethyl thiophens. Both . tetramethylthiophen

and i’ ¢ 2, 3-dimethylbenzo(b)thiophen have all the positions in the thiophen

ring occupied by methyl groups. Thus the observation, that tetramethyl -

thiophen undergoes the diazo coupling reaction in high yields, whereas the

latter compound does not react under similar conditions, requires exple'mation.
2,3-Dimethylbenzo(b)thiophen : however does undergo side chain attack

in the case of nitration and chlorination.

Bordwell and coworkers71 added it to acelyl nitrate in acetic anhydride-
acetic acid solution at 0°. After a reaction period of 20 minutes, the main
product isolated (33%) was 3-methyl~2-nitromethylbenzo(b)thiophen (36).,.

Small amounts of 3-methylbenzo(b)thiophen~2~aldehyde, and 2, 3-dimethyl~
6-nitrobenzo(b)thiophen were also isolated. Inverse addition gave 18% of

the aldehyde and very small amounts of the nitro compounds.

Scheme 16.

H3 CH3
AcO*NO .
\ CH —E)_—% O‘ CHZ-N02+ Other products
3 0° 20min .

(36)
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The nitration of 2, 5-dimethylthiophen . with nitric acid liberated
from potassium nitrate and sulphuric acid gives 3, 4-dinitro, 2, 5-dimethyl -
thiophen72. Fuming nitric acid reacts further with the above dinitro compound

to give a side chain nitration product (37).

Scheme 17.
NO NO O NO
2 2 HNOg 2 2
H CﬂCH HC / \ fuming / \
3% \g 3 3 s cm, BN "OHNO,
(37)

In one experiment With tetramethylthiophen . using acetyl nitrate,
3,4, 5~trimethylthiophen-2-aldehyde was isolated in small yield. No nitro
derivative was isolated and the reaction was not pursued. However, the
conditions employed for the nitration are much more severe than those for
the diazo coupling reaction.

2, 3-Dimethylbenzo(b) thiophen with a mixture of chlorine in acetic
acid in dark gave mainly 3-methyl-2-chloromethyl benzo (b)thiophen'?s.'. A
stable 1:1 adduct between the benzo(b) thiophen. and chlorine was postulated
as an intermediate in this reaction. The side chain nitration was explained
by Bordwell et. al. as a consequence of the tendency of the dimethyl-
bengo(b) thiophen (35) to exist to some extent in a tautomeric form (35A),
which should be much more nucleophilic than (35). The loss of aromaticity
involved in the formation of (35A) could be offset to some degree by the

relief of strain between the two methyl groups, and the peri hydrogen and the
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H, ' CH,
-
\ CH, o CH,
(35) (354)

3 methyl group. Later Eaborn and coworkerng studied detritiation in tri-
fluoroacetic acid at 70° of 2-tritio, 3-tritio, 2-tritio methyl, 3-tritio methyl,
and 8-methyl-2 tritiomethyl, benzo(®)thiophens, The loss of tritium showed
first order kinetics. The detritiation in the methyl group is about 4000
times slower than that in the thiophen part of the ring. Detritiation of -

3-methyl-2 tritiomethylbenzo(b)thiophen was the slowest among the com-

pounds studied and at much the same rate as in 3H benzene k =0.095 x 10"7 i

After considering theée observations, it was decided to see whether hydrogen
exchange occured in the methyl groups of polymethyl thiophens.

The hydrogen exchange reaction studied in the present work was
deuteriation or deuterio deprotonation . In a typical experiment IH n.m.x.
were run on a 10%solution of the polymethyl thiophen in deuterio trifluoroacetic
acid at 25 A control experiment was done by running Lo i ol S
same compound as 10% solution in trifluoroacetic acid. The 1H n.m.r. of
the control, was the same before and aftef the experiment, and no decom-~
position of the thiophen had occured during the period. The reactions have
been studied qualitatively, As expected, deuteriation in the thiophen ring
was very fast and the signal for the ring protons was reduced considerably
by the time the first reading was taken. However it never disappeared

completely. The relative area under the methyl group signal also decreased
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considerably. However, for all the compounds, after a few hours no further
decrease in areas of methyl group signals was seen. |

In one experiment with tetramethylthiophen, the spectrum of its. 10%
solution in deuteriotrifluoroacetic acid was run in a n.m.r. tube which had a
concentric capillary tube filled with 1, 2~ dichloroethane. The amount of
dichloroethane was constant and was used as the external standard. The
areas under the signals due to of and B methyl groups ( § 2+32, and § 2-18
respeclively) were measured relative to the -CHz—.Signal of 1, 2-dichloroethane
The ratio of the relative areas due to the methyl group signal had attained a
value of 0.50 after 22 hours and it did not decrease further.

Table 6

Time 15 min. {2hr, 30 mins.| 4hr. 30 mins .| 22 hrs. 46 hrs.

Ratio of relative
areas due to the 0.83 0. 63 0.61 0.50 0.50
o« and B methyl groups

'233-D'imethyl benzothiophen did not undergo deuteriation in the methyl
group at room temperature. It appears that the rate of exchange in the methyl
group of tetramethylt_hiophen_ is of the same order of magnitude as the thiophen
ring protons in benzo(b) thiophen (which are about 200 times less reactive
than 2-position in tlliophen74).

The replacement of hydrogen atom by deuteriurﬁ in the methyl groups
of mesitylene, hexamethylbenzene. and 9, 10-dimethylanthracene- has been
observed in deuterio trifluoroacetic acid75. The number of deuterium atoms

that had entered the molecule of the hydrocarbon were measured by low
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voltage mass spectrometry. The reactivity of these hydrocarbons is much
less than that of thiophen and temperature as high as 150° were needed for

the proton exchange to occur. Indeed neither of these two compounds

reacted with 2, 4-dinitrobenzene diazonium sulphate in acetic acid, aq. sulphuric
acid mixture at room temperature,

Acetylation of polymethyl thiophens.

Acylation is one of the extensively studied reaction in the thiophen series.
Compared to benzene derivatives there are some djfferences in the experimental
conditions employed. Aluminium chloride which often induces polymerisation
has been successfullyreplaced by other milder catalysts such as zinc chloride,
phosphoric acid and 'stannié chloride. The use of acid anhydride is generally
preferred to that of acylchlorides, since a weaker acid is generated during
the reaction, thus reducing the decomposition of acid sensitive starting
materials. Another important difference is that less than stoichiometric
quantities of Lewis acid catalysts can be used. This is probably due to the
greater reactivity of thiophen nucleus or due to the lower ability of the
acylated products formed to co~ordinate with the catalysts. Bourne and
coworkers76 found that mixtures of trifluoroacetic anhydride and carboxylic
acids (acetic, benzoic and cinnamic acid) gave good yields of ketones from
polyalkyl benzenes, phenyl ethers, furan and thiophen under mild conditions.

In general the aromatic compound (1 mol) was added to a solution of
the acetic acid (1-1.5 mol) in trifluoroacetic anhydride (1.5 to 2 mols) and
the reaction mixture was gently warmed <(up to 600) for few hours. Acetyl

derivative was then isolated by suitable solvent extraction after the reaction

4
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mixture was neutralised. Acetyl products were obtained exclusively. This
acetylation reaction proceeds via acetyl trifluoroacetate, formed by the action

of acetic acid on trifluoroacetic. anhydride,
it monpmdl 0 0
R.COOH + (CFch)ZO (R.CO). 0. COCI‘3 + CI‘SCOOH.

The unsymmetrical anhydride ionises to a limited extent into acetylium
CH3CO+ and trifluoroacetate CF3COO— ions, the former ions or the
solvated forms being the principal acetylating species. Using the same
reagent, Marino et. al. w1 observed that mixtures of acetylated and tri-.
fluoroacetylated products are obtained, depending on substrate and the reaction
conditions. In general, Ztig;nperature, solvent of high polarity and Lewis acids
favour acetylation over trifluoroacetylation. In 1,2-dichloroethane at 750, :
thiophen gave 100% acetylated product, while 2-methylthiophengave 98. 6%
of the acetylated product78.

The acetylations of various polymethyl thiophens were carried out on
a small scale, and the yields of acetyl derivatives were calculated by con-
verting the reaction products into oximes or semicarbazones. 2,5 And 2,4~
dimethyl thiophen gave 3-acetyl-2, 5-dimethylthiophen (55%) and 2-acetyl-
3, 5-dimethylthiophent (75%) . The acetylation of 2, 3,“5-trimethyll'hiophen
needed more acidic conditiohs and the same reagent was used in presence
of excess of trifluoroacetic acid, 3-Acetyl-2,4, 5-trimethylthiophen was
the only product isolated, while tetramethylthiophen was recovered unreacted
under similar conditions. 1H n.m.r. on these acetylated products did not
have a signal for —CHz— group, corresponding to side ch;elin attack.

The conditions used for these reactions are very similar to those
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where deuteriation is observed and it is significant that no side chain acetyla-
¢

tion occurred. Attack at the ring position in the thiophen is much faster and

once an acetylated derivative is formed, it is conceivable that it deactivates

B
25
Kl

:
3

the thiophen nucleus for further electrophilic attack.
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Section 5

The reaction of 2, 4~dinitrobenzene diazonium ions with furans.

The chemistry of furan has been compared with that of thiophen and
pyrrole in the introduction. TFuran is less "aromatic' than these compounds
and its chemical behaviour can be roughly compared to that of a diene ether
which possesses unusually great resonance stabilisation. It however under-
goes electrophilic substitution very readily, and the reactivity is often com-
parable to that of phenol. Substitution occurs preferentially in the 2-postion
if free. Many of these 'substitutions' take place by 2, 5-addition, followed by
elimination. For example a crystalline intermediate (38) has been isolated’ 2
in the case of nitration of furan using acetic anhydride and nitric acid. Evidence
for similar intermediates resulting from the 2, 5-addition, has been obtained

— by 1H n.m.r. in the bromination
H >O< OAc 80
(0] reaction . Furan behaves as a typical
diene in the Diels Alder reaction giving
(38)
cycloaddition products with dienophiles.

One important difference. from thiophen,is that in the presence of
dilute aqueous mineral acid, simple furans undergo hydrolytic ring opening,
water or alcohol adding with the initially formed cation to give derivatives of
1, 4-dicarbonyl comp;)und. Furan itself gives mainly a polymeric material
and a small amount of succindialdehyde, which is unstable under the reaction
conditions. However, the ring opened compounds can be obtained in

quantitative yields in the case of 2, 5-disubstituted furans.
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Scheme 18.

H.0
. | A [ )
Me Me Meé Me C CH

L —

Although some ring opening was expected, the higher reactivity than
that of thiophen towards electrophiles was one of the reasons to study these
reactions of furans.

In the first reaction in the series, a solution of furan in glacial acetic
acid was added to an equimolar solution of 2,4-dinitrobenzene diazonium
sulphate. After a reaction period of 15 minutes the yellow product formed
was isolated by filtration and then recrystallised (benzeﬁe/ acetone) to yellow
needles m.p. 193°, Mass spectrum (M+ =m/e 280) and microanalyses
suggested ClOIISN406 to be Lhe molecular formula. 1H n.m.r, (DMSO—dB)
had two acidic protons (exchanged with DZO) and i.r. spectrum indicated
the presence of -NH.,~-OH, (3310 cm—]‘) and a carbonyl group (1690 cm_l).
It seemed probable that the azo coupled furan which then ring opens or the

the
product from the reaction of the diazonium salt with'@lready ring opened furan,

rearranges to give this yellow product. Both the structure (39) and (40) could

H OH H OH
N/II
N —N NO
H
N02

O

(40)
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fit the spectral data.

This yellow product was assigned the structure (39) i.e. N-(2,4~
dinitroanilino)-5 hydroxy - 2~oxo-2, 5-dihydropyrrole, on the basis of following
evidence. N-(2,4-dinitrophenylamino } maleimide was prepared by an un-
ambiguous route81 (scheme 19), 1-(2,4~Dinitrophenyl)-2-(3-carboxyacryloyl)
hydrazine (43), prepared by the reaction of maleic anhydride (41) and 2,4~
dinitrophenyi hydrazine (42), was cyclised in glacial acetic acid to give the
substituted aminomaleimide: (44). The above prodeact from the furan reaction,
(which is a secondary alcohol) was oxidised by dilute chromic acid, to a
yellow solid, m.p. 2330, which was found to be identical in all respects with
the N-(2, 4-dinitrophenyl)aminomaleimide(44) prepared above. 1H n.m.r.
had a singlet (§ 7.24) for the olefinic protons and the 130 n.m.r. had one

Scheme 19,

0

NO 0

2 L H
N-— N NO,
+ H_N-N NO. —> |
2 & 5 OH
NO,
o}
o}

(41) (42) (43)
, 11

OH NO,, 0
2
- NO,, =l N-N _ _ NO
ﬁ‘@‘z QH@ :
O 0 NO2

(39) M4f

1) Glacial acetic acid.

2) Dilute chromic acid.
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signal each for the carbonyl carbons (p.p.m. 168+02) and for the olefinic
carbons (p.p.m. 134.24) thus indicating the symmetrical structure of the
maleimide (as opposed to the six membered pyridazinedione which would
have formed by the oxidation of (40) ).
N

Previously reported reactions of furans with benzene diazonium
compounds are mainly arylation reactions carried out either under Gomberg
type reaction conditions to give 2-and 3-aryl furans82 or reactions of 2-sub-
stituted furans carried out under Meerwein conditions to give arylation in the 5-

B9, 43b. Reactive derivatives like 3-acetamidofuran can be coupled

position
. . : ] 84
with the diazonium salts to give azo dyes .

Eastman and Deterl:85 reacted 2, 5~-dimethylfuran (see scheme 20)
with p~-nitrobenzene diazonium chloride in an ice cold aqueous alcoholic
solution in the presence of excess of potassium acetate as buffer. The initial
red coupling product could not be crystallised and was converted by heating
in vacuo or by hydrolysing with dilute acid, to 1-p-nitrophenyl-3-acetyl-5~

methylpyrazole (45).

Scheme 20,
NNH-AT COCH,

ol LA &

SCHO
Ar

(45)

where Ar 7—;@ NO
. 2

+ - ; -
1) Ar-N, ClI',C,H_ OH/ OAc

2) dilute hydrochloric acid
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The coupling reaction of menthofuran (46), where an «{ position in the furan
ring is free, with g—methylbenzene diazonium sulphate under similar con-
ditions has also been described by the same authorssﬁ. The initial unstable
intermediate containing a molecule of methanol, was converted into a 2-

pyrrolone derivative (47) by the action of aqueous acid. ( Scheme 21) ‘

Scheme 21,
1 A\ 2
......) —\]
— | Yo ¥ Cy o5, N,0, = | (\I g Ar
=N-Ar
(46) (47)
+ —
1) ArNZ L, CH30H, OAc

2) aqueous acid. whereAr=®- cH,

Although it remains to be proved, it seems unlikely that the compound
formed after the ring opening of the furan, (viz. 1,4 dihydroxy 1, 3 butadiene
in equilibrium with succindialdehyde) will couple with the diazonium salt.
Furan itself is very reactive towards electrophiles and initial azo coupling
with the reactive 2, 4—dinitrobénzene diazonium ion, fc;llowed by ring opening
and subsequent rearrangement seems the likely path for this reaction {Scheme 22).

The final product (39) being similar to that obtained in the menthofuran

reaction (47).
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Scheme 22.

/ \

1
Recently it was reported .
cycloaddition reaction with 1,3 dienes (Scheme 23), to produce N-substituted

1, 6-dihydropyridazines (48) or pyridazinium salts (49), depending on the nature

+
+ Ar-Ngy

48.

of the substitution in the aromatic ring.

Scheme 23.

Y@ N, X" \\_I'{_// -)YQQR or

(48)

Sk

* N=N

0 T |
lH*'/H,_O

ﬂ*‘N" M— Ay

that aromatic diazonium salts undergo

(49)
e PF{
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;)Vhen electron withdrawing substitutents like para-nitro were present in the
diazonium salt, in situ air oxidation to pyridazinium salt (with quaternary
nitrogen) was inhibited and N-substituted 1, 6~ dihydro pyridazine (48) was
the main product,

Furan undergoes normal cycloaddition reactions with dienophiles.
In the present reaction, with 2,4-dinitrobenzene diazonium salt solution, the
analogous product would have been the N-substituted ~dihydropyridazine with
an oxygen bridge across 2 and 5 carbon atoms, which would gave a six
membered ring compound. However, considering the reaction conditioﬁs
and the product for the furan reaction reported here, cycloaddition seems
unlikely.

The coupling reaction with 2 methylfuran was carried out under
similar conditions. The yellow product isolated from the reaction analysed
correctly for CllH10N406’ had two exchangeable protons in the 1H n.m.,xr.
spectrum and the i.r. spectrum had a carbonyl absorption at 1710 c:m"1 and
NH, OH absorption at 3200-3380 cmnl. By analogy with the product from fufan

reaction this is assigned the structure of N-(2, 4-dinitroanilino) - 56-methyl

5-hydroxy -2-o0xo-2, 5-dihydropyrrole (50).

CH3 "H OH
il NQs H_C NOgy

W NO e N NO
2
H




50,

A yellow product obtained from the reaction of 3-methylfuran with 2’4.‘
dinitrobenzenediazonium solution was assigned the structure (51). That the
methyl group was in 4 position in the 2~oxo-2, 5-dihydropyrrole ring, (and not
in 3 position) was confirmed by running 1H n.m.r. in DMSO-—D6+ D,0 solvent.
The protons a and b gave a singlet each at & 5.52 and § 6.95 respectively.

The reaction of 2, 5-dimethylfuran. gave a resinous red solid which
was extremely difficult to recrystallise (to assured state of purity). The mass
spectrum on the compound had a peak at m/e 290 cerresponding to the azo
coupled product. (No NH absorption). However in another reaction of the
dimethylfuran with the 2,4—_dinitrobenzene diazonium fluoroborate in dioxan,

a red compound with same molecular wt. (M+ =m/e 290) was isolated. (11 %
yield). This had an NH absorption in the I, R. spectrum 3280 cm“1 and thus
appeared to be a product derived from a side chain attack., Large amounts of
intractable resins were obtained in both cases and the reaction was not
pursued.

In these reactions of the furan and the two mono alkyl furans, although
azo coupled products were not isolated, it has been shown that these compounds
are sufficiently reactive for an initial coupling reaction to take place with the
2, 4~dinitrobenzene diazonium ions.

Benzo(b) furans are more stable towards ring opening in the acidic
medium. The benzo(b)furan itself gave mono arylated and diarylated products,

No azo coupled products were isolated. The

coupling reaction of 2-methyl benzo(b)furan however gave a small amount of

azo coupled product in addition to the arylated product.
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Section 6

"Diazotisation in trifluoroacetic acid. N, M. R. spectra of some benzene

diazonium compounds',

Trifluoroacetic acid has been used as a medium for electrophilic
aromatic substitution88 and in particular as a nitrating medium with anhydrous
nitric acidsg. Spitzer and Stewart reported90 almost quantitative conversion
of benzene and toluene into their mono nitro derivatives using a mixture of
sodium nitrate and trifluoroacetic acid. Cryoscopic measurement in tri-
fluoroacetic acid by the same authors indicated that nitronium and nitrosonium
ionscould be conveniently generated in this solvent using sodium nitrate and
sodium nitrite reSpectiveh}. Benzene and toluene, however, failed to give
any nitroso compound even though 50% of the nitrite salt was converted to
nitrosonium ions. Pettit and coworkers91 isolated solid diazonium trifluoro-
acetates having the apparent formula Ar—N; CFSCOO_. CF3COOH, by
diazotising aromatic amines with sodium nitrite in cold aqueous trifluoro-
acetic acid. Analogous double salts were obtained from other per halogeno
carboxylic acids.

In the present work, diazotisation of several primary aromatic
amines has been carried out with sodium nitrite and neat trifluoroacetic
acid. In a typical experiment the aromatic amine (2 mMol) was dissolved
or suspended in trifluoroacetic acid (5 ml) and equivalent amount of sodium
nitrite was added in small portions. The reaction was stirred and maintained
at room temperature. In 5 to 10 minutes a pale yellow coloured diazonium

solution was obtained.
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In addition to aniline, E—methy]aniljne, a series of weakly basic amines
viz. mononitro anilines and 2,4-, 2,6-, 3,5~ dinitroanilines were diazotised
by the above method, and high yields of azo compound were obtained by sub-
sequent coupling of the diazonium solutions. 2,4, 6-Trinitroaniline however
could not be diazotised under similar conditions.

Aromatic amines are usually diazotised by the action of sodium nitrite
on a solution of the amine in agueous mineral acid at temperatures of about
0°. The overall picture of the process can be represented by the following

scheme (24).

Scheme 24 .

4
Ar-NH. SO-X, A NH-NO ——> Ar-N=N-OH 2219 A1 N=N
2 slow Fast Tast

where X= Ci,Br,0H

The rate determining step being the N-nitrosation of the amine. As
the amine becomes less basi(; the equilibrium between the amine and its
ammonium salt increasingly favours the former which is generally less
soluble in water and thus the normal method of diazotisation becomes in-
creasingly difficult. Thus the optimum acidity for each diazotisation is
when the equilibrium concentration corresponds to the saturated solution of
the amine. However, the d.iazotisation of weakly basic polynitro anilinés
has been successfuly carried out by the nitrosyl sulphuric acid method,
Solid sodium nitrite can be dissolved in 90 to 96% sulphuric acid without
evolution of gas to give nitrosyl sulphuric acid. -The amine may be added
directly to this, and the reaction kept stirred at room temperature. On

completion of the reaction, the mixture is diluted with ice. This process is
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often very slow, (e.g. 2,4-dinitroaniline requires 1.5 fo 2 hours for comple-
tion 6f the diazotisation3 8) because the concentration of the free amine is
exceedingly small. This has been remedied by the use of phosphoric acid
to dilute the reactiongza1 or by making use of solution of the amines in acetic

iy 94, thus probably altering the ammonium, amine equilibrium in favour

acid
of the base.

In TFA, apart from the ease of diazotisation, and short reaction periods, one
is dealing with a one solvent system and mineral acids are not present, which
could be an important factor for further reactions with compounds sensitive
to mineral acids. The most important advantage however is that n.m.r.
spectra can be run by taking aliquots from the diazotisation reaction itself.

The signal due to the trifluoroacetic acid proton, appearing at 10 to 10.5 §
does not mask rest of the spectrum. 1H n.m.r. spectrum in the aromatic
region of 2 methyl 5-nitro ax;iline: in trifluoroacetic acid before and after the

diazotisation are shown overleaf. A spectrum of the same compound in

CDCI3 (i. e. unprotonated form) is also shown for comparison.

a3

o
&
o
)

e od EDN e




NI
CH

in CFSCOOH

fm

SR e F i Ry

22N 5

IS A SO

S P TN

SRR

Phie




55,

The spectrum of the diazonium solution does not have any peaks due to the
base dissolved in trifluoroacetic acid i. e. the diazotisation is complete. A
change of §0. 9 is observed in the shift of the 6 proton (ortho to the diazonium
group) in going from the ammonium solution to the diazonium solution. A

down field shift of approximately 1 ppm for the ortho and para protons and

of approximately 0.5 pprma for the meta protons for the amine can be expected
by the change of solvent from deuteriochloroform to trifluorcacetic acid,

H n.m.r. spectral data obtained from several other benzene diazcnium
solutions in trifluoroacetic acid are collected in the experimental sectioﬁ.
Aromatic protons are strongly deshielded as expected due to the presence of
the diazonium group, thus in the extreme case of 3,5 dinitrobenzene diazonium
ion, where the combined effect of two nitro groups and the diazonium group
is responsible for a low field signal at & 9.92 for the 2 and 6 protons. Benzene
itself gives a signal at §7-3in trifluoroacetic acid.

The proton chemical shift has often been ¢orrelated with péran1eters
which reflect the effective electronegativity of the group to which the proton
is attached. In general resonable correlation are reported for the para
substituent. Less satisfactory correlation for meta substituents may be due
to the effect of long range shielding contributionsgs. The chemical shift of
the methyl group in »- substituted toluenes is reported by Jackman%.
Shifts of £ and B protons in -p-substituted ethyl benzenes has been
correlated with the 'Hammett Substituent constant ¢ p97. Except for chlorine
and bromine substituents satisfactory correlation was obtained. In the present work S

. the chemical shift for the methyl group for a ‘series of -p-substituted
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toluenes was measured from their 10% solutions in trifiuoroacetic acid.
Excluding chlorine and bromine substituents a satisfactory correlation with
the Hammett substituent constants & p98 was obtained.

The chemical shift dafa is collected in the following table G
Tt ’ - 98 E
Substituent X in Shift in p.p.m. S p
HyC —@—X of - . CH3
-0O-Me 2. 27 ~0. 268 4
-H 2.32 0. 000
-CO.CHg 2.44 0. 502
-NOg 2.49 0.778

~-Cl 2.26 - 0,227
-Br 2. 26 0.232
+ 1
~-NEN 2.72 1.802
a) value of 6 p calculated from the plot of ¢’'p ¥ Shift in Hz.
f
‘51




20 -
AN -
-0
K
cp |
Cl
@ Br
A 1. l 1 | 1 1 ‘ L 1 1 1
(220,0) -H 240 260 230
| 1 shift in Hz (downfield from TMS)
i OCH3 >
Best fit line (excluding C1 and Br) is
i 6'p=4,578 - 10.63 and correlation
coefficient = 0.995
—‘40 P :

The diazonium group is known to be by far the strongest electron
withdrawing substituent. It facilitates nucleophilic substitution even more
: . 99 : 92b ; ;
than the nitro group . Schoutissen observed that the first diazo component
of -p- benzene-bis diazonium salt couples in concentrated acids equally well
as diazotised picramide thus the activating effect being roughly equivalent to

1

that of the three nitro groups, (2,4, 6~ in picramide). Lewis and Johnson At

obtained the values of 1.91, 2.18, and 1.32 respectively for the Hammett
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substituent constant ¢  p of the diazonium group by measuring the ionisation
constants of substituted benzoic acid, phenylacetic acid, and from the rates

of coupling, the average value being 1.8 : 0.5. Determination of substituent
constant ( 6 p) from chemical shift correlations has been done in very few
cases where conventional methods are difficult, e.g. 130 chemical shift of the

para carbon in organophosphorus . compounds like C_H PZn was used to

65

derive ¢ p for -P Zn groupslm. The ¢ p value for the diazonium group of
1. 80 obtained in the present work however agrees well with the average
value derived by Lewis and Johnson,

130 n.m,r, spectra of para-nitro and para-fluoro benzene diazonium
ions in trifluoroacetic acid were studied on their IM solutions. As tempera-
tures of up to 35° were reached in the spectrometer probe, 1M solution
(solute to solvent ratio ~~ 1 to 10) was found suitable, giving a spectrum in
about an hour. Carbon - Fiuor’ine coupling, which decreases with increasing

number of bonds separating the carbon atom from the fluorine, was helpful

in assigning the spectrum unambiguously.

Table 7. Agsignment and
R Peak ht.| ppm. | Coupling const. shife in ppm.
% 10 179.94 | 276.4 d, 173.03
L 16 166.12 Ior
a | 64 138.45 12,4 | b 138.12
b 62 137.83 | lccer
T 60 123, 08 25,4 ¢ 122.45
F 58 121,81 | Jcer
(53) 17 110. 21 3.0 - a 110,13
17 110.05 | ‘cccer




Table 8.
Peak height ppm. assignment
,IH 18 156.47
B 110 136.23
L 120 128,84 c
- o 21 121,77 a
NO
(52) o

Allowing for the effects of para substituents, it can be seen that carbon
of attachmentis strongly shielded by the diazonium group while the rest of
aromatic carbons are increasingly deshielded in the order meta, ortho and
para.

The only previous :eport on n.m.r. spectra of benzene diazonium
compounds is the recent work by Radeglia and Jackowskiloz, who studied
the 1H and 130 n.m.r. spectrum of substituted para- dialkylaminobenzene
diazonium fluoroborate. The delocalisation of the electron pair from the
dialkyl amino nitrogen as depicted in (542) and (54b) gives extra stability to

this diazonium salt, which also explains the high field shift for the C-1.

R + + -
\N:®: N:":
R "
X [BF,]
(54b)
R = Me or Et

X = H, -2-OMe, or -3-OMe

( § = 88 ppm) observed by these workers.
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General Experimental Procedures.

Melting points were determined in open capillaries and are un-
corrected.

Infrared spectra were measured with a Perkin Elmer 257 spectro-
meter. Oils were recorded as liquid films while solids were recorded as
nujol mulls,

Ultraviolet and visible spectra were obtained on a Unicam SP 800
instrument. Whenever possible analytical samples were used, All spectra
were recorded as solutions in methanol.

1H n.m.r. spectra were run on a Varian HA 100 spectrometer
operating at 100 MHz., They were recorded as 10% (W/V) solutions with
tetramethylsilane as the internal reference, For high temperature n.m.r.
hexamethyl disilane was used as the internal reference.

13
C n.m.r. spectra were run on a Varian CFT 20 spectrometer

operating at 20 MHz, They were proton decoupled.! Tetramethyl-

silane was used as the internal reference and chemical shifts are recorded in
parts per million downfield from the reference.

Mass spectra were recorded on AEI MS 902 instrument operating
at 70 e.v.

Column chromatography was carried outl either on activated alumina
type H 100/200 mesh or on silica gel grade M 60,

Thin layer chromatography was done on silica (MN Kieselgel G)

coated plates or alumina (MN Aluminium oxide G) coated glass plates, the
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thickness of the adsorbent layer being 0.25 mm. Preparative plates.had a

61,

thickness of 1 mm.

dd:

t:

br:

TFA:

DMSO:

Abbreviations

ginglet

doublet

double doublet

triplet

multiplet

broad

with decomposition (after melting point)
trifluoroacetic acid

Dimethyl sulphoxide
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Section 1

1) Diazotisation of 2, 4—dinitrozmiline38

Sodium nitrite (0.7g, 0.01M) was gradually added with stirring to
concentrated sulphuric acid (11 ml) and the mixture was heated to 60° to
complete dissolution. When the temperature haci fallen to 350, 2,4-
dinitroaniline (1.83g, 0.01M) was added taking approximately twepty minutes.
The resulting solution was stirred at room temperature for one and a half
hours and then poured on to 20g of crushed ice. TI}is solution, containing
0.01M of diazonium salt was filtered into a cooled measuring cylinder and
the calculated portion used for each coupling ;eaction.

2) Coupling reaction of diazotised 2, 4-dinitroaniline with anisole.

The 2, 4-dinitrobenzene diazonium solution (0.01M) was added to anisole

(1.08g, 0.01M) in glacial acetic acid (40 ml) and the resulting solution main-
tained at 00 for 68 hours, with continued stirring. The reaction was then
poured into crushed ice water mixture and extracted in chloroform. The
combined extracts were washed several times with water, aqueous sodium
hydrogen carbonate and water before being dried (NaZSO 4 anhyd.). Evapora-
tion of the solvent gave a red oil which was chromatographed on alumina to
give p~(2, 4-dinitrobenzene azo)}methoxybenzene. Recrystallised from
acetone/petrol (60:80) mixture to give orange needles m. p. 177-8° aitlz

+
177%). m/e 302 M Total yield of the azo dye was (L.1g, 36%).

3) Coupling reaction with thiophen.

A freshly prepared 2, 4-dinitrobenzene diazonium sulphate solution

(0.01M) was added to a solution of thiophen (0. 84g, 0.01M) in glacial acetic
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acid (40 ml). The reaction became red coloured and a steady evolution of
nitrogen gas was commenced. The reaction was maintained at 0° for 70

hours with continued stirring. After the reaction period, the tarry mixture
was diluted by pouring into crushed ice water mixture and extracted in chloro-
form. The chloroform extract was washedeith water, aqueous sodium
hydrogen carbonate solution, and again with water. After drying (Nast 4
anhyd.) the extract, solvent was evaporated and the red oil obtained was
chromatographed on an alumina column. The first yellow fraction eluted by
benzene gave a light sensitive yellow coloured solid on evaporation of the
solvent. This was purified on a small alumina column, protected from light,
and then recrystallised from benzene/petrol to give yellow needles, m.p. 600,
of 2-—(2' ,4'-dinitrophenyl)-thiophen. Found C,47.7; H,2.7; N, 11, 6%; ClOHG
N,0,8 requires C,48.0; H,2.4; N, 11. 2%. M =m/e 250.Y max 1595; 1525(br)
1345(br) (NO,), 915, 845,750,730 st N max = 835 nm (€ =1.8% 104)

1H nm.r. § (CDCls) 717 (éH, m), 7.54 (14, dd, J =4 and 1 Hz), 7.76

(1H, d, J = 9 Hz), 8.38 (1H, dd, J = 9 and 2 Hz) 8.55 (1H, d, J = 2Hz). The
yield of mono-arylated compound was (0.48g, 19%). Benzene eluted a

second y;allow fraction which on evaporation gave a yellow solid, recrystallised
from benzene to give 2, 5-bis(2',4"-dinitrobiphenyl) thiophen, m.p. 172°,

(6. 045g. 2.5%). Found C,46.4; H,1.9; N,13.3%; 016H8N4OSS requires

C,46.2; H,1.9; 13.5%. M =m/e 416, A\ max = 352 nm (1.3 x 10%).

4) Reaction of 2,4-dinifrobenzene diazonium solution with benzene.

The diazonium solution (0.01M) was added to a solution of benzene

(0.78g, .01M) in glacial acetic acid (40 ml) and the reaction was stirred for

3.
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70 hours at 00. There was no evolution of nitrogen gas and no significant
amount of arylated or other products were isolated after the usual work up
procedure. Most of the diazonium salt was unreacted as found by its sub-
sequent coupling reaction.

5) Reaction with 2-Methylthiophen.

The diazonium salt solution (0.01M) was added to a solution of 2-
methylthiophen (0. 98g, 0.01M) in glacial acetic acid (40 ml), and the reaction
was stirred for 24 hours at room temperature. At the end of the reaction
period there was some tarry red ppt. formed. The reaction was poured into
ice water and extracted in chloroform. The chloroform extract was then
washed successively with water, sodium hydrogen carbonate solution (10%),
and water, before being dried (Nazso 4 anhyd.). Evaporation of the solvent
gave a black oil, which solidified on standing. This waé chromatographed
on an alumina column (2.5 cm X 63 ecm). The major product eluted by benzene
was 2—methy1~5~(2',4'—dinit1.‘ophenyl)thiophen(0.68g, 24.6%) m.p. 73.5-74°,
Found C, 49. 90; H, 3. 05; N; 10.20%; ClleN204S requires C, 50.00; H, 3. 03;
N, 10.61%. Mass spectrum m/e 264 P', LR. Y max 1595; 1525 and 1350
(-NO,); 915, 820, 814 drn o LRI max 850 nm (€8, 94 x 10°) 235 nm
(e=1.46x 104). 1H n.m.r. § (CDCI3) 2.7 (3H,s ), 6.75 (1H, m), 7.02
ilH, d, J=3.5Hz), 7.69 (1H, d, J = 8.5 Hz), 8.33 (1H, dd, J = 8.5 Hz,

2.4 Hz), 8.5 (1H, d, J = 2.4 Hz). After spin decoupling the signal at 2.7 & ,
the multiblet at 6.75 & was reduced to a doublet (J = 3.5 Hz). A further

red fraction eluted by chloroform was found to contain several components,

with close Rf values on a TLC.' The second fraction from the preparative TLC

o o AT e
LT

Bhe B oSGt Wb S 28 s ] i e e




65.

i 0 ‘
contained diarylated 2-methylthiophen (m/e 430 P ). This was insufficient

to purify further. However, there were no products corresponding to the azo
coupled products.

: out
The experiment was repeated, carryinthhe reaction for 68 hours at

0°c. 2-methy1—5—(2', 4' dinitrophenyl)thiophen was again the major product
while the trace products appeared similar to those described above.

6) Reaction with 3-methylthiophen.

A solution of 3-methylthiophen (0.58g, 0.006 M) in glacial acetic acid
(24 ml) was added to the diazonium solution (0.01 M) and the reaction stirred
for 72 hours at 0°C. The reaction mixture was then filtered and thé precipitate
taken up in chloroform. The extract was washed with water, 10% sodium
hydrogen carbonate and water and then it was dried over.anhydrous sodium
sulphate. The black oil (1.85g) obtained after evaporation of the solvent. was
chromatographed on a silica column (3 cm x 60 cm). The first fraction eluted
by benzene contained two coxﬁpounds. It was boiled in petrol, and evaporation
of the solvent from the filtrate gave a light sensitive yellow solid, which was
then recrystallised from petrol. This is 3-methyl-2 (2',4T—dinitropheny1)
thiophen, m.p. 92-3°. Found, C,50.32; H, 2.92; N, 10. 31%; C, HgN,0,8
Irequires C,50.00; H,3.03; N,10.61%, (0.53g, 33%). Mass spectrum
M =m/e 264. LR.Y max 1615; 1510 and 1320 o (-NO,). U.V. A max
335 nm (¢ 4.8 x 103) 233 nm (¢ 1.8 x 104). 1H n.m.r. § (CDCL,) 2.8 (3H,8),
6.94 (1H, d, J =5 Hz) 7.38 (1H, d, J=5 Hz), 7.70 (1H, d, J =9 Hz), 8.45
(1H, dd, J =9 and 2.2 Hz) 8.73 (1H, d_, d =2.2 Hz), The compoﬁnd insoluble

in petrol was obtained in too small amounts to characterise fully. Mass
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+
spectrum M = m/e 388, and high resolution mass spectrum, Found m/e =

N O S requires m/e = 388.02990 , suggested that this

388.03051 ; 016}112 4%4

compound contains two 3-methyl thiophenyl-groups, and one 2, 4-dinitrophenyl
azo group. A tentative structure (10) is proposed for this compound. A
further fractions eluted by chloroform contained a small amount of diarylated
compound, M = m/e 430.

7) Reaction of 2,4~dinitrobenzene diazonium solution with excess thiophen.

A solution of thiophen (8.4g 0.1M) in glacial acetic acid (50 ml) was
added to the diazonium solution (0.01 M), Further 50 ml of glacial acetic acid
was added to make the reaction homogeneous. A steady evolution of gas
commenced from the resulting red solution which was stirred for 40 hours
at 0°. The red oil, obtained after the work up as in pre{rious reactions, was
chromatographed on a silica column. Benzene eluted a greenish yellow solid
which was purified on an alurpina column (protected from light) to give the
mono arylated compound 2-(2',4'-—dinitr0phenyl)—thiophen m.p. 600, B0 o
n.m.r. etc. identical with the mono arylated compound obtained previously.

The total yield was (1.2g 48%). Only a trace of the 2, 5-bis-arylated
compound was obtained.

8) Coupling reaction of thiophen in presence of excess benzene.

Thiophen (0. 84g 0.01 M) and benzene (7. 02g, 0.09 M) were dissolved
in glacial acetic acid and the solution was added to the freshly prepared
diazonium solution. The reaction was stirred at 0° for 40 hours before being

diluted with ice/water and extracted in chloroform. The red oil obtained after
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evaporation of the solvent from the dried (Nazso 4 anhyd. ) extract was
chromatographed on an alumina column to give a yellow solid (0. 62g) m.p.
52°. Y max 3100,1600,1530(br), 1350, 920, 850, 835, 780, 760, 740,720, 700
cm—.1 and 1H n.m.r. § (CDCls) 7.1-7.3(m), 7.35-7,6(m), 7.68(d, 8. 5'Hz),

7.79 (d, 9 Hz), 8.36 to 8.60(m), 8.69 (d, J = 2 Hz). Mass spectrum m/e =

poae Tagdv DAED LS. i Gw

250, 244 etc. That this yellow solid is a mixture of 2-(2', 4'—dinitropheny1)—
thiophen and 2, 4 -dinitrobiphenyl was confirmed by comparing the spectral
and other data obtained on a sample of 2,4-dinitrobiphenyl (prepared as in

3

Ref. 103) m.p. 110° At 2 m.p. 110%), Y max, 3100, 1600;1520(br), 1350

(br) (-NO,); 930,920, 900, 855, 835,780, 760, 740, 705, TR b

§ (CDCLy) 7.3 to 7.6 (SH, m), 7.67 (L, d, J = 9 Hz), 8.45 (IH, dd, J = 9
and 2 Hz), 8.69 (LH, d, J =2 Hz). Mass spectrum M =m/e 244. The

2,4~dinitrobiphenyl and the 2~ (2', 4'—dinitrophenyl)-'-thiophen had extremely

similar Rf values and it was impossible to separate them.

q ) Coupling reaction of thiophen with 2, 4-dinitrobenzene diazonium solution

in trifluoroacetic acid..

2, 4-Dinitroaniline (0,005 M) was diazotised in trifluoroacetic acid-
as given in section 6. A solution of thiophen (0.42g, 0.005 M) in trifluoro-
acetic acid (5 ml) was added to the diazonium solution. After a transient ‘ 4
red colouration, the reaction mixture became intensly blue coloured and a ’

vigorous evolution of gas began. After stirring for 18 hours at room temperature,

the reaction was diluted with ice cold water and extracted in chloroform.

kY
9

The crude product obtained after the evaporation of the solvent from the
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dried extract was chromatographed on a silica column. The mono arylated
product 2-(2' ; 4'—dinitrophenyl)-thiophen, obtained in a higher yield, (0.49g,
39%) was again the main product isolated.

An attempt {o run 1H n.m.r. at cold temperature (—150) on the
reaction mixture, before the evolution of gas has started, was unsuccessful.
1H n.m.r. on the reaction after several hours at room temperature showed
mainly the mono arylated compound.

10 ) Reaction with 2—-(2',4‘—dinitropheny1)thiophen.=

A solution of 2-(2',4'-dinitrophenyl)thiophen (0.22g) in glacial acetic
acid was added wa freshly prepared solution of 2, 4-dinitrobenzene diazonium
sulphate (0.001 M). The reaction was stirred at room temperature for 24

r S
hours, before pouring into cold water. After extraction in chloroform and the
usual work up procedure, the crude product was chromatographed. The

starting material viz 2-(2',4t—dinitropheny1)thiophen (0.170g, 77%) was the

only product recovered.
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Section 2

1) Reaction with 2-t-butylthiophen.
A solution of '2—t—bultylthiophenlo4 (0.280g, 0.002 M) in glacial acetic

acid (16 ml) was added to the diazonium solution (0.0033 M) and the reaction

was stirred at 0° for 62 hours. The tarry red reaction mixture was then

extracted in chloroform and the extract was washed successively with water,

sodium hydrogen carbonate, and water, before being dried (Nazso 4 anhyd. ).

The black oil obtained after evaporation of the solvent was chromatographed ;

on a silica column. The first fraction eluted by benzene was a small amount

of unreacted 2-t-butylthiophen. A purple oil obtained from the next fraction

eluted by benzene yielded a deep red coloured solid on addition of petrol.

This had m.p. 220°C, A max 526 nm (€=2.094 x 10°),m/e 472 M". From

high resolution mass spectrum, found 472.12448, C N 4O 482 requires

22H24

Ry 330l ey e e N B T

472,15468 a tentative structure was assigned (13). The yield was too small
for doing further characterisation. The next fract:ion eluted by benzene
yielded a red solid on addition of petrol. This was recrystallised from petrol,
to give 2-t-butyl-5 (2',4'—dinitrobenzene azo)-thiophen, (0.14g, 20%), m.p.
136°. Found C,50.74; H,4.15; N, 16.49%; C,,H, N,0,8 requires C, 50.30;
H,4.19; N,16.77%. LR.Y max 1600; 1525,1345 (NO,);1185; 1065 em™.

A max 412 nm (€ = 2.505 x 104), 330 nm (€ =7.5% 103)', 27T nm ( € =6.2
X 103) S (CGDG) 1.19 (9H,s ), 6.60 (1H, d, J =4 Hz), 7.19 (1H, d, J = 9 Hz)

7.55 (1H, d, J =4 Hz) 7.65 (1H, dd, J = 9Hz and 2Hz), 8.07 (1H, d, J = 2 Hz)

+ .
M =m/e 334. High resolution mass spectrum, Found 334, 07351; Cl4H14
N404S requires 334. 07357,
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1
2) Preparation of 2-phenylthiophen 05.

A mixture of chloranil (40g, 0.16 M), 2-(l-cyclohexenyl)- thiopﬁen
(14g, 0.085 M) and benzene (50 ml) was heated under reflux for 15 hours.
The reaction mixture was then fil'tered and the filtrate extracted with several
pértions of 12% sodium hydroxide solution till the extracts were colourless.
The benzene solution was washed with water (2 x 50 ml), before being dried
(Nazso 4 aphydrous). Solvent was removed at low pressure and the residual
oil (red) distilled to give 2-phenylthiophen. B.p. 84°C/0.5 mm. (9. 5g,
70%). The product solidified on standing and was recrystallised from agqueocus

105

methanol. m.p. 370 lit. 37-37.5° .

2-(1-Cyclohexenyl)-thiophen.

An ethereal sol. of 2-lithiothiophen was preparedlo6 by adding thiophen
(16.8g, 0.2 M) to a solution of n-butyllithium in ether. This was made by
adding n-butyl bromide (54, 8g, 0.4 M) to lithium (8.0g, 1.15 M) in dry ether
(400 ml), and stirring the mixture for 15 minutes. A solution of freshly
distilled cyclohexanone (19.6g, 0.2 M) in dry ether (30 ml) was then added
rapidly to the stirred 2-lithiothiophen solution, kept cool in dry-ice acetone
bath. After standing .overnight at room temperature, the reaction mixture
was again cooled and hydrolysed with cold dilute hydrochloric acid. The
organic layer was washed with water and dried (NaZSO 4anhyd.). After
evaporation of the unreacted thiophen, the residue was distilled to give
(18g, 55%) of 2-(1-cyclohexenyl)-thiophen, b. p. 88°/0.5 mm. lit. 108

117-20%/5 mm .
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3) Reaction with 2-phenylthiophen.

A solution of 2-phenylthiophen (0.320g, 0.002 M) in glacial acetic acid

(20 ml) was added fo the 2,4-dinitrobenzene diazonium solution (0. 002 M).

The reaction mixture became red coloured on addition and was stirred for

40 hours at 0°C. At the end of the reaction period, the dark brown ppt. was

filtered off, washed several times with water and dried (P 205). This was

chromatographed on a silica column using a mixture of benzene and carbon

e
?.
28

tetrachloride as an eluant.The first colourless fraction gave a small amount
(0. 020 mg) of unreacted 2-phenylthiophen. Next eluted was an orange coloured
fraction which gave a brown solid after removal of the solvent. This was
further purified on a small silica column, to give deep purple coloured solid,
which was recrystallised from methanol to give 5-—pheny1- —2—(2',4'-—dinitro—
benzene azo)-thiophen (17). The yield was 14% 0.095g, m.p. 1830, found

C,54.45; H,2.71; N,15.67%; C 4048 requires C, 54.24; H, 2, 83;

b
N,15.82%. Mass spectrum M' m/e 354, A max =453 nm (€ = 2.48 x 10°%).

4) Reaction with 2,4-Dimethylthiophen.

2,z.ic-Dime‘thylthiophenml7 (0.672g, 0.006 M) was dissolved in glacial
acetic acid (24 ml) and the solution was added to the 2, 4-dinitrobenzene
diazonium solution (0.01 M) and the reaction kept stirred at room temperature.
An orange red precipitate was obtained immediately. In ﬁ‘ve minutes the
reaction mixture became thick and difficult to stir. The reaction was stopped
and the product was filtered off, and was washed with water several times till

the filtrate was found to be non acidic. After drying (P205), 1. 54g of orange




red solid was obtained. A small portion (0.110g) was chromatographed on a
silica column (2 cm x 40 cm) in benzene. The first orange red fraction gave
a red solid which after recrystallisation (methanol) gave 0. 08g of 3,5

dimel;hyl-Z—(2’,4' dinitrobenzene, azo)-thiophen, m.p. 176°. Found C,46. 88;
H,3.22; N,17.94%; C N4O S requires C,47.67; H, 3.27; N, 18.30%.

12H10 4

Mass spectrum M+ =m/e 306. Found m/e = 306, 04303 requires 306, 04227.
I.R. Y max 1610, 1590; 1520,1340 cm"1 (—NOZ). No -NH absorption. U.V,
A\ max 418 nm (€ =2.5 x 104). Total yield of the azo compound was 72%.

5) Preparation of 2—methy1benzo(b)thiophenlog.

A solution of methyl [_J-toluene sulphonate (13g, 0.07 M) in anhydrous
ether (35 ml) was added with stirring and cooling to an etheral solution of
2-1ithi o benzo(b)thiophen. The mixture was stirred for an hour and then
heated under reflux for 3 hour before being poured into a mixture of crushed
ice and water (150 ml). The ether layer was separated and the aq. layer was
extracted with ether (3 x 25 ml) combined extracts were dried (MgSO 4) and
the solvent removed at low pressure. The residue was recrystallised from

108 51_520

petrol to give 2-methylbenzo(b)thiophen, 1.520g, m.p. 510 1it.,
+
M =m/e 148.

2~Lithiobenzo (b)thiophen.

An ether solution of n-butyllithium was prepared by gradual addition,
with stirring, of a solution of n-butyl bromide (29. 6g 0.22 M) in dry ether
(40 ml) to lithium film cut into small pieces (3.61g 0.52 M) and suspended in

dry ether (70 ml). The reaction vessel was kept cool by'ice-hydrochloric

L 209
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acid bath. Stirring was continued for 1 hour. To the filtered solution of
n~butyl lithium was then added a solution of benzo(b)thiophen (13.4g 0.1 M)

in dry ether, and the reaction was stirred for a further 45 minutes while

cooling it in an ice-hydrochloric acid bath. The solution of 2-lithiobenzo(b)

thiophen thus obtained was used in the above reaction.

6) Preparation of 3—Methy1benzo(b)thiophenlog. *

Phenylthiopropanone (10g 0.06 mole), polyphosphoric acid (80 g) and
phosphorous pentoxide (4g) were stirred and heated at 120-5°C for 5.5 }.murs.
When the reaction mixture had cooled to 85°C it was slowly added with stirring
to 200 ml of water and the resulting solution was cooled in an ice bath, After
standing overnight, the organic layer was separated and the aqueous layer
was extracted in ether, after adding 2 x 10 ml portions of salt water. The
combined extracts were dried with anhydrous sodium sulphate. After removal
of the solvent, and distillation of the residue, 6g, 68% of 3—methy1bemo®)
thiophen was obtained as a pale yellow liquid b.p. 116-80/ 18 mm. lit%og.p.

80—10/1 mm .

Phenylthiopropanone.

Thiophenol (11g, 0.1 M) was added to a solution of sodium hydroxide
(5g) in 150 ml. water, kept stirred at room temperature. Freshly distilled

chloroacetone (11,63g, 0.125 M) was then added and the mixture stirred for

further 45 minutes and then extracted with 3 x 75 ml portions of ether, After
drying the combined extracts over MgSO 4(a,nhyd.), the solvent was removed
and the residue distilled to give phenylthiopropanone - (11. 5g, 70%) b. p. 1440/

109 o
18 mm. lit. b.p. 94-96. /0.5 mm.

S T
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7) Reaction with 2-Methylbenzo(b)thiophen.

To a solution of 2~-methylbenzo(b)thiophen (0.296g, 0.002 M) in
glacial acetic acid (8 ml) was added the 2, 4-dinitrobenzene diazonium
solution (0.0033 M) and the reaction was stirred for 68 hours at 0°. At the
end of the reaction, the red product was filtered off and taken up in chloro-
form. The extract was washed successively with water, sodium bicarbonate
and water. Evaporation of the solvent from the dried extract gav.e a red
solid. This was purified by chromatography on a silica column in benzene,
and then recrystallised from benzene/ petrol mi:zture to give (0.425g, 62%)
red needles of 2-methyl —3—(2', 4'-dinitrobenzene azo)-benzo(b)thiophen (19)
m.p. 182°. Found : C,52.56; H,2.84; N, 16.‘70%; 015H10N404S requires
C,52.63; H,2.92; N,16.37%. m/e 342 P+. I.R. Y max 1600, 1520, 1340
(-NOZ)-1180, 1060, 750 cm-1 (no-NH-absorption) )\ max 408 nm (€ 1.71x
104) 288 nm (1.47 x 104) 222 nm (2.414 x 104). The compound was insoluble

in most of the solvents available and n.m.r. spectrum was not obtained.

8) Reaction with 3-Methylbenzo(b)thiophen.

A solution of 3~-methylbenzo(b) thiophen (0. 296g; 0.002 M) in glacial
acetic acid (8 ml) was added to the 2, 4-dinitrobenzene diazonium solution
(0.0033 M) and the reaction was stirred at 0°C for 68 hours. At the end of
the reaction, the red product formed was filtered and taken up in chloro-
form. The extract was washed with water, sodium hydrogen carbonate and

5

water and then dried (Nazso 4anhyd.). The red solid obtained by evaporation

of the solvent was purified on a short silica column (1.5 cm x 25 cm).

Benzene eluted an orange yellow fraction. The solid obtained by evaporation

s
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of benzene was crystallised from benzene/petrol to give orange needles of
3-methy1—2-(2!4'—dini.trobenzene azoy-benzo(b)thiophen (20) (0.170g, 25%)
m.p. 190°C. M =m/e 342. Found C,52.3; H,2.9; N, 16. 1%; O, N,

0,8 requires, C,52.6; H,2.9; N,16.4%. LR. ¥ max 1520, 1340 em™ (-NO,)

uw.v. A\ max 406 nm. (€ =3.1x 104) 277 nm (€ =1.0x 104).
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Section 3.

1) Reaction with 2, 5-dimethylthiophen.

A solution of 2, 5-dimethylthiophen (0.672g, 0.006 M) in glacial
acetic acid (24 ml) was added to the diazonium solution (0.01 M) and the
reaction mixture was stirred at 0° for 68 hours. At the end of the reaction
period, the red precipitate was filtered off, washed several times with water
(till the filtrate was non-acidic) and dried (P205). The red solid was
chromatographed on a silica column (3 cm x 90 cm). First eluted by benzene
was a yellow fraction, which on evaporation of benzene gave a yellow solid.
This was recrystallised from benzene petrol mixture to give 2, 5-dimethyl ~
3—(2',4'-—dinitrobenzene azo)thiophen (0.250g, 13.5%. m.p. 137. Found,
C,47.10; H,3.46; N, 17.87%; C N4O S requires C,;l7. 67; H,3.27;

12H10 4

N, 18.30%. High resolution mass spectrum gave m/e M = 306. 04157 ;
012H10N404S requires, 306.04227. Mass spectrum M+ =m/e 306. I R.
¥ max 160051530 and 1350 (NO,) cm-g' 1190, 920, 850, 840, 750 GH Y, WV
\imex 378 nm (€ =1.601 x 10%). 218 am (€ =2.26x 10, Hu.m.=.

S (CDCL,) 2.4 (3H, s,), 2.78 (3H, §), 6.98 (1H, M), 7.8 (1H, d, J=8.5
Hz), 8.43 (1H, dd, J =8.5 and 2 Hz) 8,65 (1H, d, J = 2 Hz). A further
orange yellow fraction eluted by benzene, gave a red solid on evaporation of
the solvent. This was recrystallised from chloroform/ pétrol mixture to
give red needles (0.250 g, 13.5%) of 5-methylthiophen-2-carboxylaldehyde-
2'4- dinitrophenyl hydrazone (22) m.p. 233°C. Found C,46.70; H, 3.32;
N,18.31%; C, H. N O S requires C,47.67; H, 3.27; N,18.30%. High

12710 4 4

resolution mass spectrum on M+ =m/e 306, gave 306.042357; 012H10N404S

3
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requires 306.042272. I R. Y max 3295 (-NH) 1618, 1598, 1500, 1335, 1145,
=1 4 3
830,805 cm . U.V. A max 395nm (€ = 2.72 x 10°) 309 nm ( 6.35 x 10°),

223 nm (1.54 x 104) mixed mp,with authentic compound 233°,

A red glassy solid (0. 675g) was obtained from the remaining fractions

eluted by chloroform and chloroform methanol mixture. T.L.C. (silica,
chloroform) showed it to contain various components. Mass spectrum gave
no indication of high mol.wt. polymeric material and investigation was not
pursued on this residual fraction.

2) Preparation of 2, 3, 5-trimethy1thiophen110.

3, 5-Dimethy1thiophep-z—aldehyde (17.5g, 0.125 M), hydrazine
hydrate (25 ml) and ethylene glycol (100 ml) were placed in a 500 ml round
bottom flask and heated at 130°-160°C for 45 minutes, ';vhen excess of
hydrazine hydrate and water distilled over. The reaction was cooled below
60°C and potassium hydroxifie pellets (25g, 0.45 M) were added. Mixture
was heated under reflux and the hydrazone decomposed at 12 5°C with a
vigorous evolution of nitrogen. After the evolution of nitrogen has subsided,
the reaction was heated under reflux for further 15 minutes before being
extracted in ether. The combined ether extracts were washed twice with
yvater and hydrochloric acid (6N) and dried over CaClz. The solvent was
removed at low pressure, and the residual oil distilled to give 2,3,5~
trimethylthiophen (11g, 70%). b.p. 68°/20 mm (lit.”0162°/760 mm).

3) Reaction with 2, 3, 5-trimethylthiophen.

A solution of 2, 3, 5-trimethylthiophen (0.630g, 0.005 M) in glacial
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acetic acid (40 ml) was added to the diazonium solution (0.0083 M) and the
reaction was stirred at room temperature. A red precipitate was obtained
immediately. After 15 minutes of stirring, the reaction mixture was poured
on crushed ice/water and the red ppt. was filtered off. After washing

several times with water (till the filtrate was non acidic) it was dried in

Sl s el Bt T B Ty e B0

vacuo (P 205) and recrystallised from glacial acetic acid as red needles

(1.49 g 93% yield). This is 4,5 -'-dimethylthiophen—Z-carboxylaldehyde—(2',
+ &

4'—dinitrophenyl)hydrazone (23) m.p. 252° M = m/e 320. High resolution “

mass spectrum, Found 320. 05886 requires 320.05792. Found C, 48. 67;

H,3.99; N,17.36%; C O4S requires C,48.75; H,3.75; N, 17.50% .

137120y
LR. Y max 3300 (NH) ; 1615,1600 ( C=N-) ; 1500,1335, (-NO,) 1140,

-1
845,750 ecm . A max 396 nm (€ 3.2 x 104). 1H n.m.r. in C5D5N at

90°c, § 1.88 (3H,s ), 2.14 (3H,s ), 6.96 (1H,s?), 7.84 (1H, d, J = 9.5 Hz),

etz

8.14 (1H, dd,) 8.36 (1H,s ), 8.87 (1H, d, J = 2 Hz). 1

Mixed melting point of the above compound (23) with the 2, 4~
dinitrophenyl hydrazone derivatives obtained from 2, 5-dimethylthiophen~3~
aldehyde and from 3, 5-dimethylthiophen-2-aldehyde showed depression of
20° and 30° respectively.

3

111
4) DPreparation of tetramethylthiophen .

A) 2,5-Dimethyl 3, 4-bischloromethylthiophen.

S~ Trioxane (72g) was dissolved in concentrated hydrochloric acid 4
(75 ml, 1. 18g/cc) which had previously been saturated with hydrochloric acid

gas (9.5g, over a period of three hours), at'room temperature. 2, 5~Dimethyl
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thiophen (30g) was then added dropwise to the above solution. The pale green
coloured reaction was stirred throughout the addition (30 min) and a further
period of 45 minutes, while being kept cold in ice water bath, The reaction
was then diluted with three volumes of water and extracted with ether and
pet. ether. The combined extracts were washed successively with dilute
hydrochloric acid, water, sodium bisulphite (5%), water, and dilute sodium
hydroxide. The solid obtained by evaporation of the solvent from the dried
(NaZSO 4) extract, was recrystallised from hexane to give colourless ngedles
(35. 5g, 75%) of 2, 5-dimethyl 3,4 +bischloromethylthiophen. m.p. 67°C

1, 67° . ‘

B) Reduction of 2, 5-Dimethyl 3, 4bischloromethylthiophen...

. Tetrahydrofuran, was dried by keeping over sodium wire (one
pellet/350 ml of solvent) overnight, and the distilled solvent was heated
under reflux over lithium aluminium hydride (30 min) and then redistilled.
(Both the distillations were stopped when only 10% of the solvent remained in the
distillation flask). A suspension of lithium aluminium hydride (6. 5g) in dry
tetrahydrofuran (30 ml) was heated under reflux, and a solution of 3,4-bis-
(chloromethyl)-2, 5~dimethylthiophen (13g) in dry tetrahydrofuran (25 ml)
was added dropwise so as to maintain the reflux. After the addition was
complete the reaction was heated under reflux for further 1 hour, before
being cooled to 1000. A mixture of tetrahydrofuran and water (60 : 40) was
then added slowly, keeping the temperature below 20°C, and the reaction

mixture was then transferred to a big beaker containing‘ cone. sulphuric acid,
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ice, and water. The organic layer was then washed with water, dried, and

distilled to give tetramethylthiophen- as a colourless liquid, b.p. 77-790/
It .

15 mm (5g, 58%). Lit. 74-79°/15 mm .

5) Coupling reaction of tetramethylthiophen.

A solution of tetramethylthiophen (0.560g, 0.004 M) in glacial
acetic acid (16 ml) was added to the diazonium solution, and the reaction
was stirred at room temperature. A red precipitate was formed immediately
after the addition, and the reaction was stopped after ten minutes, the
mixture poured on fto crushed ice and the precipitate was filtere(‘i off. This
was washed several times with water, (till the filtrate was non acidic) and

then dried (P20 Recrystallisation from aqueous dimethyl formamide

5)' )

gave red needles (1.25g, 93%) of 3,4, 5~trimethylthiophen-2-aldehyde~

(2,4~-dinitrophenyl)-hydrazone (25). m.p. 247-8°. Mass spectrum

M+ =m/e 334. TFound, C,49.94, H,4.37, N,16.53%; C, H. N O, S requires
: 14714 474

C,50.30; H,4.19; N,16,77%. ¥ max 3290 G (NH). A\ max 406 nm

(€ =3.5% 104). é (C.D.N, 90°C) 1.76 (3H,s ), 1.99 (3H,8 ), 2.14 (3H,s ),

7.85 (1H, d, J = 10 Hz), 8.14 (1H, dd, J = 10 and 2 Hz), 8.60 (1H,s ),

8.88 (1H, d, J =2 Hz).

Mixed melting point with the dinitrophenyl hydrazone of 2,4, 5trimethyl

thiophen-3-aldehyde (26), was 213°C.

6) Preparation of 2, 3-Dimethylbenzo(b) thiophen71

3-phenylthio —2-butanone.

Thiophenol (7.3g) was dissolved in a solution of NaOH (2, 66g) in

water (20 ml). 3-Bromobutan -2-one (10g, 0.066 M) was then added dropwise

1 FSe o f
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with stirring to the above solution over a period of 20 minutes with the
temperature maintained at 25°, After stirring for 45 minutes at room
temperature, the reaction was extracted in ether (3 x 40 ml) and the combined
extracts were washed with water, and dried (NaZSO 4). After removal of
solvent, the residue was fractionally distilled (b.p. 1360/ 15 mm)zgive (11g)
3-phenylthio-2-butanone.

Cyclisation of 3-phenylthio-2~butanone.

A mixture of 3-phenylthio-2-butanone (10g) polyphosphoric acid,

(83. 0g) and phosphorous pentoxide (4.2g) was heated at 120° for four hours.
After the reaction has cooled to 900, it was poured into ice water mixture

(200g). After standing for few hours, the organic layer was separated and ‘
the rest extracted with ether (3 x 50 ml) and the combined organic phase
washed with water and dried (NaZSO 4). After removal of the solvent the
residue was distilled to give (5. 5g, 61%) 2, 3,-dimethylbenzo (b)thiophen. #
b.p. 83.5-84.5°/0.4 mm. 1it, 96-98%/1. 5 mm .

7) Coupling reaction of 2, 3-dimethylbenzo(b)thiophen.

A solution of 2, 3—dimethy1benzo(b)thiophen‘(0. 65g, 0.004 M) in
glacial acetic acid (25 ml) was added to a freshly prepared 2,4-dinitrobenzene
diazonium sulphate solution (0.004 M). The reaction was stirred at room
temperature for 24 hours. The reaction was then diluted with cold water
and extracted in chloroform. Evaporation of the solvent from the washed

and dried extfact, gave a red coloured oil which was found to be unreacted

2, 3-dimethylbenzo (b)thiophen.. No products correSponding to the side chain

attack were isolated.
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8) Preparation of alkyl substituted thiophen aldehydes.

1
4-Methylthiophen-2-aldehyde 10.

A solution of n-butyl lithium was prepared by gradual addition of 1
bromobutane (8.16g, 0.06 M) in dry ether (15 ml) to a suspension of lithium
(small strips 0.840g, 0.12 M) in dry ether (20 ml). The reaction was stirred
for 1 hour while maintaining temperature at ~10°C. When reaction had
attained room temperature, the butyl lithium solution was filtered and
3 -methylthiophen (2. 9g,0-03 M) was added. After stirring at room temperature
for further 2 hours, the solution was added slowly to an ice cold solution of
dimethyl formamide (4 ml) in dry ether (10 ml)., The yellow suspension was
stirred overnight and then poured onto ice. The organic layer was washed
with water, dilute hydrochloric acid, aqueous sodium hydrogen carbonate,
and again with water. The solvent was removed from the dried (MgSO 4)
extract to give 4-methylthiophen-2-aldehyde.

3, 5-.Dimethylthiophen-2-aldehyde.

This was prepared from 2, 4-«dimethylthiophen by the procedure
given above. The following quantitites were used. Lithium (5. Sg,’o. 84 M) in
dry ether (150 ml), 1l-bromobutane (45.7g, 0.33 M) and 2,4-dimethyl
thiophen (28g, 0.25 M). After reacting the lithio derivative with dimethyl

formamide (30 ml) and the work up the pale yellow coloured aldehyde was

10

obtained. b.p. 125—60/20 mm lit, . 1010/8 mm . Total yield 21.7g, 62%.

2, 5-Dimethylthiophen-3-aldehyde} 12,

2, 5-Dimethylthiophen (28g, 0.25 M), N-methyl formanilide (40. 55g,

0.3 M) and phosphorous oxichloride (46g, 0.3 M) were placed in a round

542
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bottom flask fitted with a reflux condenser, and the solution warmed on a

steam bath until a vigorous evolution of hydrogen chloride gas commenced.

Heating was removed until the reaction had subsided, and then it was heated

for further 20 min on a steam bath. The solution was cooled and neutralised

carefully with ag. sodium acetate. The mixture was steam distilled till no
further oil came over. The distillate was extracted with ether; the ether
extract washed with hydrochloric acid (6N), aq. sodium bicarbonate, and
water. Ether was removed from the dried (Na.ZS® 4_a,nhyd.) extract and the
residue fractionated to give the aldehyde b. p. 70—30/1 mm and unreacted
2, 5-dimethylthiophen.

2, 3, 5~ trimethylthiophen-4-aldehyde,

The experimental p;ocedure was essentially the same as above.
The following quantities of reagents were used. 2, 3,5,-Trimethylthiophen
(12.6g, 0.1 M), Phosphorus oxychloride (15.5g 0.2 M) and N-methyl
formanilide (13.5g 0.1 M). The product obtained after steam distillation
was fractionated to give 5g. of 2, 3, 5-trimethylthiophen-4-aldehyde b.p.
82°/1 mm litl.&b.p. 87°/3 mm .

9) 2,4-Dintrophenyl hydrazones of methyl and polymethyl thiophen

carboxylaldehydes.

2,4-Dinitrophenylhydrazine reagent..

2, 4-Dinitrophenylhydrazine. (2g) was dissolved in methanol (30 ml)

and water (10 ml). Concentrated sulphuric acid (4 ml) was added cautiously

and the solution was filtered to give the reagent.
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General method for preparing 2~4~Dinitrophenyl hydrazones.

The substituted thiophen carboxaldehydes were added dropwise
to an excess of 2,4-dinitrophenylhydrazine-, 2, 4-Dinitrophenyl
hydrazone which precipitated immediately, (orange to deep red colour) was

\
fi}.tgred, washed with water, aq. methanol, and dried (P 205). All the
derivatives were high melting (above 2200) and extremely insoluble in
common solvents for the purpose of obtaining 1H n.m.r, spectra. Deuterio

pyridine at 88-90° was used as a solvent for the spectra recorded below.

2,4~Dinitrophenylhydrazone of 5-methylthiophen-2-aldehyde (22). -

Recrystallised from chloroform to give deep red coloured needles
m.p. 233—40, Found C,46,40, H,3.24, N, 18.62%; 012H10N404S requires
C,47.67; H,3.27, N, 18.30%. Mass spectrum M = m/e 306, I.R.) max,

-1 4 3
3290 ecm  ( >;NH). U.V. N max 394 (€ =2.77x107) 309 (€ =6.44 x10)
223 nm (€ = 1.48x 104).

2, 4-Dinitrophenylhydrazone of 4 -methylthiophen-2-aldehyde.

Recrystallised from dimethyl formamide as red needles. m.p.

0
235-6 . Found, C,46.93; H,3.34; N, 18.13%; C O4S requires,

12810N4
C,47.67; H, 3.27; N,18.30%. Mass spectrum M = m/e 306 1 R. ¥ max
3290 cm™ ! (3NH). ‘H n.rﬁ.r. & (DN, 90% 2.02(3H,5), 6.98-7.04
(2H,m ), 7.83 (1H, d, J = 10 Hz), 8.11 (IH, dd, J = 10 and 2 Hz), 8.43
(1H,s), 8.86 (1H, d, J =2 Hz) A\ max 393 nm (€ =2.47 x 104).

2, 4-Dinitrophenylhydrazone of 2, 5-dimethylthiophen-3-aldehyde,

Red needles (glacial acetic acid) m.p. 248-9°, Found, C,48.31;

S O s
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H,3. 64; N,17.32%; C O 8 requires C,48.75; H,3.75; N, 17. 50%

13H12N4 4

i |

Mass spectrum M = m/e 320 . R. ¥ max 3290 cm ~ (NH). A max 388 nm
4 1 o

(€ =1.9x10). Hnm.r. & (C,D.N, 88) 2.21 (3H, s ), 2.30 (3Hs8 ),

7-7.08 (LH, m) 7.90 (1H, d, J = 10 Hz), 8.18 (1H, dd), 8.36 (1H,5), 8.90

(1H, d, J = 2 Hz) 3.6-4.0 (1H, br).

2, 4-Dinitrophenylhydrazone of 2, 4, 5-trimethylthiophen-3-aldehyde. (26).

2
3
H
|
5
¥
4
£
H

Recrystallised from formdimethylamide as bright red needles,

m.p. 2360. Found C, 50.15; H,4.25; N, 16. 82% CMH14N4O4S require.ss :
C,50.30; H,4.19; N,16,77%. Mass spectrum M = m/e 334 I.R. Y max
3290 om ™\ (3NH) U.V. X\ max 390 nm (€ =2.15% 104). LB,

S (C DN, 88°) 2.08 (3H,s ), 2.13 (3H,s ), 2.38 (3H,s ), 3.6-4.0 (LH, br),
7.75 (1H, d), 8.15 (1H, dd), 8.41 (1H,s ), 8.90 (1H, d, J = 2 Hz).

2, 4-Dinitrophenylhydrazone of 3, 5-dimethylthiophen-2-aldehyde. (24).

Red needles (glacial acetic acid) m.p. 253—40. Found, C,48.32;

H,3.77; N,17.48%; C H N O 8 requires C,48.75; H,3.75; N, 17.50%.

12N4 4
N o1
Mass spectrum M = m/e 320. I R.Y max 3280 cm~ (NH) M max 402 nm

@.7 x 10%).

T o
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Section 4

1) Proton exchange reactions of polymethyl thiophens.

General procedure.

1H n.m.r. spectra were run on the 10% solution of the polymethyl
thiophen in deuteriotrifluoroacetic acid with tetramethyl silane as the internal
standard. Similar spectra were run on a 10% solution in trifluoroacetic acid
before and after the experiment. No decomposition of the thiophens was
observed during the period in which the proton exchange reaction was studied.

Values of the relative area under various methyl group signals are

collected in the following tables 10, 11 and 12.

Table 10, 2, 5-Dimethylthiophen,
Time Relative area of
the methyl peak.
10 min. 1
50 min. 0.64
2.5 hrs, 0. 64
5, 25 hrs. 0. 61
24 hrs. 0.61
Table 1. 2, 4-Dimethylithiophen.
Time Relative area
Peak 1 Peak 2
10 min., 0. 82 1 Peak 1 & 2,62 in TFA
2.25 hrs. 0.48 1 Peak 2 § 2.34 in TFA
6. 25 hrs. 0.36 1

aMmedrdatia
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Table 12,
2,3, b-trimethylthiophen.
Plixs Relative area
Peak 1 Peak 2 Peak 3
10min, 0.94 1 1 1 & 2.32

2 hrs. 0. 86 1 1 2 § 2.20
18 hrs. 0. 62 0.98 1 3 & 2.02
23.5 hrs. 0.56 0.95 |
42 hrs. 0.48 0.77 1
2) Acetylation Experiments. .

Acetylation of thiophen76.

Thiophen (0.5 ml) was added to a solution of trifluoroacetic anhydride
(1 ml) in acetic acid (0.5 ml). The mixture was warmed in a water bath for
one hour while maintaining the temperature at 40-50°, The reaction was then
carefully neutralised with NaHCO3 solution and then extracted in chloroform., The
solvent was evaporated from the dried (NaZSO A anhyd.) extract to give 2

acetylthiophen (0.6g, 51%) & (CDCL,) 2.53 (3H,s ), 7.66 (2H, m), 7.1 (1H,m).

76

Semicarbazone m.p. 191-2° (Lit. 1920).

Acetylation of 2, 5-dimethylthiophen.

2, 5-Dimethylthiophen (0,560g, 0.005 M) was added to a solution of
trifluoroacetic anhydride (2. 1g, 0.01 M) in acetic acid (0.48g, 0.008 M).
The resulting red coloured reaction mixture was maintained at 50° for one

hour before being neutralised by aq. NaHCO, solution. This was extracted

in chloroform and the solvent evaporated from the dried (Na280 4' anhyd.)

extract to give 3-acetyl-2, 5-dimethylthiophen § (CDCL,) 2.38 (3H,85), 2.41

R

(3H,8), 2.63 (3H,5), 6.96 (1H, s’). The product was quantitatively converted

R (I O AN g )
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into its oxime derivative by reacting with (1.4g) hydroxylamine hydrochloride
and a solution of sodium acetate (1.4g) in water (12 ml). The oxime melted

1
at 82° (lit. 113 830). The yield of acetyl compound was 55%.

Acetylation of 2,3, 5-trimethylthiophen.

2, 3, 5-Trimethylthiophen (0.378g, 0.003 M) was added to a mixture
of acetic acid (0. 3g), trifluoroacetic anhydride (1.5g) and trifluoroacetic
acid (4 ml). The reaction became red coloured and was maintained at 40°¢
for 1 hour. After neutralisation with aq. Nchos, the solution was extracted

in chloroform. The solvent was evaporated from the dried (NaZSO anhyd.)

4

extract to give a pale yellow coloured liquid. This is 3 acetyl, 2,4, 5 trim-

ethylthiophen , § (CDC13) 2,16 (3H,s), 2.25 (3H,s), 2.44 (3H,s, 2.55 (3H,%),
The acetyl compound was converted into thé semicarbazone

i 1570). The yield of acetyl compound calculated

derivative m. p. 157° (1it.
from semicarbazone was 45%.

Acetylation of 2, 4-dimethylthiophen.

2,4-Dimethylthiophen (0.56g, 0,005 M) was added to a mixture of
trifluoroacetic anhydride (2.1g, 0.01 M), acetic acid (0. 5g) and trifluoro-
acetic acid (6 ml). The reaction was maintained at 50° for 2 hours. After
ngutralisation with NalHCO3 solution, the resulting solution was extracted in
ether. The solvent was evaporated from the dried extract Eo give a brown
oil. This was 3, 5-dimethyl~2-acetylthiophen. & (CDCls) 2.45 (3H,s),
2.48 (6H, by S), 6.64 (1H,8).

57'0

11
The oxime derivative melted at 69-70° (lit. 0°). The yield of
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the acetyl compound was 75%.

Attempted acetylation of tetramethylthiophen.

Tetramethylthiophen (0.42g, 0.003 M) was added to a mixture of

trifluoroacetic anhydride (L. 5g), acetic acid (0. 3g) and trifluoroacetic acid

(6 ml). The reaction was maintained at 50° for one hour. After neutralisation

with aqueous sodium hydrogen carbonate, the solution was extracted in

chloroform. After evaporation of the solvent from the dried extract, a brown

1 ;
oil (0. 38g) was obtained. H n.m.r. in (CDCI3) showed it to be unreacted
tetramethyl thiophen. 1.R. spectrum did not have any absorption for a
carbonyl group.

3) Nitration of tetramethylthiophen,

A solution of tetramethylthiophen (0.420g, 0.003 M) in acetic anhydride

(2 ml) was cooled to 5°C and was added to a cold (-50) nitrating mixture of

5 M nitric acid (0.6 ml) and acetic anhydride (2 ml). The reaction was stirred

for 10 minutes and then poured into ice water mixture. This was extracted

in chloroform and the extract was washed with aqueous sodium bicarbonate

solution till alkaline. After evaporation of the solvent from the dried extract,

the crude product was chromatographed on a silica column. A colourless
fraction eluted by benzene gave on evaﬁération a white solid which was

recrystallised from ethanol water mixture to give white needles m. p. 460
(0.08g, 17%). Found C, 62,04; H,6.82%; C_H

8 10
+
H, 6.49%. Mass spectrum had M =m/e 154, and 1H n.m.r. § (CDCl

OS requires C, 62.34; and

3
2.05 (s, 3H), 2.45 (6H, m ), 9.94 (s, 1H). This is'3,4, 5-trimethyl

1
thiophen-2-~aldehyde. lit. 1 46° . No nitro compounds were isolated from
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further fractions.

4) Attempted coupling reactions of hexamethylbenzene and 9, 10-dimethyl-

anthracene,

9, 10-Dimethylanthracene was prepared by bis chloromethylation of
anthracene117 followed by reduction with lithium aluminium hydride. A
solution of 2,10-dimethylanthracene in glacial acetic acid was added to the
2, 4~dinitrobenzene diazonium solution émd the reaction was stirred for 40 hours
at room temperature. After diluting the reaction mixture with cold water,
the yellow precipitate was filtered off and dried. This was found to be un-
reacted 9, 10-dimethylanthracene. From a similar experiment with
hexamethylbenzene, again the starting material was recovered unreacted.

1. R. spectrum showed absence of any NH absorption, thus side chain attack

was not observed in these coupling reaction.
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Section b

1) Reaction of furan with 2, 4~dinitrobenzene diazonium ion:-

A solution of furan (1.36g, 0.02 M) in glacial acetic acid (25 ml)
was added to the 2,4 dinitrobenzene diazonium sulphate solution (0.02 M).
The reaction mixture was stirred at room temperature for 15 minutes and
the yellow ppt. formed was filtered, washed with water, once with aq. methanol
and ether. The dried product was recrystallised from benzene/acetone
m.p. 193-4°C Found C,42. 8; H, 2. 9; N, 19. 87%; C, N, O requires C,42.9;
H,2.9; N, 20.0%. Mass spectrum M = m/e 280, A max, 332nm (€ =1,54 x
104) L. R. 3316,1690,1620,1590,1515,1495, 1340, 1310, 1110, 925, 915, 870, 830,
800,740,700 cm_l.. 1H n.m.r. § (DMSO-DS) 5.6(1H,d, 8Hz) 6.34(1H,d, 6Hz)
6.88(1H,d, 8Hz) 7.28(1H,dd, 6Hz, 1. 5Hz) 7.4(1H,d, 9Hz), 8.34(1H,dd, 9Hz,2Hz)
8.88(1H,d, 2 Hz) 10.16(1H,s). § (DMSO-D6+D2,O) 5.6(1H,s), 6.3(1H,d, 6 Hz)
7.26(1H,dd, 6Hz, 1. 5Hz), 7.38(1H,d, 9Hz), 8.32(1H, dd, 9Hz, 2Hz), 8.88(1H,
d,2Hz)., The yield of N~(2,4-dinitroanilino)-5-hydroxy - 2-oxo~-2, 5-dihydro-
pyrrole (39), was (4.03g, 72%).

Oxidation of the product from the furan reaction.

A chromic acid solution was made by dissolving sodium dichromate
(0.600g) in concentrated 1{2804 (3 ml) and then adding dil. HZSO4 (5 M, 2 ml)
to it. The solution was cooled (0 to SOC) and added dropwise with stirring to
an ice cold solution of compound (39), (0.560g, 0,002 M) in acetone A. R.
(25 ml). The addition fook place over two to three minutes and the green

solution was stirred for further 5 minutes before being poured into water
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(200 ml). The yellow ppt. formed was filtered, washed with water, a smalil
amount of ice cold methanol (ppt. soluble) and ether. The dried product was
purified by reprecipitation from a benzene solution (100 ml) by adding petrol
(40:60) to give (0. 340g, 61%) N—(2,4-dinitropheny1amino)maleimide (44).,
m.p. 233°C (d) mixed m.p. with authentic sample 232-4°C (@) . M =m/e
278 P, Found C,43.5; H,2.1; N, 19. 9% C,oHgN, O Teauires C,43.2;
H,2.2; N,20.2%. IL.R, and lH and 13C n.m.r, spectra were identical with

those of the N-(2,4-dinitrophenylamino ):maleimide,(44) made by an

unambiguous route (as given in 2 and 3 below).

2) 1-(2,4,-Dinitrophenyl)-2-(3-carboxyacryloyl) hydrazine118 (43).

2, 4—Dmitropheny1ﬁydrazine (20g) was added at room temperature to
a solution of maleic anhydride (9. 8g) in glacial acetic acid (200 ml). The
reaction was stirred for 6 hours and then filtered to give a yellow solid (28g).
This was dried over P 205 and NaOH. to give 1-(2, 4~ dinitrophenyl)-2-(3~
carboxyacryloyl) hydrazine m.p. 190-2°(d).

3) N-(2, 4-dinitrophenyla.minoLmaleimidell8, 81

1-(2,4-Dinitrophenyl)-2—(3-carboxyacry10y1) hydrazine (43), (1.5g)
was heated under refll_xx in glacial acetic acid (50 ml) for 5 hours. A yellow
pro.duct was obtained when the reaction was poured in water. The filtered
solid was purified by dissolving in hot benzene and reprecipitating by petrol

(40:60) to give N-(2, 4- dinitrophenylamino) maleimide (44) m.p. 231-2°(d)

lit. m.p. 232°C (), M' =m/e 278, § (DMSO-D ) 7.24(2H, s), 7.4(LH, d, 9 Hz),

8.4(1H,dd, J=9 and 2Hz), 8.92(1H,d,J=2Hz). I.R. 3380,1740,1620,1595,

1520, 1500, 1340, 1320, 1060, 1050, 825, 740, 715 em™ . Found, C,43,4;

e

P




H,2.15; N, 20, 0%; C

1

N O, requires C,43.2; H, 2. 2; N, 20. 2%.

10HG 4°6
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4) 3C n.m.r. spectra of N-(2, 4-dinitroanilino)5-hydroxy -2~o0x0-2,5-

dihydropyrrole (39), N-(2,4~dinitrophenyl amino)maleimide

(44), and 2,4~

dinitrophenylhydrazine (42) were obtained on their 1 M solution in DMSO +

DMSO—D6 (20%). The values are collected in the following table.

Table 13.
(39) (44) (42)

No. P, H, P.P, M, P.H, P.P. M. P.H. P.P. M.
1 14 168. 50 45 168. 01 22 149. 25
2 19 149,31 24 147,45 14 134. 37
3 24 148. 96 14 138.21 61. 129, 39
4 11 137.19 76 134. 16 12 127, 57
5 30 129. 86 12 130. 89 57 123. 29
6 24 125. 63 31 130. 27 54 115,48
7 22 122. 80 25 122,91
8 24 116, 34 26 115. 50
9 21 84. 58

P.H. =Peak height P.P, M. parts per million downfield

5) Reaction of 2-Methylfuran with 2, 4-Dinitrobenzene diazonium ion in glacial

from Tetramethyl silane.

acetic, aq. sulphuric acid:-

A solution of 2-methylfuran (0.82g, 0.01 M) in glacial acetic acid

(30 ml) was added to the diazonium solution (0. 01 M), and the reaction stirred

at room temperature. A yellow ppt. was formed immediately and the reaction

was

was stopped after 5 minutes, the solutionleoured into cold water (200 ml) and

ha R S A e i b ity
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the ppt. was filtered off. It was washed with water (3 times) and dried
(PzO5) in vacuum to give a yellow powder. After recrystallisation in aq.
DMF and drying (P 205), a yellow powder was obtained. This is N-(2,4-
dinitroanilino)-5-methyl ~ 5-hydroxy -2-oxo-2, 5~dihydropyrrole (50). m.p.
205°C (d). (L.9g, 64%). M =m/e 294. Found C,44.7; H,3.5; N,18. 9%;

C N O, requires C,44.9; H,3.4; N,19,0%. ILR. Y max 3200-3380

11710 4%

(br, NH) 1710 ( 3C = 0), 1620,1595,1500(m), 1350 (-NO,), 1315,1270,1230,
1155, 1140, 1120, 820, 740 om T, U.V. N max 326 nm (€ 1.431x 104) 260 nm
(7.62 x 103) N.M.R. (DMSO-D) & 1.52(3H,s}, 6.7(1H,d, 6 Hz), 7.3-7.5
(2H, m), 8.3(1H,dd, 9Hz,2Hz), 8.9(1H,d,2Hz), 9.9(1H,br) (DMSO-D +
D,0) 1.54(3H,S), 6.8(1H,d,6Hz), 7.3-7.5(2H, m\, 8.84(1lH, dd, 9 Hz, 2 Hz),

8. 92(1H, d, 2 Hz).

6) Preparation of 3-methylfuran.

3-Methylbut-3-enal diethyl acetallm.

A mixture of ethyl orthoformate (90 ml) and magnesium (35g) was-
stirred and heated at 600, 2-Methyl allyl chloride (2 ml, freshly distilled)
was added followed by a little methyl chloride. As the initial yellow colour
faded, cooling was required to keep the temperature of the reaction below 70°,
The remaining 2-methyl allyl chloride was added at a rate which maintained
a temperature of 60° without external cooling. After standing overnight, the
flask was cooled and saturated ammonium chloride solution (40 ml) was added
until the reaction mixture set solid. The solid was collected on a filter and

washed well with ether., The filtrate was then evaporated and the residue was

PR Y
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stirred with water (100 ml) for 9 hours. The lower layer was then saturated
with salt and extracted with ether. Distillation of united upper layers gave
3~methylbut-3-enal diethyl acetal, 45g, boiling at 580--600/18-19 mm.

119,
3,4-Epoxy-3 methylbutanal diethyl acetal .

1
A solution of monoperphthalic acid was prepared as follows 20. A

solution of sodium carbonate (0.6 mole) in water (250 ml) was cooled to 00,
and treated with H202 (0. 6 mole, 30%) keeping the temperature at <5 00",
0.5 M of recrystallised phthalic anhydride was added to this and the reaction
mixture was stirred for 30 minutes. The reaction was shaken with 350 ml of
ether and carefully acidified with concentrated sulphuric acid. (30 mi in 150 ml
water). The per acid was éxtracted in ether and the extracts were washed with
40% ammonium sulphate solution and then dried over MgSO 4

A solution of 3-methylbut-3-enal diethyl acetal (13.2g) in ether
(20 ml) was treated with the etheral solution of monoperphthalic acid (0.085M).
The reaction was allowed to warm but kept below 30° by occasional cooling.
After standing overnight, the phthalic acid was removed by filtration and
extraction of the filtrate with aq. NaH003 solution. The dried (MgSO 4)
filtrate was fractiona{:ed to give 3,4-epoxy-3-methylbutanal diethyl acetal

(10.9g) b.p. 82-6°/18 mm.

121
3-Methylfuran

3, 4~Epoxy-3-methylbutanal . diethyl acetal (10g) and sulphuric acid
(0.1 N, 1000 ml) were heated under a fractionating column for 3 hours. The

methylfaran. and ethanol being removed intermittently by distillation. The
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distillate was washed with calcium chloride (20 ml, half saturated) and twice
with ammonium chloride solution. It was then dried over sodium and re-
distilled to give 1. 2g of 3-methylfuran. b.p. 650.

7) Reaction of 3 ~-Methylfuran. with 2, 4-Dinitrobenzene diazonium ion in glacial

acetic acid, ag. sulphuric acid:~

A solution of 3-methylfuran (0.125g, 1.5 mM) in glacial acetic acid
(10 m]) was added to the diazonium solution (1.5 mM) kept stirred at room
temperature, Further 10 ml glacial acetic acid was added and the red
coloured reaction stirred for 16 hours (test for the presence of diazonium ions
negative) before being poured in ice cold water (100 ml). The red ppt. formed
was filtered, washed with water and dried in vacuum (P 205). The red powder
was purified by boiling in benzene and reprecipitating by petrol (40:60) to give
a chrome yellow powder (0.140g, 32%). This is N-(2, 4-dinitroanilino)~5
hydroxy.4-methyl - 2~oxo-2, 5-dihydropyrrole (51). m.p. 193-4°C, Found :

C,44.6; H,3.2; N,18.9%; C requires C,44.9; H,3.4; N, 19. 0%.

11%10M4%
M =m/e294. LR. Y max 3220-3300 br(NH), 1685, 1615, 158531500, 1340;
1085, 975, 870, 830, 740 em™ T, U.V. A max:- 330 nm (€ =1,465x 104),
255 nm (€ 1,020 x 104) N. M.R. in DMSO-D, & 1.87(3H,8), 5.46(1H,d,J =
8Hz), 6.6-7.0(2H,M) 7.4(1H,d,J=9,5Hz), 8.3(1H,dd,J=10Hz, 2Hz), 8.87

(1H,d,J=2Hz) 10.2(1H, br). § (DMSO-D +D,0) 1.9(3H,s), 5.52(1H. 8),

6
6. 95(1H,s), 7.4(1H,d,J=9.5Hz), 8.3(1H,dd,J=9.5Hz, 2Hz), 8.9(1H,d, 2 Hz).

8) Preparation of BenZO(b)fu]t'anl22

A) .o~-Formylphenoxyacetic. acid :~ A solution of sodium hydroxide

(80.0g, 2 M) pellets in distilled water (200 ml) was added to a mixture of

Coic, e

PRy o nnr

LT TIPS L

SR LI % e




97.

salicylaldehyde (100 ml) chloroacetic acid (94.5g, 1 M) and water (800 ml).
The mixture was stirred slowly and heated to boiling when it turned red
brown, and then under reflux for further three hours. After acidifying with
conc. HCI (190 ml, sp.gr. 1.19) unchanged salicylaldehyde (40g) was re-
moved. The residual acidic mixture was cooled to 200, and the precipitated

. and
solid filtered, washed with water, /\dried to give (80g) of o-formylphenoxy

a;:etic acid.

B) Benzo(b)furan :- A mixture of dry o-formylphenoxyacetic acid '
(80g, 0.45 M), sodium acetate (160g, anhydrous) acetic anhydride (400 ml)
and glacial acetic acid (400 ml) was heated under gentle reflux with stirring
for 8 hours. The hot solution was then poured into a mixture of crushed ice
and water (2.2 1) and extracted with ether (500 ml). The ether extract was
washed with water (500 ml) and then several times with 5% sodium hydroxide
solution until the ag. layer was basic. After washing again with water, sat.
sodium chloride, and drying (NaZSO 4) the solvent was removed and residue
distilled to give benzo(b)furan b.p. 6200/20 mm. Lit.'21266. 50—1680 (735 mm)

(32.8g, 62%).

9) Coupling reaction of benzo(b)furan.

A solution of benzo(b)furan (1.18g, 0.01 M) in giacial acetic acid
(40 ml) was added to the freshly prepared solution of 2,4-dinitrobenzene
diazonium sulphate (0.01 M). The reaction was stirred at room temperature
for 24 hours, and the orange red precipitate was filtered off, washed with

water and dried (P205). This was chromatographed on an alumina column.
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The first fraction eluted by benzene gave a yellow solid an evaporation of the
solvent, and this was recrystallised from benzene/petrol to give fine yellow
needles of 2-(2',4'-dinitrophenyl) benzo(b)furan. (0.75g, 26%) m.p. 138°,

M = m/e 284. Found C,59.2%;H,2.7%;N,9.7%; Cl4H8N205 . requires

C, 59.2%; H, 2,8%; 9.9%. L R. spectrum showed absence of OH or C = O groups.

4, Nomon 368 (€ =19 2 0%,

A further red fraction eluted by chloroform gave an orange yellow
solid. This was recrystallised from benzene/petrol to give the diarylated
derivative. 2,3—bis—(2',4'—dinitropheny1)benzo(b)furan. m.p. 100°. M.!L =m/e
450 i, r. spectrum showed absence of -OH or C = O groups. A max 358 nm

(€ =1.6x '104). Found C, 53.1%; H,2.4%; N,12,1%; C_ H. N O_requires
2 ¥90710 479
C,53.3%, H,2.2%, N,12.5%.

1
10) Preparation of 2-Methylbenzo(b)furan Ad

A solution of n-butyllithium was prepared by the previous method
using n—butylbromidé (20. 5g, 0.15 M), dry ether (20 ml) and lithium strips
(2.1g, 0.3 M) in dry ether (25 ml). The solution was filtered intoethree necked
flask (dry, flushed with nitrogen) and then a solution of benzo(b)furan (10g) in
dry ether (25 ml) was added to it dropwise with stixringThe temperature of the
reaction was maintained at -5 to A0 throughout the addition. After two hours,
freshly distilled dimethyl sulphate (10.5 ml) dissolved in dry ether (12 ml) was
added dropwise and the reaction stirred for&further three hours at room

The :
temperature before being poured into water./\ether layer was separated and

ag. layer extracted with ether. (Ag. layer was kept alkaline to ensure that

......
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dimethyl sulphate was completely decomposed)The combined ether extracts
were dried (NaZSO 4) and after removal of the solvent, the residue was dis-
tilled twice to give 2-methylbenzo(b)furan, b.p. 82-40/18-20 mm Lit'.?-g.p.
189-191° (9.19g, 81%).

11) Coupling reaction of 2-methylbenzo(b)furan with 2, 4-dinitrobenzene

diazonium solution.

A solution of 2-methylbenzo(b)furan (1.32g, 0.01 M) in glacial acetic
acid (30 ml) was added[&? freshly prepared solution of 2, 4-dinitrobenzene
diazonium sulphate (0.01 M). Another 30 ml of glacial acetic acid was added
to make the reaction homogeneous. After stirring at room temperature for
44 hours, the reaction was diluted with cold water and extracted in chloroform.
The chloroform extract was washed successively with wdter, sodium bicarbonate
solution, and water, before being dried (NaZSO 4 anhyd.). The red oil obtained
after evaporation of the solvent was chromatographed on an alumina column.
The first colourless fraction‘eluted by benzene gave unreacted 2-methylbenzo
(b)furan (0.270g). The next yellow fraction eluted by benzene gave a viscous
oil, b.p. 260—50/1 mm. This is 2~l"nethyl—3—(2',4'-dinitropheny1)benzo(b)

157107275
H,3.4%; N,9.4%. I.R. spectrum:- 1600, 1520, 1335, 900, 830, 740 cmm1

furan. Found C, 60.2%; H,3.4%; N,9.2%; C, _H. N_O_ requires C, 60, 4%;

A somo, é (CDCL,) 2.57(3H, ), 7to 7.7 and 7.9 to
+ i

9.0 (complex multiplets) M =m/e 298. Total yield of the monoarylated

compound was (0.55g, 23%). The next fraction eluted by benzene gave an

+
orange yellow solid, m.p. 1890, M =m/e 326. Found C, 55.0%; H, 3. 0%;

L R T PR
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N, 17.1%; 015H10N4O5 requires C, 55.2%; H,3.1%; N, 17.2%. This is 2~-methyl-

3(2', 4'-dinitrobenzene aza)-benzo (bYuran. I, R. spectrum had an absence of
NH absorption. N\ max 356 am. The yield of the azo dye was (0. 2g, 8%).

The further fraction eluted by chloroform gave resinous red solid, which was
difficult to separate.

1]
12) Preparation of 2, 5-dimethylfuran and it's coupling reactions,

25-dimethylfuran,

Hexane-2, 5-dione (97g) was added dropwise to a mixture of acetic
anhydride (100g) and zinc chloride(lg}placed in a 3 necked flask, The reaction
wag stirred and temperature was maintained below 40° by external cooling.
After the exothermic reaction has subsided, the reaction was heated to reflux
and kept under reflux for 4 hours. After cooling to room temperature, the
reaction was made alkaline by adding 6N NaOH and then extracted in ether,

(3 x 150 ml), The combined extract was washed with dil. NaOH, water, and
the residue obtained by evaporation of the solvent from the dried extract was
fractionated, 2, 5-Dimethylfuran (40g, 49%) was obtained as a colourless
liquid boiling at 92-5°/760 mm.

Coupling reaction of 2, 5-dimethylfuran with 2, 4~dinitrobenzene diazonium

ions in glacial acetic/aqueous sulphuric acid.

A solution of 2, 5-dimethylfuran (0.29g, 3 mM) in glacial acetic acid
(15 ml) was added to the diazonium solution (3 mM) and the reaction was stirred
at room temperature for 24 hours. The reaction was diluted with cold water
and then the tarry red solution was extracted in chloroform. A red glassy

solid, obtained on evaporation of the solvent from the dried extract, was put
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on a silica column. A mixture of benzene and chloroform eluted a 1*ed‘solid,
M+ =m/e 290, m.p.npg(d).High resolution mass spectrum, indicated

ClZHl ON 405 as the molecular formula. Found 2900 requires 290.0651 The
compound, which appeared to be the azo dye 2, 5—dimethy1-3-(2',4-’- dinitro-
benzene azo}-furan, no NH in i.r. spectrum,was extremely difficult to purify

A large amount of intractable resinous product was also obtained. .

Reaction of 2, 5—dimethylfuran with 2, 4-dinitrobenzene diazonium

fluoroborate in dioxan.

2, 4~-Dinitrobenzene diazonium .fluoroborate was added to a solution
of 2, 5-dimethylfuran (0.29g, 3 mM) in dioxan (20 ml). The reaction was
stirred at room temperatur-e for 2 hours, when ils colour changed from yellow
to deep red. At the end of the reaction period it was poured in cold water, and
the red ppt. was filtered off, waéhed several times with water and then dried
(P205) to give 0. 600g of a red powder. This was put on a short silica column.
The orange red fraction eluted by a mixture of benzene and chloroform (3 : 1)
gave a red solid. After recrystallisation from ethanol, deep red needles were
obtained (0.1g, 11%). This had M+ =m/e 290, and I.R. ¥ max at 3280 (NH);
1610;1510,1330,1130, 1020, 830, 795 cmul. Found C, 49.2%; H, 3.9%; N, 19.2%;
C12H10N405 requires C,49.7%; H,3.5% N, 19.3%. m.p. 2_080. This was
assigned the structure of the 2, 4-dinitrophenyl hydrazone of 5-methylfuran-2-
aldehyde. An authentic sample prepared from the 5-methylfuran-2-aldehyde

E Ay

had m.p. 210-1,AY max at 3280 (NH); 1600, 1510, 1330 (NO,); 1130,1020, 830,

795 cmnl. Found, C,49.8%; H,3.4%; N,19,1%; C N405 requires C,49.7%;

12H10
H, 3.5%; N,19.3%. Mixed m.p. with the above compound was 208 0.

B
3
+
4
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Further fractions eluted by chloroform gave a resinous solid which

was extremely difficult to purify.
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Section 6

1) General method of diazotisation.

The aromatic amine (0,005 M) was dissolved or suspended in
trifluorcacetic acid (56 to 10 ml) and the mixture was stirred at room
temperature. Sodium nitrite (0.005 M) was added gradually while the reaction
was stirred and maintained at room temperature. The pale yellow to reddish
yellow coloured diazonium solution was obtained after 5 to 10 minutes. These

the

solutions coupled with/\appropriate coupling component giving the azo dyes

in high yields.

2) Diazotisation of p-nitroaniline and its coupling reaction with

1, 3,5 trimethoxybenzene in trifluoroacetic acid,

para-Nitroaniline (0.690g, 0.005 M) was added to 8 ml of trifluoro-
acetic acid. Sodium nitrite (0.350g, 0.005 M) was then added in small
portions over 5 minutes. The reaction was stirred for 5 minutes at room
temperature. 1,3, 5-trimethoxybenzene (0.420g, 0,0025 M) was dissolved
in 2 ml of trifluoroacetic acid and the solution was added dropwise to half
of the above diazonium solution. The deep red coloured reaction was stirred
for 30 minutes at room temperature and then poured into 50 ml of water.
The orange red precipitate formed was washed several times with water
(total volume 200 ml) and dried over NaOH pellets in vacuo The red
powder was recrystallised from ethanol as dark red needles (0.78g). This
124

is p~(2,4, 6-trimethoxybenzene azo}-nitrobenzene m.p. 149°-1 500 lit.

+
150.5°. M’ =m/e 317.
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3) Coupling reaction of anisole with diazotised 2, 4~dinitroaniline in

trifluoroacetic acid.

2, 4~dinitroaniline (0. 915g, 0.005 M) was suspended in 12 mi of
trifluoroacetic acid and sodium nitrite (0.350g, 0.005 M) was added in small
portions. The reaction was stirred for 10 minutes at room temperature when
a reddish yellow coloured diazonium solution was obtained. Anisole
(0.510g, 5 mM) was dissolved in trifluoroacetic acid (5 ml) anc.l the solution
was added dropwise to the diazonium solution. The intense red coloured
reaction was stirred for 17 hours at room temperature before being poured
into 100 ml of cold water. The red precipitate formed was filtered and
washed with water several times (till the filt.rate was neutral)., The red
solid was then dried over P 205 and then over sodium hydroxide. After
recrystallisation from acetone/petrol red needles of p(2,4-dinitrobenzene
azo)-methoxybenzene were obtained. Total yield (1.35g, 94%). m.p. 1770,

12
@it “177-8%), M’ =m/e 302,

4) 1H n.m.r. spectra of benzene diazonium ions in trifluoroacetic acid,
Several substituted anilines including the weakly basic mono and
dinitroanilines were diazotised by above method. 0*5ml of the diazonium
solution was used fo'r obtaining the n.m.r. (after adding TMS as an internal
reference (see table [ﬂ-). In many cases spectrum of the amine dissolved in

trifluoroacetic acid was also obtained (Tablel5 ).




Table 14,
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Substituent in the
benzene diazonium ion

1
H spectrum in the aromatic region
(multiplicity and coupling const., assignment)

1) None
2) 3-nitro

3) 4-(4,% ,X ~trifluoro)-
methyl~

4) 4-nitro

Substituents in the
benzene diazonium ion

5) 2-methyl-4-nitro-
6) 2-methyl-5-nitro

7) 2,4~dinitro

8) 3, 5-dinitro
9) 2, 6-~dinitro

Complex multiplets 7.8 to 8.7.

9.56(t,2), 9.05(d,J=8Hz,4), 8,31(t, J=8Hz, 5)
9.15(d,J=8Hz, 6) '

8.73(d,J=9Hz, 2 and 6); 8.19(d,J=9 Hz, 3 and 5)

9.0(d,5=105z,2and 6),8,82(d, =10u2,3 and 5)
1
H n.m.r. for the aromatic profons

(multiplicity and coupling const,, assignment)

8.88(d,9Lz,6),8.7 to 8.5(m, 3 and 5 )

8.12(d,9Hz,3), 8.98(dd,9 and 2Hz,4), 9.47(d,
2 Hz, 6}. :

9.52(d, 2 Hz,3), 9.15(dd,9 and 2 Hz, 5), 9.42(d,
J=9 Hz, 6).

9.92(d,2Hz,2 and 6), 9.81(t,2Hz,4).

‘8.7 to 9.5 (complex multiplet for 3,4, 5 protons).

T PO

Table 15,

Substituent in the
anilinium ion

1
H n.m.r. for the aromatic protons
(multiplicity and coupling const., assignment)

4-(L, & & -trifluoro):
methyl-

2- methy1—4-x_1itro
2-methyl-5-nifro

2,4~dinitro-

7.98(d,9Hz,2 and 6), 7.64(d,;9Hz,3 and 5),

8.25 to 8.43 (m ,3and 5 ), 7.82(d, 8Hz,6).

7.74(d, 8.5Hz, 3), 8.42(dd, 8.5 and 2Hz,4), 8.56
(d, 2 Hz, 6).

9.26(d, 2 Hz,3), 8.32(dd, 9 and 2Hz,5), 7.08
(d, 9 Hz, 6).
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9) C n.m.r. spectra.

> 106,

C n.m.r, spectra of p~fluoro and p-nitro-benzene diazonium ions

in trifiuoroacetic acid are reported in the discussion. All the spectra were

run on ~v 1 M solution and a capillary tube filled with Dzo was used as the

lock signal.

1) 116.87 ppm. (JCF = 284.8 Hz) and 2) 163.27 ppm. {

Signals due to the trifluoroacetic acid itself were two quartets, viz.

ooy = 218 Hz)

and these are omitted. Spectrum of fluorobenzene and nitrobenzene is re-

ported in the following table.

Table 16.
ppm. assighment ppm. assignment Coupling const.
149, 54 a 165. 00 a 243 Hz JCF
137.34 d 131.48 c ' 8.Hz JCCCF
131.13 ¢ 125, 61 d 3Hz JCCCCF
125,25 b 116, 62 b | 21Hz JCCF
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