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AESTRACT

The nitrodecarboxylation of Z-acetamidothiophene-3-carboxylic acid was
investigated in an attempt to improve the yield of 2-acetamido-3,5-
dinitrothiophene obtained as product. The latter compound’is valuable
as an intermediate in the dyestuffs industry. It was found that both
2-acetamido-5-nitrothiophene-3-carboxylic acid and 2-acetamido-3,5-
dinitrothicphene afe susceptible to hydrolysis to unstable amines in the

nitrating medium, a mixture of sulphuric and nitric acid.

The rates of nitrodecarboxylation of a variety of substituted
thiophenes were determined as a function of sulphuric acid concentration..
The characteristics of the reaction were found to be similar to those of
conventional nitrodeprotonation, although the latter reaction is
considerably faster, (the ipso factor, ifCDZH for nitrodecarboxylation
was found to be 5.8x10-4]. Ring systems in which the carbon atom
‘containing thé carboxyl group is activated towards electrophilic attack
are particularly susceptible to nitrodecarboxylation. A Hammett reaction
constant, p*, of -4.6 was obtained for the nitrodecarboxylation reaction,
the reaction constant for the corresponding nitrodeprotonaticn reaction

being -3.4. A concerted mechanism, similar to that for conventional

nitration, is favoured for the nitrodecarboxylation reaction.

The rates of hydrolysis of a variety of amido-thiophenes were also

determined as a function of sulphuric acid concentration. In concentrated

acid most amides were hydrolysed by the unimolecular A1 mechanism whereas
in more dilute acid the bimolecular A2 mechanism of hydrolysis predominated.

The amino-thicphenes produced were particularly unstable in presence of

nitric acid. This hydrolysis to an unstable amine partially accounts for

the unsatisfactory yield of 2—acetamido-3.5-dinitroth10phene-3-carboxylic

acid in sulphuric-nitric acid. Indeed, the stability of the corresponding



formamido derivatives to hydrolysis is reflected in the improved yield
of 2-formamido-3,5-dinitrothiophene cbtained by a similar nitretion

process (70.3% compared with 46.2% for the acetemido derivative).

Unsuccessful attempts were made to isolate oxidation products of

unstable thiophene derivatives and the rates of oxidation were determined

in sulphuric-nitric acid mixtures.
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INTRODUCTION



CHAPTER 1

THE INDUSTRIAL PROCESS




THE INDUSTRIAL PROCESS1'2

A recent I.C.I. invention relates to a process for manufacturing

heterocyclic thiophene compounds. The process involves the synthesis

of compounds of general formula:-

R NO

. e

(A)
NO, s NH

where R is a hydrogen atom or alkyl group.

Compounds of this general formula are prepared by decarboxylating

and dinitrating compounds of formula:-

R . CO.H

™~ e

(8]

S NHAcy1l

The acyl group is finally hydrolysed to give the dinitro amine. Typical

acyl groups for use in this way are formyl, acetyl, propionyl, benzoyl,

chloracetyl etc.

The conversion of (B) to (A} can be accomplished in a variety of

ways:-
(1) Compounds of type (B) can be converted to type (A} by decarboxylation

prior to dinitration. The decarboxylation can be effected by heating

the compound to @ temperature above its melting point or by heating in



a basic solvent, such as dimethylaniline or quinoline at ~ 200°C. 'The

subsequent dinitraticn can be accomplished with nitric acid in

sulphuric acid.

(2) One nitro group can be introduced into the 5-position of the
thiophene ring followed by decafboxylation and introduction of the
second nitro group into the 3-position. ‘The 5-nitro derivative can be
prepared by nitration in acetic anhydride, although a sulphuric acid
medium is preferred. One mole of nitric ecid per mols of substrate is
used, the temperature being kept below DDC. The resulting compound can

then be decarboxylated by heat followed by nitration with a mixture of

nitric acid and sulphuric acid.

(3) The dinitration can be carried out under such conditions that
simultaneous decarboxylation takes place. This can be accomplished by
stirring the compound in a mixture of nitric acid and sulphuric acid
(containing at least 2 moles of nitric acid per mole of compound].

The temperature is maintained below o°c.

Hydrolysis of the Amide Group

The removal of the acyl group is accomplished by treatment of the

dinitro amide with an agueous or alcoholic solution of a mineral acid,

such as sulphuric acid, at v 100°c. It is not essential to isolats the

dinitro compound prior to hydrolysis. This reaction can be effected by

diluting the nitration mixture with the necessary amount of water and

heating to remove the acyl group. The resulting amine can then be

isolated by further dilution with water and filtration of the solid

which is thus precipitated. When the hydrolysis is carried out in this



way a substance such as sulphamic acid is added to destroy any nitrous

acid or other oxidising agents present.

A specific example of a synthesis of the general type discussed
above 1is the industrial preparation of Z2-amino-3,5-dinitrothiophene.

This is the process which is particularly relevant to this investigation.

2-Amino-3,5-Dinitrothiophene

This heterocyclic compound is valuable as a diazotisable amine in
the manufacture of disperse monoazo dyestuffs. The method for

preparaticn of this thiophene derivative 1s shown in scheme 1.

co.,~ _ B -
I 2 OH P COZ
HSCH,CHO  + —_—
CH, H,,0 CN
CN St
CoH co,
ACZU
—2
pH 8
/H* NH
S . ‘NHAc S 2
NOj NO,,
H+/H20
et —m——p
ND S NHAC NG2 S NH,

2

Scheme 1: - Industrial preparation of 2-amino-3,5dinitrothiophene.
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2-Acetamidothiophene-3-carboxylic acid

Mercaptoacetaldshyde, one of the starting materials, is prepared as

a dimer by reaction of chloroacetaldehyde with sodium hydrosulphide, NaSH,

in aqueous medium:-

2NaSH
2C1CH,CHO 2(HSCH,CHA)
H.O
2 v 4
S
OH
HO
' S

If desired, the subsequent reaction with cyancacetic acid can be carried
out without isolating the dimer. This reaction is carried cut in an
aqueous solution of sodium hydrdxide, and the product acylated in situ.
with, for example, acetic anhydride. The mixture is acidified and the

2-acetamidothiophene-3-carboxylic acid is isolated (scheme 1).

Nitration of 2-Acetamidothiophene-3-carboxylic acid

The simultaneous dinitration and decarboxylation of 2-acetamido-
thiophene-3-carboxylic acid is accomplished by nitrating the compound

in sulphuric acid (98%) with a mixture of 100% nitric acid and 100%

o
sulphuric acid in the proportions 33 : 67, < 0.

COZH N02
HND3
s ———
H,SO
HAc 2774 NO S NHAc

The nitration is found to occur only in moderate yield to give the

bis-nitroderivative which results from nitration at C5 being accompanied



by nitro-decarboxylation af C3. The occurrence of nitrodecarboxylation
is a helpful feature of the industrial process, since it obviates the
necessity of a separate decarboxylation stage. However, loss of groups
from aromatic substrates during electrophilic substitution is a well
known type of process3 although mechanistic and kinetic work on this
type of decarbonylation have received only scattered attention4,

mainly in homocyclic aromatic systems. The reaction appears to be

prevalent mainly in systems activated towards electrophilic attack.

2-Acetamidothiophene-3-carboxylic acid can be mononitrated in the
5-position under the appropriate conditions in 88% yield. The second
nitrodecarboxylaticen step proceeds in conly 53% yield. Thus,the overall
yield for the simultaneous dinitration and decarboxylation of 2-

acetamidothiophene-3-carboxylic acid, under industrial conditions, is

47%.

One part of this investigation has been concerned with a study of
nitrodecarboxylation in heterocyclic aromatic acids with parficular
reference to substituted thiophenes activated towards electrophilic attack.
sequence of reactions involved in nitrodecarboxylation has been examined

and attempts made to obtain rate constants for the competing processes

involved in the industrial reaction. It was hoped, in this way, to

determine the cause of yield loss and, in the case of commercial

interest to improve the overall yield. No systematic study of nitro-

decarboxylation in heterocyclic systems has been reported in the
literature.

The final step in the industrial synthesis of 2-amino-3,5-
dinitrothiophene involves the hydrolysis of the acetamido derivative.

This is accomplished by refluxing the amide with dilute sulphuric acid

The



for several hours. In fact, the significance of such hydrolysis reactions
in all concentrations of sulphuric acid was later to beccme apparent in

a detailed study of the industrial process.
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THIOPHENE CHEMISTRY
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THIOPHENE CHEMISTRY

Much of the early work on thiophene chemistry was carried out by
Wilhelm SteinkopfS. In particular, Steinkopf carried out a great deal
of work on the preparation of the different isomers of simple thiophenes.
He contributed prolifically to the mercuration of thiophene, the

halogenation and synthesis of many new thiophene derivatives.

A commercial process for the synthesis of thiophene was developed
in the early 1840’s. This arose from the discovery of the synthesis of
thiophene from butane and sulphurs. Reduced and unreduced éhiOphenes are
present in shale oil7 and reduced thicphenes in petroleum. Commercial
outlets for thiophene are relatively few, but it is used in the synthesis
of somé drugs and as a constituent of some copolymers. The important

nutritional factor, biotin, is a derivative of tetrahydrothiophene.

Structure

4. 3 (8l

It has been suggested that thiophene is not well represented by the
classical structure shown above. A state of resonance exists and the

major contributing resonance structures are as shown below:-

AT H\JH LJ |

+ +



..11—.

If account is taken of the s and d contribution to the p bonding,

then additional structures with a negative charge on sulphur may
contribute to the resonance form of thiophenea. The fact that

thiophene can be alkylated on the sulphur atom supports the idea that the

resonance structures with a negative charge on sulphur have significance:-

+ +

N7t TN .

Thiophene is best made on the small scale by heating sodium succinate

9

with phosphorus 'trisulphide’ ~. It is a colourless liquid b.p 84.12°,

Chemical Properties

The thiophene ring shows typically aromatic behaviour and since
the time of the classic investigations it has been well known that

thiophene reacts with electrophilic reagents much more easily and

rapidly than benzene. It can for instance be brominated, acetylated,

formylated end mercurated under conditions under which benzene does not

react 10.

The unreduced nucleus is stable to alkalis, moderately stable to

acids and fairly resistant to oxidation whereby thiophene homologues

give carboxylic acids in modest yield.

It is well known that substitution takes place with very few

exceptions, predominantly in the 2- or a- position of thiOphene11'12.

Substitution occurs much more easily in thiophene than in the benzene

ring and the ratio of nitration rates has been reported as 850 : 1 13,



However, it is apparent that the selectivity of a reagent toward
thiophene and benzene can differ appreciably, and this difference in
selectivity is also strongly noticeable in the proportions of 2- and
3- isomers formed. Although in certain reactions no 3- isomer has been

detected, small anounts have been found in other reactions14’15{

The preferential a- substitution of thiophene is probably net related
to excess negative charge at the o~ carbon in the ground state but is

best understood by considering the localization energies of the
16,17

transition states for 2- and 3- substitution

For 2~ substitution:-

J
X

H\

For 3- substitution:-

The resonance stabilisation or delocalization of positive charge in

the intermediate cation is obviously greater in the cation derived by

a~addition.
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Directive Effects of Substituents

The point of attack is determined primarily by the fact that a-
positions are more easily substituted than B8, and also by the usual
ortho, para or meta- directive effect of an existing substituent. A
substituent may reinforce the 2,5- activation or reduce it by selective
deactivation. Identification of the product obtained in these substitution

reactions has been achieved by proton magnetic resonance spectroscopy

and isomer ratios determined by spectroscopy and gas chromatography.

SOME THIOPHENE DERIVATES OF INDUSTRIAL SIGNIFICANCE

(A) Nitro-Thiophenes

The mono-nitration of thiophene 1s best performed in acetic
anhydride18, giving mainly Z2-nitrothiophene. \Thiophene reacts violently,
sometimes explosively after an inducfion period, with usual nitfating
mixtures. This is considered to be due to an autocatalytic nitrosation.
The product of nitration is always a mixture of 2- and 3- nitro
derivatives, the 2- isomer predominating. 2-Nitrothiophene is much less

reactive and can be smoothly nitrated with fuming nitric acid, to yield

a mixture of 2,4- and 2,5- disubstituted products. 2,4-Dinitrothiophene

0y18
is the main product (80%]) ~.

3-Nitrothiophene is prepared by hydrolysing the product of nitration

of thiophene-2-sulphonyl chloride19, or of 2-cyanothiophenezo. Further

nitration of 3-nitrothiophene gives only 2,4-dinitrothiophene. Nitration

" of substituted thiophenes occasionally leads to displacement of halogen,

carboxyl or acyl groups (see later).

(B) Amino-Thiophenes

Amino-thiophenes can be prepared by reducing nitrothiophenes with tin
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and hydrochloric acid. The free bases are oils which resinify rapidly
in the air. They are best stored as the stannic-chloride double salts
and also give stable acetyl derivatives. From a study of U.V. and I.R.
spectra of nitro-substituted aminothicphenes, Hurd and Kreuz21 concluded
that these amines exist as mixtures cf amino and imino forms. Very
little is known of the chemistry of these bases, the only simpie
reaction being the diazotization of 2-aminothiophene and the azo

22,23

coupling of the resulting diazonium ion » However, the reactivity

of the 5- position of 2-aminothiophene 1in diazo coupling which is present

24,25

also in the acylated derivatives , complicates the formation of a

diazonium salt from 2-aminothiophene. The thiophene ring is so strongly

activated by an aminc group that even 3-acetamidothiophene couples with

25
p-nitrobenzene diazonium ion™7:-

HAC _ HAc

p-NO,C.H,N e ‘
276472 N=N C8H4N02

2-Acetamidothiophene gives mainly 5- substituted derivativ9524’28,

while 3-acetamidothiophene undergoes substitution first in the 2-

The substitution reactions of 3-

.o 25
acetamidothiophene have been extensively studied™~.

position and then in the 5- position.

(H) Thiophenecarboxylic acids

The most general route to thiophene-carboxylic acids is the

carbonation of thienyl Grignard compounds. Thiophene-2-carboxylic acid

is prepared by treatment of 2-thienyl magnesium bromide in tetrahydrofuran

with carbon dioxide27. Another general method is by oxidation of
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2-acetylthi0phen928.

A very general synthesis of thiophenecarboxylic acids (or esters])

is that of Hinsberg:-

- X Y

X Y tBu0

Et0 c/\ /\co Et ——
H 2 2
o+ R.T.
s s L
0

0 CoEt co_Et

The Hinsberg Synthesis involves two consecutive aldol condensations29

between a 1,2 dicarbonyl compound and diethyl thiodiacetate. X and Y

can be hydrogen, alkyl, aryl, hydroxyl, or carboxyl. Oxalic acid will

undergo this reaction. Subsegquent decarboxylation provides a route to

3,4 disubstituted thiophenes.

Thiophene-2-carboxylic acid resembles benzoic acid in most of its
Properties, although it is a stronger acid (pKa 3.53)}. It is, however,

nitreted much more readily, the product consisting of a mixture of 4-

and 5- nitro derivativesao. 2-Nitrothiophene is also a minor product31.

The 5-isomer is obtained upon bromination and chlorination of thiophene-

2-carboxylic acid32. In general, the directing effect of the carboxyl

group does not overcome that of the ring.

Thiophene carboxylic acids can be decarboxylated by boiling with

Copper in quinoline, by copper bronze, or by a mercuriacetate group and

subsequent removal of the latter. This reluctance to decarboxylate

readily is surprising in view of the ease of displacement of a carboxyl

group from the a- position by, for example, a nitro group

Thiophene-3-carboxylic acid {pKa 4.10) has been obtained from the

3‘aldehyde34 and in good yield by the oxidation of 3-methylthiophene with

o 33 Campaigne36 has made an

aqueous sodium dichromate at 225 - 250



extensive study of the substitution reactions of thiophene-3-carboxylic
scid. Monosubstitution occurs exclusively in the 5- position in the

case of chlorination, bromination and nitration. = Upon further treatment,
a seéond halogen could be introduced in the 2-position. Further

nitration however could not be achievedas:—

CO,f co_H
HND3 HND3 NO
——
M2%% H,50, = REACTION
S s )
NO; 100

There was no evidence for displacement of carboxyl by nitro and the

5-nitrothiophene-3-carboxylic acid was recoverable in good yield.

Nucleophilic Substitution in Thiophene Derivatives

The halogens of halothiophenes are more labile than those of the

corresponding benzene derivative537. -Halogen substituents in the 2-

position are more reactive than those in the 3-position, and undergo
nucleophilic substitutions more rapidly than benzene derivatives. Hurd

and Kreu221 found that in qualitative experiments 2-chloro-3,5-

dinitrothiophene was more reactive toward piperidine and methanclic

potassium hydfoxide than 2,4-dinitrochlorobenzene. A quantitative

study of the reaction of six isomeric bromonitrothiophenes with

Diperidine13 showed that the thiophenes react about one thousand times

faster than the corresponding benzenes.

Nucleophilic substitution has been used in the preparation of many

thicphenes. Nitrothienols and derivatives of them have been obteined

Allyl ethers have been prepared by

from halogenated nitrothiophenes

the reaction of 5-chloro-4 nitro-2-acetylthiophene, 3-nitro-2-chloro-

38
thiophene and 2-nitr0-3-bromothiophene with sodium allyloxide™ .
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Halothiophenes which are not activated through the presence of an
electron-withdrawing substituent undergo substitution under more forcing

conditions with copper salts in pyridine or quinoline. Both 3-

cyanothiophene and 5-methyl-Z-cyanothiophene have been obtained from the

corresponding bromo compounds™ .

Substitution with Elimination of Substituents

In the reactions of 2,5-disubstituted thiophenes elimination of an o-
substituent occurs to a much greater extent than in the benzene series.
The Friedel-Crafts acetylation of 2-ethyl-5-bromothiophene yields 2-

Several other examples of displacement of

substituents appear in the literature. Replacement of halogen41,

ethyl-S-acetylthiophene40.

carboxy133, alky142, etc. are all known reactions. The presenbe of

substituents which lower the electron density at the reaction centre

prevent substitution occurring. Elimination of B-substituents is less

common. Very little is known about the mechanism of reactions of this sort

and the whole concept is discussed in greater detail in chapter 4.

Summary

In general, thiophene resembles benzene, rather than furan or

pyrrole, in most of its reactions. It is, however, more reactive and less

stable than benzene. Thiophene possesses very few properties which

could be attributed to an enol ether or a 1,3-diene type of structure.
Thiophene reacts withelectrophilic reagents and substitution at the

reactive 2- and 5- positions of the molecule usually appears to be

direct, i.e. conventional electrophilic aromatic substitution. No

intermediate 2,5-addition compounds have been isolated (c.f. furan).

Various other non-substitution reactions are discussed in chapter 8,

(e.g. addition reactions, oxidation etc.).
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A.R. Butler43-47 has recently studied electrophilic substitution of
the thiophene ring, and concluded that in most cases the mechanism is
the same as that for substitution of the benzene ring. A study of the
halogenation of substituted thiophenes45 showed that the 'characteristics
of these reactions are similar to those for the corresponding benzene
compounds and Hammett & * constants are equally successful in

correlating data for electrophilic substitutions in thiophenes’.

Butler43 studied the dissociation constants for a number of substituted

thiophene-5-carboxylic acids and used these values to evaluate -
constants for the thiophene molecule. The results indicate that the
sulphur atom has very little effect upon the transmission of substituent

effects across the ring. In general electrophilic substitutions at the

thiophene ring exhibit a selectivity which is always somewhat lower

than that of corresponding reactions of the benzene ring48. The

values of p-constants for bromination, chlcrination45, protodetritation49

and acetylation50 of 2-substituted thiophenes are somewhat smaller than

the p-values for the corresponding substitutions of benzene derivatives.
These differences in p-values have been attributed to a smaller positive

charge on the thiophene ring in the transition state, i.e. the occurrence

of 'earlier’ transition states. The limited study of substituent

effects in the thiophene ring suggests a good correlation with the
Hammett equation, as based on the dissociation of benzoic acid in

water at 250. "Molecular Orbital calculations and dipole moment

measurements suggest that the ortho, meta and pars positions of benzene

correspond to the 3, 4 and 5- positions in 2-substituted thiopheneSS1.

Finally, there is a much larger tendency for existing substituents
to be displaced by incoming groups than in the benzene series. The

reactivity of the a- position in thiophenes is sufficiently great that
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a highly reactive electrophile will displace a substituent in certain
instances. The present investigation provides the first quantitative

investigation of substituent effects in 'ipso' substitutions of this sort.
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CHAPTER 3

REACTIONS IN SULPHURIC

ACID
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REACTIONS IN SULPHURIC ACID

Sulphuric Acid/Water Mixtures

One of the earliest methods for determination of the composition of

sulphuric acid/water mixtures involved a study of the vapour pressure

esbove such mixtures. This vapour pressure is due almost entirely to

water owing to the low volatility of sulphuric acid. The more recent
5
measurements of Shankman and Gordon 2, who studied the concentration

range 16-70% acid at 25°, are at present the best available. At

higher concentrations of sulphuric acid direct vapour pressure measurements
became difficult and therefore Glauque et al.S3 used a freezing point
method to obtain ectivities of water at concentrations > 70%. The

o
activities of water at 25 ’based on all such measurements are reported
by Giauque54-

The freezing points of sulphuric acid solutions are very sensitive

to the amount of water present. This sensitivity provides a means of

determining sulphuric acid concentrations with a great desl of accuracy.

The variation of freezing point with sulphuric acid concentration is

shown in fig. 1 end, indeed, use was made of thils variation in the

present investigation.

It has been shownS4 that the vepour pressure of sulphur trioxide

becomes noticeable only at concentrations > 80%. The existence of an

equilibrium is well established in the 10C0% acid:-

2H2304 L — HZSD4.H20 + 503

VR
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Acidity Functions

The most important property of sulphuric acid/water mixtures, from
the point of view of their application as reaction media, is their

acidity. This acidity is measurable in terms of an acidity function.

55,58

This concept was first introduced by Hammett and his acidity

function was defined as a measure of the ability of the medium to

protonate simple bases. Other acidity functions have since been defined

which measure the ability of the acid media to effect ionizations of other
kinds. The applications of acidity functions to kinetic problems often

stem from the fact that substances undergoing acid-catalysed reactions

are protonatéd_in acid media prior to reaction.

The HO Acidity Function

In concentrated acid media in which the concept of pH cannot be
defined with any degree of accuracy, a new measure of acidity is

necessary. The Hg acidity relates to indicators ionizing according

to the scheme:-

The reference point for the acidity scale is chosen so that in

very dilute acid solution Hgy = - log (H"). Hammett and Deyrup55 then

studied the protonation equilibria of simple basic indicators which

ionize as shown above. The Hg function, therefore, refers to the

protonation of gimple base indicators.

The H, Acidity Function

A striking deviation from the Hammett acidity function was observed

A new acidity functlon for the

in the protonation of amides



-24-

protonation of primary amides was determined and termed HA' The
values of this acidity function coincide with HO values up to about
15% sulphuric acid but diverge from them increasingly at higher
concentrations. The function has been evaluated up to 81.8% suiphuric

acid. This acidity function is also based on dilute agueous solution

as the standard state (see later).

The HR Acidity Function

Certain basic molecules ionize in acid solutions in a more complex -

manner which may be regarded as a protonation accompanied by

dehydration:-

ROH + H — R + HZD

The bases which behave in this manner are often termed secondary

and the water molecule may be regarded as their conjugate acid.

bases,
The HR acidity scale was determined from the ionization of tri-aryl
' 58-59
carbinols according to the above scheme . The standard state for

this acidity function is also an infinitely dilute solution in water
and for dilute acid solutionsHR becomes equal to pH. Also, as the

activity of water approaches unity, HR becomes.equal to Hg. The

procedure for determining HR values is the same as for the Hy function,

namely the stepwise'extension of the scale into more and more concentrated

acid solutions by means of a series of overlapping indicators. The HR

58
acidity function has been determined by Deno™" by means of a series of

eighteen substituted arylmethanols.

A plot of some acidity functions against weight per cent of

sulphuric acid in sulphuric acid/water mixtures is shown in fig. 2.
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NITRATION IN SULPHURIC ACID

Nitration is an important electrophilic aromatic substitution
reaction which has playéd a prominent part in the determination of
substituent effects in aromatic systems. Nitration is an irreversible
second-order reaction and nitric acid in sulphuric acid/water mixtures

is a most effective nitrating medium. The nitrating agent has been
well established as the nitronium ion, N02+. Nitric acid is converted

into nitronium ions 1n concentrated sulphuric acid:-

+ + -
PRS-
2H2804 NO + HSD + ZHSD4

HNO, ¢ pras— 2

The range of sulphuric acid/water concentrations -in which the

o+
conversions of nitric acid to ND2 occurs has been established by U.V.

spectrophotometryso- The spectra indicate that HND3 still predominates

in 85% sulphuric acid. At higher concentrations marked changes occur

in the absorption spectrum., corresponding 'to an increase in the

concentration oF'N02+. On the basis of Raman spectroscopic data®l it 1s

+*

estimated that nitric acid 1is almost completely converted into ND2 in

about 90% sulphuric acid. Nitronium ions are present in spectroscopically

detectable amounts only in solutions of nitric acid in > 85% sulphuric

acid.

m of Nitration

Kinetics and Mechanis
A simple kinetic order for the nitration of aromatic compounds was

first esfablished by Martinsen82 for nitration in sulphuric acid. The

rate of nitration of nitrobenzene was found to obey a second-order rate

law, first order in the concentration of the aromatic and of nitric acid.

Variation of Nitration Rates with Sulphuric Acid Concentration

The variation with acidity of the second-order rate constants for
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nitration of é number of substrates is shown in fig. 3. The rates of
nitration of aromatic substrates in sulphuric acid/water mixtures are
extremely sensitive to the concentration of sulphuric acid. They have
been shown to parallel the ionization of triarylcarbinols in such acid
mixtures, i.e. to follow the HR acidity function. This represents
kinetic evidence for the nitronium ion as.the nitrating agent since the

rates of nitration for the second-order reaction are giveﬁ by: -

Rate = k20bs [:AI‘%] [éNOa]

The rate can only depend on acidity if the concentration of one of

the effective reactants depends on acidity. This is the case with the

nitronium ion, owing to the existence of the equilibrium:-

+ + -

The ionizing characteristics of nitric acid are similar to those of

the organic indicators used to define the HR scale of acidity:-

4+ +
ROH + H — R + Hy0

The increase in nitration rate with sulphuric acid concentration in

the range 80-90% sulphuric acid 1s attributed to an increase in the

nitronium ion concentration. The slopes of the plots of log. k2 against

HR are, however, not always close to unity. A better correlation, up to

nearly 89% sulphuric acid is obtained with plots of log. kz against

- [HR + log 3, D)' Moodies3 found that such plots gave straight
2

lines of near unit slope for a wide range of substrates. Howevsf;

slopes of plots against - HR are usually greater. This is because of

the difference in activity coefficient behaviour of species involved in

the sulphuric - nitric acid equilibrium and in the triarylcarbinol

indicators.
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The correlations of rates with acidity functions provide a convenient

basis for comparison of the reactivities of various substrates.

Rate Maximum and Higher Acidities

Since nitric acid is fully converted to nitronium ions in about 90%
sulphuric acid the rates of nitration should become independent of
acidity at approximately this acid concentration. However, rather than
" a levelling off in the rate, maxima in the rate-acidity profiles are
cbserved fer a wide variety of substrates at about 87-92% sulphuric
acid (fig. 3)84. No entirely satisfactory explanation of these maxima
has been produced. If the maxima were associated exclusively with the
state of the nitréting agent in solution théy would be expected to occur
at precisely the same acid concentration for all substrates. The

small variation in the position of the maxima for various substrates

rules out this possibility. The possibility that progressive protonation

of the substrate leads to deactivation and a consequent fall in rate

cannot be ignored. However, rate maxima have also been observed in

cases where protonation of the substrate is highly unlikelyss. In an

earlier hypothesis the

diminution of the concentration of bisulphate ions. It was assumed that

these ions catalysed the reaction by assisting the proton transfer from
the aromatic compoundss- This hypothesis was disproved by Melander, who

showed that in nitration the loss of the proton was kinetically

insignificant. The variation in the rate has also been attributed td a

change in activity coefficients which is known to occur in strongly

The activity coefficients in sulphuric acid of a

‘ 67
series of aromatic compounds have been determined .

acidic solutions.
It has been shown

that if the rates of nitration were corrected for the decrease of the

activity coefficients. the corrected rate constant varied only slightly

‘ 58
botwean G0% and 100% sulphuric acid ~.

decrease in rate above 90% acid was ascribed to the
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Mechanism of Nitration

As a second order reaction between the aromatic substrate and the
nitroniunm ion nitration could occur either as a single-step displacement

of a proton by the nitronium ion or via the formation of an intermediate

in a two-step process as shown in scheme 1:-

3 H
+ 1 +/_
ArH  + NO2 AF\ND
—— 2
K A
-1
e 2 +
' ——>  ATNO + H
NO,, 2

Scheme 1:- Mechanism of Aromatic Nitration
The mechanism of scheme 1 is widely accepted. The absence of
69
kinetic isctope effects suggests that the reaction occurs by a slow
etermining step involving formation of a bond between the

rate-d
nitronium ion and the aromatic ring, followed by the fast loss of a

proton.

" gubstituent Effects in Nitration

/
Nitration in sulphuric acid is particularly useful as a means of

studying the reactivities of aromatic compounds towards electrophiles.

Nitration in agueous sulphuric acid can provide data for compounds

covering a large span of reactivities since the second-order rate

4
constant decreases by @ factor of about 10 for each decrease of 10% in
the acid concentration (below 90% sulphuric acid). Nitration in

sulphuric acid is particularly suited to the study of strongly

deactivated compounds. pirect comparisons with benzene can be made in

; 7 ,
solutions up to 82% sulphuric acid’ . However, with strongly activating
substituents, nitration in sulphuric acid is of limited value because‘
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of the early onset of diffusion control. Coombes et 5170 investigated

the nitration of benzene and other reactive compounds in aqueocus sulphuric
acid. A limit was reached beyond which the introduction of further
activating substituents did not increasé the rate of nitration. This
1imit was identified as the rate of encounter of the nitronium lons

and the aromatic molecules. The rates of reaction of compounds such as

phenol and 1-naphthol are equal to the encounter rate. Indeed,
nitration in sulphuric acid cannot differentiate between compounds more

than sbout 38 times more reactive than benzene. At this point,

differentiation disappears because reactions occur at the encounter rate.

Indeed for very reactive substrates the rate-determining step can even

be the formation of nitronium ion in the sulphuric/nitric acid equilibfium.

For deactivated compounds this limitation does not exist, and nitration

in sulphuric acid is a useful method for comparing the reactivities

of such compounds. However, there is a practical difficulty in

following such reactions because secondary processes, e.g. oxidation,

might become important. The limited solubilities of aromatic compounds

in sulphuric acid has also been a problem, and much of the work on the

orientation of nitration relates to reaction under heterogeneous

conditicns.

Linear Free Energy Relationships

The problem of correlating substituent effects in electrophilic
substitution by a Hammett-type eguation has been examined by Brown et al.71

The treatment of aromatic substitution in terms of a linear free energy

relationship with &' constants was suggested72, where

R
+ k'/ H
S = log.1o k

where kR is the rate of solvolysis of the phenyl-dimethylcarbinyl chlorides,

RCBH4CM92C1. A new set of substituent parameters, G’, were thus derived.
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These substituent constants can be used for inter-relating the rates of

other similar reactions e.g. electrophilic substitutions:-

R
H + +
log10 K /k = p &

In this equation kR is the rate coefficient for the reaction of a
derivative of benzene, kH is the corresponding rate for the unsubstituted
compound. The p+ term is a parameter independent of R, but characteristic

of the reaction and the conditions. It is a measure of the sensitivity

of a given reaction series 'to substituent effects and is termed the
reaction constént. The 6 term is a substituént parameter independent
of the reaction, but characteristic of the substituent R. The
applicability of the two-parameter equation and the constants devised

by Brown71’73 to electrophilic aromatic substitutions was tested by

plotting values of the partial rate factors for a reaction against the

The correlation of Sﬁ-parameters

5

appropriate substituent constants.
dS
and the aromatic react;vity was gquite goo .

The slopes of the linear

correlations give the values of the reaction constants. However, there
is still some dispute as to whether the effect of a substituent can be

represented by a constant or whether its nature depends on a specific

reaction.
As regards nitration quantitative lineer correlations of aromatic
reactivity using the p+ Gﬁ relation have been obtained. However,

because of the practical difficulties involved with nitration in

which were mentioned earlier, correlations for nitration

sulphuric acid,
74-77

have most often been obtained with other solvents « Stock and

+
Brown73 studied the relationship between @ constants and rates of

itrati in various organic solvents and obtained a reaction constant
nitration
= -6.53 has also been reported

of p = -5.0. A reaction constent of p
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for nitration in nitromethane and acetic anhydride78, Inclusion of

further substituents gave p = -8.2272.

Coombes et al. 3 obtained partiel rate factors for nitration of

benzene derivatives in sulphuric acid. The data are plotted against €

constants in fig. 4. Coombes states that.correlation is 'very poor’
but as can be seen from fig. 4 a reasonable straight line plot is

obtained. From this plot the reaction constant is calculated as p =

-11.8. However, Coombes S believes that Brown's treatment of substituent

effects would receive its severest test with strongly activating

substituents. The basic assumption in the D+ &' relation is that the

direct resonance effects of substituents can be represented by a constant.

Substituents such as p - OMe and p - NH2, which by the mesomeric effect

activate electrophilic substitution, would test the validity of this

assumption. Nitration in sulphuric acid is useless for this purpose

because of the early onset of diffusion control. Thus, the

data of fig. 4 refer mainly to deactivating substituents. 1In conclusion,

it might be said that quantitative linear correlations of aromatic
reactivity towards nitration in sulphuric ecid, using the ot &t

relation, have been achieved to a limited degree. However, correlations

are not entirely satisfactory because of the restrictions and problems

involved with nitration in sulphuric acid. Only a limited number of

substituents (mostly deactivating) have been studied.

Heterocyclic Systems

No quantitative interpretation of substituent effects upon rates of

nitration of thiophene derivatives has been reported. However, a study

of the halogenation of substituted thiophenes showed that the

Characteristics of these reactions are similar to those for the
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45
Corresponding benzene compounds . Butler45 found that & constants

are egually successful in correlating data for electrophilic substitution

in thiophenes. The sulphur atom appears to have little effect upon the

mechanism except to make the molecule more reactive, The nitration of

thiophene itself in sulphuric acid has been studied48 and the mechanism

confirmed as being similar to that of benzene. A linear relationship was

shown to exist between the logarithm of the observed second-order rate

constant and - (HR + log. 8 &’ with a slope of unity up to 90%
2

Sulphuric acid. Thiophene is more reactive than benzene towards

Nitration and so, again, it is not possible to study the effect of any
activating substituents because of the early onset of diffusion control,

Solubility problems arise with more dilute acid but thiophene itself
0

8
Polymerises at high concentrations of sulphuric acid

~ Protonation of Substituents

Many aromatic compounds are sufficiently basic to be protonated in

Concentrated sulphuric acid. If nitration occurs substantially through
the free base, then the reactivity of the conjugate acid will generally

be negligible. Thus, increasing the acidity of the medium will, by

depleting the concentration of the free base, reduce the rate of reaction,

However, nitration may or may not involve the predominant form of the

Substrate. If the predominant form is the conjugate acid and the reactign
stil1 proceeds through the unprotonated form then the observed secong-

order rate constant must be corrected to give one appropriate to the

reacting free base. The fall in the concentration of the ective specieg
can be calculated from a knowledge of the ionization ratio. The

lonization ratio is obtained from a knowledge of the pKa of the conjugate
acld and the acidity function which, for the particular compound, gives

the best measure of the acidity of the medium. Several criteria have

been used in identifying the reacting species in reactions of this kind,
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The study of the variation of the observed second-order rate constant

with acidity has been particularly important.

As discussed earlier, for neutral compounds plots of the logarithm
of the observed second-order rate constant for nitration at 25°C egainst
the percentage of sulphuric acid have similar slopes. It has also-been
shown that plbts of log10 kobs against -(HR + log aHZOJ are usually
linear, with slopes close to unity. For basic compounds which are
predominantly protonated in the media in which nitrations are conducted,
simllar slopes are to be expected if the conjugate acid is the species
undergoihg nitration. . Fof example, nitration of the anilinium ion at

\

256 gave a slope of uﬁity for
d logjg Ky
d [-(HR + log e, 0)]

1 2
The unprotonated form of the base will generally be the more reactive
toward nitration, and it is'possible that nitration will occur through
the free base, even when i%s concentrat;on is very small compared with
that of the conjugafé acid.n In such caées substantially lower slopes
are to be expected because Lhe prbﬁo;tion of free base falls with
increasing acidity. Thé ob%erved se;ond-order rate constants can be
corrected to give: values reiévant to the free base by determining the
ionization rétio. Ideally, the corrected rate p;ofile should have a
slope simiiar to those given by\substrates which are nitrated via the
dominant species.. One difficulty\here arises from the fact that the
acidity function followed\by the compound under study is known in only
a few cases (so‘it is not possible to détermine the ionization ratiol.

Examples of compounds éxhibiting low slopes which are attributable to

nitration through the minority free base are acetophenone (slope = 0.76)

and benzoic acid (0.80).
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The way in which the rate of nitration of some non-basic compounds
depends upon acidity in the region above that of maximum rate {~ 90%
sulphuric acid) has been discussed earlier. Protonation partly accounts
for the particularly marked fall in rate which occurs in the nitration
of anthraquinone, benzoic acid, benzenesulphonic acid81 and some

nitroanilinessz.

- The orientation of substitution is an important factor to be
considered in recognising both changes in the effective electrophile and
in the nature of the aromatic substrate. For example, the anilinium ion
is. meta directing whereas aniline itself is oftho-para directing.
Orientation in the nitration of p-nitroanaline agrees with other

evidence in indicating that nitration occurs through the free basesz.

DECARBOXYLATIONS IN SULPHURIC ACID

Numerous quantitative studies on aromatic decarboxylation have been

reported. Verhoek83'84

studied the decarboxylation of trinitrobenzoic
acid and established that for aromatic acids with electron-withdrawing

substituents, the loss of C02 occurs via a unimolecular reaction of the

anion:-
RC02 R + C02 slow
R~ + HO 'RH + OH fast

Support for the proposed slow step comes from the observation of a

13C isotope effectss and the absence of a 020 solvent isotope effectas.

A different mechanism for decarboxylation has been proposed for aromatic
87-8
carboxylic acids containing electron-releasing substituents. Schubert 7-83

and w111190-92 found a dependence of rate on acidity and suggested a

mechanism of A - SE2 type:-
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slow H
ArCDZH . H+ —_— Ar'+/
H
A "/ fast ArH ¥
r \\\\\ as T | + C02 + H
’ CDZH

The proposed mechanism involves a rate-determining attack of H+ on
the carbon of the aromatic ring. Evidence for this mechanism again
comes from solvent isotope effectsgB. Few substituent effects have been
examined in the protodecarboxylation reacﬁion, but the results available

are consistent with the view that the reaction is electrophilicg4.

890-92

For substituted salicylic acids, Willi proposed a mechanism

involving the anion, rather than the acid:-

Arco.- + H _— A\rH ArH + CO

Dunn95 proposed é mechanism for the decarboxylation of 4-methyl and

4-methoxyanthranilic acids in terms of three possible intermediates:-

H H
COH ' co,, . co,
B —— ——— .
s D
NH, N NH,, NH4
- +H+
A B C

Dunn concluded that the decarboxylation path probably went exclusively
through the intermediate B but because of the complex nature of the system

decarboxylation via species A and C could not be excluded.
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Los et al.95 reported data for a large number of 4-aminocbenzoic

acids with different substituents at the 2 and 6 positions. In order to
rationalize their observations the authors proposed the general reaction

mechanism shown below:-

+ +

ROOH  +  H,0 , — RH'COH  +  H.O

RCO,”  +  Hi0 | — RH"CO, £ HO

RH*fCOLH + H.0 e RH'co.”  +  H.O"
2 2 Prm— 2 3

RH*coz' — RH .+ CO,

2H and RH+C02- involve protonation at the 1-carbon

of the ring and are both assumed to be reaction intermediates present in

The species RH'CO

small concentration. Some indirect support for the proposal that the
reaction procesds via an intermediate of the type RH+CDZ- came from

the data on the bromodecarboxylation of aromatic acidsgS. The kinetics
of this reaction are consistent with a mechanism proceeding via an

intermediate formed by electrophile attack on the anion of the acid.

Longridge and Long97 studied the decarboxylatibn of aromatic

carboxylic acids in acidic‘solution and concluded that the existence of

, Seems unlikely in

concentrated acid. Indeed under highly acidic conditions one might

expect appreciable protonation of the carboxylic acid itselFBB. Whilst

a specles with a strongly basic site such as RH CO

evidence suggests that this type of species is frequently involved in
reactions it is doubtful whether it is an essential intermediate for all
aromatic decarboxylations. The ionization of RH+C02H may not be

necessary for decarboxylation to proceed in all cases.
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PROTCNATION OF AMIDES

Attempts to determine the pKBH+ values of amides in concentrated
acid have been made relatively recentlyga. The basicities of substituted
benzamides were studied by U.V. spectroscopygg and were subsequently
recalculated to the HA acldity function scale. Benzamide has a pKBH+
value on this scale of -1.74 and pKBH+ values of substituted benzamides
correlate with the @ -substituent constants, with p = 0.92 0. This
was interpreted by Edward et al.gg as indicating that amides are N-

protonated because the dissociation of the conjugate acids of amides is

closely similar to that of carboxylic acids (used to define & -constants).

The question of O- vs. N-protonation has been a subject of controversy
for’many years. Indeed several authors heve indicated that the acid
catalysed hydrolysis of amides may go via either of two mechanisms,
depending on whether the oxygen or nitrogen atom of the amide has been

protonated101‘1023 The usual justification for considering oxygen

protonation is that amides are mesomeric102. The proton additicn would
then occur et the atom carrying the partial negative charge. The
resulting O-protonated amide ions are themselves mesomeric, unlike the
N-protonated cations. " Those who favour nitrogen protonationgg have

argued that the mesomeric stahilities would not be impcrtant enough to

overcome the greater basicity of nitrogen over oxygen.

The most convincing evidence in favour of O-protonation, comes from
NeM.r. studies in concentrated acids. Gillespie and Birchall103 slowed
down the rate of exchange of protons of acetamide, N,N-dimethylacetamide,
formamide and dimethylformamide with the solvent by lowering the
temperature. They aseigned the spectra to the C = OH+ group. The

spectrum of pure liquid dimethylformamide shows two peaks for the two
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methyl groups, due to restricted rctation about the C-N bond, resulting
in different environments for the methyl protons. These peaks remain
unchanged in aquecus strong acids104, indicating that b-protonation
predominates, retaining the partial double-bond character of the carbon-

nitrogen bond :-

The NHMe2 group produced by N-protonation would be free to rotate,
producing a different spectrum. Similar reéults have been obtalned with

other anides105.

Infrared and Raman=spectra evidence s.g. shifts in freguency, has
generally been interpreted in terms of N-protonation but Katritzky and

Jones106 do not consider that the evidence negates the possibility

of O-protonation. Hantzsch107 used the similarities in U.V. spectra of
benzamide and ethylbenzamido-ether to suggest O-protonation. Edward

et al.gg, however, showed that the evidence was also compatible with
N-protonation. Huisgen and Brade108 presented evidence for O-protonation
from basicity studies. They found that N-substituents have less effect
on the basicities of amides than on those of corresponding amines. This
suggests that the basic centre of amides is further from the nitrogen
atom than in amiﬁes. However, as mentioned earlier, application of the
Hammett equation to‘basicities of substituted benzamides led to a better
+ with ¢ than with ¢ (correlation with 6 is

BH
required for protonation of the cerbonyl oxygen109]. This suggests

correlation of pK

that amides protonate on nitrogén. However, the concept that all reactions

' . 10
comply with a set of unique € or & values has been criticised .
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Much of the chemical evidence available at present favours the O-

protonated Fonn111-112.

From the available evidence it would appear that the O-protonated
form predominates but N-protonation cannot be excluded. Thus, it is
reasonable to postulate hydrolysis mechanisms involving a rapid
protonation pre-equilibrium on either the oxygen or nitrogen atom. The
importance of 0~ and/or N-protonation with regard to acid hydrolysis

of amides is apparent in Chapter 5.

Amide Acidity Function

Yatess7 exteﬁded the idea of having a specific acidity function for
a particular structural type of base to amides. He produced the HA
function which is analogous to Ho' but applicable to the ionization of
amides by proton addition. HA is based on a series of primary
substituted benzamides, except in dilute acids where there 1s no
substituted benzamide basic enough to be appreclably protonaﬁed. HA
is, therefore, initially based on p-nitroaniline as the primary
indicator. This acidity function has been used to determine pKBH+

values of amides. The values have been measured in sulphuric acid57 and

hydrqchloric acid113, and the function tested100 for several amides

other than those used originally, with generally good agreement.:

The most general method for determining pKa values involves
determination of the ratio of conjugate acid to free base at varying
acid concentrations. However, for the weakly basic amides, the region
of observable protonationnoccurs in strong acid. Since the stoichiometric
concentration of hydrbgen ions, conjugate acid and free base is no
longer accurately equatable to the activities of the species the HA

acidity funcfion of amides is of fundamental importance in the

determination of ionization ratios.
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PART 2.

ELECTROPHILIC DISPLACEMENT
REACTIONS.
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CHAPTER 4

INTRODUCTION -

ELECTROPHILIC SUBSTITUTION
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ELECTROPHILIC SUBSTITUTION REACTIONS

The aromatic substitution reacticn that has received the closest
study is nitration. The kinetics and mechanisms of reactions in which benzen

and other aromatic compounds undergo substitution have been studied

extensively85’114.

Nitration

Nitration has been shown to be an irreversible second-order reaction81

and takes place with a variety of nitrating agents in a variety of medias4.

Déspite the fact thaf the rate of nitration of a given compound depends
on the conditions, the mechanism 1is essentially the same. Nitric acid

in sulphuric acid/water mixtures 1s a common nitrating medium, in which
the nitrating agent has been well established as the nitronium ion.,N02+.
In concentrated sulphuric acld the reaction which produces the nitronium

jon is:-

+, + -
HNO3 + 2HZSD4 e N02 i + H30 * 2HSD4
|
Evidence for the existence of nitronium ions in solutions of nitric

| .
115

i .
acid in sulphuric acid came from freezing point depression data and

Raman spectra118. Nitronium ions are present in spectroscopically

detectable amounts only in solutions of nitric acid in > 85% sulphuric

N

acid. The conversion of nitric»acid to nitronium ions is complete in
about 890% sulphuric acid. The rates of nitration of aromatic substrates

in sulphuric acid/water mixtures are extremely sensitive tc the concen-

117

tration of sulphuric acid. Westheimer and Kharasch demonstrated a

linear relationship between nitronium ion concentration and the rate of
nitration in media containing sulphuric acid < 90%. Rates of nitration
have been shown to parallel the ionization of triarylcarbinols, i.e. to

follow the HR acidity function118. Triarylcarbinols ionize in the same
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way as nitric acid:-

, . )
RBCOH + 2HZSD4 — HSD + RBC + 2HSD4

The slopes of the plots of log k vs. Hé are, however, not always

close to unity. Moodie119 found that plots of log. k vs. -[HR + log ay O]

2
are straight lines of near unit slope for a wide range of substrates.
The water activity term compensates for activity coefficient differences

between species involved in the sulphuric/nitric acid equilibrium and

species involved in the triarylcarbinol eduilibrium.

Mechanism of Nitration

The mechanism of aromatic nitration was discussed by Ridd120 in 1871.

He showed that the major mechanism of nitration in solutions of nitric

aclid in sulphuric acid and inert organic solvents i1s as follows:-

.S ’/,’Fi-
ArH + NO )
2  tm— \
< ND,
H k | )
’// 2 ATND,, + H
\\‘ND .

2

Scheme 1:~ Mechanism of aromatic nitration

It is believed that theinitronium ion and the aromatic diffuse

N
together to give an "encounter pair", of undefined structure. The

encounter pair produces a Wheland intermediate, shown above, which by

loss of a proton generates a nitro compound. Depending on the conditions

and the aromatic substrate any of the steps may be rate determining.

Indeed, for very reactive substrates which combine with the nitronium

ions as fast as they are formed, the rate-determining step is then the

formation of the nitronium ion.
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The mechanism of scheme 1 has been accepted for nitration since

Melander121

demonstrated that the rate of displacement of tritium is
about the same as that of protium. This could not be so if the aryl-
hydrogen bond were broken in the transitioh state. If it is broken in
the second, fast step, no isotope effect would be observed. The high
rate of breakdown of the intermediate and the irreversibility of the

reaction imply a free energy-reaction co-ordinate diagram of the type

« shown in fig. 1.

ArH+NO. "

ArN02+H+

Reaction coordinate

Fig. 1: Free energy diagram for the nitration of arcmatic compounds

Kinetics

Except in certain circumstances in which formation of the nitronium
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ion provides the rate-determining step, the kinetics are usually second-
order. Many nitrations have been shown to follow the kinetic law of

the form:-
Rate a (Ar-H) (Noz"l

Thus, in the majority of cases the rate-determining step is the initial

attack by NO This has been confirmed by the absence of kinetic

69,122

+
2 L}

1sotope effects in most nitrations

ANOMALOUS SUBSTITUTION REACTIONS

General Reaction

The general features of electrophilic aromatic substitutions are
now well understood and can be explained in terms of the two-step SEZ
mechanism which involves a relatively unstable 6-complex (Wheland
intermediate).

' : + ———;- + ,/’X | +
ArX + E <+ Ar -— ArE + X
E

Until rebently, most attention was given to those nuclear substitutions
in which X = H, i.e. conventional electrophilic substitutions. There is
now a growing interest in other types of elecffophilic reaction particularly
those in which X is a'group other than hydrogen. Many electrophilic

substitutions in which the leaving group 1s other then hydrogen have been

reviewed123.

Directive Effects

An enormous amount of data exists concerning directive effects in
electrophilic aromatic substitution. Substituents have been classed as
activating or deactivating, ortho-para directing or meta directing and

quantitative measures of these effects have been determined. The
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directive effects of a substituent R are expressed by the partial rate
factors, OFR. MfR and PfR. These factors represent the rates of
electrophilic attack at a single position ortho, meta or para to the
substituent, relative to the rate of attack at a single position of
benzene. However, thils situation has been complicated by recognition
of the importance of ipso attack. The term "ipso” was introduced by

124 to denote attack by a reagent at a substituted

Perrin and Skinner
position. Very little information exlsts concerning the directive effect
of a sﬁbstituent for attack directly at the ipsc position. Perrin
expressed such a directive effect quantitat}vely by means of an ipso
partial rate factor:-

R KArR x % attack at ipso position in ArR
KArH X

% attack at corresponding position in ArH

In this expression K represents the rate constant for total reaction

ArR

1of ArR, the system of interest. KArH is the rate constant for the
corresponding system in which the substituent R 1s replaced by hydrogen.
The choice of name for the term.if.R is unfortunate since partial rate
factors are generally-undérstood to be measures of reactivity relative
to a position in benzene. iThe definition of iFR, however, means that

these factors do not express reactivities relative to benzene, or indeed,

to eny single reference compound.

~.

" .
In common with other partial rate factors, the ipso factor, i1c is

characteristic not only of the substituent R but also of the aromatic

substrate, the attacking‘electrophile and the reaction conditions.

Determination of Ipso Factors

The general form of & reaction involving attack at a substituted

position of benzene can be represented: -



E2 k1 E1 E2 )
+ 2
E’l ¥ *k——- @ - Products
. -1 ‘

The ipsc factor of the substituent E2 is given by the value of k1,

divided by the value of k, for the reaction in which E, is hydrogen. 1In

1 2

order that the measured rate of reacticn be simply k1, it is necessary

that k_, be sufficiently smell, so that the attack of E Y is effectively

1 1

irreversible. Several ipso factors are shown in table 1.

REACTION ‘ R ifR
Protodesilylation125 Me4S1 o 10°
Bromodesilylation125 MeBSi ~ 108
Diazodesilylation125 MeBSi < 1
Protodeboronation12B B(DH]2 vo4
, . 127 :
Bromodemethylation Me 0.29
Bromine exchange127_ Br < 2x1077
97 ; -3
Protodecarboxylation CDZH 2x10
Nitrodehalogenation12€ I 0.18
Br 0.0739
Cl 0.061
128
Diazodehalogenation I 0.148
‘ Br 0.009
Cl 0.007

TABLE 1: 1Ipso Rate Factors [ifRJ for some electrophilic substitutions123

From the few available data it is not possible to develop a complete
theory of such substituent effects. Ipso factors cannot be predicted from
well-understood ortho, meta and para directive effects, and the values

observed in table 1 cannot be rationalized at present.



Other Ipso Substitutions

Many ipso substitutions occur in aromatics which are strongly

activated toward electrophilic attack. Protodecarboxylation12g and
protodehalogenation130 are familiar reactions but other processes such es
nitrodealkylati0n131, halodecarbonylation132, halodesulphonation133 and
sulphodesilyation134 are less familiar. Nitraticens, in particular, are
noted for 'anomalous reaction products'135 and a few examples are now
discussed.

Nitrodealkylations

Demethylation occurs upon nitration of polymethylbenzenes and is
often accompanied by side-chain substitution135. Secondary and tertiary
alkyl groups are more easily displaced, and numerous examples of deisc-

propylation and de - tert - butylation are known136

. The electrophilic
nature of the reaction is indicated by the fact that the process has not
been observed in the nitration of monoalkylbenzenes. 1In general, the

more highly branched alkyl groUps are replaced, presumably due to the

stability of the leaving carbonium ion.

The nitration of p-cymene has been extensively studied in an effort
to minimize side reactions and to improve the yield and purity of the

2-nitro- and 2,8-dinitro - p-cymenés135-137.

A 10% yield of p-nitro
toluene was obtgined under most reaction conditions. In most cases
nitrodealkylation is a comparatively minor side-reaction accqmpanying
nitrodeprotonation. However, in certain circumstances it can be the

predominant reaction. Fdr example, the nitration of 1,2,4,5-tetra-iso-

propylbenzene with nitric acid in acetic anhydride gives entirely the

nitrodealkylated product:-
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CHMe CHMe

2 2
CHite,, HNO CHMe,,
—_—
Me,,CH AT, Me,CH
CHMe,, I  Ng,

Nitration of the ring positions containing hydrogen is subject to the

steric hindrance of two iso-propyl groups.131

Nitrodecarboxylation

- Nitration and halogenation of amino, hydroxy, or alkoxy- benzoic acids
are often accompanied by decarboxylation13§-140. However, it 1s possible
to show that the nuclear hydrogen atoms ortho and para to the activating
group are displaced in preference to the cérboxyl group. By caréful
control of the reaction conditions the reaction can be arrested before
the latter has been removed. The reaction occurs less readily than
hitrodeprotonation. either because the step in which the carbon-carbon
bond is ruptured is slow (and rate-determining) or because the électron-

withdrawing nature of the carboxyl group retards the initial attack of

glectrophile.

The nitration of anisic acid with sulphurié acid and absolute nitric
138,

acid yields three products

3 OMe OMe OMe
NO
HND3 ND2 N02 2 N02
————— '
+ +
H2804 :
CDZH ND2 | NQZ

OCH

CDZH

It is interesting to note that although a carboxyl group ortho or para

to -OH or -OR is usually readily replaced,2,3,4-trimethoxy-benzoic acid
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does not undergo nitrodecarboxylation whereas 3,4,5-trimethoxybenzoic

144
does: -
COH NO,,
HNO,
———
MeOo aMe - 12504 MeO OMe
OMe OMe

In the latter compound nitrodeprotonation is more strongly sterically
hindered than in the former, and this suffices to favour replacement of
the carboxyl group. Some other examples of nitrodecarboxylation and

related reactions are shown below:-

Me ~ Me — NO, .
HZSD4 (100%)
Me = Me Me Me
Me ' Me
COPh ND2
Br Br . HNU3 Br Br
e —————— .

Nitrodesulphonation

The nitration of sulphonic acids may give either the normal products
of substitution or those of replacement of the éulphonic acid group,
depending upon the conditions and on the substituents present in the
molecule. Nitrodesulphonation is particularly well documented among the

‘ 133
phenol sulphonic acids.143 Halodesulphonaticns are also well known.

Nitrodehalogenation is a common reaction and as discussed earlier,

124
has been used to determine ipso factors for the halogens.
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The mechanism of less familiar reactions such as nitrodesilylation

have also been studied.144

Heterocyclic Compounds

The reactivity of the a-positions in pyrroles, furans and thiophenes
is sufficiently great that a highly reactive electrophile will displace
a substituent in some cases. Substituents which are readily removed from

the 2-position are halogens, carboxyl groups and sulphonic acid groups.

Steinkopf and Muller22 studied the nitration of thiophene-2-

carboxylic acid and found a small amount of 2-nitrothiophene in the
nitration product. This was considered to.have been formed by the de-
composition of 5-nitrothiophene-2-carboxylic acid. Rinkes31 confirmed
this formation of 2-nitrothiophene but found that 5-nitrothicphene-2-
carboxylic acid failed to split off carbon dioxide even at its melting
point. Rinkes concluded that 2-nitrothiopheﬁe was formed by displacement

of the carboxyl group by nitro:-

NO
HNO 2
————r—————
ACZD .
S CDZH .ND2 S COZH S CUZH
AR 4 5%
+
S NO

10%
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2-Methylthiophene-5-~carboxylic acid was nitrated by Rinkes31 using
acetic anhydride and fuming nitric acid to give as the main product‘4-
nitro-5-methyl thiophene-2-carboxylic acid. However,rRinkes also
isolated 5-nitro-2-methylthiophene and 3,5-dinitro-2-methylthiophene

from the reaction products.. This reaction was further investigated by

Campalgne and Groseas:-

N02 N02
HND3
st——— +
ACZD
S ’ S S
C 3 02H -5° | c 3 02H C 3 02
: TRACE
Vv40% -
-+
S
CH3 NO2
V5%

In the reactions 6F 2,5-disubstituted thiophenes, such as that shown
above, the displacement of an a-substituent occurs to a much greater
extent than in the benzene series. However, tae presence of substituents
which lower the electron density at the 2-position, or esterification of
the carboxyl group, prevents decarboxylative nitration. Nitration of
halogenated 2-acetamidothiophenes41 leads to replacement of halogen by
the nitro group, and elimination of alkyl groups is also known145.
~ Elimination of an a-substituent occurs in the furan and pyrrole series

in similar circumstances148.

Elimination of B-substituents is less common. Campaigne and E!ourgeois38

studied the substitution reactions of thiophene-3-carboxylic acid. This
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acid was nitrated readily in cold sﬁlphuric-nitric acid to give 5-
nitrothiophene-3-carboxylic acid. Campaigne and Bourggois found this
nitro acid to be 'remarkably stable for a thiophene compound, and could
be recovered after treatment in nitrating mixture at 140° for two hours’'.
This behaviour contrasts sharply with the nitration of 2-acetamido-

thiophene-3~carboxylic acid, the initial subject of this research:-

0, H ND

2 2
HND3
v ————n
‘ HZSD4 .
02 HAc ND2 NHAcC

The electrophilic nature of the process is thus indicated by the fact
that replacement only occurs if the ring position with the carboxyl

group attached is strongly activaeted towards electrophilic substitution.

Since 1pso substitution involves leaving groups other than hydrogen
there is a growing interest in establishing an order for the leaving

abilities of the electrophiles.

Leaving Group Abil;ﬁy‘

Perrin147

investigated the relative leaving abilities of electrophiles
in electrophilic aromatic substitution. The general case involves the

decomposition of an intermediate:-

+

4
The question of interest is which of the two electrophiles, E1 or E2

. +
is lost more readily and why? When one of the electrophiles is H

hydrogen isotope effects provide the answer .
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k
1 k2
+ e + +
E + Arh *If—*- EArH —rr ArE + H
-1

If k, >> k_,

at the same rate as ArH. However, if k_1 > k2 then loss of H (or D+]

competes with loss of E+. The second step then becomes rate determining

then no isotope effect is abserved, i.e. ArD will react

and a deuterium isotope effect will be observed. Thus 1if electrophilic
substitution of an electrophile, E+, qu a proton H+, shows an isotope.
effect appreciably greater than unity, then Y is a better leaving group
than H'. Iodinations, nitrosations and mercurations all proceed with
appreciable isotope effects and so I+, NO* and Hg2+ are all lost at

least as readily as H. In c&ntrast nitrations, chlorinations and
alkylations rarely show appreciable isotopé effects suggesting that N02+>
c1” and R* are lost much less readily than H'. It is assumed that if
E,Ar H® loses E * much less readily than 1t loses H" and 1f E2ArH+ loses

1 1

Ez+ sbout as readily as it loses H® then Ez+

than 51*.

is a better leaving group

If one takes the magnitude of the hydrogen isotope effect as a

quantitative reflection of the ratio k-‘l/k then an approximate order of
2

increasing leaving ability can be obtained:-

c1” ~ No," v R < Brt < 07 v ADN,T v sOg v REO® < NO* A HT A T < Hg?t

Perrin considered the ordér for those electrophiles which are readily
- s N k
: H/k
lost to be reliable since it is based on isotope effects D) ranging

from 3 to 7. However the relative leaving abilities of those electrophiles

that are lost much less readily cannot be easily predicted since in

KH/k

general D < 2. Steric problems are also encountered in considering

these isotope effects quantitatively. Aromatic substitutions by

* * * ’which are usually lost
electrophiles such as Ar, » Br 0, and RCO

le A41v than H*, show higher isotope effects in certain circumstances.
SS roA \/ 3 )
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This is due to a steric effect which hinders the formation of a coplanar
structure invelving the substituent and aromatic, and thereby decreases

k2 relative to k_

1
Perrin decided, therefore, that a direct comparison of the relative
leaving abilities of the poorer leaving groups was necessary. The
relative leaving abilities of Cl+, Br+ and N02+ in acetic acid - acetic
anhydride mixtures was considered. The model for an intermediate having
two of these substituents was the conjugate acid of 1-halo-1-nitro-2-

keto-1,2-dihydronaphthalenes149:-

When X = Cl, the above intermediate decomposes by loss and migration

of N02+ rather than Cl+, in mixtures of acetic acid and acetlc anhydride:-

| Cl N02 Cl NU2 Cl
| — —
h .

The 1-chloro-6-nitro-2-naphthol arises by migration of N02+, and not
by an intermolecular process. This is an example of the rare migration
of a nitro group150. Other products which were isolated included 2-
hydroxy=-1,4-naphthoquinone, which arises via 1,2 naphthoquinone. A small
amount of 1-chloro-2-naphthol was also detected. No 1-nitro-2-naphthol

or 1,6-dinitro-2-naphthol was found - the loss of C1* does not compete

+

with loss and migration of N02 .
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In contrast, the bromo analogue, 1-bromo-1-nitro-2-keto-1,2-
dihydronaphthalene, upon treatment with an acetic acid - acetic anhydride
mixture yielded 1-nitro-2-naphthol. This was produced by loss of Br'
and so loss or migration of N02+ does not compete with SN2 displacement
on bromine by acetic acid or chloride (a small quantity of hydrochloric

acid was present in the reaction solution):-

Br MO, Br MO, NO,
+ -
0 H 8 1 OH
——— -
“E—— or Ac
151

Fries studied the rearrangement of 1-chloro-1-methyl-2-keto-1,2-

dihydronaphthalene in acetic acid and found that Cl+ 1s a better leaving
+ 128

3
1-halogeno-2-naphthol-6-sulphonic acids. The ease of displacement of

group than CH Fischer has also studied the diazodehalogenation of

halogen was found td be Cl+'< Br+ < I+ < H+. A complete sequence of

leaving abilities for these 'poor leaving groups' can thus be postulated:-

<c1’ o< N02+ <Br' <1* <H

+ +
CH3

It is also possible to include other electrophiles whose relative

leaving abilities have been determined. From kinetic studies and/or

126

isotope effects in protodecarboxylation97, protodeborcnation and

protodesilylation125 it is obvious that HY 1s a poorer leaving group
than C02, B(OH)3 and MeBSi+. Since H' is a better leaving group than
Br+ ang I+ then this sequence is consistent with the kinetics of

5
bromodecarboxylation98 and halodeboronation1 2.

Simple considerations of relative leaving abilities have clarified

some previously puzzling features of aromatic reactivity. For example,
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the variations in the mechenism of protcdecarboxylation97'153 are readily
understood in terms of the variations in the relative leaving abilities

of H+ and CDZ:-

v 4 Products

In dilute acld the asbove intermediate loses CUZ more readily than
HZD removes H . In buffer solutions, general base catalysis increases
the rate of proton removal, but does not affect the rate of CUZ loss.

In strong acid the intermediate is present as a species almost entirely

protonated on oxygen; This readily loses_H+ but cannot lose CDZ‘ It
is believed that similar phenomena are involved in protodecarbonylation129,
protodeformylation154 and protodesﬁlphonation155.

SN1 and SN2 Processes

+« The relative leaving abilities are not intrinsic properties of the
electrophiles. Proton loss can be regarded as an SNZ displacement on

hydrogen, whereas loss of NO * or NO* is an SN1 process. Whether loss

2
of some other electrophile is by an SN1 or SNZ process may be determined
on the basis of the mechanism of attack by that electrophile. Thus the
halogens, I+, Br' and C1% are never lost as such, but are removed by
nucleophiles. Relative leaving abilities might therefore show some
variatien with reaction conditions, depending upon the mechanism by
which the electrophile is removed from the & - complex. Perrin147
decided that a single order of leaving abilities was inappropriate. He
considered the information obtained from isotope effects from reactions

of model compounds, and from other kinetic studies, and then listed those

electrophiles that ionize in an SN1 process separately from those that

are cleaved in an SN2 process:-
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(A) NO,” < i-Pr' ~ S0, < t-But v ALY < ArcHoH® < nO < co

2 3 2 o < BIOH)4

+ 2+

(B) cH,” <c1” <Br® <D  nRreot <H A IV < Hg

3 < Me.sit

3

7

TABLE 2: Relative leaving abilities of electrophiles14 (A) ionized in

SN1 process (B) cleaved in SNZ process.

Although the reaction conditions can have a considerable effect on
the leaving abilities of species that react by an SNZ process, it is
possible to compare the two processes. For example, it was shown earlier

that a freguent order is Cl+ < N02+ < Br.

Factors Affecting Leaving Abilities

(A) Carbon-Electrophile Bond

The above order of leaving abilities is a reasonable one For.the
relative rates of breaking the carbon-electrdphile bond. Thus, N02+ is
an extremely powerfdl electrophile, forming a strong C-N bond which is
difficult to cleave. 1In contrast, good leaving groups such as Hg2+, H*
and N are particularly stable species, of low electrophilicity. The

C-Hg+, C-H, and C-NO bonds are, therefore, readily cleaved.

Ionization of R+ from the intermediate would not be expected to be

. .
a fast reaction unless R were a very stable carbonium ion.

(B} Reaction Conditions

Electrophiles such as c1’, Br' ,I+, H+, ng+ and CHS+ are removed in
an SNZ type process. The relative leaving abilities of these species
‘depend on the nature and concentration of the nucleophiles present. A

striking exanple‘of this occurs in the nitration of anthracene in
K COLL, &

158 H/kg - kly basic/@51vent
acetonitrile , for which D=68.1. In such a weakly bas ﬁtﬁ :;cmk
1:\ B SR

&

Lranant
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the proton becomes a very poor leaving group, in this case even poorer

than N02+, which needs no nucleocphile for removal.

For those substituents that are removed in an SNZ process, it is
necessary to consider the strengths of both the bond to be broken and

the bond to be made.

(C) Steric Effects

Large, bulky substituents close to the reaction centre will hinder
the approach of a bulky electrophile. This will effectively decrease

the rate of the second step of the reaction:-
| K

1 H k -
+ + 2 +
Ar - H + E e Ar*”” : ArE + H
'k_1 T~
The overall effect of such steric hindrance is to decrease the ratio
K
2/k

-1. The leaving ability of'the proton 1s thus decreased relative to
that of the electrophile. Reversal of the initial electrophilic attack
thus competes with loss of the proton, resulting in a hydrogen isotops

effect.

+ +
5 Br ., 503 and

RCO", which are usually lost less readily than H*, show higher isotope

Aromatic substitutions by electrophiles such as ArN

effects under special circumstances. This usually occurs when steric

effects hinder the overall substitution process.

(D) Stability of Leaving Group

Reaction conditions can have a considerable effect on the leaving
abilities of species involved in SNZ type processes. However, the
'stability of the leaving group is an important féctor in considering the
relative leaving abilities of species which ionize in an SN1 type process.

Ionization of R" from an intermediate is only a fast reaction when R" is
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a stable carbonium ion e.g. t-Bu*. Good leaving groups, such as ND+,

are particularly stable species, of low electrophilicity.

However, for those substituents which aré removed in an SN2 type
process comparisons of leaving ability cannot be absolute but are

applicable only under the conditions specified.

(E) Selectivity of Reaction

Since reactions involving powerful electrophiles show no isotope
effect it has been suggested157 that the selectivity of the reaction is
ihpbrtant. A powerful electrophile has a poor leaving ability, so that
proton loss is élways favoured and no isotope effect is cbserved.

However, mercuration, although a rather unselective reaction, does show

an appreciable isotope effect.

Other Consequences of Ipso Attack

Although ipso substitution is the most common result of attack by an
electrophile at a substituted nuclear position, other consequences are

also known.

a) Nucleophilic Addition

The stereoisomers shown below have been isolated during the nitration

of o-xylene by nitric acid in acetic anhydride158.

Me

T
Oew=

Ac

Similarly the acetoxylation that accompanies the nitration of many
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methyl-benzenes in acetic anhydride occurs by an addition-elimination

pathway1sg.

b} Rearrangement by Migration of Substituent

A common type of rearrangement that can occur involves the migration
of the electrophile from the nuclear position initially attacked to
another nuclear position or to a side-chain. Many examples of 1,2-

migration of the nitro group have been reported180-182.

The existence of a pathway involving rearrangement of the electrophile
to ancother ring position may be overlooked, particularly if the final
prodUct can also be formed directly Ey a conventional substitution. The
demonstration of 1,2-migration of the nitro group makes uncertain the’

extent to which ortho-substituted products arise by direct ortho attack.

The trapping of ipso-interﬁediates by solvent molecules e.g. acetic
anhydride, is being investigated183. There is no evidence, at present,

for the migration of the ipso substituent itself.

c) Formation of Dienones and Quinones

This is another possible conseqguence 0# ipso attack. Phenols give
stable cyclohexadienones when the ipso positioﬁ or the Hydroxyl group
is flanked by bulky groups184. Nemethylation of methoxyl occurs in the
nitration of p-methoxytoluene in agueous sulphuric acid and also in the

nitration of p-chloroanisole124.

d) Return to Starting Materials

The intermediate, believed to be produced by ipso attack, could

return to starting materials but this unproductive pathway is seldom

detectable.



Summary

Electrophilic attack upon an aromatic system doesAnot always yield
the products expected for a conventional substitution. The fact that
reactions of this sort exist has important implications concerning
guantitative sfudies of aromatic reactivity. It has been shown that the
products of conventional ring substitution can be formed by 1,2 shifts.
This suggests that care is needed when interpreting results of seemingly

'simple' substitutions.

Ipso attack at aromatic ring carbons bearing various substituents is
known to occur and the longest recognised conseguence 1is ipso substitution.
Although ipso factors have been determined for several reactions further
research 1s necessary for an understanding of them to develop. Attempts
have been made to obtain an order of leaving abilities of electrophiles,
but often the relatiye leaving ébilities show some variation with |
reaction conditions depending upon the mechanism of removél of the
electrophile. However, very littls work has been done on the kinetics
and mechanism of ipso substitutions. In general, a system strongly

activated toward elecfrophilic attack is required, but no quantitative

interpretation of this activating effect has ever been attempted.

The sensitivity of the nitrodecarboxylation reaction to substituent
effects and reaction conditions, in a series of thiophene derivatives,

has been investigated during the course of this work.
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CHAPTER 5

NITRODECARBOXYLATION OF

THIOPHENE DERIVATIVES
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NITRODECARBOXYLATION OF THIOPHENE DERIVATIVES

DISCUSSION

A step in the synthesis185

of 2-amino-3,5-dinitrothiophene involves
nitration of 2-acetamidothiophene-3-carboxylic acid. Nitration is found
to occur in only moderate yield to give a bis-nitroderivative, which

results from nitration at Cs being accompanied by nitro-decarboxylation

at CB:-

CoH NO

2 2
. HNO3
—
H, SO
S NHAc 24 02 s HAc

Dccurrencé of nitrodecarboxylation, while being a helpful feature of
the industrial process, since if obviates the.necessity of a separate
decarboxylation step, presents a fundamental problem in mechanistic
organic chemistry. Loss of groups from aromatic substrates during

123,135 but

electrophilic substitution is a well known type of process
most attention has been focussed on reactions such as protodesilylation
which occur readily in simple systems. Nitrodecarboxylation and the
related reaction of decarbonylation have recei;ed only scattered
attention. The reaction appears to be prevalent in systems activated
towards electrophiles but although nitrodecarboxylation has been observed“
in the thiophene series no systematic study in heterocyeclic systems has

been reported4‘31.

Nitrodecarboxylation of 2-acetamido-5-nitrothiophene-3-carboxylic acid

The nitrodecarboxylation step of the industrial process was accomplished
by treatment of the mono-nitro carboxylic acid with a sulphuric-nitric

acid mixture, Industrially it has been found that the most suitable



-.88-

guantity of nitric acid for optimum quality and guantity of product is

13 moles of nitric acid per mole of substrate. However, the best yield
of 2-acetamido-3,5-dinitrothiophene obtained was 56.3% and the yield
under industrial conditions is only 53%. The poor yield of product can
be partly accounted for by considering the A1 hydrolysis of both starting

material and product in concentrated sulphuric acid (see Chapter 7).

Variation of Rate with Acidity

Rates of nitration of 2-acetamido-5-nitrothiophene-3-carboxylic acid
in concentrated sulphuric acid solutions were determined by U.V.
sbectroscopy. The observed second-order rate constants for nitro-
decarboxylation of 2-acetamido-5-nitrothiophene-3-carboxylic acid are
shown in Table 1. The rate constants are average values obtained over
a number of Kinetic runs, since both starting material and product are
rather unstable 1n sulphuric-nifric acid mixtufes. This is especially
true in the more concentrated acid where hydrolysis to an unstable amine

occurs at an appreciable rate. However, in-all cases, the rate of

nitration (nitrodecarboxylation) was greater than the rate of degradation.

H,SO, CONCENTRATION MEAN Ko
(W/W ) ,_ (1 mol-1 sec™ 1)
80.95% 5.5x10" %
82.4% - 2.6x107°
83.5% 8.7x10"°
86.1% | 3.5x1072
88.2% 6.5x1072
89.9% 1.3x10”"
52.3% 7.9x10°2
94.7% 4.4x1072

TABLE 1: Observed rate constants for nitration of 2-acetamido-5-
nitrothiophene-3-carboxylic acid in nitric-sulphuric acid

emliitdimmpe af =29cCm
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The solubility of the weakly basic amide 2-acetamido-5-nitrothiophene-
3-carboxylic acid was very sensitive to changes in sqlphuric acid
concentration. The compound was barely soluble below 80% sulphuric acid

and so nitration rates were restricted to the more concentrated acid medisa.

A rate profile for the nitrodecarboxylation reaction in 80-85%
sulphuric acid is shown in fig. 1, and is very similar in form to a
conventional rate profile for a nitrodeprotonation reaction e.g. nitration
of nitrobenzene. In both cases, the increase in nitration rate up to
nv30% sulphuric acid caen be attributed to the increase in the degrée of

conversion of nitric acld to nitronium ions:-

HNO3 + 2H2804 P N02 + Hao -+ 2HSD4

The decrease in rate above g0% sulphuric acid can be attributed to

rather complex solvent effects188.

A first-order dependence upon nitric acid concentration has been
demonstrated for the nitrodecarboxylation reaction (see experimental

section):-

Rate = k20bs (substrate)(HNU3)

Since the rate of nitration of a second-order'feaction can only depend

on acidity if the concentration of one or other of the effective reactants
depends upon acidity, then the rate profile of fig. 1 represents kinetic
evidence for the nitronium ion as the nitrating agent (since the nitronium

ion concentration does, indeed, depend upon acidity - see Chapter 3).

The rates of nitration (nitrodeprotonation) of aromatic substrates
in sulphuric acid/water mixtures have been shown to parallel, fairly

closely, the ionization of trierylcarbinols in sulphuric acid/water
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7+Log K2ps

/ —-- =Nitrobenzene

30 85 90 95
o SULPHURIC ACID

Fig. 1: Plot of nitrodecarboxylation rates for 2-acetamido-5-nitrothiophene-
3-carboxylic acid vs. sulphuric acid concentration (c.f. plot for

nitrodepreotonation of nitrobenzene).
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66,117 118 18

mixtures i.e. to follow the HR acidity function Moodie et al.1

found that plots of log k vs. ~(HR + log a DJ are straight lines of
> .
near unit slope for a wide range of substrates (in media up to 80%

sulphuric acid). The water activity term, 3y g suggests that an additional

2
molecule of water may be present in the sulphuric-nitric acid equilibrium
(relative to the trierylcarbinol-sulphuric acid equilibrium). Slopes

of plots of log k vs. -HR are usually > 1.

The data presented in table 1 are plotted in fig. 2 against

_(HR + log g, D]’ the latter values being derived from published data52,58.

As shown, a siraight line of unit slope is observed up to approximately
83% sulphuric acid. Thereafter the slope is markedly reduced, however.
This effect can be explained in terms of aﬁide protonation in concentrated
acid. The unprotonated form of the base 1s the more reactive toward
nitration and so the unit'SIOpe‘below ~83% sulphuric acid is due to
nitration of fhe free base. However, the decreases in slope at higher
concentrations can'be.understood in terms of a decrease in concentration
of the reactive substrate, the free amide. The concentration of the

less reactive, protonated amide‘increases with sulphuric acid concentration
and so the slope of lgg k vs. -(HR + log aHZO] is less than unity.

Despite this restriction, the overall effect of increasing the acid
concentration is to increase the rate of reaction owing to the predominant

increase in nitronium ion concentration:; i.e. -[HR + log a ] inecreases

H20

more rapidly with increase of [H2804] than does -HA, the amide protonation
acidity function. Substantially lower slopes have also been observed’

187 168

by Moodie and Brignell due to the proportion of reactive free base

falling with increasing acidity.

The plot shown in fig. 2 suggests an onset of protonation of 2-
acetamido-5-nitrothiophene-3-carboxylic acid in ~83% sulphuric acid.

This is further supported by the fact that below 80% sulphuric acid the
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7*‘-09 K2obs.

16 17 18 19 )

g, 2: Plot of log k2 obs against —(HR + log aHZO] for nitrodecarboxylation
of 2-acetamido-5-nitrothiophene-3-carboxylic acid in sulphuric acid/

water mixtures, at 250.
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compound is not sufficiently socluble for even U.V. analysis (10~
Above “82% acid the solubility increases markedly with increasing acid
concentration, the thiophene derivative being quite soluble in 90%

sulphuric acid.

Nitration of 2-acetamido-5-nitrothicophene

2-Acetamido-5-nitrothiophene was prepared by decarboxylation of the
corresponding 3-carboxylic acid. The rates of nitration of this compound
in sulphuric acid/water mixtures were determined, again, by U.V.
spectroscopy. The observed second-order réfe constants, k20bs’ for the

nitrodeprotonation reaction are shown in table 2:

For reaction:-

9,
HND , |
————e.
H.S0
NO S HAc 24 S NHAG
2 ‘ NO
2
H,S0, CONCENTRATION MEAN K,
: - A
(W/W) (1 mol sec )
73.5% 4:3x10™°2
75.5% 2.6x1072
77.6% 1.0x10""
79.2% - 2.9x10""
83.5% . 1.0

TABLE 2: Observed second-order rate constants for nitration of 2-acetamido-

5-nitrothiophene in sulphuric-nitric acid mixtures at 25°¢.

-order rate
20bs’ where k20bs is the observed second-orde a

constant against -[HR + log e O) is shown in fig. 3 and is very similar
2

A plot of log kK
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SLOPE = 1-0

1% 15 16 17
- (HR +Log aHZO )

Fig. 3: Plot of log kz obs HZD

2-acetamido-5-nitrothiophene in sulphuric acid/water mixtures,

at 25°.

against -(HR + log a, ) for nitration of

18
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ih form to that obtained for the corresponding nitrodecarboxylation
reaction.  The unit slope up to ~78% sulphuric acid is due to nitration

of the base, which is present almost completely in the unprotonated

form. Above ¢78% sulphuric acid the slope decreases due to the increasing
degree of émide protonation. Agein, the more reactive free base is the
species undergoing nitration but its concentration decreases with

increasing sulphuric acid concentration.

Fig. 3 suggests an onset of protonation of 2-acetamido-5-nitrothiophene
in ~78% sulphuric acid, a lower acid concentration than for the |
corresponding ca;boxylic acid (83%). This 1s to be expected since the
carboxylic acid‘should be thé weaker base.. Similar solubility effects
were observed for 2-acétamido-5-nitrothiophene as for the carboxylic

acid 1i.e. it was practically insoluble below 80% sulphuric acid but

fairly soluble in stronger sulphuric acid solutions.

The yield of 2-acetamido-3,5-dinitrothiophene obtained by nitration
of 2-acetamido-S-nifrothiqphene under similar conditions to the
industrial process for the nitrﬁdecarboxylation reaction was 82.6%.

This contrasts with tﬁe 56.3% yield obtained by means of the latter
process. However, only an equlimolar quantity of nitric acid was required
for the nitrodeprotonation reaction and the reaction was complete a few
minutes after completion of the addition. The nitrodecarboxylation
reaction required 1% moles of nitric acid for complete reaction and.the
mixture was stirrea for 2 hrs before drownout. Thus, competitive
degradatioﬁ of both starting maferial and product (via amide or the
hydrolysis product, amine) is more likely during the slower nitrodecarboxy-

lation reaction, leading to a reduced yield of product.
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IPSO FACTORS 4%

An ipso partial rate factor has been defined as:-

R k x % attack at ipso position in ArR

k x % attack at corresponding position in ArH

Since all other positions are effectively unreactive in the systems
studied ebove, an ipso partial rate factor for the nitrodecarboxylation

reaction can be defined:-

3 CDZH - Rate of nitrodecarboxylation
f Rate of nitrodeprotonaticn

Extrapolation of the unit slope portion of the nitration plot in
fig. 3 enables a direct comparison with the rate of nitrodecarboxylation
in the same range of sulphuric acid concentration (c.f. fig. 2). Thus

the vertical separation in log kK units of the unit slope portions of

figs. 2 and 3 represents (irrespective of protonation effects) log ifCDZH.‘
Thus:-

log 1,727 = -3.25

e, 150" = s.ex107f

This iﬁso factor for nitrodecarboxylation of S.Bx’lO.4 is comparable

3 obtained for a protodecarboxylation

wifh an ipso factor of 2x10°
reaction97. However, direct comparison of ipso factors must be viewed
with some caution because they are characteristic not only of the

substituent (the carboxyl group) but also of the aromatic substrate, the

attacking electrophile and the reaction conditions.

OTHER 2-ACYLAMINO-5-NITROTHIOPHENE=-3-CARBOXYLIC ACIDS

Because of the poor yield of product obtained in the industrial

nitration of 2—acetamido-S-nitrothiophene-3-carboxylic acid, a series
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of alternative amides were prepared. The amides were subjected to
identical industrial nitration conditions and the yields of 2-acylamino-
3,5-dinitrothiophene determined in each case. The rates of nitrodecarboxy-
lation of these amides were also determined by U.V. spectroscopy and the

results are presented in table 3.

For the reaction:-

Co_H 0

2 5
HND
———
) H,30,
NO > NHCOR NG S NHcoR
2 2
R 10K 0 s Yield
(1 mo1~" sec™ (of dinitro amide)
i , 3.9 72.7%
3 1.3 56.3%
Ch,Cl - 8.5 81.3%
CH,CHy : 1.1 49, 8%
CHCH3), 6.4 51. 4%
ClCHy)4 2.3 IECAE

TABLE 3: Rates of nitrodecarboxylation of 2-acylamino-5-nitrothiophene-
3-carboxylic acids in ~90% sulphuric acid at 25°, together
with yields of nitrated product obtained under industrial

nitration conditions.

It can be seen from table 3 that the improved yield obtained with
the formamido and chloroacetamido derivatives is not due to any substantial
increase in rate and therefore shorter reaction time. The improved

yield can be accounted for by considering the A1 hydrolysis of amides
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in concentrated sulphuric acid (see later). All of the amides, other

than the formamido and chloroacetamido derivatives, are readily hydrolysed
in concentrated acid to unstable amines. These amines are not isolable
from the reaction mixtures because of their great instebility in presence

of nitric acid.

When 2-fonnamidothiophene-3-carboxylic acid was nitrated with 23
moles of nitric acid per mole of substrate (as in tﬁe industriel nitration
of 2-acetamidothiophene-3-carbokylic acid) the yield of 2-formamido-3,5-
dinitrothiophene‘was 70.3%. This is a considerable improvement on the

46.2% yield of 2-acetamido-3,5~dinitrothiophene.

The varietions in the rates of nitrodecarboxylation of the 2-
acylamino-5-nitrothiophene-3-carboxylic acid derivatives with sulphuric

acld concentration are shown in table 4. Plots of log k against

20bs

-[HR + log a, ,) are shown  in fig. 4 and it can be seen that the behaviour

HZD

is very similar to that of the corresponding 2-acetamido derivative 1i.e.
an initial slope of unity, with a subsequent reduced slope due to the
increased protonation of substrate. This protonation reduces the

concentration of the more reactive species, the unprotonated amide.

For reaction:-

CO.H NO

2 2
HND3
e r————
///)U | H2504
S~ /’JN —
NO \\\\S \NHCOR NO \\\~S \NHCDR
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= -NHCOCH,CL
B= - NHCOCH(CH3) 9
C= - NHCHO
D= - NHCOC (CH3)3
E= - NHCOCH,CH3

16 - 17 18 19 20

;—'(HR + Log aHZO )

Fig. 4: Plots of log k ageinst -(HR + log a ] for nitrodecarboxylation

2 obs

H,O
2 .
of 2-acylamino-S-nitrothiophere-3-carboxylic acids in sulphuric acid/

water mixtures at 250.
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% H2804 % kZDbS (1 m01—1 sec-il
R=H, o OH,CL CH,CHg,  CHICHR),,  ClCHg),
90.2 8.5x10° 1 | 1.1x10”" | 6.4x10”1 | 2.3x10”"
88.2 1.9x10"]
86.1 | 10.6x107 2| 2.1x10” " | 2.9x107% | 1.7x10"" | 4.5x1072
83.5 2.7x1073 | 4.7x1072 | 7.7x1073 | 4.0x1072 | 1.3x107%
80. 9 1.5x107° | 3.2x1073 | s5.3x107% | 1.9x107% | 1.1x1073

TABLE 4: Rates of nitrodecarboxylation of 2-acylamino-5-nitrothiophene-

3~carboxylic acids in sulphuric acid/water mixtures at 25°,

NITRODECARBOXYLATION OF OTHER SUBSTITUTED THIOPHENES

A further study of the nature and mechanism of the nitrodecarboxylation

‘reaction was performed by studying a variety of thiophene ring systems.

{A) 3-Amidothiophene-2-carboxylic acids

Compounds of this type proQide an interesting comparison with those
of industrial interest since the positions of activating group and the

reaction site are reversed.

When 3-acetamidothiophene-2-carboxylic acid was treated with an
equimolar quantity of nitric acid in concentrated sulphuric acid only the
4-nitro isomerwwas isolated. This behaviour was similar to that of the
corresponding 2-acetamidothiophene-3-carboxylic acid i.e. the favoured
nitrodeprotonation reaction occurring exclusively, with no evidence of

any nitrodecarboxylation.

The fact that the nitro group enters the 4¥position in the case of the
3-acetamido derivative was demonstrated by hydrolysing the aemice to amine

and subsequent deamination:-
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N02 NHCOCH3 , ND_ NH2

H.SO

S CO0.Me S CO0.Me

OH /MeOH
M

CO_H CO,Me

Scheme 1:- Proof of structure of product of nitration of 3-acetamido-

thiophene-Z-carboxylic acid.

The final product, 4-nitrothiophene-2-carboxylic acid, is a known

compound with a melting-point different from the 5-nitro isomer31.

When 3-acetaﬁido-4-nitrothiophene-2-carboxylic acid was treated with
a sulphuric acid-nitric acid mixture (in an identical manner to that
used preparatively for nitrodecarboxylation of 2-acetamido-5-nitrothiophene-
3-carboxylic acid) theré was no evidence of carbon dioxide evolution
either during the addition‘of mixed acid or on‘drown-out. The starting
material was recovered in 96% yield. Nitrodecarboxylation was eventually
detected in 90% sulphuric acid at room temperature. However, treatment
with nitric acid for 4 hrs was required for complete reacfion; the
product, 3-acetamido-2,Q-dinitrothiophene, being isolated in only 32%
yield. This.reluctance to nitrodecarboxylate is in contrast fo the
corresponding 2-amido-3-carboxylic acid. Thiophene derivatives
containing a carboxyl group in the e-position are usually much more
susceptible to nitrodecarboxylation due to the greater electron-denéity

31
at the 2-position relative to the 3- or B-position. Rinkes obtained
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some 2-nitrothiophene during the nitration of thiophene-2-carboxylic

acid in sulphuric-nitric acid, whereas Campaigne38 found that the only
product of nitration of thiophene—3-barboxylic acid was the 5-nitro
isomer. Thus the reluctance of 3-acetamido-44nitrothioDhene-Z-cafboxylic
acid to nitrodecarboxylate cannat be readily rationalized. The presence
of the nitro group would certainly deactivate the system towards
electrophilic attack, both S5-nitro and 4-nitro thiophene-2-carboxylic
acid being stable to nitrodecarboxylation®'. 3-Formamidothiophene-2-
carboxylic acid behaved in a similar manner to the corresponding acetamido
derivative i.e. mono-nitfation in the 4-position and only a slow

subsequent nitrodecarboxylation reaction.

(B) 2-Amido-4,5-Substituted Thiophene-3-Carboxylic Acids

An attempt was made to study the nitrodecarboxylation reaction in
thiophene ring systems in which the 4~ and S5-positions were suitably
blocked, in order to eliminate the possibility of unwanted nitrode-
protonation reactions. 2jAmin0-4,5-dimethylthiophene-a-carboxylic.acid
was prepared as a possible starting point for a variety of activated
thiophene-3-carboxylic acids, by treatment of methyl ethyl ketone with
ethyl cyanoacetate and sulphur in presence of base. However, attempts
to replace the émino group with a variety of substituents proved
unsuccessful., The Sandmeyer reaction was attempted by treatment of a
solution of the diazonium salt with cuprous chloride in hydrochloric
acid, but no 2-chloro-3-carboxylic acid derivative was isolable from the
reaction mixture. Similarly efforts tc replace the diazonium group with
cyano, hydroxy, bromo etc. were equally unsuccessful. The products were
black, tarry solids with an unpleasant smell, from which none of the

desired products were isglable.

Methyl-Z-amino-4,5-dimethylthiOphene-3~carboxylate was deaminated by
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warming a solution of the diazonium salt with copper acetate in ethanol.
However all attempts to substitute in the 2-position of 4,5-dimethyl-
thiophene-3-carboxylic acid by conventional electrophilic substitution

reactions e.g. halogenation, alkylation etc., were unsuccessful.

A further attempt to prepare 2-hydroxy-4,5-dimethylthiophene-3-

carboxylic aclid involved a variation upon the rearrangment reaction

proposed by Gewaldjsg:-

P -~
CH3 C02 2H5 ‘ Cﬂs\\ ////CDZEt
_ NaCEt C==(C
S ' © CH \CN
NH 2
; \
SH
N _J
1 -Et0OH
s oN - Cy LN
e a———
e Sama o
S | ~~s /‘\
oH . 0
Scheme 2:~ Mechanism proposed by Gewald189 for rearrangement of ethyl-

2-amino-4-methylthiophene-3-carboxylate to 2-hydroxy-3-cyano-

4-methylthiophene.

When methyl-2-amino-4,5-dimethylthiophene-3-carboxylate was treated
with sodium ethoxide in this way an 86% recovery of starting material
was obtained after refluxing for 4 hrs. There was no evidence for

170

formation of a cyano or hydroxy- compound, Gewald does state that

"the reaction proceeds smoothly only if position 5 is free or substituted
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by an electron withdrawing group”.

2-Amino-4-methylthiophene-3-carboxylic acid was similarly prepared
and the réarrangement reaction with sodium ethoxide pfoceedéd quite
smootﬁly to yield 2-hydroxy-3-cyano-4-methylthiophene as in scheme 2.
A sharp carbonyl peak in the infra-red spectrum of the product indicates

that the hydroxy-cyano-thiophene exists predominantly in the keto form:-

Me Me
N ' N
h
S OH K~.s._—4§
0

The 2-hydroxy-de}ivative was methylated. to give the more stable 2-
methoxy compound but all attempts to conveft the cyano group to a
carboxyl group were unsuccessful. Hydrolysis to an amide was possible in
concentrated sulphuric acid but 2-methoxy-4-methylthiophene-3-carboxylic
acld could not be prepared. Refluxing for several hours in concentrated.
hydrochloric acid, qnder a nitrogen atmosphere, led only to re-appearance

of the hydroxyl group in the 2-position.

A variation upon the rearrangement reaction of scheme 2 was attempted

in the hope of avoiding the undesirable isclation of a cyano compound.

OH S COEt "r
oEt H COEt

+ oH, LN \\\c===c‘//

l -~ N

CH2 COzEt

Scheme 3: Proposed scheme for preparation of ethyl-2-hydroxythiophene-3-

carboxylate
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The intermediate proposed for the rearrangement reaction to a 2-
hydroxy-3-cyano derivative in scheme 2 is very similar to the intermediate
proposed for a conventional sulphur insertion reaction for preparation of
thiophene derivatives (see experimental section). Thus, an attempt was
made to prepare a 2-hydroxy thiophene derivative from simple starting
materials e.g. mercaptoacetaldehyde dimer and diethyl malonate (c.f.
the starting materials for prepération of the 2-amino derivative are
mercaptoacetaldehyde dimer and ethylcyanocacetatel). The proposed scheme
1s illustrated.in scheme 3. However, upon treatment of mercaptoacetaldehyde

) q;mer with diethyl malonate in presence of sodium ethoxide the cnly
isolable product was a black tarry substance with a strong, unpleasant
smell. No identifiable thiophene derivatives were detectable.

Similarly{ further attempts to prepare 2-hydroxy-3-cyano thiophene
derivatives from simple starting materials were equally unsuccessful. For
example, treatment of acetyl acetone and ethyl cyancacetate with sodium
ethoxide and sulphur led to recovery of sulphur but no detectable
thiophene produots.‘ When the same reégents were mixed in presence of
triethylamine as base, rather fﬁan ethoxide, the product was that of
conventional sulphur insertion. ethyl-2-amino-4-methyl-5-acetylthiophene-
3-carboxy late. Hydroxythiophenes are, in fact, generally unstable.and
have been known to decompose rapidly in air to.unstable tars10. This
characteristic may be due, in part, to the ability of compounds of this
class to undergo a rearrangement to a keto-form, i.e. to exist in two

tautomeric - Fonns171.

Despite several difficulties encountered in the preparation of 2-
substituted 4,5-dimethylthiophene-3-carboxylic acids and the corresponding
2-substituted-4-methylthiophene-3-carboxylic acids, the 2-amido derivatives
wefe readily available. The nitrodecarboxylation of 2-acetamido-4, 5~

dimethylthiophene-3-carboxylic acid proceeded readily in a 98% sulphuric
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acid-nitric acid mixture at 0°. The yield of 2-acetamido-3-nitro-4,5-

dimethylthiophene obtained was 52.4%.

CH CH
3 COH 0,
HNO,
—_—
CH S NHCOCH H,S0, s NHCOCH
3 3 CHy 3

The reaction product was susceptible to hydrolysis to an unstable amine
in cohcentrated sulphuric acid. This would partly account for the
unsatisfactory yield of nitro amide obtained from the nitrodecaboxylation

reaction.

When 2-acetamido-4-methylthiophene-3-carboxylic acid was nitrated in
98% sulphuric acid with an eguimolar guantity of nitric acid at 0% the
5-nitro isomer was isolable. Further treatment with nitric acid léd to
a nitrodecaboxylation reaction, the ovefall yield of 2-acetamico-4-

methyl-3,5-dinitrothiophene being 44.0%:-

CH, cH
3 0,H 3 NG
2
HNO
S - ’ S
NHCOCH 5 H,S0, NO,, NHCOCH

Again, the¢reaction product was hydrolysed to an unstable amine in
concentrated sulphuric acid, and this was reflected in the rather poor

yield of 2-acetamido-4-methyl-3,5-dinitrothiophene obtained.

(C) 2-Substituted-3-Nitrothiophene-5-Carboxylic Acids

i) Synthesis:-

A series of 'para’'-substituted thiophene-carboxylic acids were

prepared with a view to studying the effect of such substituents upon the
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rate of nitrodecarboxylation for the process:-

N02 N02
HND3
—_—
N S o HZSD4 S
2 - X NOC

2

This system possesses several advantages over the systems considered
previously. Firstly, the variable substituent, X, is effectively para to
the reactive site, containing the carboxyl group. This should eliminate
any ortho steric effects. Secondly, the carboxyl group should be quite
reactive since thiophene-2-carboxylic acid itself, upon nitration, yields
a mixture of products, one of which is 2-hitr0th10phene31. Further
examples of nitrodecarboxylation of substituted thiophene-2-carboxylic
acids are known3'31'33. Finally, the presence of the nitro group, ortho

to X, should increase the stability of the thiophene nucleus itself to

oxidative attack by nitric acid.

2-Methyl-3-nitrothiophene-5-carboxylic acid

Campaign933 founa that 2-methyl-3-nitrothiophene-5-carboxylic acid
underwent a nitrodecarboxylation reaction with nitric acid in both acetic
anhydride and concentrated sulphuric acid as éolvent. Upon nitration of
2-methylthiophene-5-carboxylic acid in 98% sulphuric acid at 200,
Campaigne obtained a 41% yield of 2-methyl-3-nitrothiophene-5-carboxylic
acid and a 12.5% yield of 2-methyl-3,5-dinitrothiophene. When the same
reaction was performed at -59 3 81% yield of the 3-nitro acid was
obtained and only a small amount of nitrodecerboxylated product was
detectable. Indeed, Campaigne33 reports a gquantitative recovery of 2-
methyl-3-nitrothiophene-5-carboxylic acid from a sulphuric-hitric acid
mixture at -SO. Upon increasing the temperature to -10, a vigorous

évolution of carbon dioxide was observed, and when a weighed sample was
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nitrated by'this procedure at 20°, a 98% yield of 2-methyl-3,5-dinitro-

thiophene was obtained.

2-Methylthiophene-5-carboxylic acid was prepared by acetylation cf
2-methylthiophene and oxidation of the S5-acetyl derivative. Nitration
with an excess of nitric acid in sulphuric acid at -10° yielded 2-methyl-
3-nitrothiophene-5-carboxylic aéid as the only product. The rate of
nitrddecarboxylation of this methyi activated carboxylic acid was studied

as a function of sulphuric acid concentration.

2-Ethyl-3-nitrothiophene-5-carboxylic acid was prepared in a

similar manner and its rate of nitrodecarboxylation similarly studied.

2-Halogeno-3-nitrothiophene-5-carboxylic acids

2-Halogeno-3-nitrothiophene-5-carboxylic acids were prepared by
halogenation of thiophene—S-caronylic acid and subsequent mono-nitration
in the 3-position with a sulphuric-nitrib acid mixture at -20°%. Nitration
of 2-chlorothiophene=~5-carboxylic acid at -20° led to a 62.5% yield of
2-chloro-3-nitrothiophene-5-carboxylic acid and a 22% yield of the
nitrodecarboxylated product, 2-chloro-3,5-dinitrothiophene. A similar
mixture of products was obtained with the corresponding 2-bromo
derivative. The rates of nitrodecarboxylatioﬁtof the 2-halogeno-3-
nitrothiophene-5-carboxylic acids were studied as a function of sulphuric

acid concentration.

2-Methoxy-3-nitrothiophene-5-carboxylic acid

i)} Nucleophilic Substitution

The halogens of halo-nitrothiophenes are more labile than those of

21
the corresponding benzene derivatives. Hurd and Kreuz found that 2-

chlero-3,5-dinitrothiophene was more reactive towards piperidine and
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methanolic potassium hydroxide than 2,4-dinitrochlcrocbenzene. Nucleophilic
substitutions of this sort have been used in the preparation of many
substituted thiophenes. Aminonitrothicphenes, nitrothienols and allyl
ether derivatives have all been obtained from the appropriate halogenated

nitrothiophen9521’172.

2-Methoxy~3-nitrothiophene~-5-carboxylic acid was prepared by treatment
of the corresponding 2-bromo derivative with methanolic potassium

hydroxide. An 80% yileld of the 2-methoxy-activated carboxylic acid was

. obtained:-
NO NG,
“OMe
m————
) ‘ ' S
Br COZH[Me] OMe DZH[Me]

2-Methylthio-3-nitrothiophene~5-carboxylic acid

This derivative was prepared in a similar manner to the corresponding
2-methoxy dérivative, j.e. treatment of 2-bromo-3-nitrothiophene-5-
carboxylic acid with methane thiol in a methanolic potassium hydroxide

solution. An 88.5% yield of the 2-methylthio derivative was obtained:-

0, o,
- MeSH
S m— S
CoMe Br OH come SMe
/DH'/MeoH
NO,,
0. H S SMe
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No nitrodecarboxylation was detectable upon treatment of 2-methylthio-
B—nitrothiOphene-S-carboxylic acid with nitric acid in 28% sulphuric
acid. Instead, a sulphone was isolated from the reaction mixture,

presumably due to an oxidation in pfesence of nitric acid:-

N02 02
HNO3
H,S0 S
CDZH SMe 2774 CUZH SDZMe

The sulphone substituted thiophene-carboxylic acid showed no
tendency to nitrodecarboxylate, even at room temperature with a

ten-fold excess of nitric acid.

2-Acetamido~3-nitrothiophene-5-carboxylic acid

All atfempts to prepare 2-acetamido-a-n1trothiophene-5-carboxyiic
acid failed. Upon treatment of methyl-2-bromo-3-nitrothiophene-5-
carboxylate wilth ammonium hydroxide in methancl a 68% yield of the
corresponding 2-amino derivative was obtained. Subsequent acetylation
gave the 2-acetamido derivative but all attempts to convert this
acetamido ester to the corresponding acetamido acid resulted in
preferential amide hydrolysis to the 2-amino compound. The product of
prolonged alkaiine hydrolysis was 2-amino-3-nitrothiophene-5-carboxylic
acid but attempts to re-acetylate this compound were unsuccessful. The

proposed method of preparation is shown in scheme 4:-
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N02

NH4DH

rt———
Br S COZMe MeQH

l ACZD
Ny , OH ™ /MeOH. g
[ A —
S . - S

NH2 OZH NHAc COZME

Scheme 4:- Attempted preparation of 2-acetamido-3-nitrothiophene-5-

carboxylic acid.

All attempts to reblace the bromine atom of 2-bromo-3-nitrothiophene-
5-carboxylic acid with the acetamido group directly, by nucleophilic
displacement of bromide with acetamide, were unsuccessful. There was nco
evidence of substitution upon refluxing the bromo acid with acetamide
in methanol for 48 hrs. Attempts to prepare the acetamide anion in situ

were also unsuccessful.

- An alternative approach involved nitratioﬁtof thiophene-2-carboxylic
acid. Separation of the 5-nitro isomer and reduction of the methyl
ester (followed by acetylation) gave methyl-2-acetamidothiophene-5-
carboxylate. Nitration gave the 3-nitro isomer but, again, all attempts
to hydrolyse methyl-Z-acetamido—g-nitrothiophene-S-carboxylate were
unsuccessful. The amido group was preferentially hydrolysed to the
amine under basic conditions and this amine was rather unstable in presence
of excess base. Attempts to hydrolyse the ester group at the methyl-2-

acetamidothiophene-5-carboxylate stage were equally unsuccessful:i-



HND,,
—_—
HoSO,
S CO HMe) ND S CO_H(Me)
2 2
| Sn/HC1
ACZO
0.
HND
et ——
H_s0 :
NITAc S OMe 24 NFAG S £, e
OH~ /MeQH
ND,,
S
NP CoH

Scheme 5:- Attempted preparatibn of 2-acetamido-3~nitrothiophene-5~

carboxylic acid.

3-Nitrothiophene-5-~carboxylic acid was obtained as a by-product in
the nitration of thiophene-5-carbexylic acid."Treatment of a solution
of 3-nitrothiophene-5-carboxylic acid in sulphuric acid with excess
nitric acid at room temperature failed to produce any nitrodecarboxylatéd'
product. The starting material was recoverable aFte: 48 hrs standing at
room temperature (55% yield). Attempted nitrodecarboxylation at higher
temperatures led to degradation of the starting maeterial. 2-Nitrothicphene-
5-carboxylic acid was similarly stable to any further nitration reaction.
The lack o? reactivity of 3-nitrothiocphene-5-carboxylic acid is especially
surprising in view of the fact that nitrodecarboxylation of the

31
corresponding 2-halogeno derivative occurs at a measurable rate. Rinkes
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did not obtain any 3,5-dinitrothiophene as product in the nitration of
thiophene-5-carboxylic acid, thus supporting the lack of reactivity of 3-
nitrothiophene~5-carboxylic acid (which Rinkes did isolate as a reaction

product). -

2-N-Methylamino-3-nitrothiophene-5-carboxylic acid was prepared in
a similar manner to the 2-amino derivative 1l.e. by treatment of the 2-bromo
ester with methylamine in methanol. Acetylation gave the N-methylacetamido
derivati&e.' However, as in the case of the Eorresponding 2-acetamido
qerivative, attempts to prepare 2-N-methylacetamido-3-nitrothiophene-
5-carboxylic acid by hydrolysis of the ester were hindered by the
extremely labile amido groub. which was hydrolysed preferentially under

basiec conditions.

Decarbaoxylation of 2-substituted-3-nitrothiophene-5-carboxylic acids

2-Substituted-3-nitrothiophenes were prepared by decarboxylation of
the corresponding 5-carboxylic acids. The nitrodecarboxylation of the
latter derivatives could then be directly compared with the corresponding

nitrodeprotonation reactions:-

NO, N,
HNO
S————
X S HyS0, X S 0

Both 2-methyl-3-nitrothiophene and 2-ethyl-3-nitrothiophene were
prepared by decarboxylation of the 5-carboxylic acid with copper-
quinoline172. 2-Chloro and 2-bromo-3-nitrothiophenes were prepared

by decarboxylation of the 5-carboxylic acids with mercuric oxide and

glacial acetic acid21.
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The variation in rate of nitrodeprotonation with sulphuric ecid

concentration was determined for the decarboxylated products.

ii) Kinetics

(a) Nitrbdecarboxylation

For reaction:-

NO : NO

2 2
HNU3
e —
H.SQ 2 v
X S Neg_H 24 X 57 MW
! 2 2
X = CHS; CHZCH3: Cl; Brs OCH3

The rate of nitrodecérboxylation of each of the 2-substituted-3-
hitrothiophene-s-éarboxylic acids was studied as a function of sulphuric
aﬁid concentration. The observed second-order rate constants, obtained
by U.V. spectroscopy, are plotted against -(HR + log aHéDJ in fig. S
(for each substratel.

For the 2-methyl, 2~ethyl, 2-chloro and 2-bromo derivatives the

plots of log k

2obs against -[HR + log aHZDJ revealed straight lines of

approximately unit slope in the range of sulphuric acid concentration

which was studied. This suggests that in each case the nitrodecarboxylation
proceeds via awsingle reactive species, presumably the unprotonated 2-
substituted~3-nitrothiophene-5-carboxylic acid. The observed variation

in rate with sulphuric acid concentration is in accordance with nitronium

ion nitration.

However, in the case of 2-methoxy-3-nitrothiophene-5-carboxylic

acid a plot of log k against -(HR + log &, D) revealed a straight

20bs 2

line plot of approximately unit slope up to ~80% sulphuric acid and

thereafter the slope decreases to ~0.35. This suggests that above 80%
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7'+L°9'<20bs,

E= -Br
14 - 16 | 18 - 2C
- (Hp + Log a

R 9 34,0 )

Fig. 5t Plots of log k

2 obs against -(HR + log a, OJ for nitrodecarboxylation

2
of 2-substituted-3-nitrothiophene-5-carboxylic acids in sulphuric

acid/water mixtures at 250.
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sulphuric acid extensive protonation of the methoxy group occurs thereby
decreasing the concentration of the reactiwe (unprotonated) substrate.
The protonated methoxy group is a much less effective activating group
for attack by nitronium ion and hence the increase in rate above 80%
sulphuric acid is less than anticipated from considerations of the
nitronium ion concentration only. However, the overall plot shown in

fig. 5 is again in accordance with nitronium ion nitration.

{b} Nitrodeprotonation

For reaction:-
NO2 NO2

4

X = CH,; CH,CH Cl; Br

38 Mgl

The rate of nitrodeprotonation of each of the 2-substituted-3-v
nitrothiophenes was studied as a function of sulphuric acid concentration.
The logarithmsof the obsefved‘second-order rate constants, obtained by
U.V. spectroscopy, are plotted against -[HR + log aHZO) in fig. 6. In
each case, straight lines of unit slope were obtained for the range of
acid concentration studied (73% - 83% sulphuric acid). The reactions are,
therefore, preggmably conventional nitrations, the reactive species being

the unprotonated 2-substituted-3~-nitrothiophene in each case. The plots

shoWn in fig. 6 are indicative df pnitronium ion nitration.

iii) Product Analysis

(a) Nitrodecarboxylation

When the nitrodecarboxylation of the 2-substituted—a-nitrothiophené-
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A= -CHg
B= -CHyCHj3
C= -Cl
- D= -Br

1

14 15 16 17 18
- (HR +Log AH,0 )

Fig. 6: Plots of log k against -(HR + log a ] for nitrodeprotonation

2 obs H20

of 2-subétituted-3-nitrothiophenes in sulphuric acid/water mixtures

at 250.‘
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5-carboxylic acids was performéd on a preparative scale, with 1} moles of
nitric acid per mole of thiophene derivative at 0 - 50, 2-substituted-3,5-
dinitrothiophenes were obtained. The 2-halogeno-3-nitro£hiophene-5-
carboxylic acids required stirring for two hours at 0 - 59 for complete
reaction of the starting material, the 2-halogeno-3,5-dinitrothiophenes
being isolated in ~85% yield. When 2-methoxy-3-nitrothiophene-5-
carboxylic acid was similarly nitrated with nitric acid in 98% sulphuric
acid at 0 - 59 a 90% yield of 2-methoxy—3,S-dinitrothiophene was

obtained after only 20 minutes reaction time.

(b) Nitrodeprotonation

A 93% yield of 2-methyl-3,5~-dinitrothiophene was obtained upon
nitration of 2-methyl-3-nitrothiophene with an equimolar quantity of
nitric acid, in concentrated sulphuric acid. Under similar conditions
2-ethyl-3-nitrothiophene, upon'nitration, yielded 83% of the dinitro
derivative. Similarly the 2-halogeno-3-nitrothiophenes were nitrated, at
0 - 5°, in 90% yield, the reaction time being < 20 minutes (compared
with the 2 hours reaction time required for the corresponding nitro-

decarboxylation reaction].

Hammett Plots

It 1is believed that quaentitative linear correlations of aromatic
reactivity usigg the s+p+ relation can be drawn to a limited extent only.
Generally, the precisions of the correlations are not as good as those
given by the Hammett equation for reactions in which direct resonance
effects are not important. The use of Brown'’s equation for electrophilic

substitutions has, in general, been fully discussed3’71:-

log10 k/k = p+c~+
o)
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where k is rate constant for the substituted compound

ko is rate constant for the unsubstituted compound
p+ is the reaction constant

6+ is the substituent constant

The reaction constant, p+ 1s a parameter which is independent of the

substituent but characteristic of the particular reaction and the

3

conditions. It is a measure of the sensitivity of a given reaction series

to substituent effects. The s term 1s a substituent parameter independent

of the reaction, but characteristic of the substituent. The applicability

of the two-parameter equation and the constants devised by Brown

71,73 for

electrophilic aromatic substitutions has been confirmed by plotting

values of the partial rate factors for a reaction against the appropriate

65

substituent constants ~. The slopes of the linear correlations give the

values of the reaction constants. .

Nitrodecarboxylation

There 1s no report in the literature of any reaction constant for

an ipso substitution reaction. The rates of nitrodecarboxylation of a

variety of 2-substituted thiophene-5-carboxylic acids in 838.8% sulphuric

acid are shown in table 5.

For reaction:

NO

NO
HNO 2
e t———)
H,SO,
S CO.H X S NO,
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e+ o
Substituent, X k20bs iq 89.9% H2804
(1 mol—1 sec‘1]
-4

c1 +0.114 7.2x10
Br +0.150 4.7x10”%

) -2
CH,, CH, 0.295 5.1x10
CH, -0.311 5.3x1072
ocH, -0.778 9.1*

TABLE 5: Rates of nitrodecarboxylation of 2-substituted-3-

nitrothiophene-5-carboxylic acids in 89.9% sulphuric

acid at 25°.

* - the rate constant for the 2-methoxy compound 1s that for
the unprotonated species, calculated by extrapolation of the
straight line (slope unity) obtained by plotting log K20bs

against -[HR + log a, Al

HZO

A plot of log k against 6+ values 1s shown in fig. 7 and it

20bs
can be seen that a reasonable straight line is obtained. The slope is
-4.6 and this value represents the sensitivity of the nitrodecarboxylation
reaction to substituent effects. The negative value implies that

electron-releasing substituents accelerate the reaction rate, thus

confirming the electrophilic nature of the process.

Nitrodeprotonation

The rates of nitration (nitrodeprotonation) of a variety of 2-
substituted-3-nitrothiophenes in 83.5% sulphuric acid are shown in

table 6:-
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08 - 0-4 0 07
o

Fig. 7: Plot of 7 + log k against 6‘+ values for nitrodecarboxylation

2 obs
of 2-substituted-3-nitrothiophene-5-carboxylic acids in 89.8%

sulphuric acid at 259,
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For reaction:-

NO 0.
2 HNO '\2
3 .
————
by, C pom—
X S H,S0, X S 0
2
+ %
Substituent, X | S k20bs in 83.5% H2804
(1 m01-1 sec-1l
c1 «0.114 4,8x10"3
Br +0.150 3.7x10° 3
_ -1
CH,CHy 0.295 1.0x10
CH, -0.311 . 1.4x10""

TABLE B: Rates of nitration of 2-sdbstituted-S-nitrothiophenes in

83.5% sulphuric acid at 259,

A plot of log k against 5‘+ values 1s shown in fig. 8. A straight

20bs
line of slope -3.4 is obtained: this value representing the sensitivity
of the nitration reaction to substituent effects. Again the negative

value is to be expected for an electrophilic process of this sort.

Comparison of Nitrodecarboxylation and Nitrodeprotonation

p = - 4.6

= - 3.4

A comparison of the reaction constants obtained for the nitrodecarboxy-
lation and nitrodeprotonation reactions reveals that the former is rather

more sensitive to substituent effects.

In general, nitration in aqueous sulphuric acid can provide data for

compounds covering a large span of reactivities since the second-order
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T+ LOQ KZObS

ct
Br

—04 —02 0
o 7 >

against s values for nitration of 2-

{ .
Fig. 8: Plot of 7 + log kz obs

substituted-3-nitrothiophenes in 83.5% sulphuric acid at 25°,

02



- 104 -

rate constant decreases by a Factor of about 104 for each decrease of

10% in the sulphuric acid concentration. Direct comparisons with benzene
can be made in solutipns up to 82% sﬁlphuric acid. Howevef, with strongly
activating substituents, nitration in sulphuric acid is of limited value
because of the early onset of diffusion control. Coombes et al.79
obtained partial rate factors fbr nitration of benzene derivatives in
sulphuric acid. A plot of the data against's+ constants gave a straight
line of slope -11.8. No such nitfation reaction constant has been
obtained for thiophene derivatives. Coombes' data refers primarily to
deactivating substituents because of the practical difficulties 1nvol§ed
‘with highly acéivated systems (diffusion control etc.). Correlations

for nitration have most often been obtained with other solvents e.g.

for nitration, p = -5.0 in nitromethanezq and p = -6.5 in acetic anhydride.

Comparison of the reaction constants obtainmed in the current
investigation with those for nitration of substituted benzenes reVeals
that the thiophene derivatives are considerably less sensitive to
substituent effects. This implies a smaller positive charge on the
thiophene ring in the transition state 1.e. an ’'earlier’ transition state.

44,45 for the halogenation of

A similar effect has been observed by Butler
substituted thiophenes. A linear correlation with €+ values was obtained
with a p value of -86.5 for cﬁlorination. This is lower than the value
(-8.8) for the chlorination of substituted benzenes in acetic acid.
Clementi and Marino4B also report that 'electrophilic substitutions at the
thiophene ring exhibit a selectivity which is alwayé somewhat lower

than that of corresponding reactions at the benzene ring'. However, no

guantitative inferpretation of substituent effects upon rates of

nitration of thiophere derivatives has been reported.
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Summary and Conclusions

The current investigation represents one of the few kinetic and
mechanistic studies of an 'ipso' substitution reaction. The nitrodecarboxy-
lation reaction has been shown to possess many of the characteristics of

the conventional nitrodeprotonation reaction.

(A) Electrophilic

The electrophilic nature of the process has been demonstrated by the
necessity for activation of the reaction site by electron release. The
;eaction constant, p+, for nitrodecarboxylation of 2-substituted-3-
nitrothiophene-5~carboxylic acids, was -4.8, confirming earlier
observations that electron-releasing substituents facilitate nitro-
decarbéxylationss. The ease of nitrodecarboxylation of 2-acetamido-5-
nitrothiophene-3-carboxylic acid contrasts sharply with the stability

of 5-nitrothiophene-3-carboxylic acid to nitrating'mediaas.

(B) Nitronium Ion Nitration

The nitronium ion is believed to be the attacking electrophile,
because of the variétion in rate of nitrodecarboxylation with sulphuric
acid concentration. This variation in rate is very similar to that
observed for conventional'nitrodeprotonation“reactions where the
nitronium ion has been confirmed as the effective electrophile. The
nitrodecarboxylation reaction was first-order with respect to both

thiophene derivative and nitric acid.

Butler48 studied the nitraticn of thiophere and some substituted
thiophenes in sulphuric acid and concluded that the mechanism was the same

as that'for benzene compounds. The variation of k the cbserved

2obs’

second-order rate constant, with acid concentration was measured and a

linear relationship, with a slope of unity, was demonstrated between
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log k and -(Hg + log‘a ).

"y

20bs
The current investigation has demonstrated a similar effect for the
nitrodecarboxylation reaction i.e. a slope of unity between log k20bs

and -[HR + log a, ~)J. Schofield and Williamson119 have shown that a

HZO

‘similar relationship exists for a number of benzene compounds.

Nitrous acid is known to interfere in aromatic nitration, particularly
with highly activated compounds, where an important route to the nitro-
compound has been shown to be nitrosation followed by oxidation173.

.However. the rates of nitrodecarboxylation of 2-substituted-3-nitrothiophene-
5~-carboxylic acids were unaffected by the addition of small quantities
of urea, whicH would destroy any nitrous acid present. Similarly, the
‘yield of 2-acetamido-~3,5-dinitrothicphene obtained industriélly was
unaffected by the addition of urea to the reaction mixtures. Butler48

has found some evidence of nitrosation in the thiophene series, but

only where diffusion-controlled nitration is predominant.

(C) Substituent Effects

The nitrodecarbéxylation reaction has been shwon tb be rather more
gsensitive to substituent effects than the corresponding nitrodeprotonation
reaction. However these thiophene derivativés are considerably less
sensitive to substituent effects than the‘benzene series. This suggests
an 'earlier'’ transition state i.e. less positive charge on the thiophene
ring. The characteristics of the nitration reactions are similar to
those of the corresponding benzene.compounds. Hammett'’s 6+ constants
are equally sucbessful in correlating data for electrophilic substitutions
(nitrodécarboxylation and nitrodeprotonation) in thiophene compounds.
Thus, the sulphur atom in thiophene appears to have little influence upon

the relative transmissions of substituent effects in electrophilic

substitutions.
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(D) 1Ipso Factors

The nitrqdecarboxylation reaction has been showﬁ to be considerably
slower than the corresponding nitrodeprotonation‘reaction. “An ipso
factor of S.Bx'IlJ“4 was obtained by comparing the rate of nitration of
2-apetamido-S-nitrothiophene-B-carboxylic acid with that of 2-acetamido-
5-nitrothiophene. This relative reluctance to nitrodecarboxylete cen be
partially explained in terms of the decrease in electron-density at
the reaction site due to the électron-withdrawing carboxyl group. There
is obviously a greater steric hindrance tovelectrophilic attack in the

“case of the niérodecarboxylation reaction. Ipso substitutions are, in
general, considerably slower than the corresponding deprotonation

reactions123.

(E) Mechanism

The possibility that the nitrodecarboxylation reaction consists of 2
two stage process, protodecarboxylation followed by conventional nitro-

deprotonation. has been discarded.

i) A fast protodecérboxylation followed by slow nitrodeprotonation would
not account for the considerable ipso factor i.e. the large rate difference
between the nitrodecarboxylation and correspbnding nitrodeprotonation

reaction. This mechanism would require an ipso factor of unity.

ii) A slow érotodecarboxylation followed by fast nitration would not
account for the variation in nitration rate with nitfonium ion concentration.
This mechanism would require the reaction to be zero order in nitric

acid. Also, the carboxylic acids show no tendency to decarboxylate

in sulphuric acid alone under the appropriate reaction conditions.

A concerted mechanism, similar to that for conventional nitration,

is a possibility:-
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NO NO
N\

COH

NO

D2

It is not possible to state, at this stage, which of the two steps
in the proposed mechanism 1is slower. However, the p+ value of -4.8 for
the nitrodecarboxylation reaction suggests a slow first step, which

involves the initial attack of electrophile. Thils 1s comparable with

conventional nitrodeprotonation:-

Ky H Ko
ArH + NO." —— AT ——> ArNO. + H'
r r
2 % \NDZ 2

Evidence for the above mechanism arises from a study of isotope
effects174. If the rate-determining step involved the breaking of the
C-H bond i.e. the second step above, then dehterated substrates should
'undergo substitution more slowly then non-deuterated compounds. In most
aromatic substitutions, and especially in the case of conventional

nitrations, there is no isotope effect. This is in accordance with the

mechanism proposed, the initial attack by electrophile being rate-determining.

A study of isotope effects would similarly provide valuable information

regarding the mechanism of nitrodecarboxylation. The replacement of the

12C carbon atom of the carboxyl group with a heavier carbon isotope e.g.

13C. and the subsequent effect upon the rate of nitrodecarboxylation, would
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be most informative.

LN . toH Sz | .
ar - o+ N0y == ar —— ATNO, + CO, + H
<, NO, |

The absence of any carbon isotope effect would be in accordance with
the two-step mechanism postulated above, the initial attack of nitronium
ion agein being rate-determining. However, if a measurable isctope
effect were cbserved then a slow second step, involving the carbon-
carbon bond breaking, would be favoured98‘175. Meny conventional
protodecarboxylation reactions are believed to proceed by the mechanism
-for electrophiiic substitutions, with H aé the electrophile and COOH™ as
the leaving group178. Evidence for this mechanism is that these reactions
are first-order both in H+ and in ArCDZH; and the reaction is subject
to general acid catalysis177. Also no 13COOH isotope effect has been
gbserved, indicating that cleavage does not occur in the rate-determining

step153.

Finally, the possibility of a 1-step mechanism cannot be completely

ruled out at this stage:-

i -
O, NG,

o,

—_

N |
X S 0 X S .2
A Y
ND.,
L -

T.S.

!

Products.
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_PART 3.

HYDROLYSIS OF



=111 -

CHAPTER B

GENERAL AMIDE HYDROLYSIS
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HYDROLYSIS OF AMIDES

Amides hydrolyse under suitable conditions to fegenerate the parent

carboxylic acid and an amine:-

1
RCONR + H.O REOH + R _NH

2 2 ———— 2 2

The initial step involves nucleophilic addition to the carbonyl
function but water itself, a poar nucleophile, is virtually inert.
Indeed; many amides are recrystallizable from this solvent. Hydrolysis
can be effected, however, with the assistance of either basic or acidic
catalysts. In basic conditions, the more powerful OH nucleophile is
available, whereas protonation'of the amide in acidic solutions renders
the carbonyl carbon more susceptible to nucleophilic attack by water

itself.

Amides also react with nucleophilic solvents other than water, e.g.
amines, carboxylic acids etc. Alcchols form esters in the presence of

either base or acid‘catalystsz-

’ + = '
RCONR . .+ RZOH H or OH RC02R2 + R _NH

2 —_—r

BASIC HYDROLYSIS

The base catalysed hydrolysis of amides is usually less facile than
that of esters. This is due to the less favoured nucleophilic addition
to the carb;nyl group in the former case. Indeed, basic hydrolysis of
simple alkylamides require relatively high temperatﬁres. Reidwa’”g

showed that the alkaline hydrolysis was a second order reaction:-
Rate = k ( Amige) (oH')

This suggested attack by the hydroxide ion on the polarized carbonyl
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group of the neutral amide. A bimolecular mechanism was proposed:—

K C
' i 1 I ’ _ H20 _
(1) RCONR , + OH —— R-C-N, —— RCOH + OH

K k

-1 | 2
OH
?
+ R NH

This is a two-step mechanism and involves the formation of & tetrahedral

intermediate.

The same mechanism can be represented in an alternative way as an 'SNZ'

type process:F

r —
0
: _ I, | HpO -
(2) RCONR 5 + OH HO.eeCW e NR > RCOZH + OH
R
- -
+ R 2NH
180,181
Bender has shown that the favoured intermediate state in the

basic hydrolysis of an.amide is a molecular rather than a transition

state. The evidence is that an amide undergoing alkaline hydrolyéis in

water containing 1BD will incorporate a certain proportion of this isotope

before it becomes hydrolysed. This shows that the reaction intermediate
is sufficiently long-lived to survive the proton shift required to bring

its two oxygen atoms into equivalence. Thus, either might split off to

regenerate the amide and so incorporate a certain amount of 180 in the
latter. Extensive investigations have established the importance of

tetrahedral intermediates in nucleophilic displacements at carbonyl

182,183

carbon , and in a few instances it has been possible toc isolate

such species184. Although similar intermediates have not been isoclated -

from the alkaline hydrolysis of amides, there is now little doubt that

185-187
the reaction does proceed via the mechanism outlined in scheme 1 .
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Structural Effects

Since the intermediate complex of scheme (1) is negatively'charged
one would expect electropositive substituents to retard and electronegative
substituents to accelerate the hydrolysis of amides by this mechanism.
Furthermore, since the rate controlling process is bimolecular, one would
expect steric effects from substituents close to the reaction centre.
Reid investigated the rates of hydrolysis of substituted benzamides with
aqueous barium hydroxide. He found that electron attracting heta- and
para-substituehts do, indeed, accelerate the rate of hydrolysis. Electron
releasing substituents retard hydrolysis. Reid178 also showed that all
ortho substituents retard the rate of hydrolysis. This i1s consistent
with a sfrong steric effect. 1In generai glectron attracting groups lower
the activation energy oF:substituted benzamide hydrolyses, while electron-

repelling groups raise it188.

189

Bender measured substituent effects for both 1BD exchange and

alkalire hydrolysis rates of para-substituted acetanilides.

Process P

Overall hydrolysis (ph) , 0.1
Formation of intermediate (p1) 1.0

Partitioning of intermediate [p2/p_ ) -0.9

1

TABLE 1: Hammett p values for alkaline hydrolysis of para-substituted

acetanilides.

It is clear from table 1 that substituent effects are quite small for
the overall rate of hydrolysis, but electron-withdrawing groups facilitate
addition of hydroxide ion to the carbonyl group. The negative sign for

p2/ implies that electron attracting substituents in the aniline

p-1

fragment favour exchange over hydrolysis. Anilides are generally stable
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towards basic hydrolysis but compounds containing strongly electron-
withdrawing groups in the carboxyl fragment are hydrolysed fairly rapidly.

Substituent effects in the amino fragment are more complex.

In relatively strong solutibns of aqueous hydroxide (> 0.1M)
the hydrolysis rate of acetanilides follows an expression containing
first- and second-order terms in hydroxide ion concentration190. ‘Drderé
gither greater or less than unify have been observed when the amide
itself was sufficiently acidic to be partially ionised, e.g. trifluoro-

acetanilige 280191,

ACID HYDROLYSIS

Strong mineral acids are often effective reagents for the hydrolysis
of amides. The products are usually a mixture of the amine and

carboxylic acid, consistent with fission of the N-acyl bond:-

3 + ’ +
RCONR > * H30 > RCDZH + R NH

192.193. The

Examples of N-alkyl bond fission have also been reported
rates of acid catalysed reactions depend on acid concentration. Most
reactions are accelerated, some rates reach a maximum, while others
pass through a maximum and then decrease19?. The situation is further
complicated as some reactions which have a rate maximum at intermediate
acid concentrations may decrease to a minimum and then increase in ratg

at higher abid concentrations195-1g7.

In dilute acid, reaction rates have a first-order dependence on the

hydronium ion concentration:-

Rate

+
k2 ( Amide) ( HSD )
Kinetic indications that water is involved in the nucleophilic attack

‘ 178 ‘
on the conjugate acid of the amide were obtained by Reid . The mechanism
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generally accepted for the hydrolysis of amides in dilute acid solution
involves attack by a water molecule on the conjugate acid of the amide as

the rate-determining step:-

r -1
OH
o
’ + . .- ’
RCONR 5 * HBD, A R - a\ - NR 2
HZD
L -
slow T
I~ -
il
1] + ’
RCDZH + R ZNHZ +—————-‘ R - T - NR 5
DH2
L -
Scheme 3:- A2-mechanism for hydrolysis of amides in dilute acid.

Structural Effects

180

Bender showed that the complex formed in such an A2 mechanism is

178,173 investigated

a molecule, and not merely a transition state. Reild
the effect of substituents on the hydrolysis rates of substituted
benzamides. He showed that in dilute acid, where only small concentrations

of the conjugate acid are present, polar substituent effects on the

hydrolysis of benzamides are very small. Conversely steric effects are

k ortho

K para = 0.03). Small polar effects are

large (e.g. for nitrobenzamides
accounted for by the A2 mechanism. An electron-releasing substituent,
which favours protonation, and thus iﬁcreases the concentration of the
conjugate acid, decreéses however its reactivity to nucleophilic attack -

by water. The reverse is true for electron-withdrawing substituents.

Large steric effects are expected if steric hindrance to the atteck by
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water in the second, rate-determining step, is involved. The basicities

of substituted benzamides are now well established (p = 0.92]198. and

Leisten199 showed that if hydrolysis is studied in acid solutions
sufficiently concentrated for complete protonation of amides then
hydrolysis rates show the expected polar effects. In concentrated

perchloric acid, electron-withdrawing groups accelerate the rate of

hydrolysis of substituted benzamides:-

Process i
Overall hydrolysis (conc. écid) 1.08
Basiclties 0? substituted benzémides -0.92
Overall hydrolysis (dilute acid) . 0.18

TABLE 2: Hammett p values for acid hydrolysis of m- and p-substituted

benzamides199.

The Pobs. value for overall hydrolysis in dilute acid is ca;culated
in table 2 as 0.16 énd 1s in satisfactory agreement with the value of
ﬁ.12 obtained from Reid’s résultszoo. This is consistent with a small
polar substituent effect and shows that the effect on the rate-determining
step 1s slightly dominant. Aliphatic amides generally hydrolyse faster
than benzamide. and this is reflected in tHe lower energies of activation
for their hydrolysiszo1. The order of decreasing reactivity is formamide,
propionamide and acetamide, the difference between the latter two being
small. As both formamide and propionamide are weaker bases than acetamide202
their faster hydrolysis must be due to enhanced nucleophilic attack in
the rate-determining step. Boltonzos’204 studied the hydrolysis of.
primary aliphatic amides in dilute acids and found that the hydrolysis

was governed by a combination of steric and conjugative substituent

effects.
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The effect of N-substituents on the rates of hydrolysis of amides

205,206 0

has been studied less systematically . Bolton2 4 Foundmthat

hydrolysis was again governed by a combination of steric and conjugative

effects: -

Amide 1U4k (1 m01-1 sec-11
Acetamide ) 10.3
‘N-Methylacetamide 0.58
N,N-Dimethylacetamide 0.85

- TABLE 3: Acid-catalysed hydrolysis of amides at 75°.

The -apparently anomalous reactivity.of secondary amides, NH2 >>

NMe2 > NHMe, is due to the combined but opposite, steric and poler
effects. If only the steric factor were important, then the tertiary
amide should be the least reactive. A similar effect is observed for

derivatives of benzanid9207.

Rate Maximum

208

Benrath showed that as the acid concentration is increased the

hydrolysis rate increases to a maximum and then decreases. Subsequent

workerszog-z11 have indicated that this is @ general phenomenon. The

position of the maximum differs with respect to hydrogen ion concentration

both with different anides and different mineral acid5210. The rate

maximum is usually in the region of 2M to 5M for sulphuric acid. This
result was at one time explained in terms of the hypothesis that at high
acid concentrations the protonated amide combined with the enion of the

08

2
acid, forming an unhydrolyzable complexzoa. Taylor showed this to

be incorrect since the position of the maximum rate was independent of
amide concentration. Kr‘ieblez10 suggested that the decrease in rate at

higher acid concentrations was due to the decreased activity of water.

-
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The rate of hydrolysis of amides by the AZ-mechanism shows a dependence

on acidity and on water activity (scheme 3).. Thus below the rate maximum

increaéing acidity raises the concentration of the reactive intermediate,

whereas beyond the rate maximum the chief effect of increasing acidity
114

is to decrease the activity of water . Accordingly, these two

effects account qualitatively for the rate maxima:-

AMIDE -pKa ACIDITY (M) -HD
Formamide 4,75 H2804 2.16
Acetamide © 0.6 2.5 " 1.12
Propionamide 0.8 2.4 " 1.07
Benzamide : 1.74 3.5 " 1.82
p-Nitrobenzamide 2,70 ‘ 4.5 " 2.05
o-Nitroacetanilide 3.72 . B.1 " 2.78

TABLE 4: Rate maxima for the acid-catalysed hydrolysis of amides as a

209-211
O .

function of H

Edwards and Me_acockm1 extended this explanation to provide a
satisfactory guantitative treatment of the rate maxima. The situation

may be formulasted in terms of the general A2 mechanism:-

+ +
HBD + A — AH + H20
+» +
AH + H,0 =—————> X —> Products

Application of the steady-state treatment leads to the following

relationship: -
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where k1obs = experimentally determined pseudo first-order rate constan
k2 = second-order rate constant
KAH+ = acid dissociation constant
hO = Hammett's acidity function, hO = KAH+'- [%%;J

The special cases of this equation are:-

(1) When the acid concentration is sufficiently small

+
hg << Kay

Then,
S
Kiobs = K2 (H0 1
This applies to amides at low acid concentrations and in fact, is the

situation in ester hydrolysis in most acid concentrations investigated212.

This 1is due to the fact that esters are very weak bases and so KAH+ >> hO

in all cases.

(2) When the acid concentration is sufficiently high

hO >> KAH+

Then{

At acid conecentrations greater than about 2M, h0 increases much more

‘rapidly than (H30+]. with the result thet k decreases with increasing

1aobs

acid concentration.

Equation (1) gives, therefore, satisfactory theoreticel rate-acidity
profiles. Edward and Meacock101 regarded the hydrolysis of amides as a
bimolecular process with the quation for the rate of the limiting step ..
including the ionised form of the reactant, and water. They also

suggested that the intermediate could be either 0- or N-protonated (see
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chapter 3).

Isotope Effects

In Fdntrast to alkaline hydrolysis, no measurable 180 exchange between
the carbonyl group and the solvent is cbserved during the acid catalysed
hydrolysis of aﬁid85213’214. This implies that steps subsequent to the
attack of water on the protonated amide are rapid, and the formation of
the tetrahedral intermediate is the rate-determining step (scheme 3).

This intermediate is only short-lived, unstable and rapidly converts to
hydrolysed product. A change from rate-determining decomposition to the

rate~detemining formation of the tetrahedral intermediate is therefore

épparent in‘going from alkaline to acidic conditions.

207:213 have studied the deuterium isotope effect on

Several workers
the acid hydrolysis of acetamide and benzamide in protium and deuterium
oxide. These investigations showed that the overall effect was to shift

the entire rate profile so that the maximum occcurred at lower acid

concentration in DZO than in HZD'

SUBSTRATE ACIDITY Kk
A AR AALS e DZD

k
H20
Acetamide 0.1M 1.45
4,0M 0.88
. Benzamide 1M 1.15
&M 0.80

TABLE 5: Solvent isotope effects for the hydrolysis of amides catalysed’

207,215
by hydrochloric acid .
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Values of k > 1 in dilute acid reflect the higher concentration

D,0/k
2 HZD

of protonated amide in heavy water. This is due to the fact that 0.0 is

2
a weaker base than H20218. Thus at low acid concentration the initial

k
protonation equilibrium controls the isctope effect and DZD/kHZO > 1.

At higher acid concentration the amide is largely in the form of the
conjugate acid in both solvents. Here the reaction of the protonated
substrate becomes important. Sihce DZO is a weaker nucleophile than

H,O the isotope effect is reversed and kDZO/kH o < 1. These observations

’ 217-219 2
and Arrhenius parameter work are in accord with the A2-bimolecular

1

mechanism.

Water Activity

Various attempts have been made to specify in a more exact way the
role of water in the transition state of acid-catalysed reactions such as
the hydrolysis of amides. The significance of linear free-energy
relationships between cbserved rate coefficients and various combinations

of water activity and acidity function data has been noted1g4’198.

In 1961 Bunneft194 presented the Hydration Parameter Treatment, which
attempted to overcome the problem of disentangling the roles of proton
and water molecule. Yates and Stevens198 ériticised Bunnett's

relationship and devised @ modification using HA‘ rather than Ho‘ to

calculate the fraction of protonated substrate. The eguation derived
220

by Yates and his colleagues wasi -
log k1obs + Hy = r log aH?O + constant = =---=----- (2)
where k1obs = experimenta; first-order rate constaent
| HA = acidity function (measured from equilibrium protonation
| of amides)
?H g T water activity
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r = number of water molecules required to convert protonated

amide to the transition state structure.

This equation is similar to that devised earlier by Bdnnett194 but the

HA acidity function is an improvement since it refers specifically to

amide substrates. This allowed the water dependence of the éecond and
rate-determining step of the mechanism to be studied. This treatment

was applied by Yates and Stevens198 to hydrolysis data on benzamide and

. p~nitrobenzamide in sulphuric acid, and by Yates and Riordan220 to

literature data on the hydrolysis of acetamidezos’221. propionamide 201,

and benzamid9211. For the more weakly basic heterocyclic amides,

223 | + H wvs
1obs A '

was plotted. In all cases sldpes greater than unity were

nicotinamidezzz, picolinamide and isonicotinamide log k

log &
HZD

found, mostly in the range 3 *+ 0.4. This has led to the suggestion that
the transition state for hydrolysis be represented as below:-

F ——
+

0----- C —— OH

R ‘ _
In view of this result, water taking part in the transition state
should be regarded as hydrogen bonded to two further water molecules.
This hydrogen bonding enhances the negative charge on the attacking
oxygen atomwand hence facilitates the reaction. A similar coﬁclusion for
this aspect of the transition state has been reached by both Moodie224’225.
using a more direct relationship involving the water activity but not
acidity function data, and by Bunnett and Olsenzzs, usingkacidity v
function data but not the water activity. However, despite the unanimous
agreement between these apparently independent treatments the real

significance of the hydration parameter, r, 1is guestionable. Bunnett

and Olsen2B proposed an improved linear free energy relationship for a
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more general treatment of reaction rates. Bunton207 formulated a new
reaction scheme involving two transition states, arising from two

distinct mechanistic pathways involving protonation on both oxygen and
nitrogen. However, although this treatment correlated well with known
data, criticism came from Moodie and collaborator3227. There is no

douwbt that water 1s involved in a rate-determining nucleophilic attack on .

the protonated amide, and the hydrolysis is therefore of the A2 type.

The A1 Mechanism

Since the rates o? the A2 hydrolyses of amides decréase at
sufficiently high acid concentrations, Duffy and Leisten198 examined the
guestion of whether unimolecular amide hydrolysis may occur under anhydrous
acid conditions. During the hydrolysis cof nitro-defivatives of acetanilide
in sulphuric acid a more complex dependence of the pseudo first-order
186,218

rate constant on acid concentration was observed . The rate

maximun at intermediate acldities was followed by a minimum and a

subsequent increase in rate at high acid concentration. Similar rate
195,228

profiles have been observed for esters

-14I 7

log k

a0 70

‘—— % H

250,

Fig. 1:- Rates of hydrolysis of p-nitroacetanilide (A} and 3,5

phuric acid-water mixtures at 550 195,

dinttroacetanilide (B} in sul
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Duffy and Leisten198 discuss their results in terms of a change in
mechanism from A2 to A1. Amides are strong bases in anhydrous sulphuric
acidzzg and in a unimolecular mechanism the position of protonation is

important because dissociation of the oxygen protonated form cannot

seriously be considered to explain the reactioh in highly acidic media:-

1] ston

* ’
RCO,H, + R _NH REQ + R NH

Scheme 4: A1 mechanism for hydrolysis of amides in concentrated acid.

The fact that the reaction proceeds via the less stable N-protonated

form is discussed by Duffy and Leistenqgs. They assume that the hetero-

lytic electron-shift occurs towards the added proton and in the stable
O-protonated form of the conjugate acid this would produce the unlikely

fragments RCOH and R N+. The polar effects observed are in contrast with

2

those associated with such a mechanism. Reaction must proceed via the
N-protonated form and the fact that even the very weakly basic amides are
protonated in anhydrous sulphuric acid was demonstrated by considering

freezing point depressions.

If an amide is to be hydrolysed in anhydrous sulphuric acid the
hydrolytic water must necessarily come from the sulphuric acid itself,

affording SO, which combines with hydrogen sulphate ion to form the

3

hydrogen disulphéte ion, HSZD7-. Carboxylic acids are believed to existv

as acidium ions in this medium. The complete reaction 1s thus:-
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+ - + - -
‘RCDNHR 5 * HSD4 + 2HZSD4 RC (OH]2 + HSO + HS.C +

Such reactions should lead to a change in the number of soclute

particles (i = 2 - 4) and can thus be followed using cryoscopic methods.

Structural Effects

196 studied a number of N-substituted amides, with

Duffy and Leisten
N-substituents containing strongly slectron-withdrawing groups, which

would favour a heterolytic acyl-nitrogen bond fission:-

»
However an electron-withdrawing group in R would also drive the
equilibrium below to the left-hand side by reducing the proton-affinity
of the adjacent nitrogen atom. The effect upon the basicity ofvthe oxygen

atom is obviously less.

CH 0

R~——C

.
I
N\

R NR _H

This explains why, in fig. 1 the rate of hydrolysis of p-nitro-
acetanilide can be greater or less than that of 3,5 dinitroacetanilide,
depending upon the acid concentration (between 80-100% sulphuric acid).

The extent to which the two possible polar effects in R oppose each

other is difficult to predict.
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——— RCDNHR,

AMIDE H,S0, TEMP K
R R (%) (°c) (1073 min™")
CH3 3,5-(NDZJZCBH3 100.0 60.0 8.56
A CHSCH2 " 100.0 60.0 22.2
CHZCI' " 100.0 80.0 <0.2
Ph 2,4-[N02]2CBH3 100.0 13.3 22.0
B, p-NOZCBH4 100.0 13.3 0.46
o—NDZCBH4 ' 100.0 13.3 20.7
Ph p-N02C6H4 '98.1 48.1 3.91
: - ” .
C. p CHBCBH4 '98.1 48.1 13.3
o-CHSCSH4 98.1 48.1 380
CH3 " 100.0 B83.7 44,1
D. CH3 " 100.0 55.0 14.8
CH3 " 100.0 45.0 3.94
TABLE 6: Structural sffects on the hydrolysis of amides in concentrated

196

sulphuric acid .

A comparison of series B and C in table 6, shows that an increase

in the number of nitro groups in the N-substituent considerably

accelerates the reaction. However, this is not true for series A and D

where‘p-nitroacetanilide is seen to react faster than 3,5 dintroacetanilide.

This illustrates the difficulty in predicting N-substituent effects.

Substituent effects in the 'acyl fragment’

It can be seen from series A that electron-releasing substituents in R accelerat

are easier to predict.

the reaction considerably, whereas electron-withdrawing substituents cause

a sharp fall in rate.

The same effect is observed in series C where
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methyl substitution in the phenyl ring increaées the rate, especially
effectively when in the ortho position. The introduction of a nitro
group into the phenyl ring in series B causes a fall in rate, but not
as effectively when in the ortho position as when in the para position.
This is probably due to steric hindrance to coplanarity of this bulky
groﬁp. The polér effects are as expected for the A1 mechanism since

electron-releasing substituents in R would favour the heterolysis:-

’ . ' ’
R-CONR .H slow rR-cot  + R

2 ——— 2

NH

Polar groups in R’would not be expected to greatly affect the
position of the protonation equilibrium due to fhe relative
remoteness from the reaction site. Thus the overall polar effect of
substituents in the acyl fragment is such that electron-withdrawing
substituents inhibit hydrolysis whereas electron-releasing substituents

favour hydrolysis.

196 obtained a reaction constant p for substitution

Duffy and Leistgn
in the R group. The constant was obfained from series B and C by
plotting the logapithms of the rate constants againstcS‘+ constants (to
take account of the developing carbonium ion in the transition statel.
The reaction constant, p, obtained was -3.1, which contrasts sharply
with the value of +1.08 obtained for the A2 hydrolysis step- for
substituted benzamides (see table 2). The p value of -3.1 for the A1
hydrolysis is of the same sign and similar magnitude to that obtained

for the A1 hydrolysis of esterszao.

Arrhenius Parameters

‘Duffy and Leisten obtained Arrhenius parameters for the A1 hydrolysis
of a series of substituted benzamides. They found that the energies

of activation for hydrolysis of substituted benzamides are in the
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range 114-133 kJ mol-1. " This 1s considerably higher than for the A2

hydrolysis of the same substrates at lower acid concentrationsz19 which

are in the range 24.1-98.7 kJ mol-j. The lower energies in the latter
case indicate that nucleophilic attack by water molecules on the carbonyl

carbon facilitates hydrolysis.

Steric Effects

It can be seen from table 6 that ortho substituents in the acyl
fragment have a greater accelerating effect upon the rate than the
corresponding para substituents, regardless of polarity. These results
again contrast sharply with those obtaihed for the A2 mechanism199, but
are comparable with those observed for'ester hydrolysis in anhydréus
sulphuric acid. It is also evident that ortho groups in the amine-
fragment exert a large accelerative steric effect. Such ortho steric
effects are also reflected in enthalpy-entropy relationships for

substituted benzanilides2o1,

Medium Effects

The A1 mechanism of scheme 4 would predict only small changes of
rate With solvent composition. This is due to the fact that the change
in soclvent from anhydrous to aqueous sulperic acid should have little
effect upon the 0- and N-protonated eguilibrium. Similarly the acyl
cleavage step should be insensitive to medium changes since there is no
change in the total electrical charge from reactant to transition state.
However, it can Ee seen from fig. 1 that the rates of hydrolysis of p-
nitro and 3,5 dinitroacetanilide depend considerably, and to different
extents, on the composition of the solvent. Addition of other acids iptp
sulphuric acid should produce no change in rate for the fully protonated
amides. However, a change in hydrolysis rate was found for 3,5-

dinitroacetanilide following the order of acidity:-
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<
H28207 > ClSOaH > HZSO4 > CH3“03H

In all mixtures of sulphuric acid with stronger aéids the rate of

hydrolysis was greater than in 100% sulphuric acid alone. 1In mixtures

with weaker acids, the rate is lower, but in both cases the effects are

not proportional to the acidity functions. This dependence of rate upon
acid composition suggests, therefore, general acid catalysis. The fact

that the reaction rate varies aimosf linearly with the mole fraction of

the stronger acid in the solvent supports this theory. Duffy and Leisten198
therefore proposed that the A1 mechanism of amide hydrolysis should be
modified by éssuming a proton transfer synchronous with the heterolysis
of the CO-N bond i.e. they suggest that proton addition to the nitrogen
to form the‘ammonium ion commences before the transition state is fully
formed (scheme 4). THis modification not only accounts for general acid-
catalysis but also explains why the rate of hydrolysis of p-nitroacetanilide
is more sharply dependent upon acidity than that of 3,5-dinitroacetanilide.
This 1s because the'extent of catalysis depends not only upon the strength

of the acid, but also upon the basic strength of the amine formed, and

p-nitroaniline is a stronger base than 3,5-dinitroaniline (fig. 1J.

It is clear from fig.1 that below »78% sulphuric acid the rate of
hydrolysis rises with decreasing acid concentration. This is, of course,
due to the increasing concentration of free water available for nucleo-
philic attack by the A2 mechanism. The curves for p-nitro and 3,5-
dinitroacetanilide are parallel in this region, indicating that the rate
variatién is associated with theksolvent and not with the particular
amide. In general, the regions of hydrolysis by the A1 and the A2

mechanism are separated by a minimum in the rate-acidity profiles.

232 agreed that the mechanism changes from bimolecular to

“Vinnik
unimolecular in concentrated sulphuric acid but differed in his

exnlanation of the increasing rate of hydrolysis. He suggested that in
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concentrated solutions of sulphuric acid the protonated amide, and
molecules of undissociated sulphuric acid react. The activated complex
thus incorporates the protonated amide and sulphuric acid molecule,
whereas in the bimolecular mechanism at low acidities it incorporates

the amide, water molecule, and a proton.

Evidence for a changeover in mechanism has been found for substituted.

acetanilides in many case3233-235. Giffney and D'Connor235

studied the
hydrolysis of twelve substituted acetanilides over a wide range of’
acidity in sulphuric acid. In dilute acid (< 75%) the data fitted well

226 criteria of an A2 mechanism. In

with the Bunnett and Bunnett-Olsen
more concentrated acid Arrhenius parameters indicated a change to an A1
mechanism, the rate increasing with inﬁreasing acidity. The rate

profiles of all the acétanilides studied had a minimum in concentrated
sulphuric acid, with a subsequent increase in rate with acidity.

Barnett and O'Connor197 suggested that for some substitﬁtéd acetanilides,
in the region 70-80% sulphuric acid, there are two mechanisms occurring

in parallel and at comparable rates - both A1 and A2 hydrolysis. 1In tHe
case of acetanilide itself there is evidence that in sulphuric acid > 80%
sulphonation occufs in preference to hydrolysiszss'237. Acetanilides

with electron-donating substituents in theﬂ4-position are sulphonated in
concentrated sulphuric écid. and these substituted intermediates are

hydrolysed by an A1 mechanism235.

Giffney and O'Connor obtained Hammett plots for 4-substituted
acetanilides hydrolysing by an A1 mechanism. Since their substrates were
fully protonatea in 90% sulphuric acid the p value of +4.33 obtained by
correlation with ¢* values is as anticipated by Duffy and Leisten.
Electron-withdrawing substituents in the amino fragment favour the
acyl-nitrogen bond fission. It was alsé confirmed that the A2 mechanism

in dilute acid is favoured by electron withdrawal (p > + 1.0) but it is
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significant that the mechanism in highly acidic media is much more
dependent on electron withdrawal. Giffney and D'Cbnnor235 believe that
their kinetic results are consistent with an A1 reaction occurring through
the O-protonated Form238_240, and not the mimor N-protonated form in
concentrated sulphuric acid. For the A2 mechanism in dilute acid they
favour water attack on the N-protonated conjugate acid in the rate-
determining step. Speculation as to whether A1 and/or A2 hydrolysis
proceed via the 0 or N protonated forms, or even both,'is still very much

in evidenc9241’242.
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CHAPTER 7

HYDROLYSIS OF THIOPHENE

AMIDES
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HYDROLYSIS OF THIOPHENE AMIDES

The experimental procedure for determination of the‘rate of nitro-
decarboxylation of 2-aqetanido-5-nitrothiophene-B-carboxylic acid involvéd
. dissolving the compound in & sulphuric acid solution, addition of a nitric
acid/sulphuric acid sclution and observation of the change in U.V.
absorbance. However, prior to addition of nitric acid an increase in
abscrbanée at A = 440 nm was observed. This change in spectrum was
initially observed in 98% sulphuric acid Eut was subsequéntly found to

occur at other acid concentrations.

?SC Spectra

In an attempt to discover the nature of the observed change in U.V.
spectrum 136 spectra of three thiophene derivatives were examined in some

detail.

(A) 2-Acetamido-3,5-dinitrothiophene

This is the final productlof nitration of 2-acetamidothiophene-3-

carboxylic acid. This 13

C épectrum in 98% sulphuric acid revealed changes
in spectrum as shéwn in fig. 1. The"change’ was virtually complete after
3 hrs. Further changes to this spectrum were relatively slow and complex.
Assignment of the aromatic carbon peaks is“difficult but the peaks at 181.8
and 22.6 (originally) correspond to the carbonyl carbon and methyl carbon,
respectively, of the amide group. Upon drowncut of the sulphuric acid
solution, which after 3 Hrs was black and rather viscous, a dark solid

was obtained which had only a weak carbenyl absorption in the infra-red.
This material was identified as 2-amino-3,5-dinitrothiophene by comparison
with an authentic éample of the amine, prepared by dilute acid hydrolysis
of the original amide. A 130 spectrum of authentic 2-emino-3,5- V

dinitrothiophene corresponded to the third spectrum of fig. 1 without

the peaks at 194.0 and 21.1.
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—NO2

181.6 144.5 22.8
134.4
NO S ~NHCOCH3 -
143.2
ORIGINAL
125.7
: 156.2 .
©194.0 | 139.1 ,_,AFTER _90MINS. 211
.181.8
144.5 128.2 22.8
1346 :
1B4.4
14342 125.7
184.0 i
’ ) 21.1
1952 - AFTER . 3HRS.
139.1
134.6
129.2
Fig. 1: 13C spectral changes of 2-acetamido-3,S-dinitrothiophene in

98% sulphuric acid (chemical shifts are p.p.m. from T.M.S. as

external standard).
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The changes in the 130 spectra, as shown in fig. 1, can therefore be

interpreted in terms of a hydrolysis of emide to amine in concentrated
sulphuric acid. The change in U.V. spectrum which occurs in sulphuric
acid is confirmed as being due to the longer wavelength abscrption of |
amine. >Both 13C and U.V. spectroscopy confirm the hydrolysis to amine
and whilst the latter is isolable in poor yield, it is not stable for

long periods in concentrated sulphuric acid. No amine was recoverable

after 48 hrs.

(B) 2-Acetamido-5-nitrothiophene-3-carboxylic acid

This is an intermediate ’'product’ of nitration of 2-acetamidothiophene-

3-carboxylic acid. The 13C spectral changes which occur upon dissolving

this compound in concentrated sulphuric acid are illustrated in fig. 2.

The change in spectrum is analogous to that for the dinitroamide but thé
rate of hydrolysis is greater for the mono-nitro acid. The conversion to
amine is complete inside 2 brs bﬁt;this amine is less stable in concentrated
sulphuric acid than'the dinitro amine. "The sulphuric acid solution becéme

i

dark and viscous and nb 2-amino-S-nitrothiophene-B-carboxylic acid was

recoverable from the reaction aftef 8 hrs.

The 13C spectrum of hydrolysed 2-acetamido-S5-nitrcthiophene-3-

carboxylic acid shows the two peaks at 194.0 and 21.1 ppm which were also

observed in the final spectrum (fig. 1) for hydrolysis of 2-acetamido-
3,5-dinitrothiophene. A 13C spectrum of acetic acid in concentrated
sulphuric acid shows two peaks at' 194.0 and 21.0 ppm believed to be due

. to the species, CHSCDZH2+. i.e. protonated acetic acid243’244. This

further supports the previous evidence,confirming that hydrolysis of

the thiophene amides occurs in concentrated sulphuric acid producing the.

corresponding amines and protonsted acetic acid (for acetamides).
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—-CO2H

180.3
22.2
147.0
167.8 119.5
No; > NHCOCH3 | o
148.9 2 TS
ORIGINAL
131.0
_ ~ 156.0 21.1 g
194.0 5.4 _ AFTER 30MINS. ;!
i 166.1 142.3 . |
180.3 119.5 ;
. 22.2 ,
167. 8 147.0
148{3 . 131.0 gj
194.0 156.0 211 |
1613.1 125.4
__AFTER 2HRS. o
148.8 “
142.3
W
i

Fig. 23 ‘13C spectral changes of 2-acetamido-5-nitrothiophene-3-carboxylic
acid in 98% sulphuric acid {chemical shifts are ppm from T.M.S.

as external standard).
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(C) 2-Acetamidothiophene-3-carboxylic acid

This compound is the starting material which is dinitrated to

produce 2-acetamido-3,5-dinitrothiophene. The 13

C changes which were
observed upon dissolving this compound in concentrated sulphuric acid are
shown in fig. 3. Two distinct changes were observed producing the second
and third spectra but intermediate spectra were extremely complex, often
containing'in excess of twenty peaks. The spectrum which appeared after
6-8 hrs was unchanged after 24 hrs and, indeed, only a small decrease in
intensity of the aromatic carbon peaks was detectable after 5 days. This
is in direct contrast to the other amides studied (figs. 1 and 2) in which

the anines were rather unstable in concentrated sulphuric acid. The

initial change 1is believed to correspond to an intramolecular dehydration:-

i
~COH —C
=H,0 T
_ C
—
S NHCOCH, ST T\ =— \CH3

The anhydro cyclic struéture shown above was prepared from 2-acetamido-
thiophene-B-carbokylic acid and then dissolved in 98% sulphuric acid. A
1SC spectrum revealed a complex series of peaks, very similar to an
intermediaﬁe spectrum obtained when 2-acetémidothiophene—3-carboxylic
acid was dissolved in sulphuric acid. After 3-4 hrs the 13C spéctrum was
identical to the final spectrum of fig. 3. By comparison of the
individual 13C spectra at certain time intervals it was concluded that
the cyclic strucfure shown above is present as an intermediate dufing
the reactidn of 2-acetamidothiophene-3-carboxylic acid with concentrated
sulphuric acid; However, all attempts to isolate this compound from the
sulphuric acid solution were unsuccessful. A 13C spectral analysis of

ethyl-2-acetamidothiophene-3-carboxylate in 98% sulphuric acid revealed

a simple, slow hydrolysis reaction with no evidence of any complex
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s U\S/“\NHCOCHB

144.8 131.9

. ORIGINAL

J’COZH 22.0

T.Ml .

179.1
167.9 21,
135.1 ~ AFTER 30MINS.
148.4 |133.2
120.0
184.0 133.0 21 .1
166.2 128.8

T _._AFTER 8HRS.

133.3

Fig. 3: Simplified 13C spectral changes of 2-acetamidothiophene-3-

carboxylic acid in 98% sulphuric acid (chemical shifts are ppm -

from T.M.S. as external standard).
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intermediate., Formation of a cyclic anhydro derivative, as for the amido-

carboxylic acid, is not possible for the amido-ester.

The final spectrum of fig. 3 contains the carbonyl and methyl carbon
peaks atv194.0 and 21.1 ppm respectively i.e. the chemical shifts
corresponding to protonated acetic acid243. The overall change would
therefore seem to involve hydrolysis of the originel amido-acid to a

relatively stable amine. It would seem unlikely that hydrolysis proceeds

via the anhydro cyclic structure and so an eguilibrium is proposed:-

£O,H
—_—
PN
S NHCOCH
Co._H
+ 2
Hy0
+ CH.CO.H,"
3°"2' 2
S NH,,

The regeneration to amido-acid is necessary for hydrolysis to occur
and since there is a high equilibrium conversion to the cyclic structure,
the regeneration step could be rate-determining. This would account for
the relatively slow rate of hydrolysis. THé Finél product of hydrolysis,
although quite stable in concentrated sulphuric acid was not isolable
from solution. Drown-out into ice-water gave no recognisable products.
The amine is protonated in concen;rated acid and the possibility of
sulphonation of either the original amide or final amine in the 5-position

245

cannot be ignored . 'H N.M.R. evidence on this point was inconclusive

but no sulphonic acid or amine was isolable from the reaction solution.

Hydrolysis in Concentrated Sulphuric Acid

2-Acetamido-3,5-dinitrothiophene is converted to the corresponding



i

2-amino derivative by refluxing with dilute sulphuric acid, on a preparative
scale. However, the hydrolysis in concentrated acid is faster and much

less desirable. The amine, produced in this way, is extremely unstable

in presence of nitric acid and rather unstable in sulphuric acid alone.
Thus, hydrolysis is an undesirable side reaction during the nitration of
thicphene amides in sulphuric/nitric acid. In erder to improve the yield
of nitrations of this sort an attempt was made to minimise the hydrolysis
rate of both 2-acetemido-5-nitrothiophene-3-carboxylic acid and the

dinitro derivative.

Variation of Hydrolysis Rate with Sulphuric Acid Concentration

Rates of hydrolysis of 2-acetamido-3,5-dinitrothiophene in concentrated
sulphuric acid solutions were determined by U.V. spectroscopy. The ra£e
of formation of the amine, which absorbs at a longer wavelength, was
determined. Two metﬁods were used for standardisation of sulphuric acid
solutions - freezing-pdint determination and titrimetry. The freezing-
point of sulphuric acid solutions is extremely sensitive to smalllchanges
in concentration but disadventages of this method include supercooling
effects and the fact that there are often two (or even three) possible
concentrations of acid for each freezing-point (see chapter 3J). The more
dilute sulphuric acid soclutions were standardised by titration with

standard sodium hydroxide.

The first-order rate constants for the hydrolysis of 2-acetamido-3,5-
dinitrothiophene in sulphuric acid-weter mixtures are'shown in table 1.
The values of kobg’ the first-order rate constant, are average valueé
over a number of kinetic runs since the reaction product, the amine, is
rather unstable in concentrated acid. However, in all cases, the rate of

hydrolysis was greater than the rate of decomposition of amine.
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H S0, CONCENTRATION AVL K
{(W/W) (sec™1)
99.6% 44 x 107°
98.6% 31 x 107°
93.5% 5.9 X 107°
92.1% | 3.3 x 107°
89.1% 1.1 x 107°
86.7% 0.83x 10°°
82.7% 0.63x 107°
75.3% 0.85x 107>
59. 4% 1.1 x 1073

- TABLE 1: First-order rate constants for hydrolysis of 2-acetamido-3,5-
- dinitrothiophene in sulphuric acid-water mixtures at 25°,

( (Substrate) = 107% - 107°m)

The solubility of the weakly basic amide, 2-acetaemido-3,5-dinitro-
thiophene was very sensitive to chaﬁges in sulphuric acid concentration.
The compound was barely soluble below 88% sulphuric acid and below 82%
acid was not even sufficiently soluble for U.V. spectral analysis. Rates
of hydrolysis below 82% acid are therefore, only approximate and were
obtained by aliquoting in aqueous methanol from a Heterogeneous mixture

of amide and dilute sulphuric acid. Subsequent U.V. analysis of the

methanol aliquots enabled the rate of formation of amine to be determined.

A‘plot of log kobs vs. sulphuric acid concentration is shown in fig. 4,
and shows a minimum at approximately 82% sulphuric acid. Above 82% acid
the rate of hydrolysis increases quite rapidly with increasing acidity
whereas below 82%‘the rate of incfease is less rapid. A similar effect was

observed for 2-acetamido-S-nitrothiophene-3-carboxylic acid.

Mechanism

Above 82% sulphuric acid the unimolecular mechanism for hydrolysis of

anides is proposed:-
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ND NO
1) 2 2
——
5 — 0
o
S 0 T~5 fH. —c?
NG NH=C ND 2
2 NeH 2 Ny
3 3
2) NO,, N0,
. + CH,CO
NG S fiH.—=c? : NG S H,
2 2 2
cH
3
0, NG,
3) FAST
D ———
S - 5 NH
NG, NH,, . NT, 3
. FAST )
4) CH,CO +  Hy0 — CH3C02H2

Scheme 1:- Unimolecular (A1) mechanism of hydrolysis of 2-acetamido-3,5-

dinitrothiophene.

The unimolecular A1 mechanism proposed for the hydrolysis of 2-
acetamido-3,5-dinitrothiophene is shown in .scheme 1. This mechanism
would account for the facile hydrolysis in concentrated acid despite the
absence of an appreciable amount of water (which is usually associated
with the hyarolysis of amides and esters). This complex dependence of
the pseudo first-order rate constant on acid conceﬁtration was abserved
during the hydroiysis of the nitro-derivatives of acetanilide in sulphuric

196,218,232

acid . Duffy and Leisten198 discussed their results in terms

of a change in mechanism ih concentrated sulphuric acid.

The reason for the increase in hydrolysis rate above 82% sulphuric

acid is not immediately obvious from scheme 1. Any change in acid
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65 710 80 90 100
o/ SULPHURIC ACID

Fig. 4: Plot of hydrolysis rates for 2-acetamido-3,5~-dinitrothiophene vs.

sulphuric acid concentration.
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concentration should have little effect upon the 0- and N-protcnated
equilibrium (step 1). The second slow step of scheme 1 should alsc be
insensitive to increasing acid concentration since there is no change in
the total electrical charge from reactant to transition state. Duffy

and Leisten198 further demonstrated a dependence of the hydrolysis rate
upon acidity and suggested general ecid-catalysis. To account for their
results Duffy and Leisten’proposed a modification of the Al-mechanism.
They suggested that step 3 of scheme 10ccurs synchrqnously with the
heterolysis (step 2), i.e. that proton addition to the nitrogen atom
commences before the transition state of the heterolysis is fully formed.
This mddification‘is applicable to the hydrolysis of 2-acetamido-3,5-
dinitrothiophene in concentrated sulphuric acid (in scheme 1), and accognts
for general acid-batalysis in scheme 1. However, it has been shown that
2-acétamido-3,S-dinitrothiophene is a relativeiy weak base which will be
only partially protonated beiow nG2% sulphuric acid. Thus the increase in
the rate of hydrolysis can also be accounted for in terms of an increase

in the degree of protonation, as the concentration of acid increases.

Oleum Solutions

All attempts to determine hydrolysis retes in solutions > 100%
sulphuric acid were unsuccessful. A 13C spéctrum of a solution of 2-
acetamido-S,S-dinitrofhiophene in 10% oleum revealed a complex series of
peaks after .n20 mins; After a few hours the spectrum contained a large
number of carbonyl carbon peaks. Two particularly predominant peaks were
present at 21.1 énd 194.0 ppm (from T.M.S.), i.e. the positions
corresponding to protonated acetic acid. Although hydrolysis of amides is
not unknown in anhydrous suiphuric acid229 it was not possible to detect
hydrelysis prior to oxidation of the amine in the cleum solution. Indeed'

the peaks at 21.1 and 194.0 could have arisen from direct oxidation of the

amide in the reaction solution. A similar effect was cbserved upon
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dissolving 2-acetamide-3,5-dinitrothicophene in other oleum solutions. The

protonated acetic acid, CH3C02H2+was present, and stable in all casesZ44.

246

The fact that this species and not the acylium ion , CH3C0+. is present

indicates that water is either an oxidation product or has come from the
dissociation of sulphuric acid, affording sulphur trioxide. -The latter

combines with hydrogen sulphate to form the hydrogen disulphate ion,

H8207 .

2H.S0, —> H,O + HS,,0,

274 — 3

Position of Protonation

The A-1 hechanism for hydrolysis of amides is believed to proceed via
the less stable N—protonated form. This 1s due to the fact that a
heterolytic acyl-nitrogen bond fission, via the O-protonated form would
yield RNH+ as one of the products, which is extremely unlikely. Similarly
the A-1 mechanism via the N-protonated form is favoured for the»hydrolysis

of 2-acetanido-3,S-dinitrothiOphene in concentrated sulphuric acid.

Structural Effects

(A) The Acyl Group

A variety of‘N-Acyl substituted thiophenes were synthesised and their
behaviour in concentrated sulphuric acid examined. 2-Amino-3,5-dinitro-
thiophene, ; weakly basic amine, could only be acylated under vigorous
conditions often leading to poor yields of impure pfoducts. The more
strongly basic aﬁine, 2-émino-S-nitrothiophene-3—carboxylic acid was

therefore acylated with a variety of acylating agents to yield the

amides: -
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COZH 02H
XCOC1
S ————
5 or [XCDJZD
N02 NH2 , ND2 S NHCOX

X = H, CHS' CH2CH3. CH2C1 etc.

Subseguent nitrodecarboxylation of the amides gave the 2-acylamino-

3,5-dinitrothiophenes as products:-

_FO,H NO

)
HND,
)
—" \
NG, S NHCOX H,S0, NG S~ NHCOX

The rates of hydrolysis in concentrated sulphuric acid of both the
2-acylamino-S-nitrothiophene-3-carboxylic aclids and the 2-acylamino-3,5-
dinitrothiophenes are shown in tables 2 and 3 respectively.

FOR REACTION:-

CDzH /CDZH
H,S0,
——
S . S
NO, NHCOR : ND, NH,,
R | kopg (98% H,S0,) Kops [9?: H,S0,)
. [sec-1] (sec ')
- B
-H < 1078 < 10
-4 -4
~CH, 3 8.1 x 10 1.2 x 10
| - -8
-CH,C1 < 1078 < 10 .
~CH_CH 9.3 x 10”2 2.4 x 10
23 i | i
~CH(CH,,) 9.8 x 10 3.1 x 10
3’2 . 4
-C(CH3]3 o 77 x 10 21 x 10

TABLE 2: Rates of hydrolysis of 2-acylamino-5-nitrothiophene-3-carboxylic

acids in concentrated sulphuric acid.
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FOR REACTION: -

0, O,
H,S0,
—_—
s
NG , NHCOR N s "
2
R Kops (eaf1sto4) Kops Eios H,S0,)
(sec ') (sec ')
-H < 1078 < 1078
-4 -4
~CH, 3.1 x 10 0.21 x 10
~CH,C1 < 1978 ‘ < 1078
- CH,CH, 3.6 x 10~ % 0.51 x 1074
-CH(CH,), 4.9 x 10°% 0.58 x 10" %
-ClCHg), 37 x 1074 7.2 x 10°%

TABLE 3: Rates of hydrolysis of 2-acylaming-3,5-dinitrothiophenes in

concentrated sulphuric acid.

The hydrolysis of most of the amides in tables 2 and 3 was confirmed
by 13C spectroscopy in sulphuric acid. The free amines were recoverable
from concentrated sulphuric acid. 2-Amino-5-nitrothiophene-3-carboxylic
acid wasAless stable in strongly acidic solutions than the dinitro amine
and was only recoverable in poor yield. No hydralysis of the formamido or
chloroacetamido derivatives was detectable -in 98% or 90% sulphuric acid
either by U.V. or 13C spectroscopy. Both amides were stable for a period
of days in concentrated sulphuric acid and were recoverable in good yield.
The rates o; hydrolysis of the other amides were determined by measuring
the rate of formation of the aminé. The rate of formation of amine was
always greater than the rate of degradation of amine in concentrated
sulphuric acid. However, this was an obvious source of error in the

rate measurements, particularly for those amides which produced the less.

stable 2-amino-5-nitrothiophene-3-carboxylic acid.

The substituent effects in the acyl group cen pe understood in terms



of the A1 mechanism of scheme 1. The slow step here is the heterolysis:-

/ND2 . /NOZ

—_— +rCo”

NH..COR NG NH

NOZ : 2 2 2

If the effect of changing the R group is largely confined to the above.
step then one would expect electron-releasing groups in R to accelerate
.and electron-aftracting groups to retard hydrolysis. The observed resﬁlté
in tables 2 and 3 are in accordance with this. The difference in rate
between the écetanido and formamido derivatives is particularly marked.
The chloroacetamide derivatives are furﬁher deactivated towards hydrolysis.
Only small increases in the rate of hydrolysis are observed for most of
the other émides i.e. i\'JHCDCH[CHSJ2 > NHCDCHZCH3 > NHCOCHB. However, in
the case of the N-t-butyl amide there is a pronounced increase in the
reaction rate., A steric accelerating effect has also beeﬁ observed during
the hydrolysis of ortho substituted benzamides in concentrated sulphuric

acid1gs.

(B) The Amino Group

The effect of polar groups in the amino 'fragment' upon the rate of
Vhydrolysis is more complex. The results in tables 2 and 3 indicate that
the 2-acylamino-5-nitrothiophene-3-carboxylic acids are hydrolysed faster
than the co}responding dinitro derivatives. This is not what one would
expect if one considers the heterolytic acyl-nitrogén bond fission:-

X

+
+ CH,CO

— 3

+ .
Y S NH
Y S NH,COCH, 2



N-substituents containing strongly electron-withdrawing groups should
enhance the rate of this reaction. This is illustrated by the ease of
hydrolysis of the nitroacetanilides and also most of the nitrothiopheneamides
of tables 2 and 3. However the effect of such substituents upon the

protonation equilibrium must also be econsidered:-

OH )4 + P
y S NH-c? : v/ ~s~" \WH=c?

S 27\
CHS CH3

) -

The more electron-withdrawing are the X and Y groups the greater will
be the tendency for the above equilibriﬁm to lie on the left-hand side.
This is because there will be a greater reduction in the proton-affinity
of the adjacent nitrogen atom than that of the oxygen atom. Thus, if
" hydrolysis proceeds via the N-protonated form, as seems likely, then the
rate is decreased as the number of electron-withdraﬁing substituents is
increased. This is‘illustrated by the increased rate of hydrolysis when
a nitro substituent is replaﬁed by a carboxyl group (tables 2 and 3). The
behaviour of seVerél other acetamidothiophenes in concentrated sulphuric
acid was' examined by 13C spectroscopy and the results are summarized in

table 4.

Reéults for compdunds (A} and (B) illustrate the sensitivity of the
A1-hydr01ys£s reaction to substituent effects in thg amino fragment. In
general N-substituents containing strongly electron withdrawing groups
are required for hydrolysis in order to facilitate the acyl-nitrogen bond
fission. However, electron-withdrawingIsubstituents decrease the basicity
of the nitrogen atom and this not only decreases the basicity of the amide
as a whole but also decreases the equilibrium concentration of N-protonated
amide relative to O-protonated amide. Thus, these two effects of

substituents on the thiophenme ring will oppase each other to an unknown
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Compound Behaviour in 98% sulphuric acid

(A) CO.Et Rapid hydrolysis to amine which is

rather unstable in conec. acid.

=

NO S “NHAc

2
(B) NHAc Only a very slow hydrolysis reaction - amide
” ll recoverable in good yield after 24 hrs.
N02 S CDzEt
(C) Rapid hydrolysis producing an unstable
” Il amine.
ND2 S NHAc
(D) CH3 COEt No evidence of hydrolysis - amide
II ,I recoverable in good yield.
CH3 o] NHAc
(E) CH3 C02Et No evidence of rapid hydrolysis but series
ll II of 13C changes and poor recovery suggest
NS MNHAC

further reaction e.g. sulphonation.

TABLE 4: Behaviour of some substituted acetamidothiophenes in 98%

sulphuric acid at 25°,

extent. Electron-releasing groups in the acyl part of the molecule
facilitate hydrolysis by the A1 mechanism and so acetamido-thiophene
derivatives always hydrolyse faster than the corresponding chloroacetamido-

thiophene derivatives.

THE A-2 MECHANISM

The final step in the industrial preparation of 2-amino-3,5-
dinitrothiophene involves hydrolysis of the corresponding 2-acetamido-

thiophene derivative by refluxing with dilute sulphuric acid (2M). The
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mechanism proposed for hydrolysis in diiute acid is the A2 mechanism of

scheme 2. A study of the variation of the rate of hydrolysis of 2-

acetamido-3,5-dinitrothiophene with acid concentration {(fig. 4) revealed

a minimum in the rate profile at ~82% sulphuric acid.

(1)

NO

N

(2)

NOS

(3)

NO

(4)

NO2

Scheme 2:

2
6H rm—
NH—C4’
N eH
-3
_NO
2 HZD
e
H-C476H «—.
~
CH3
0,
?H
NH —- (IZ — CH3
oH, =
2
Fast
NH2 L et

dinitrothiophene.

N

Ji

_NO

NH 4+

+ CHacDZH
+

+ H

Bimolecular (A2) mechanism of hydrolysis of 2-acetamido-3,5-

Above 82% acid the A1 mechanism is in operation resulting in an increased

reaction rate. Below 82% sulphuric acid the increase in the reaction

rate can be understood in terms of the A2 mechaniém. The slow step of

scheme 2 is the attack of water at the protonated amide group (step 2].
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As the acid concentration decreases below 82% so too does the activity of
water, required for A2 hydrolysis, increase. Thus; although the degree
of protonation of the rather weakly basic nitrothiopheneamides decreases,
the overall effect is an increase in the rate of hydrolysis due to an
increase in the concentration of free water. This inerease in rate would
be expected to continue down to “4M sulphuric acid whereupon the
equilibrium concentration of protonated amide would be so small that any
further decrease in acid concentration would result in a slower rate of
hydrolysis. A quantitative study of this effect was not performed for the
thiophene amides due to practical problems of solubility etc. However,
this trend towards maximum A2 hydrolysisbat v4M sulphuric acid was

demonstrated gqualitatively for 2~acetamido-3,5-dinitrothiophene.

Structural Effects

(A} Acyl Group

Although 2-acetamido-3,5-dinitrothiophene can be readily hydrolysed
in dilute sulphuric acid the rate of hydrolysis is not comparable with
that in concentrated acid by the A1 mechanism. Conversely the corresponding
2-formamido derivative was hydfolysed much more readily in dilute acid
than in concentrated acid. This trend was further illustrated by the
ease of hydrolysis of the 2-chloroacetamido derivative in dilute

sulphuric acid:~

For the reaction:-

NO 0,

— 'J S‘,J

N s NHCOR ND, \NHZ

e



R Conditions for hydrolysis
=
H Reflux with 2ZM HZSD4 for 1 hr
CH3 Reflux with 2M H2804 for 5 hrs
CH2C1 Room Temperature with 2M HZSO4
for 30 mins.

TABLE 5: Conditions required for hydrolysis of 2-acylamino-3,5-

dinitrothiophenes in dilute sulphuric acid.

The observed acyl structural effects (table 5) can be understood in

terms of the A2-mechanism of.scheme 2. The slow step is the attack by

sy
water:- F
NO,, g NO,,
2
—_— OH
_ ey — |
NO S NHEZ NO S NH == C =R
2 N 2 ,
R |
_ o,
L p—

Electron-withdrawing groups in R decrease the electron-density at the
carbonyl carbon and thereby increase its reaptivity to nucleophilic
attack by water. Since chloroacetamido derivatives are hydrolyséd more
readily than acetamido derivatives then this effect obviously overcomes
that of reducing the basicity of the amide by electron withdrawal. This
is in direct contrast to the acyl structural effectsAobserved by Al

hydrolysis in concentrated acid.

(B) The Amino Group

 The effect of substituents (on the thiophene ring) upon the rate of

hydrolysis in dilute sulphuric acid was not studied in any great detaili
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Electron-withdrawing groups would be expected to favour attack by water
but would also decrease the equilibrium concentration of protonated amide.
2-Acetamido-5-nitrothiophene-3-carboxylic acid was hydrolysed at a very

similar rate to the corresponding dinitro derivative in dilute acid.

BASIC HYDROLYSIS OF AMIDOTHIOPHENES

A step in the attempted synthesis of 2-acetamido-3-nitrothiophene-5-

carboxylic acid involves the hydrolysis of the corresponding methyl ester:-

/u | OH ™ /H,0 , Jl
‘ —————
COMe S~ “NHAC oo COMe =S~ “NH,

UH'/HZD MeOH

HNO

ﬂ 2
COH S NH

2 2

‘The final product of hydrolysis is thus the amino-acid and not the
desired amido acid. It 1s also possible to isclate the amino ester from
the reaction solution which indicates that the basic hydrolysis of the
amido group is extremely facile; even more so than the ester group in this
particular example. The mechanism for thelbasic hydrolysis of amido-
thiophenes is shown in scheme 3. Great care is required when this amide
hydrolysis ié used preparatively since the amine is unstable in presence
of excess hydroxide ions. This is éspecially true when the thiophene ring
contains'strongly electron-withdrawing substituents which presumably

activate the ring towards nucleophilic attack and thereby ring-opening.
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(1) o, 202
oH o
0 — — |
v -
C0.Fe —S— “NHC CO.Me S NH = C =—CH
2 N 2 3
CH, ]
oH
— — -
(2) | MO, no,
T H0 || +CH1COH
— o —— CO.Me 5 NH i
CoMe s NH T CH,y 2 2,
OH
= -

Scheme 3: Mechanism for the basic hydrolysis of methyl-2-acetamido-3-

nitrothiophene-5-carboxylate.

Structural Effects

(A) The Acyl Group

The basic hydrolysis of the ester group in methyl-2-formamido-4,5-
dimethylthiophene-3-carboxylate was accompanied by hydrolysis of the amide:-

Me ,/COZMe _ Me COH
OH /H,0
w
Me” s NHCHO MeOH M 3 NH

Under identical reaction conditions only the acetamido acid was obtained

_for the corresponding acétaﬁido derivative. Thus, the formamido group

is more susceptible to basic hydrolysis than the acetamido group. The

first step of scheme 3 involves a nucleophilic attack at the carbonyl carbon.
Electron-releasing groﬁps in the acyl group will decrease the reactivity

of this carbon towards nucleophilic attack. The expected order of reactivity

is therefore chloroacetamido > formamido > acetamido and this was verified

experimentally.



(B) The Amino Group

The examples mentioned above involve the basic hydrolysis of the

amides: -
CH3 DzMe 7”02
CH3 S NHAc CDZMe S‘——[LNHAC

(A) (8)

Compound (B} was found to undergo basic amide hydrolysis much more
readily thén compound (A). In the former case the amide group was more
susceptible to hydrolysis than the ester group whereas the converse isg
true for (A). Again this can be undersfood in terms of a decrease in the
electron density at thé carbonyl carbon (of amidej. the'decrease being’
greater in (B) than in (A) due to the two electron withdrawing substituents.
Nucleophilic attack by OH 4s thus favoured in compound B and so |
hydrolysis is enhanced. 2-Acetamidp-3;Sfdinitrothiophene is extremely
susceptible to hydrolysis in basic ﬁedia, the subseguent amine being

unstable in presence of sxcess OH ™ ions.
Summary

Most of the amidothiophenes involved in this investigation are
susceptible to either basic or acidic hydrolysis, or both. Basic hydrolysis
is favoured by electron-withdrawing groups in both the thiophene ring and
the acyl group. However, when the thiophene ring contains strongly
electron;withdrawing substituents the'subsequent amine is often unstable -

the ring being highly activated towards nucleophilic attack.

In dilute acid the amidothiophenes are hydrolysed only with some

difficulty, especially those containing electron-withdrawing substituents
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in the thiophene ring. This is due to the small equilibrium concentration

of protonated amide, necessary for hydrolysis. However, electron-withdrawing
groups in the acyl fragment do favour hydrolysis By the A2 mechanism in

this way by increasing the reactivity towards attack by water. Thiophene

substituent effects (the amino Frégment) are more complex.

In concentrated aclid where the activity of water is low, hydrolysis
proceeds by the A1 mechanism. Electron-withdrawing substituents in the
thiophene ring favour this mechanism, which involves a heterolytic acyl-
nitrogen bond fissioh. However this effect 1s complicated by equilibrium
protonation effects efc. Electron-withdrawing groups in the acyl fragment
hinder hydrolysis by the A1 mechanism. The great sensitivity of this
reaction to changes in the acyl group is illustrated by the difference
ih behaviour of 2-acetamido-3,5-dinitrothiophene and the corresponding
formamido derivative. ‘The former is rapidly hydrolysed in concentrated
sulphuric acid at room tempefature whersas the latter amide is recoverable

after a period of days in conecentrated acid.

The significance of the hydrolysis in concentrated sulphuric acid
is particularly important in the current investigation. During the
nitration of 2-acetamido-5-nitrothiophene-3-carboxylic acid in sulphuric/

nitric acids a side-reaction is occurring:-#

”NDZ
+
NO S ~"WHAc
HNO/
rCOH H,S0,
N02 S*| L\HAC
H. SO
2774
_COH
NOT ST “NH

N
N
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The amine, produced by hydrolysis in concentrated sulphuric acid, is
extremely unstable in presence of oxidising agents such as nitric acid and
is degraded. Thus, hydrolysis is an unwanted side-reaction resulting in
yleld loss. It is significant that the desired product, 2-acetamido-3,5-
dinitrothiophene is also susceptible to hydrolysis in concentrated
sulphuric acid. The amine produced in this way is again extremely unstable
in presence of nitric acid and is not isolable from the reaction mixture.

The hydrolysis of the reaction product is thus another source of yield loss.

As shown earlier, 2-formamido thiophene derivatives are less
susceptible to hydrolysis than the corresponding acetamido derivatives.
Therefore, one might anticipate an improved yileld for the nitratien of 2-

formamido-5-nitrothiophene-3-carboxylic acid:-

0
CO,H HND,, 2
————
HpST,
ND s NHCHO N, s NHCHO

|
This has been verified experimentally (see chapter 5], tpe yield
being improved from 56%(for acetamido) to 72% (for formamido}. A similar
increase in yield was obtained for nitrodecarboxylation of 2-chlocroacetamido-

5-nitrothiophene-3-carboxylic acid.
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CHAPTER 8

INTROBDUCTION TO REACTIONS

INVOLVING DESTRUCTION OF

THE THIOPHENE NUCLEUS
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DEGRADATION OF THIOPHENES

INTRODUCT ION

The thiophene ring shows typical aromatic behaviour. The nucleus is
stable to alkalis, moderately stable to acids and fairly resistant to

oxidation.

Polymerisation

Polymerisation of thiophene by 100% orthophosphoric acid gives a

trimer: -

S S
! 80
Polymerisation can also be effected with concentrated sulphuric acid

and the sulphonation of thiophene, by sulphuric acid is often conducted

in ligroin to minimise resinification.
Reduction

The usually stable thiophene ring can sometimes be opened smoothly by
reduction. Non-catalytic reduction of thiophenes by sodium or lithium in
liquid ammonia leads to complete destruétion of the ring system,
ultimately éiving butenethiols and alkenesZ47-250. Hydrodesulphurisation
of thiophene to butane and hydrogeﬁ sulphide over vérious catalysts has
been studied251-252. Catalytic reduction is difficult because of the

tendency of sulphur compounds to poison catalysts. However, with a large

excess of catalyst or under more forcing conditions, tetrshydrothicphene

can be obtained:-

Hz/MoS2 .
2000/200 atm S




- 183 -

Pyrolxsis

Thiophene is thermally very stable and gives hydrogen sulphide,

hydrogen and methane as the only gaseous products on pyrolysis at

800-825°. At 825° thiophene affords some benzenezsa.

Oxidation

The thiophene sulphur atom shows very few of the reactions expected
of a sulphide. The oxidation to the sulphone is difficult to achieve,

but a study of the oxidation of substituted thiophenes with perbenzoic

or peracetic acid showed that sulphones could be obtained from poly-
substituted methyl- and phenyl—thiophen95254. The presence of electron-

withdrawing groups, such as nitro, inhibited oxidation.

e.g,.

‘ PhCOH
—rtr————
CHCIB/DO

Me™ ) Me i , Me Me

3
o/ \\o

In the case of thiophene itsel?\thelintermediate sulphoxide and sulphone

N 255
react further, to give mostly intracteble products .

Hydrogen peroxide oxidises thiophene to a product of formula

(C,H.S).0. which is believed to arise by Diels-Alder combination of the

4°47°273
258

sulphoxide and sulphone S

H29; \

SO+ N

é — : ;

[}

The aromatic character of thiophenes is destroyed by their conversion into

such 1,1 dioxides.
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Oxidative Degradation

It 1is known257 that the action of nitric acid on thiophene results

in the oxidative decomposition of the thiophene molecule with an apparently
guantitative conversion of sulphur to sulphuric acid. Angeli and

Ciamician258

found that 3,4-dibromothiophene and tetrabromsthicphene

gave dibromomaleic acid when treated with cold, concentrated nitric acid.

In a similar manner, 3-methyl-2,4,5-tribromothiophene gave bromocitraconic
acid, HOOCC(Br) = C[CH3]CUDH. The actlon of ozone on a cold suspension of
thiophene in water gave oxalic acid, carbon dioxide and sulphuric acid.

With oxygen in the presence of light, formic acid was formed in addition

to oxa;ic acid. Succinic acid is formed by bubbling air through a suspension

of thiophene in aqueous thallous hydroxideZSQ.

Levitt and Howard280 studied the oxidative degradation of thiophene
by nitric acid. They found that the products formed by the action of 8M
nitric acid on thiophenme in cyclohexane were 2-nitrothiophene, 2,5~

dinitrothiophene, maleic acid, oxalic acid and sulphuric acid. In the

light of the evidence obtained during their investigation Levitt and

Howard280 concluded that oxidative decomposition of thiophene by nitric

acid follows the seguence shown below.

|
:S: :S: ‘NDZ Nd; :S: \NO2

HC = CH | o H
é | —— 2 [ % — 4o

CO_H
2 : COZH

2

The authors were doubtful about the mechanism of conversion of
2,5-dinitrothiophene to maleic acid but suggest that the ring cleavage

is preceded by oxidation at the sulphur atom. The formation of a short-

lived sulphone or sulphoxide cannot be excluded. This would lead to the
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decreasing availability of the sulphur atom’s lone electron pairs for

resonance stabilization of the aromatic system.

Since thiophene itself is susceptible to oxidation by nitric acid,
great care is required in the nitration of thiophene derivatives with
sulphuric/nitric acid mixtures. Because of the oxidative nature of thé
process one would expect thiophene derivatives containing electron
releasing substituents e.g. -NH2 to be particularly susceptible to
degradation. Butler48 found that during the nitration of thiophene with
sulphuric/nitric acids, nitrosation was an unwanted side-reaction.
Although the Hitroso derivatives can be subsequently oxidised to yield the
nitro-derivatives other reactions can also occur. Butler4s believes that

thiophene, in common with other heterocyclic compounds, is particularly

susceptible to nitrosation.
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CHAPTER 9

DEGRADATION (OXIDATION) OF

THIOPHENE DERIVATIVES



- 167 -

DEGRADATION/OXIDATICON OF SUBSTITUTED THIOPHENES

DISCUSSION

Nitration of 2-Acetamidothiophene-3-carboxylic acid

The simultaneous dinitration and decarboxylation of 2-acetamido-
thiophene-3-carboxylic acid is accomplished by nitrating the compound in

sulphuric acid with a sulphuric acld-nitric acid mixture at < 0%: -

0 H ~NO

2 HND,, 2
. r———pe
S NHAC H,30, ND] s NHAG

The nitration is found to occur only in moderate yield to give the
bis-nitroderivative which results from nitration at C5 followed by
nitrodecarboxylation at C3. 2-~Acetamidothlophene-3-carboxylic acid can
be mononitrated in the 5-position under the appropriate conditions in 88%
yield. The second nitrodecarboxylation step proceeds in only 53% yield.
Thus, the overall yield for the simultaneous dinitration and decarboxylation
of 2-acetamidothiophene-3-cérboxylic acid, under industrial conditions,
is 47%. By studying the sequence of reactions involved in nitrodecarboxylatior
it was hoped, in the system of commercial interest, to improve the overall
yield. During the industrial isolation of'fhe product, 2-acetamido-3,5-
dinitrothiophene, no other products (e.g. of oxidation/degradation) were
detectable;w The actual isolation procedure involves drowning the
nitration mixture into ice-water, which precipitates the final product.

A good deal of frothing had previously been cbserved upon drown-out under

industrial conditions.

The industrial preparation of 2-acetamido-3,5-dinitrothiophene was

repeated on a laboratory scale and the unsatisfactory yield of product

was confirmed.
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Degradation via Hydrolysis

Both 2-acetamido-5-nitrothiophene-3-carboxylic acid and the corresponding
dinitro derivative were found to be susceptible to hydrolysis in concentrated
sulphuric acid. The amines produced in this way were unstable in presence
of sulphuric acid alone but were particularly unstable in presence cf

nitric acid:-

N02 ND2
HZSD4
M p— -
NO2 S NHAc | NO2 S 'NHZ
HNO3
H2804
OXIDATION

PRODUCTS

The great instability of both 2-amino-5-nitrothiophene-3-carboxylic
acid and 2-amino-3,5-dinitrothiophene accounts for the fact that neither
of these amines was isolated as a reaction product during the industrial

nitration of 2-acetamidothiophene-3-carboxylic acid.

Degradation in Sulphuric Acid/Nitric Acid

A 13¢ spectrum of 2-acetamido-5-nitrothiophene-3-carboxylic acid in
98% sulphuric acid alone revealed an initial hydrolysis reaction to an
amine, whicﬁjwas recoverable by drown-out of the reaction mixture.
However, the amine was unstable wheﬁ kept for longer periods in sulphuric
acid. A similar effect was observed in the case of 2-amino-3,5-
dinitrothiophene. When the amines were dissolved in a sulphuric-nitric

acid mixture, 13C spectra indicated rapid degradation reactions, neither ..

amine being recoverable from the nitration mixture.

The link between hydrolysis and degradation was demonstrated by
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studying the variation in the rate of degradation with both sulphuric
acid and nitric acid concentration. The rates of degradation were
obtained by measuring the rate of decrease in U.V. absorbance at a
fixed wavelength. The results for 2-acetamido-3,5-dinitrothiophene are

shown 1in table 1.

% H2504 k1 obs (hydrolysis) A(HNDSJ k1 obs (degradation)

0.88x10°2M 3.8 x 10”4 sec™
98.6 3.1 x 1074 sec™’ 1.75¢1072M 3.1 x 1074 sec”?
3.50x18° %M 4.0 x 104 sec”?
0.88x10 "2 2.0 x 107° gec”]
-5 -1 22 -5 -1

89.1 1.1 x 10 sec 1.75x10 ™M 1.2 x 10 sec
| 3.50x1072M 1.2 x 10°° sec |
1.88x10°2M 6.4 x 1070 sec
R -2 -5 -1

82.7 6.3 x 10 sec 1.75x10 °M B.5 x 10 sec
3.50x10°2M 6.1 x 10°°% sec”?

TABLE 1: Rates of hydrolysis and degradation of 2-acetamido-3,5-
dinitrothiophene in sulphuric acid and in sulphuriec-nitric

acid mixtures.

It can be seen from table 1 that the rate of degradation of 2-acetamido-
3,5-dinitrothiophene is effectively independent of nitric acid

concentration, the k (degradation) being the experimentally determined

1 obs
first order rate constant for the degradation of the thiophene derivative.
The rate of degradation in sulphuric-nitric acid mixtures is approximately

equal to the rate of hydrolysis in the equivalent sulphuric acid solution,

2-Amino-3,5-dinitrothiophene was found to be extremely unstable in

sulphurid-nitricyacid mixtures. For example, in 88% sulphuric acid, the
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experimentally determined first-order rate constant was 2.3 x 10-1 sec_1,

at a nitric acid concentration of 1.75 x 10-2M, and the rate of oxidation

of this amine showed a first-order dependence upon nitric acid concentration.
The second-order rate constant for this amine oxidation is thus 13 1 m01-1
sec—1. This information, together with that presented in table 1,

indicates that the degradation of 2-acetamido-3,5-dinitrothiophene in

sulphuric-nitric acid mixtures proceeds via the corresponding amine:~

N, - AC,,
2°"4
| —————3
NG} NHCOCH, SLOW NOST=s NH,,
HNO,
H,S0,
DEGRADATION FAST
PRODUCTS - ' :

A similar effect was observed in the case of 2-acetamido-5-
nitrothiophene-B-carboxylic acid, the starting material for nitrodecarboxy-
lation. The rate of degradétion of this compound (as the methyl ester) was
dependent upon its rate of hydrolysis. However, the significance of
this observation with regard to the industrial nitration of 2-acetamico-
5-nitrothiophene-3-carboxylic acid is quesfionable. The product of
hydrolysis, 2-amino-5-nitrqthiophene-3-carboxylic acid 1s extremely
unstable in presence of nitric acid but is also presumably highly
activated towards nitrodeéarboxylation. Thus, under industrial nitration
conditions, degradation of both 2-amino-5-nitrothiophene~3-carboxylic acid

and particularly 2-amino-3,5-dinitrothiophene are undesirable side-

reactions.

2-Acylamino-3,5-Dinitrothiophenes

A series of 2-acylanino-S,S-dinitrothiophenes were prepared by
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acylation and nitration of 2-amino-5-nitrothiophene-3-carboxylic acid.
The rates of hydrolysis (in sulphuric acid alone) and oxidation (in
Sulphuric-nitric acid mixtures) are agein interrelated (see tables 14
and 16 in Experimental Section). This is illustrated in table 2 which
shows the yield of 2-acylamino-3,5-dinitrothiophene obtained by nitro-
decarboxylation of the corresponding 2-acylamino-5-nitrothiophene-3-

carboxylic acid.

_LO0_H : NO
2 2
HNO3
e .
N02 S NHCDR‘ H2804 N02 S ~NHCOR
98%
R Yield (Product)
-H 73%
-CHS 56%
‘CHZCI 81%
-CHZCH3 50%
-C(CH3]3 42%

TABLE 2: Yields of product obtained by nitrodecarboxylation

of 2-acylamino-5-nitrothiophene-3-carboxylic acids.

The improved yield of product obtained4in the case of the formamido
and chloroacetamido derivatives is a direct consequence of their
reluctance to hydrolyse by the A-1 mechanism in concentrated sulphuric
acid. Each pf the other amides (both starting material and product]) is
susceptible to hydrolysis ih concentrated sulphuric acid to an unstable
amine, resulting in a decrease in yield of dinitroc product. The rates
of degradation of all amides (other than formamido- and chloroacetamido-
thiophenes) were dependent upon sulphuric acid concentration in a

similar manner to their hydrolysis rates, but virtually independent of
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- nitric acid concentration. This again sﬁpports a degradation route via

the amine. waever, whilst no hydrolysis of formamido- and chloroacetamido-
derivatives was detectable in 98% sulphuric acid, degradation did occur

- in sulphuric-nitric acid mixtures, albeit at a slower rate than for the
hydrolysable amides. This suggests that degradation of the intact amide
must also be considered. Thus the yield of dinitro product obtained by
nitrodecarboxylation oflthe 2~-formamido~ and 2-chlorcacetamido- activated
thiophene carboxylic acids is considerably better than that obtained in

the case of the other thiophene amides, but is not entirely satisfactory
owing to the ;nstability of the amides themselves in sulphuric-nitric

aclid mixtures.

The rates of degradation of intact émides were obtained by determining
the rate of decrease in U.V. absorbance at a suitable fixed wavelength.
Good, linear péeudo first-order kinetic plots were obtained during several
half-1lives when the nitric acid concentration was at least ten times that
of the substrate. In the case of the free amines, both 2-amino-5-
nitrothiophene-3-carboxylic acid and 2-amino-3,5-dinitrothiophene are
extremely unstable in presence of nitric acid and only approximate rates

of degradation were obtainable (see table 17 in Experimental Section).

Substituent Effects

The oxidative nature of the degradation process in sulphuric-nitric
acid mixtures is indicated by the fact that electron-withdrawing groups
tend to stabilise a thiophene. Thig is illustrafed'in table 3 which
shows the rates of degradation of a variety of thiophenes under identical

reaction conditions.
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Thiophene Derivative ko, (degradation)
,ND '
"JJ\ 2.5 x 1074 1 mo17? sec”™’
NDé’ NHCHO _
/NDZ
—‘1[\ 13.1 1 mo1” " sec”]
N02
CO CH
H 3.8 x 10°° 1 mo1”? sec”’
N02 —3 NHCHO
_NO,
, 5.8 x 10-5 1 m01-1 sec-1
N02 S NHCOCH2C1

TABLE 3: Second-order rate constants for degradation of thiophene
derivatives in sulphuric-nitric acid mixtures (98% H,S0,]

at 25°.

The results in table 3 are in contrast to the exceptional stability
B o
of S-nitrothiophene-3-carboxylic acid. Campaigne et al.3 report a 90%

. 0
recovery of this compound from a sulphuric-nitric acid mixture st 707:-

> material

(]

_]J HNOB/HZSO4 90% recovery of starting
S

NO 70

Further proof of the oxidative nature of the degradaticn process was
afforded by considering the stability of other thiophene derivatives to

nitrating’media. For example, 2-formamido-4,5-dimethylthiophene-3-
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carboxylic acid was considerably less stable to oxidation than 2-formamido-

5-nitrothiophene-3-carboxylic acid.

A series of 2-substituted thiophene-5-~carboxylic acids were prepared
and during a study of the effect of such substituents upon the rate of
nitrodecarboxylation it was observed qualitatively that the greater
the activation the less stable was the end product. Thus 2-methyl-3,5-
dinitrothiophene was more stable than the corresponding 2-methoxy
derivative etc. Indeed, in the latter case, some difficulty was
experienced in measuring the rate of formation of dinitro product,
because of its instability in sulphuric-nitric acid mixtures. Conversely,

3-nitrothiophene-5-carboxylic acid was relatively stable to oxidation.

Further attempts to obtain information regarding the nature
of the oxidation process involved the preparation of methyl 2-N-methyl-
acetamido-3-nitrothiophene-5-carboxylate. A qualitative investigation qF
the stability of this compound in sulphuric-nitric acid mixtures revealed

that the N-methyl group had very little influence upon the oxidation rate.

Isoletion of Dxidation‘Products

In the reaction of industrial interest all attempts to 1solate

products other than those of conventional nitration were unsuccessful.

When 2-acetamido-3,5-dinitrothiophene was treated wilth sulphuric acid
alone hydrolysis to the unstable amine occurred. This amine was isolable
by drown-out of the reaction solutioﬁ into ice-water. However, upen
prolonged treatment of 2-amino-3,5-dinitrothiophene with concentrated
sulphuric acid, the amine was completely degraded and no solid was

precipitated upon drown-out into water. All attempts to isolate any

product from the drown-out solution were unsuccessful.

When 2-acetamido-3,5-dinitrothiophene was treated with a sulphuric-



nitric acid mixture, 130 spectra of the reaction solution revealed a
gradual decrease in intensity of the four aromatic carbon peaks and a
shift of the acetyl carbon peaks to the positions corresponding to
protonated acetic acid (at 194.0 and 21.1 ppm from T.M.S.). No peaks
corresponding to 2-amino-3,5-dinitrothiophene were detected. These
observations agree with the kinetic results discussed above in suggesting”
degradation via the amine, which 1s extremely unstable and barely
detectable in the presence of nitric acid. The complex changes in 130 :
spectra did not result in formation of any peaks comparable in intensity
with theloriginal arcmatic carbon peaks (other than those at 194.0 and"
21.1 ppm). Only a complex series of low-intensity peaks remained,
suggesting several products, each preseht in low concentration. Ageain,

all attempts to isolate any products from the dark and rather viscous

reaction mixtures were unsuccessful.

When 2-chloroacetamido-3,5-dinitrothiophene was dissolved in a
sulphuric-nitric acid mixture, 13C spectroscopy revealed behavidur similar
to that of the 2-acetamido derivative. Although the degradation process
was appreciably slower, due to the increased resistance to hydrolysis, a
gradual decrease in intensity of the original peaks did occur, resulting
eventually in a complex spectrum involving -a large number (20-25) of
low-intensity peaks.  However, the free acyl peaks were again apparent,

corresponding to protonated chloroacetic acid.

A mass spectrometric analysis of the gases produced during the reaction
of 2-écetamido-3.S-dinitrothiophene with sulphuric-nitric acid mixtures
revealed the presence of carbon dioxide and sulphur dioxide and various
nitrogen oxides, including nitric oxide and nitrogen dioxide. Carbon

dioxide was further liberated upon drown-out of this reaction solution into

ice-water. Sulphur dioxide was also present upon treatment of 2-acetamido-

3,5-dinitrothiophene with nitric acid alone, suggesting oxidation of the
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ring sulphur atom. Attempts to quentify the gas analysis were unsuccessful

owing to the viscous and tarry nature of the reaction mixtures.

Summarz

Very little information exists in the literature regarding the
oxidation of thiophene derivatives by nitric acid or sulphuric-nitric
acid mixtures. Levitt and Howard280 investigated the products of
oxidative degradation of thiophene itself by nitric acid. They observed
a quantitative conversion of the sulphur atom to sulphuric acid, and the
presence of maleic aclid and oxalic acid upon treatment of thiophene with
8M nitric acid. No such reaction products (or related compounds) were
preéent in any appreciable concentration upon treatment of the amido-
thiophenes, of industrial interest,with‘nitric acid end sulphuric-nitric
acid-mixtures. However, carbon dioxide was detected es a degradation

product.

A primary cause of low yields during the nitration of 2-acetamido-5-
nitrothiophene-3-carboxylic acid is the hydrolysis of both this ﬁompound and
of the dinitro product to amines which are rapidly oxidized in sulphuric-nitric
acid mixtures. Various attempts to suppress this oxidation reaction and thereby
increase the yield were made. Decreasing the concentration of sulphuric acid
(< 90%) led to a decrease in the rate of hydrolysis, but also led to a
decrease in the rate of nitrode-carboxylation. When the acetamido group
Qas replaceqﬂby another amido group 1eés susceptible to hydrolysis, such
as formamido or chloroacetamido, the yield was higher. Thus nitration of
2-formamidothiophene-3-carboxylic acid under industrial nitration conditions
gave a 70% yield of 2-formamido-3,5-dinitrothiophene. Under identical reaction
conditions the corresponding 2-acetamido derivative gave only a 46% yield
of dinitro product. Industrially it has been observed that the overall

nitration process requires a half-molar excess of nitric acid for production
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of a satisfactory product in optimum yield.

It might thus be concluded that the nitrodecarboxylation reaction is
very useful syntheticelly, since it eliminates the necessity for a
separate protodecarboxylation reaction. However, because this reaction
is slower than the corresponding nitrodeproctonation, the contact time of
the activated thiophene compounds with nitric acid present in the
reaction solution results in unsatisfactory yields owing to competing
oxidation reactions. Attempts to suppress the degradation reaction by
addition of other species such as urea (to prevent oxidative nitrosation)
or acetic anhydride (to suppress hydrolysis) did not result in any
improvement in yield. Further analysis of the oxidation processes and
the products (or intermediates) involved would be desirable as a possible

means of improving the yield of desired product.
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PART 5.

EXPERIMENTAL
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GENERAL EXPERIMENTAL

(A} SYNTHESIS

Melting points are quoted in °C and are uncorrected. Infra-red spectra
were recorded on a Unicam SP200G spectrometer. Ultraviclet spectré were
obtained on a Unicam SP800 spectrophotometer and proton magnetic resonance
spectra on a Perkin-Elmer R10 instrument operating at 80 MH=z. 13C
spectra were recorded on a JEOL FXB0 in‘the F.T. mode at 15 MHz with 30°
pulse and 1 sec repetition, deuterium-lock and external T.M.S. as standard.
For thiophene compounds (v~ 400 mg) in sulphuric acid (98%, 2ml) a minimum
of 1000 pulsés (~ 20 mins) were requiredyfor a satisfactory 130 spectrum.

In all cases, the 13C spectra were in accordance with the structures

assigned to hew thiophene compounds.

Unless otherwise stated laboratory grade reagents were used in the
preparations. Extracts were'always dried over anhydrous magnesium sulphate
irrespective of whether or not this is specifically stated in the text.
Thin-layer chromatography was performed using silica plates developed
with iodine vapour. The solvent system was made up of ethyl acetate-
methylene chloride mixtures and diethyl ether-petroleum spirit mixtures.
Diethyl ether was dried over sodium wire, and methylene chloride over

calcium chloride.

Kinétic Determinations

-

(al} Apparatus

The reactions were monitored spectrophotometfically using a Unicam
SPB00 spectrophotometer fitted with a scale expander, constant wavelength
scanner, programme controller and automatic cell changer. The reactions
were carried out in spectroscopic grade fused silica cells with a 10 mm

path length. The cell block was thermostatted by water circulated from



- 180 -

an external bath held at 25.0 + 0.1°%C. The temperature of the reaction
mixture was 25.4 + 0.1°C as the spectrometer was itself thermﬁstatted

at a temperature substantially higher than ambient in order to maintain
a constant wavelength. The rate data refer to a temperature of 25.4 +

0.1°%.
(b) Reagents

Sulphuric acid solutions were prepared by addition of AnalaR sulphuric
acid (98% w/w) to an asppropriate volume of water. They were standardised
against sodium hydroxide (prepared from B.D.H. concentrated volumetric
solutions) using phenolphthalein as indicator. Alternatively sulphuric

acid concentrations were determined by.the freezing-point method. (See Chapter

Sulphuric acid/nitric acid solutions were prepared by weight.

Substrate solutions were generally 1n the concentration range 10-3 - 10 7 M,
(c) Techniques

Kinetic - runs were performed at a known temperature with the Unicam

SP800 spectrophotometer.

i) Hydrolysis

Solutions of the substrate in sulphuric acid (of known concentration;
thermostatted at 25°) were made up, appropriately diluted [N‘1O-4 M) and
transferred to a spectroscopic cell. Changes in U.V. spectrum were then

recorded as a function of time.

ii) Nitration

Known volumes of solutions of the aromatic (N'10-4 M) and nitric acid
(of known concentration) dissolved separately in the same sulphuric acid’
solution (of known concentration), and maintained at the same temperature,

were mixed. The mixture was shaken and rapidly transferred to a



- 181 -

spectroscopic cell. Changes in U.V. spectrum were then recorded as a

function of time.

{d) Evaluation of Rate Data

The rate data fitted a second-order rate equation in all cases for the
nitration reactions. In each instance the concentration of each reactant:
was varied independently of the other to ensure that there were no gross

deviétions in the second order rate constants.

The integrated form of the rate equation for the second-order process:-

A + B — Products
is {a - b]kzt = In{b){a-x) ' (1) -
(al)(b-x)

where a and b are the initial concentrations of A and B respectively, and
x 1s the amount of reaction that has occcurred in time t; k2 is the second-

order rate constant.
When b >> a and hence b >> x equation (1) simplifies to:-

-bkzt ' In (a-x) (2)
(a)

The rate data obtained from the SP800 were in the form of absorbance

values, as a function of time. Beer's law states that:-

ecl

Absorbance

where c is the concentration of the absorbing species, 1 is the path-length
and € is a constant characteristic of the subsprate.and the wavelength, -
the molar extinction coefficient. Thus it is possible to evaluate the

rate data directly from the absorbance values without need tc convert

absorbance into absolute concentration.

Equation (2) becomes:-
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-bkt = 1n (A - X) + constent (3)
where A_ 1s the absorbance at t = » and X is the absorbance at time t.
k1, the pseudo first-order rate constant is thus obtained from a plot of
In (A - X) agaeinst time [K1 = kb]}.

In practice equation (3) was used when b > 10a which was true for all
the substrates. The experimental conditions for nitration, for example,
were such that the concentration of nitric acid was in considerable excess
'over the concentration of substrate, and so pseudo first-order kinetics‘

were observed.

The rate data from the SPB800 are expressed in terms of the arbitrary
absorbance units, A and X. The data wére obtained as a continuous plof
of X versus t. A suitable number of points were read off the curve and
then evaluated as described above. Good linear plots were obtained up to

80% reaction.

As the rate constant was obtained from the slope of the graph it was

not necessary to know the origin of the time axis.

Thus, in summéry, the reactions were Foliowed by measuring the
ultraviolet absorption at a fixed wavelength as a function of time.
Most of the reactions were performed under.ﬁseudo first-order conditions
by using at least a ten-fold excess of nitric acid (and sulphuric acid)

gver aromatic compound.
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{1) 2-ACETAMIDOTHIOPHENE-3-CARBOXYLIC ACID

(A) Synthesis

Scheme: -
S oH
——— 2HSCH2CHO + CNCH.CO.H
¢ 2 72
OH S
l OH /HZD
coo
S NH2
pH8 l Ac,D0
CDZH
S NHCDCH3

(a) 2,5-Dihydroxy-1,4-Dithiane

A solution of chloroacetaldehyde (7.8 g) in water (20 ml) was added
dropwise, with stirring, to a solution of sodium hydrosulphide (5.6 g} in
water (20 ml) at O-SDC. The mixture was stirred for 2 hrs and the

precipitated product filtered off (6.8 g, 83.5%), m.p. 128°, [lit.1’2

127-128°C).

(b} 2-Acetamidothiophene-3-carboxylic acid

Cyanoacetic acid (8.5 g, 0.1 mole) was added to a mixture of sodium
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hydroxide (6.0 g) in water (25 ml), followed by the mercaptoacetaldehyde
dimer (7.6 g, 0.05 molej. The resulting mixture was heated at 30° for

10 min, cooled to 200, and acetic anhydride (20.4 g) added during 20 min.
The pH of fhe mixture was maintained between 7 and 9 by the addition of an
agueous solution of sodium hydroxide. The mixture was acidified with an
aqueous solution of hydrochloric acid, and the precipitated solid filtered

off, washed with water and dried (16.5 g, 89.2%) m.p. 217°, (from butanol).

Found: C, 45.8%; H, 3.7% N, 7.6%.

Calculated for: C7H7ND3S; C, 45.4%; H, 3.8% N, 7.6%.



(B) REACTIONS

2-Acetamidothiophene-3-Carboxylic Acid in Concentrated Sulphuric Acid

130 Spectra

An initial 13C spectrum (v 20 mins) of 2-acetamidothiophene-3-
carboxylic acid (0.4 g} in sulphuric acid (98%, 2 ml) revealed a complex
series of peaks, culminating (after 3 hrs) in a series of seven peaks,
which retained their intensity for a few days. The final acetyl peaks

261

were at 21.1 and 194.0 ppm . At least one intermediate was present

during the series of changes in spectrum.

Anhydro Derivative

2-Acetanidothiophene-3-carboxylic acid (10 g) was refluxed with
acetic anhydride (20 ml) for 2 hr. The solution was cooled, tested for
completion of reaction (t.l.c.) and evaporated to dryness. The residual
so0lid was boiied with petrol (100/120°, 100 ml), carbon screened, ana
the solution filtered and cooled. Pale yellow crystals were obtained

(4.6 g, 51.1%) m.p. 117° (from petrol, 60/80°).

Found: C, 50.1% H, 2.9%; N, 8.0%.

Calculated for: C.,H.NO,S; C, 50.4% H, 3.0%; N, 8.4%.

7 2

'H N.M.R. peaks (CC14] at 2.85x and 3.05% (2 doublets) end 7.7<
(singlet) were in accordance with the product of the reactien below (ratio

of peaks 1 ¢ 1 : 3):-

0
c? ’ C//
No-H -0 N
0
- /
S Ne= C=s0 S N“‘*C\
H N CH,
CH3
An infra-red spectrum of the product showed the absence of the N-H
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absorption.

13C Spectra

A 13C spectrum of the anhydro derivative revealed a complex series of
peaks originally and after 3 hrs a series of seven peaks were present
which retained their intensity over a few days. This spectrum was
identical with that of 2-acetamidothiophene—3—carboxylic acid in
sulphuric acid after several hours i.e. free acetyl. Most of the complex
series of peaks in the earlier spectrum could also be identified in the
shorter-term spectrum of 2-acetamidothiophene-3-carboxylic acid. A

similar effect was observed in 92% and 86% sulphuric acid.

Isolation of Products

A solution of 2-acetamidothiophene-3-carboxylic acid (10 gl) in

| sulphuric acid (30 ml, 98%) was stirred at.room temperature and 2 ml
portions of the soclution drowned into ice-water at 30 min intervals.
After 30 min only stérting material was recoverable (32%) but fhereafter
no reaction products were défeétable. The anhydroc derivative could not

be isolated at any stage.

The drown-out solution (containing reaction mixture after 1 hr) was
extracted with ethyl acetate but no organic product was oﬁtained.
Isolation of the anhydro complex was also attempted by drowning out
into a bica;bonate solution, thus eliminating the po;sibility of dilute
acid hydrolysis of the anhydride. However, no organic product other

than starting material, was obtained.

Sulphonic Abid Intermediates

The possibility that 2-acetamidothiophene-3-carboxylic acid is

, 245
sulphonated in concentrated sulphuric acid was investigated. Hurd's
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procedure for isolation of 2-acetamidothiophene-5-sulphonic acid was

adopted.

2-Acetamidothiophene-3-carboxylic acid (2 g) was dissolved in
sulphuric acid (88%, 2 ml) and stirred at room temperature for 1 hr.’ The
solution was drowned into ice-water, 0.15 g of starting material filtered
off, and the remainder neutralized with bariuh carbonate. The barium
sﬁlphate, thus precipitated, was filtered off and the remaining solution
evaporated to dryness. The small amount of black, tarry solid remaining

contalned some inorganic salt and no organic product was identifiable.

Extraction at the drown-out stage was attempted with several extraction
solvents, followed by evaporation to dfyness. Again, no sulphonic

acld or other organic product was obtained.

Re-Acetylation

Since the acetamido group is susceptible to hydrolysis in sulphuric
acid an attempt was made to re-acetylate any amine present in sulphuric

acid, before isolation.

A solution of 2-acetamidothiophene-3-carboxylic acid (2 g) in
sulphuric acid (98% ., 8 ml) was stirred for-1 hr at room temperature and
drowned into a cold acetic anhydride/dilute sulphuric acid mixture. This
solution was filtered and stirred at room temperature overnightl The
solution wa; then concentrated by evaporating off excess acetic anhydride,
acetic acid and water. The remainder was neutralized with barium carbonate,
filtered, and evasporated to dryness. Again no organic products were
identifiable. Variations upon this general attempt at isolation of

intermediates proved equally unsuccessful.
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'H N.M.R.

'H N.M.R. spectra of 2-acetamidothiophene-3-carboxylic acid in
sulphuric acid [02804] were not conclusive but did suggest that a nucleer
proton peak was decreasing in intensity over 2-3 hrs. There was also a
small shift in the methyl protons peak over a similer period. Spectra were
unclear because of large sulphuric acid peaks, poor solubility and the

viscous nature of the solutions.

13C Spectrum of Acetic Acid in Sulphuric Acid

A 13C spectrum of acetic acid in sulphuric acid (98%) revealed two

peaks at 194.0 and 21.1 ppm (from T.M.S.). These peaks are believed to

be due to protonated acetic acid?’ ., CH3C02H2+.
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(2) 2-ACETAMIDO-5-NITROTHIOPHENE-3-CARBOXYLIC ACID

(A) Synthesis

Scheme
COZH HNUS CDZH
e ——————— ’
H.SO
) NHCEJCH3 _ 24 N02 ) NHCDCH3

2-Acetamidothiophene-3-carboxylic acid (5.6 g, 0.03 mol) was dissolved
in sulphuric acid (98%, 20 ml) and the solution cooled to -15°%, A
solution of nitric acid (d 1,42, 1.9 g, d.oa mol) in sulphuric acid
(968%, 5 ml) was added, dropwise, with stirring < - 10°. The mixture was
stirred for 10 min at -10°, poured inta an ice-water mixture and the
precipitated solid filtered off, washed with water, and dried (6.2 g,
89.9%).

m.p. 238° (+rom ag. methanol).

Found: Cs 38-5%3 H: 2-50/03 N’ 12-1%-

Calculated for: CHN.O.S; C, 36.5%; H, 2.6%; N, 12.2%.

13C Spectrum in Sulphuric Acid

A 13C spectrum of 2-acetamido-5-nitrothiophene-3-carboxylic acid in
sulphuric acid (98%) revealed a series of changes occurring over v 3 hrs.
Initial peaks at 180.3, 167.8, 148.8, 147.0, 131.0, 118.5 and 22.2 ppm
(from T.M.S.) were rapidly replaced by pesks at 194.0, 166.1, 156.0,

148.8, 142.3, 125.4 and 21.1 which, themselves, were unstable (see

3

1
hydrolysis discussion for schematic representation of C spectral.

After 3 hrs only a complex series of low intensity peaks remained
together with two peaks, which had retained their intensity, at 21.1 and

194.0 ppm. These are the characteristic peaks corresponding to protonated

acetic acig?®? suggesting that the reaction in sulphuric acid is a
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hydrolysis reaction producing an unstable amine.

13C Spectrum in Sulphuric/Nitric Acid

To a solution of 2-acetamido-5-nitrothiophene-3-carboxylic acid in
sulphuric acld was added an eguimolar solution of nitric acid (d, 1.42).
A 13C spectrum of this mixture reVegled a changed spectrum from peaks at
160.3, 167.8, 148.9, 147.0, 131.0, 118.5 and 22.2 ppm to peaks at
181.8, 144.5, 143.2, 134.4, 125.7 and 22.6 ppm. Carbon dioxide was also

liberated.

o 13

Th c épectral changes corresponded to a nitrodecarboxylation reaction

(see later).



(B} KINETICS
(a) HYDROLYSIS

For reaction:-

- o_H CO_H

_ 2 H,S0, >
| B ———_
NO"J S =" “NHCOCH, NO.TT S \NHZ

2 2

Plots of log(A - At] against time were linear over first 60% of

the absorbance at t = «

"

reaction where Ae
i.e. the maximum absorbance

A, = absorbance at time t.

(Thiophene Derivative) = 2.21 x 10~ M

Wavelength = 430 nm

% HZSO4 Mean % k1 obs Mean k1 obs
H 80, > ,
(sec ') (sec ')
-4 .
98'0 7.8 X 10 . -4
- . 10
98.0 560 8.4 x 107 8.1 x
90.3 1.4 x 1074 -4
) . - 1.2 x 10
90.1 90.2 1.0 x 10°%
-
82.7 0.32 x 10 -4
-4 0.35 x 10
82.7 82.7 0.37 x 1074 X

TABLE 1: Rates of hydrolysis of 2-acetamido-5-nitrothiophene-3-carboxylic

acid in sulphuric acid solutions.

Product Analysis

2-Acetamido-5-nitrothiophene-3-carboxylic acid (2 g) was dissolved in -

sulphuric acid (98%, 8 ml). A 13C spectrum of this solution indicated

the formation of free acetyl peaks (at 184.0 and 21.1 ppm from T.M.S.
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as standard). After 1 hr the solution was drowned info ice-water. The
precipitated solid was filtered, washed with water and dried. (0.52 g,

31.9%). m.p. 202° (from methanol).

Found: C, 32.1% H, 2.2% N, 14.7%.

Calculated for: C5H4N204S - C, 31.9%; H, 2.1%; N, 14.9%.

The product was identical with that obtainmed by dilute acid hydrolysis of
2-acetamido-5-nitrothiophene-3-carboxylic acid, and is confirmed as

2-amino-5-nitrothiophene-3-carboxylic acid.
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{b) NITRATION

For reaction:-

COH o, | NO,,
D e o
— H,SO ' o
NO,, S NHCOCH,, 2°"4 NO,, S NHCOCH

Plots of log(A°° - At] against time gave good linear pseudo first-
order kinetic plots during several half-lives when the nitric acid

concentration was at least ten times that of the substrate.

In order to calculate the second-crder rate constants, values of the
observed first-order rate constants are divided by the nitric acid concentration
Detailed rate data for the above reaction are shown in table 2.

For all nitration runs:-

(Thiophene Derivativel = 3.1 x 10-4 M
Wavelength = 315 nm
megg % Moé;gity k1 obs k2 obs Eean
- 277 3 (sec” ™) (1 mol-lsec-1) 2 obs
0.88x10_2 4.7x10_ 7 5.3x10_; L
80.9 1.75x10_ 9.8x10_ 5.8x10_, 5.5x10
3.50x10 20.0x10 5.7x10
0.88x10_2 2.3x10_ 2.6x10 i
82.4 1.75x10_5 4.3x10_; 2.5x10_3 2.6x10
3.50x10° 9.4x10 2.7x10
0.88x10_2 0.81x10 0.92x10_2 -
83.5 1.75x10_5 1.8 x10_, 1.0 x10_7 0.87x10
3.50x10 2.4 x10 0.69x10
0.86x10_2 3.0x10 3.4x10_2 &
86.1 1.75x10_2 8.3x10_4 3.8x10_2 3.5x10
3.50x10 12.2x10 . 3.5x10
0.88x10 0.51x10 3 0.57x10_, Py
88.2 1.75x10_5 1.4 x10_3 0.80x10_, 0.65x10
3.50x10 2.0 x10 0.57x10
.»0.88x10:; 1.2x10:g 1.38x10:1 -1
89.9 1.75x1072 2.3x10_7 1.31x10_, 1.3x10
3.50x10 4.6x10 1.31x10°
TABLE 2: Rate of nitration of 2-acetamido-5-nitrothiophene-3-carboxylic

acid in nitric ecid/sulphuric acid solutions.

Product Analysis

2-Acetamido-5-nitrothiophene-3-carboxylic acid (2.3 g, 0.01 mol) was




dissclved in sulphuric acid (98%, 10 ml) and the solution cooled to -5°,

A solution of nitric acid (d 1.42, 0.85 g} in sulphuric acid (88%, 5 ml)
i.e. 1.5 mole of nitric acid per mole of substrate, was added dropwise,
with stirring, < 0%, The mixture was stirred for 30 min after completion
of the addition and tested for completion of the nitration by t.l.c. A
further small guantity of nitric acid (0.02 g) was required for completion.
The reaction mixture was poured»slowly into ice-water and a good deal of
frothing was observed. After stipring for 2 hr < 5° the mixture was
filtered and washed free of acid with cold water. The product, 2-
acetamido-B,ﬁ-dinitrothiophene, was dried at 70° (1.3 g, 58.3%), m.p.

0

178" (from butanol).

Found: C, 31.2%5 H, 2.0% N, 18.2%.

Calculated for: CSHSNBDSS: C, 31.2%s H, 2.2%; N, 18.2%.
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(c) OXIDATION - DEGRADATION

Since 2-acetamido-5-nitrothiophene-3-carboxylic acid readily nitro-
decarboxylates in sulphuric-nitric acid mixtures the oxidation of this
derivative was studied by means of its methyl ester (which is stable to

nitrodecarboxylation).

Methyl 2-acetamido-5-nitrothiophene-3-carboxylate

Methyl cyanoacetate (9.8 g, 0.1 mol) was added to a mixture of sodium
hydroxide (6.0 gl in water (25 ml), followed by mercaptoacetaldehyde
dimer (7.6 g, 0.05 moi). The resulting mixture was heated at 80° for 30
mins, cooled to 25° and acetic anhydride (20.4 g) added dropwise with
stirring. THe pH of the mixture was maintained between 7 and 9 by the
addition of an agueous solution of sodium hydroxide. The mixture was
acidified with an aquecus solution of hydrochloric acid and the precipitated
solid filtered off, washed with water and driéd. (14.2 g, 71.3%). m.p.

163° (from aq, methanoll.

Found: C, 48.3% H, 4.5% N, 6.7%.

Calculated for: CBH NOBS: C, 48.2% H, 4.5%; N, 7.0%.

9

Theymethyl-2-acetamidothiophene~3-carboxylate (2.0 g; 0.01 mol)
produced above was nitrated in sulphuric acid (98%, 10 ml) at 0% with a
solution of nitric acid (d 1.42, 0.6 g, 0.01 mol) in sulphuric acid (98%,
3 ml). The mixture was poured into ice-water and the precipitated methyl
2-acetamido-5-nitrothiophene-3-carboxylate filtered off, washed with

water and dried. (2.2 g, 91.7%) m.p. 184° (from aq. methanol).

Found: C, 39.1%: H, 3.0%; N, 11.2%.

CBHBNZDSS requires: C, 39.3%; H, 3.3% N, 11.5%.

Oxidation by Nitric/Sulphuric Acid

A 13C spectrum of methyl-2-acetamido-5-nitrothiophene-3-carboxylate
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in sulphuric acid (38%) revealed a similar series of changes to those for

the carboxylic acid i.e. hydrolysis to an unstable amine.

A 13C spectrum of methyl-Z-acetamido-S-nitrofhiophene;B-carboxylate
in sulphuric/nitric acid revealed that no nitrodecarboxylation occurred.
However, a rapid decrease in intensity of the original peaks did occur
producing a compléx series of low intensity peaks, the change being
complete after v 3 hrs. This was an oxidation/degradation reaction since

no products were recoverable.

A 130 spectrum of methyl-2-amino-5-nitrothiophene-3-carboxylate in
sulphuric acid showed a slowly changing spectrum. When nitric acid was
added an instantaneous decrease in intensity of all peaks was observed
éiving a large number of low Iintensity peaks. The amine 1is thus extremely

unstable in presence of nitric acid and no products were recoverable.

Rates of hydrolysis and approximate rates of degradation were obtained
by U.V. spectroscopy, the degradation rates being determined by measuring
the rate of decreasevin U.V. absorbance at a fixed wavelength. Good
pseudo, first-order kinetic'plots were obtained for the hydrolysis
reactions and appfoximate linear plots were obtained for the degradation

reactions.
For all runs:
(Methyl-2-acetamido-5-nitrothiophene-3-carboxylate) = 2.8 x 10_4M

Wavelength = 430 nm (hydrolysis)

" = 315 nm (degradation)

Co.CH
0,CHy 273
H,S0,,
—_— NO,, S NH,,
NO,, NHCOCH,
HNO
H,S0,

degradation products



= 18/ =

| HYDROLYSIS DEGRADATION
Mean Mean k Molarity
% H,SO, s HNO, K1 obs
sec - ' -1
sec
0.88x10" 2 8.8x10" %
-4 -2 -4
98.5 8.6x10 1.75x10 9.1x10
3.50x10" % g.1x10™%
0.88x10" 2 1.4x10"%
-4 -2 -4
89.1 1.4x10 1.75%10 1.6x10
3.50x10"2 2.1x10” %
 0.88x1072 0.54x107"
82.7 ~ o.sexan”t 1.75x10" 2 0.58x10"*
3.50x10"2 0.59x10™4

TABLE 3: Rate of hydrolysis and degradation of methyl-2-acetamido-5-
nitrothiophéne-B-carboxylate in sulphuric acid and sulphuric/

nitric acid respectively.

Product Analysis

(a) Hydrolysis

Methyl-2-acetamido-5-nitrothiophene-3-carboxylate (2 g) was dissolved
in sulphuric acid (95%. 8 ml) and the solution stirred at room temperature
for 1 hr. The solution was drowned into ice-water and the precipiated
solid filtered, washed with water and dried. (0.35 g, 21.8%) m.p. 131°

(from butanol].

FOUHCI: Ca 35-4“/03 H, 2. 8%3 NJ 13!8%‘-

CSH8N204S requires: L, 35.6%; H, 3.0% N, 13.8%.

Infra-red spectra (-NH_, absorption) confirmed the product as methyl-2-

2

amino-5-nitrothiophene-3-carboxylate.




(b} Degradation

To a solution of methyl-2-acetamido-5-nitrothiophene~3-carboxylate
(2 g) in sulphuric acid (98%, 8 ml) was added dropwise, with stirring, a
solution of nitric acid (d 1.42, 1.0 g) in sulphuric acid (98%, 5 ml).
The mikture was stirred at room temperature for 1 hr, and then drowned
into ice-water. A small amount (< 0.1 g) of starting material was
precipitated but no other products were extractable. Neutralization of
the drown-out solution and subsequent extraction again failed to produce

any degradation products other than unidentifiable tarry, black solids.

A 13C spectrum of the starting material in sulphuric/nitric acid

revealed a complex series of changes rgsulting in a spectrum containing a
large number of low-intensity peaks together with two much higher intensity
peaks at 21.1 and 1894.0 ppm (after ~ 1 hr). The solution was dark and

viscous and pressure developed in the N.M.R. tube.

A 130 spectrum of methyl-2-amino-5-nitrothiophene-3-carboxylate in

sulphuric/nitric aclid was identical to the final spectrun of the corresponding
amide (with absence of peaké at 21.1 and 194.0 ppm). No amine peaks

were detectable at any stage.
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(3) 2-ACETAMIDO-3,5-DINITROTHIOPHENE

(A) - Synthesis

Scheme
Co,H HNO, .
e —————————
H..SO - ‘
S NHCOCH 250, NO s NHCOCH

3 2 3

2-Acetamidothiophene-3-carbbxylic acid (5.6 g, 0.03 mol) was dissolved
in sulphuric acid (98%, 20 ml) and the solution cooled to 0% The
mixture was then stirred for 30 mins to ensure complete solution. A
solutlon of ﬁitric acid (d 1.42, 4.75 g, 0.075 mol) in sulphuric acid
(88%, 10 ml) was added, dropwise, with stirring < 0°. The mixture was
étirred for 30 mins after completing the addition and was‘then tested
for cbmpletion of the nitration (by t.l.c.). The reaction solution was
poured slowly, with stirring into ice-water and a good deal of frothing
was obéerved. After stirring for 2 hrs the precipitated solid was
filtered off, washed with water, and dried. (3.2 g, 46.2%), m.p. 178°

41

{from butanol) (lit. 1800).

Found: C, 31.2%; H, 2.0% N, 18.2%.

Calculated for: ,CSHSNSOSS: C, 31.2%; H, 2.2% N, 18.2%.

The final product consisted of yellow needles which were confirmed
as 2-acetamido-3,5-dinitrothiophene by infra-red spectroscopy. Mixed

m.p. 179°.

13C Spectrum in Sulphuric Acid

A 13C spectrum of 2-acetamido-3,5-dinitrothiophene (400 mg) in
sulphuric acid (98%, 2 ml) revealed a series of changes occurring over
3-4 hrs. Initial peaks at 181.6, 144.5, 143.2, 134.4, 125.7 and 22.6 ppm (from

T.M.S.) were rapidly replaced by peaks at 194.0, 156.2, 133.1, 134.8,
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129.2 and 21.1 which themselves, were unstable over longer periods. After
12 hrs, only a complex series of low intensity peaks remained together

with the higher intensity, characteristic peaks af 21.1 and 184.0 ppm.

13

C Spectrum in Sulphuric/Nitriec Acid

To a solution of 2-acetamido-3,5-dinitrothiophene in sulphuric acid
was added an equimolar solution of nitric acid (d 1.42). A gradual
decrease in intensity of the ofiginal peaks was observed. After 3-4 hrs
only a complex spectrum containing a large number of low intensity peaks
was observed together with two peaks of higher intensity at 184.0 and

13

21.1 ppm (Ffom T.M.S.) {see discussion of C behaviour earlier).

1SC Spectrum in Oleum Solutions

1

138 spectrum of 2-acetamido-3,5-dinitrothiophene in various oleum

A
solution (containing up to 25% 803] revealed complex changes resulting in
a large number of low intensity peaks. The two peaks of higher intensity
at 194.0 and 21.1 ppm were again present. No products were recoverable
énd there was‘no resemblance between the final spectrum in oleum and that

in sulphuric-nitric acid.
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(B) KINETICS
(a) HYDROLYSIS

For reaction:-

_No,, 0,

HZSD4
———e
N0~ S NHCOCH NO S NH

2 3 2 2

Detalled rate data were obtained as for 2-acetamido-5-nitrothicphene-3-

carboxylic acid.

(Substrate) = 2.05 x 10" M
Wavelength = 430 nm
% H2804 Ee:nso k1 obs Mean k1 obs
° 295 -1 -1
(sec ') (sec ')
99.5 4.8 x 10, B
99,7 99.5 4.2 x 10_, 4.4 x 10
99.6 ‘ 4,2 x 10
98.2 2.8 x 104 a
98.5 88.6 3.0 x 10_, 3.1 x 10
99.1 3.4 x 10
-5 _
93.4 6.1 x 107 I
93.7 1 93.5 5.8 x 10_¢ 5.9 x 10
93.4 : 5.8 x 10
-5
89.3 1.2 x 10_Z -
88,9 ' 89.1 0.9 x 10_7 1.1 x 10
83,1 1.2 x 10
-6
85.4 8.0 x 10_¢ 5
86. 4 86.7 8.5 x 10_¢ 8.3 x 10
87.3 8.4 x 10
-8
82.6 6.3 x 10_¢ 5
82.8 ; 82.7 6.4 x 10_¢ 6.3 x 10
82.7 6.2 x 10
-8
75.4 8.7 x 10__ "
75.4 75.3 _ 8.4 x 10_¢ 8.5 x 10
75.1 8.4 x 10
-5
70.0 | 1.0 x 10_2 &
69.3 3.4 0.9 x 10_; 1.1 x 10
§8.9 1.4 x 10

TABLE 4: Rates of hydrolysis of 2-acetamido-3,5-dinitrothiophene in

sulphuric acid solutions.
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Product Analysis

2-Acetamido-3,5-dinitrothiophene (2 g) was dissolved in sulphuric
acid (98%, 8 ml), and stirred at room temperature for 3 hrs. The reaction
solution was drowned into ice-water and the precipitated solid filtered,

washed with water and dried (0.85 g, 52.4%), m.p. 176° (from ag. methanol).

Found: C, 25.7% H, 1.5% N, 22.1%.

C4H3N304S requires: C, 25.4%; H, 1.6% N, 22.2%.

The product was identical [130 and I.R. spectra) with authentic
2-amino—3.SJdinitrothiophene obtained by dilute acid hydrolysis of the -

‘amide. Mixed m.p. 175°.
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(b) OXIDATION-DEGRABATION

130 and U.V. spectra of 2-acetamido-3,5-dinitrothiophene in sulphuric-

nitric acid mixtures revealed that the compound was unstable and not

recoverable after & 3-4 hrs.

Rates of oxidation/degradation were obtained by U.V. spectroscopy by
measuring the rate of decrease in absorbance at a certain, fixed wavelength.'

Approximately linear pseudo first-order plots were obtailned.
' 4

(Substrate) = 3.1 x 10 M
Wavelength = 315 nm
% HZSD4 Tean Molarity 1 obs
% H,S0 HNO
: 2°%% 3 -1
(sec ')
98.2 0.88 x 102 3.8 x 104
98.5 98.5 1.75 x 10_2 3.1 x 10_,
99.1 3.50 x 10 4.0 x 10
89.3 0.88 x 1022 2.0 x 1073
89.1 83.1 1.75 x 10_2 1.2 x 1077
88.9 3.50 x 10 1.2 x 10
82.6 | | 0.88 x 10:2 6.4 x 105
82.8 82.7 | 1.75 x 103 6.5 x 10_¢
82.7 3.50 x 10 5.1 x 10

TABLE 5: Rate of degradation of 2-acetamido-3,5-dinitrothiophene in

sulphuric-nitric acid mixtures. -

Product Analysis

To a solution of 2-acetamido-3,5-dinitrothiophene (2 g) in sulphuric
acid (98%, 8 ml) was added dropwise, with stirring, a solution of nitric
acid (d 1.42, 1.0 g) in sulphuric acid (28%, 5 ml). The mixture was
stirred at room temperature for 2 hrs, and then drowned into ice-water.-

The only product obtainable was the starting material (17%). Neutralization

of the drown-out solution and subsequent extraction again failed to
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producé any degradation products other than unidentifiable tars. 1BC

spectra of the reaction products revealed only a large number of peaks

present in very low concentration.

Mass Spectrometry

A mass spectrometric analysis of the gases produced during the reaction
of 2-acetamido-3,5-dinitrothiophene with sulphuric-nitric acid revealed
the presence of carbon dioxide and sulphur dioxide, as well as various
nitrogen oxides. Carbon dioxide was liberated upon drown-out of this
reaction solytion info ice-water. Sulphur dioxide was also present upon
treatment of 2-acetamidq-3.S-dinitrothiophene with nitric acid alone,

suggesting oxidation of the ring sulphur atom.

Attempts to guantify the gas analysis were unsuccessful due to the

nature of the reaction mixtures etc (tarry and highly viscous).
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(4) 2-FORMAMIDOTHIOPHENE-3-CARBOXYLIC ACID

(A} SYNTHESIS

Scheme:?

-

CH

: S
I — 2HSCH2CHD + CNCHZCOZH
CH S

L DH—/HZD

, _-C00~
lJ‘-s NH

l Ac, 0/

2

2 "HCOOH

Cco.H

S NHCHO

2-Formamidothiophene-3-carboxylic acid

Cyanoacetic acid (8.5 g, 0.1'mol) wagladded to a mixture of sodium
hydroxide (6.0 g) in water (25 ml) followed by mercaptoacetaldehyde dimer
(7.6 g, 0.05 mol). The mixture was stirred at 200 for 24 hrs and then
slowly added to a mixture of formic acid (30.6 g) and acetic anhydride
(30.6 g), which had previously been stirred together for 1 hr at 200, and
then cooled to 0°. The mixture was stirred for 1 hr, acidified with an
aqueous solution of hydrochloric acid to pH 3 and the precipitated solid
filtered off, washed with water and dried (14.6 g, 85.4%), m.p. 241°

(from butanol).
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Found: C, 42.3%; H, 2.9% N, 8.5%.

CgHNO,S requires: C, 42.1% H, 2.9% N, 8.2%.

(B) REACTIONS

13[3 Spectrum in Sulphuric Acid

A 13C spectrum of 2-formamidothiophene-3-carboxylic acid (0.4 g) in
sulphuric acid (98%, 2 ml) revealed a stable series of six peaks. There
was no evidence of hydrolysis or anhydro-ring formation. The original
peaks retained their‘intensity over a period of days and the starting

material was recoverable in good yield after 3 days (83%).

(136 peaks at 168.5, 166.7, 148.0, 136.2, 133.0 and 120.4 ppm (from

T.M.S.)).
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(5) 2-FORMAMIDO-5-NITROTHIOPHENE-3-CARBOXYLIC ACID

(A) SYNTHESIS

CO_H
0,H HNO 2
3
————
S NHCHO H,S0, NO S NHCHD

2~-Formamidothiophene-3-carboxylic acid (5.1 g, 0.03 mol) was dissolved
in sulphuric acid (98%, 20 ml) and the solution cooled to -159, A
solution of nitric acid (d 1.42, 1.9 g, 0.03 mol) in sulphuric acid
(88%, 5 ml) was added, dropwise, with stirring < -10%,  The mixture
was stirred for 10 min at -100, poured into an ice-water mixture and the
precipitated solid filtered off, washed with water, and dried (6.1 g,

93.8%) m.p. 244° (from ag. methanol).

Found: C, 33.1% H, 1.8%; N, 12.9%.

Calculated for: C8H4N2058: C, 33.3% H, 1.9%; N, 13.0%.

13C Spectrum in Sulphuric Acid

A 13

C spectrum of 2-formamido-5-nitrothiophene-3-carboxylic acid in
sulphuric acid (98%) revealed a series of six peaks which retained their
intensity over a period of days. The starting material was recoverable

upon drown-out after 4 days (81%).

13C Spectrum in Sulphuric/Nitric Acid

To a solution of 2-formamido-5-nitrothiophene-é-carboxylic acid in
sulphuric acid (98%) was added an equimolar solution of nitric acid
(d 1.42), A 13C spectrum of this mixture revealed a changed spectrum
from peaks at 167.8, 167.1, 148.8, 146.6, 131.3 and 113.1 ppm { from
T.M.S.) to peaks at 167.1, 145.2, 143.1, 133.2 and 125.5 ppm. Carbon

dioxide was liberated, the 13[: spectral changes corresponding to a

nitrodecarboxylation reaction.
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(B} KINETICS

(a) HYDROLYSIS

No hydrolysis of 2-formamido-5-nitrothiophene-3-carboxylic acid was
detectable in concentrated sulphuric acid either by 130 or U.V.
spectroscopy. The amide was recoverable from 82.7%, 80.2% and 98.0%

sulphuric acid after several hours at room temperature.

(b) NITRATION

CoH HND ) 0,
. —_—
| H.SO
ND s NHCHO 2504 NO S NHCHO

- Kinetic details are as for the corresponding acetamido derivative -

; again good linear pseudo first-order kinetic plots were obtained.

4.3 x 10" M

{(Thiophene Derivative)

Wavelength 310 nm
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Tean Molarity k1 obs k2 obs Mean k
% H2804 HND3 -1 -1 -1 2 obs
(sec ) (1 mol ~ sec )
o.aax1o:§ 1.2x10:§ 1.4x10:g 3
80.9 1.75x10_2 2.5x10_, 1.4x10_3 1.5x10
3.50x10 5,9x10 1.7x10
0.88x10 2 6.1x10_; 6.9x10_3 4
82.4 1.75x10_2 12.4x10_5 7.'1x10_3 7.0x10
3.50x10 24.4x10 7.0x10
0.88x10_2 2.3x10 2.6x10_2 o
83.5 1.75x10_2 5.0x10_, 2.9x10_2 2.7x10
3.50%10 9.5x10 2.7x10
‘o.aax1o:§ 9.4x10:2 10.7x10:§ -
86. 1 1.75x10_2 18.2x10, 10.4x10 10.6x10
3.50x10 37.1x10 10.6x10
0.88x10_5 1.6x10_3 1.8x10_] _
88.2 1.75x10 2 3.5x10 3 2.0x10_, 1.9x10
3.50x10 B.8x10 1.9x10

TABLE 6: Rate of nitration of 2-formamido-5-nitrothiophenef3—carboxylic

acid in nitric acid/sulphuric acid solutions.

Product Analysis

2-Formamido-S5-nitrothiophene-3-carboxylic acid (2.2 g, 0.01 mol) was
dissolved in sulphuric acid (98%, 10 ml) énd the solution cooled to -5%,
A solution of nitric acid (d 1.42, 0.95 g) in sulphuric acid (98%, 5 ml)
was added,. dropwise, with stirring < 0% The mixture was stirred for
30 min after completion of the addition and then drowned into ice-water.
After stirring for 2 hr at 0-5° the mixture was filtered and washed free
of acid with cold water. The product, 2-formamido-3,5-dinitrothiophene

was dried at 50° (1.6 g, 72.7%) m.p. 185° (from ag. methanoll.

Found: C, 27.6%; H, 1.1% N, 19.4%.
N, 19.4%.

o,
/0'

: H » 17%3 H; 1.4 H
Calculated for: CSHBNBOSS c, 27
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(6) 2-FORMAMIDO-3,5-DINITROTHIOPHENE

(A} SYNTHESIS

Scheme :-
Co,H HNO ~NO,
J
s NHCHO H,S0, NDSTS NHCHO

2-Formamidothiophene-3-carboxylic acid (5.1 g, 0.03 mol) was dissolved
in sulphuric acid (98%, 20 ml) and the solution cooled to 0%, The
mixture was stirred for 30 min to ensure complete solution. A solution
of nitric acid (d 1.42, 4.75 g, 0.075 mol) in sulphuric acid (98%, 10 ml)
was added, drobwise, with stirring < 0°%. The mixture was stirred for
30 mins after completing the addition and was then poured slowly, with
stirring into icefwater. After stirring for 2 hrs the precipitated solid
was filtered off, washed with water, and dried (4.5 g, 70.3%) m.p. 1880

{from aqg. methanol].

Found: C, 27.9%; H, 1.6% N, 19.5%.

Calculated for: CSHBNSDSS; C, 27.7%; H, 1.4%; N, 139.4%.

The final prdduct consisted of yellow needles which were confirmed

as 2-formamido-3,5-dinitrothiophene by infra-red spectroscopy.

13C Spectrum in Sulphuric Acid

A 13C spectrum of 2-formamido-3,5-dinitrothiophene (0.4 gl in

sulphuric acid (98%, 2 ml) revealed a series of five peaks which retained
their intensity over a period of days. The starting material was

recoverable upon drown-out after 4 days (86%).

13C Spectrum in Sulphuric/Nitric Acid

To a solution of 2-formamido-3,5-dinitrothiophene in sulphuric acid

was added an equimolar solution of nitric acid (d 1.42). A rather slow
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decrease in intensity of the origihal peaks was obsefved but the starting

material was recoverable in good yield after 4 hps (81%). However after

24 hrs only a complex series of low intensity peaks were present in the
3C spectrum and the only recoverable product was a few milligrams of

starting material.

13C Spectrum in Oleum Solutions

A 130 spectrum of 2-formamido-3,5-dinitrothiophene in various oleum

solutions revealed complex changes which resulted in a large number of

low intensity peaks. No products were recoverable after 24 hrs.
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(B) KINETICS
(a) HYDROLYSIS

No hydrolysis of 2-formamido-3,5-dinitrothiophene was detectable in

130 or U.V. spectroscopy. The amide

concentrated sulphuric acid either by
was recoverable from 82.7%, 90.2% and 98.0% sulphuric acid after several

hours at room temperature..

(b) OXIDATION-DEGRADATION

130 and U.V. spectra of 2-formamido-3,5-dinitrothiophene in

sulphuric-nitric acid mixtures revealed that the compound was unstable

for longer periods.

' Rates of oxidation/degradation were obtained by U.V. spectroscopy.

Approximately linear pseudo first-order plots were obtained.
4 .

(Substrate) = 5.3 x 10 ' M
Wavelength = 320 nm
Tean ‘Molarity . k1 obs k2 obs
% H,S0, HNO > o »
: (sec ) (1 mol  sec )
=2 -6 -3
0.88x10_7 1.8x10_¢ 2.0x10_,

98.6 1.75x10_5 4.3x10_¢ 2.5x10_,
3.50x10 9.0x10’ 2.6x10
0.88x10_2 7.6x10_7 0.86x10_,

89.1 1.75x10_% 15.3x10_5 0.87x10_,
3.50x10 32.1x10 0.92x10

- - -5
0.88x10_2 3.8x10 7 4.3x10_;

82.7 1.75x10_5 7.7x10_% © 4.4x10_¢
3.50x10 15.6x10 4,5x10

TABLE 7: Rate of degradation of 2-formamido-3,5-dinitrothiophene in

sulphuric-nitric acid mixtures.

Product Analysis

To a solution of 2-formamido-3,5-dinitrothiophene {2 g) in sulphuric
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acid (98%, 8 ml) was added, dfopwise, with stirring, a solution of nitric
acid (d 1.42, 1.0 g) in sulphuric acid (88%, 5 ml). The mixture was
stirred at room temperature for 36 hrs and then drowned into ice-water.
No products were precipitated and extraction of both this drown-out
solution and the neutralized drown-out sclution failed to produce any

degradation products other than unidentifiable tars. 13

C spectra of the
final reaction solution revealed only a complex series of peaks of very

low intensity. This reaction solution was black and viscous after 36 hrs.
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(7) 2-AMINO-5-NITROTHIOPHENE-3-CARBOXYLIC ACID

(A} SYNTHESIS

Scheme: -

Co,H H..S0 coH

N02 S NHCDCH3 N02 S NH2

2-Acetamido-5-nitrothiophene-3-carboxylic acid (4.6 g, 0.02 mol) was
added to a mixture of dilute suiphuric acid (2 M, 90 ml) and cellosoclve
(10 ml). fhe mixture was gently refluxed for 6 hrs and after ensuring
that hydrolysis was complete {t.l.c.) the solution of product was filtered
whilst still hot and the filtrate cooled in a freezing mixture. The
crystalline product was filteréd off, washed with cold water and dried

(3.1 g, 81.8%) m.p. 182° (from aq. methanol).

Found: C, 32.1%; H, 2.1% N, 15.0%.

Calculated for: C5H4N204S: C, 31.8% H, 2.1% N, 14.9%.

130 Spectrum in Sulghpric Acid

A 13C spectrum of 2-amino-5-nitrothiophene-3-carboxylic acid (400 mg)

in sulphuric acid (98%, 2 ml) revealed a series of peaks at 166.1, 156.0,
148.8, 142.3 and 125.4 ppm (from T.M.S.). . However, after 3 hrs only a
complex series of low intensity peaks remained. No products were isolable
from this reaction solution suggesting that the free amine 1s unstable in
concentratéd sulphuric acid. The final 13C spectrum was identical to that
obtained when the corresponding_acetamido compound was stirred in

sulphuric acid for 4 hrs (ignoring the acetyl peaks).

13C Spectrum in Sulphuric/Nitric Acid

To a solution of 2-amino-5-nitrothiophene-3-carboxylic acid in

sulphuric acid was added an equimolar amount of nitric acid (d 1.42). A
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3C spectrum of this mixture revealed only a large number of low intensity
peaks, with no evidence of any starting material or nitrated product. No
products were isolable from this reaction soclution suggesting that 2-

amino-5-nitrothiophene-3-carboxylic acld is extremely unstable in presence

of sulphuric-nitric acid mixtures.
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(8) ACYLATION OF 2-AMINO-5-NITROTHIOPHENE-3-CARBOXYLIC ACID

(A) SYNTHESIS

General Schéme:

CO,H RCOC1 CaH
—_—
or (RCD),0
NG 5 NH, NO 5 NHCOR

The method used was a variation upon the procedure for acetylating

amino acidszsz.

(a) - CDZH

NOS— S ‘NHCDCHZCI

2-Amino-5-nitrothiophene-3-carboxylic acid (5 g) was refluxed with
ethyl acetate (100 ml) end monochloroacetyl chloride (5 ml)} for 2 hrs.
The mixture was filtefed, cooled and the excess ethyl acetate and
chloroacetyl chloride evaporated. The residue consisted of a dark brown
solid and repeated récrystallization from agueous methanol gave a yellow

crystalline product (4.8 g, 78.1%). m.p. 234° (from adueous methanol).

Found: C, 32.0% H, 2.0% N, 10.4%.

C7H5N205C18 requires: C, 31.8% H, 2.0% N, 10.6%.

13C Spectrum in Sulphuric/Nitric Acid

A 13C spectrum of the amide in sulphuric acid alone revealed a non-

changing spectrum i.e. behaviohr similar to that of the formamido
derivative. However, in presence of nitric acid, & change in spectrum

occurred due to a nitrodecarboxylation reaction. Carbon dioxide was

liberated.
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(b) ~C0H

NO =S NHCDCHZCH3

2-Amino-5-nitrothiophene-3-carboxylic acid {5 g) was refluxed with
propionyl chloride (6 ml) in ethyl acetate (60 ml) for 4 hrs. The
solution was cooled, filtered and the excess propionyl chloride and ethyi
acétate evaporated. A dark brown solid remained which on recrystallization
from aqueous methanol gave a yellow crystalline compound (2.4 g, 42.3%).

m.p.,2050 {from ag. methanol).

Found: C, 39.4%; H, 3.4%; N, 11.4%.

CBHBNZOSS requires: C, 39.3% H, 3.3% N, 11.5%.

1BC Spectrum in Sulphuric/Nitriec Acid

A 13C spectrum of the amide in sulphuric acid alone revealed a series
~of changes occurring over 1-2 hrs. The original eight carbon peaks were
replaced by eight other peaks, which were themselves rather unétable, i.e.
very similar behaviour to the corresponding acetamido derivative. In
presence of nitric aéid a change in the original 13C spectrum occurred
due to a nitrodecarboxylation reaction. Again the final product was

unstable in sulphuric-nitric acid.

() COH

’,CH

NO S NHCOCH 3

~
CH3

Isobutyryl chloride (5 ml) was refluxed with 2-aminoc-5-nitrothiophene-

3-carboxylic acid (3 g) in ethyl acetate (40 ml) for 8 hrs. The solution

was filtered and the solvent and volatile chlorides evaporated leaving a

dark solid which wés recrystallized from aqueous methanol (1.3 g, 42.2%).

Mep, 2019 (£pam agq. methanol).
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Found: C, 41.8% H, 3.7% N, 10.8%.

CQH1UN2058 requires: C, 41.8% H, 3.9%; N, 10.9%.

13C Spectrum in Sulphuric/Nitric Acid

The 138 spectral behaviour of this amide in both sulphuric acid and
sulphuric-nitric acid mixtures was identical to that of the propionyl and
acetyl derivatives i.e. hydrolysis to an unstable amine in éulphuric acid
alone and nitrodecarboxylation to a further unstable compound in nitriec-

sulphuric acid mixtures.

(d) _ CO_H

2
II ,,» CHB
NO2 S TNHCOC = 043
, N
CH

3

Pivaloyl chloride (trihethyl acetyl chloride) (5 ml) was refluxed
with 2-amino-5-nitrothiophene-3-carboxylic acid (3 g) in ethyl‘acetate
(40 ml) for 8 hrs. After filtering, the solvent and volatile chlorides
were evaporated leaving a brown solid and a black oil. The solid was
separated and recrystallized from agueous methanol. (1.6 g, 45.9%).

MePe 208° (from ag. methanol).

Found: C, 44.4%; H, 4.2%; N, 10.1%.

0_S requires: C, 44.1% H, 4.4% N, 10.3%.

CrotaN2

13

C Spectrum in Sulphuric/Nitric Acid

The 13C spectral behaviour of this amide in both sulphuric acid and
sulphuric-nitric acid mixtures was again very similar to the acetyl and
propionyl derivatives, i.e. hydrolysis to an unstable amine in sulphuric

acid alone and nitrodecarboxyletion in sulphuric-nitric acid mixtures.
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(8) KINETICS

(a) HYDROLYSIS

Rate data were obtained in an identical manner to that described

earlier for 2-acetamido-5-nitrothiophene-3-carboxylic acid.

Good 'linear

pseudo first-order kinetic plots were obtained for all amides although

the amine, formed as product, was rather unstable in the more concentrated

acid.
(Thiophene Amide) = 2.30 x 10" % M
Wavelength = 430 nm
For reaction:
CO_H
2 H,SO,
———
ND, s NHCOR NO s
Mean Mean k [sec-1)
1 obs
°° = H
H S0, R o= | CHyCl CH,CH, CHUCH,), ClCH ),
98.0 | < 1078 9.3x10" % g.8x10" 4 7.7x107°3
90.2 | < 4078 2.4x10"% 3.1x10"4 2.1x10°°3
82.7 | < 1078 1.0x10”* 1.3x10”% 0.7x10"°
75.3 | < 4078 1.1x10°4 1.8¢10" % 1.4x10"°
|

TABLE 9: Rates of hydrolysis of 2-acylamino-5-nitrothiophene-3-carboxylic

acid solutions.

Product Analysis

The 2-acylamino-5-nitrothiophene-3-carboxylic acid (2 g) was dissolved

in sulphuric acid (98%, 8 ml).

After stirring for 1 hr at room temperature
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the solution was drowned into ice-water. The precipitated solid was
filtered, washed with water and dried. Apart Frqm the chloroacetamido
derivative, the product in all cases was identified as 2-amino-5-
nitrothiophene-3-carboxylic acid, m.p. 202° (from methanol). This is the
product obtained from hydrolysis of the acetamido derivative in concentrated
sulphuric acid. In the cése of the chloroacetamido derivative the only
detectable product was the starting material, recoverable in good yield.

The product analysis results are summarized in table 10.

Substrate Product Yield
-NHCDCH2C1 -NHCOCHZCI ' 97%
-NHCDCHZCH:3 --NH2 , 41%
-NHCOCH(CH3]2 -NH2 38%
-NHCDC[CH3]3 -NH2 59%

TABLE 10: Product Analysis for the reaction of 2-acylamino-5-nitrothiophene-

3-carboxylic acids with concentrated sulphuric acid.

(b} 'NITRATICN

Rate data for the nitration of the acylamino thiophene derivatives
were obtained in an identical manner to that described earlier for the

corresponding acetamido derivative.

Fairly good linear, pseudo first-order kinetic'plots were cbtained
but the unstable product (in all cases apart from the chloroacetamido

thiophene derivative) was again a problem.
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For reaction:

)CDZH HNUS ] jNOZ
ﬂ
. H.SO —
NO, s NHCOR 2% NG, S NHCOR
(Thiophene Amide) = 2.85 x 10 ' M
(HNO ) = 0.88 x 1072 1
Wavelength = 315 nm
Mean Mean k (1 mol_1 sec_1]
‘ 2 obs
% H,S0, | R °) CH,C1 CH,CH CH(CH,), ;(CHSJS
90.2 | 8.5x10 ] 1.1x10° " 6.4x10" ] 2.3x10" "
86. 1 20! | 2eex07? | 4u7xa0”! 4.5x1072
83.5 | a7x072 | 7.w1073 4.0x10"% 1.3x107°
80.9 | 3.0x107® | 5.3x107 1.9x10”°3 1.1x1073
|

TABLE 11: Rates of nitration of‘2—acylamino—SZhitrothiophene-S-

carboxylic acids in nitric/sulphuric acid solutions.

Product Knalysisv

The 2-acylamino-5-nitrothiophene-3-carboxylic acid (0.01 mol) was
dissolved in sulphuric acid (98%, 10 ml) and the solution cooled to -5°,
A solutionlof nitric acid (d 1.42, 0.95 g} in éulphuric acid (98%, 5 ml)
i.e. 1.5 mole of nitric acid per mole of substraté, was added dropwise,
with stirring < 0% The mixture was stirred for 30 min at 0° and then
drowned into ice-water. After stirring for 2 hr < 59 the mixture was
filtered and washed free of acid with'cold water. The product, 2-’
acylamino-3,5-dinitrothiophene, was dried at 50°, Product analysis

details are summarized in tables 12 and 13.
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COH o, ANO,
———————
H.SO —
NO,, S NHCOR 274 NO,, S NHCOR
R Melting Point Yield
(Product) (Product)
~CH,C1 172° (from butanol) 81.3%
O » » 9
CH,CH, 148° ( ) 43.8%
- 0 n ” 0/
CH(CH,), 139° ¢ | ) 51.4%
O " L1} O/
C(CH,) 4 143° ( ) 42.1%

TABLE 12: Product Analysis for nitration of 2-acylamino-5-nitrothiophene-

3-carboxylic acids.

For reaction:

P g
,02H HND3 : N02
———
H2804
NDé" S NHCOR NOZ*' S NHCGCR
R C,H,N Analysis (Product)
C, 27.1%; H, 1.2% N, 15.8%.
—CH2C1 CBH4N305C18 requires:
C, 27.1% H, 1.5% N, 15.8%.
C, 34.1%; H, 3.1% N, 17.2%.
-CHZCH3 C7H7N3058 requires: ’
Ca 34.30/03 H: 2-9%3 NJ 17-1%-
C, 37.3%; H, 3.5%; N, 16.3%.
‘CH[CH3)2 C8H9N305S requires:
C, 37.1%; H, 3.5% N, 16.2%.
C, 39.8% H, 3.9% N, 15.4%.
-C[CH3)3 C9H11N3058 requires:
C., 39.6%: H, 4.0% N, 15.4%.
TABLE 13: Product Analysis for nitration of 2-acylamino-5S-nitrothiophene-

3-carboxylic acid.
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{9) 2-ACYLAMINO-3,5-DINITROTHIOPHENES

(A) SYNTHESIS

General Scheme:

COH HND ND,
ettt ——p
H.S0 —
N, s NHCOR 2504 NG § =" ~~NHCOR

The method of synthesis is that described for the 'product analysis’
in the nitration of 2-acylamino-5-nitrothiophene-3-carboxylic acids. The
experimental details and analyses of the dinitro products are summarized

in tables12 and 13.

1SC Spectra in Sulphuric Acid (98%)

2—Chloroacetamido;3,5-dinitrothiophene showed very similar 13C spectral
behaviour to the correspoﬁding formamido derivative i.e. six peaks which
retained their intensity over a period of days. The amide was recoverable
in good yield after 4 days (91%). All other amides studied (R = CH2CH3'
CH(CH332 and C(CH3]3] showed very similar beha?iour to the corresponding
2-acetamido derivative i.e. hydrolysis to 2-amino-3,5-dinitrothiophene
in 2-3 hrs, the amine itself being unstable for longer periods in

sulphuric acid.

13C Spectra in Sulphuric/Nitric Acid

Again the 2-chloroacetamido derivative behaved in a similar manner to
the formamido compound i.e. a slow decrease in intensity of the original
peaks, the starting material being recoverable in good yield after 4 hrs
(86.5%). However, after 48 hrs, only a complex series of low intensity
peaks remained in the 130 spéctrum. The other amides behaved in a
similar manner to the acetamido compound i.e. a faster decrease in

intensity of the original peaks. After 3-4 hrs only a complex series of
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low intensity peaks remained together with some peaks of higher intensity

corresponding to free acyl.
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(B} KINETICS

(a) HYDROLYSIS

For reaction:

~NO, H.SO ~NO

2°%4 2
—y
S NHCOR ND_ " ~g NH

2 2 2

NQ

Detailed rate data were obtained in a similer manner to the acetamido

and formamido derivatives.

(Thiophene Amide) = 2.50 x 1074 M

Wavelength = 430 nm
Mean Mean k (sec_1)

1 obs
x H,S0, R =: CH,C1 CHCH, CH(CH) C(CHy) 4
‘ ! -8 -4 -4 -3
98.0 | <10 3.8x10 4.9x10 3.7x10
90. 2 { <1078 5.1x10°° | s.ex10™® | 7.2x107¢
82.7 ': <1078 2.8x10" > 3.0x10°° | 2.5x107%
75.3 ] <1978 3.1x107° 3.8x10° > | 4.3x10” %
l

TABLE 14: Rates of hydrolysis of 2-acylamino-3,5-dinitrothiophenes in

sulphuric acid solutions.

Product Anélysis

The 2-acylamino-3,5-dinitrothiophene derivative (2 g) was dissolved in

sulphuric acid (98%, 10 ml). The sclution was stirred at room temperature

for 3 hrs and then drowned into ice-water. The precipitated solid was

filtered, washed with water and dried. In all cases, apart from the

chloroacetanido derivative, the product was identified as 2-amino-3,5-

dinitrothiophehe mepe 176° (from ag. methanol). In the case of the
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chloroacetamido derivative only the starting material was recoverable
from the reaction solution. The product analysis results are summarized

in table 15.

Subétrate Product Yield
-NHCDCH2C1 -NHCDCH2C1 96%
-NHCOCHZCH3 -NH2 43%
-NHCDCH(CH3)2 . ~NH2 | 37%
-NHFDC[CHSJ3 | —NH2 58%

TABLE 15: Product Analysis for the reaction of 2-acylamino-3,5-

dinitrothiophenes with concentrated sulphuric acid.



(b)  OXIDATION-DEGRADATICON
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Detailed rate data for the oxidation/degradation of the acylamino

thiophenes in sulphuric/nitric acid were obtaimed in a similar manner to

that employed for 2-acetamido-3,5-dinitrothiophene degradation, studied

earlief.
cbtained.
for reactién:

NO

Approximately linear, pseudo first-order kinetic plots were

2 HNO3
H_SO Products
NDZ S NHCOR 2774
(Thiophene Amide) = 3.1 x 107% M
Wavelength = 315 nm
-1
Mean Molarity k1 obs (sec ')

%H,S0, HNO 5 R =: CH,C1 CH,CHy CH(CH,), C(CHy) ,
0.6 0.88x10 Va.1x1077 |ausxtol) | 4uoxaal) 3.9x10_3
' 1.75x10 I 9,3x10 3.7x10 5.1x10 3.9x10

- ' - - - .
891 0.88x10_2 - 2.0x10_7 |5.3x10 7 5.6x10_ 7.0x107 4
' 1.75x10 4.6x10 5.8x10 ‘ 5.6x10 6.9x10
. !
- - - -5 -4
827 0.86x10_2 p.82x10_7 [2.7x1072 | 2.9x1077 2.5x10_,
' 1.75x10 |1.9x10 2.9x10 3.3x10 2.9x10
|

TABLE 16: Rates of degradation of 2-acylamino-3,5-dinitrothiophenes in

sulphuric-nitric acid mixtures.

Product Analysis

To a solution of 2-acylamino-3,5-dinitrothiophene (2 g) in sulphuric

acid (98%, 10 ml) was added dropwise, with stirring, a solution of nitric

acid (d 1.42, 1.0 g) in sulphuric acid (98%, 5 ml).

stirred at room temperature for 3 hrs (36 hrs for chloroacetamido

The mixture was

derivative) and then drowned into ice-water. Despite several extractions
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of both this and the neutralized soclution the only recoverable material

was a few milligrams of starting material.

130 Spectra of the reaction products revealed only a complex series
of low intensity peaks and some peaks of higher intensity, corresponding
to theufree acyl moiety. Oxidation via the amine is suspected in all
cases, since many of the final complex, low intenéity spectra were
similar for different amides. In the case of the chloroacetamido

derivative the free acyl peaks were again present (after 36 hrs). However

these could arise via direct oxidation of the amide.



(10) 2-AMINO-3,5-DINITROTHIOPHENE

(A) SYNTHESIS

Scheme:

NO _-NO

2 H,S0, | 2
————
NO s NHCOCH NO, s NH

2 3 2 2

2-Acetamido-3,5-dinitrothiophene (4.8 g, 0.02 mol) was added to a
mixture of sulphuric acid (2 M, 100 ml) and celleosolve (10 ml). The .
mixture wasyrefluxed for 5 hrs and the solution of product filtered
whilst sti1ll hot. After cooling the filtrate in a freezing mixture the
crystalline product was filtered off, washed with cold water and dried

(3.4 g, 89.9%). m.p. 176° (from ag. methanol).

Found: C, 25.4%; H, 1.3%; N, 22.4%.

Calculated for: C4H3N304S: C, 25.4%; H, 1.6%; N, 22.2%.

Hydrolysis of the formamido derivative required only a 1 hr reflux
time in sulphuric acid (2 M) whereas hydrolysis of the chloroacetanido
derivative was complete in 30 mins (at room temperature). The product

in each case was 2Z2-amino-3,5~dinitrothiophene.

13C Spectrum in Sulphuric Acid

A 13C spectrum of 2-amino-3,5-dinitrothiophene (400 mg]vin sulphuric
acid (98%, 2 ml) revealea a series of peaks at 156.2, 1338.1, 134.6 and
129.2 ppm (from T.M.S.). After 5 hrs, only a complex series of low
intensity peaks remained. No products were isolable from this reaction
solution suggesting that the free amine is rather unstable in concentrated
sulphuric acid. The final, complex 13(3 spectrum was identical to the
13C spectrum of the corresponding acetamido derivative in sulphuric

acid (after 8-8 hrs), excluding the free acetyl peaks.
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13[3 Spectrum in Sulphuric/Nitric Acid

To a solution of 2-amino-3,5-dinitrothiophene in sulphuric acid was
added an equimolar amount of nitric acid (d 1.42). A 13C spectrum of this
solution revealed a complex series of low intensity peaks. No products
were isoclable from this reaction solution (after only 5 min reaction time)
suggesting that 2-amino-3,5-dinitrothiophene is extremely unstable in
presence of sulphuric-nitric acid mixtures. The spectrum obtained was
identical to the 13C spectrum of the corresponding acetamido derivative

in sulphuric-nitric acid (after 4 hrs), again excluding the free acetyl

peaks.
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(B) KINETICS

(a) OXIDATION-DEGRADATION

Rates of oxidation/degradation were obtained by U.V. spectroscopy.,
but are only approximate because 2-amino-3,5-dinitrothiophene is extremely

unstable in presence of nitric acid.

4

(Substrate) = 2.8x10 ' M
Wavelength = 435 nm
Mean | Molarity k1 obs k2 obs
K H2804 HNDB [sec-1) (1 mol.1 sec_ql
| 0.88x10:§ 1.3x10:1 14.8
98.6 1.75x10_5 2.3x10_, 13.1
3.50x10 5.0x10 14.3
0.88x10:§ 0.8x10:1 9.10
89.1 1.75¢10_5 1.4x10_, 8.00
3.50x10 3.1x10 8.88
-2 -1
0.88x10_5 0.6x10_, 6.82.
82,7 1.75x10_5 1.0x10_, 5.71
3.50x10 2.0x10 5,71

TABLE 17: Rate of dégradation of 2-amino-3,5-dinitrothiophene in

sulphuric-nitric acid mixtures.

Product Analysis

No products of degradation of 2-amino-3,5-dinitrothiophene were

isolable (éee corresponding acetamido derivative).
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(11) 2-ACETAMIDO-5-NITROTHIOPHENE

(A) SYNTHESIS

Scheme:

COH

S NHCDCH3 3 NHCDCH3

N02 S NHCOCH3

(a) 2-Acetamidothiophene

A mixture of 2-acetamidothiophene-3-carngylic acid (5.6 g, 0.03 mol)
and N,N-dimethylaniline (25 ml) was heated and étirrsd for 1 hr at 195°.
The mixture was oooled to 25°, diluted with.water (TDO 6&] and the N,N-
dimethylaniline removéd by steah distillation. The hot agueous residue
was fililtered, the filfrate cooled to 15D and the product which crystallized
out was filtered, washed with cold water, and dried. (3.3 g, 78.6%).
| 2

m.p. 161° (from water) (1it.2* 162°).

Found: C, 50.8% H, 4.6%; N, 10.0%.

Calculated for: C8H7NOS: C, 51.1%; H, 5.0%, N, 9.8%.

(b) 2-Acetamido-5-Nitrothiophene

2-Acetamidothiophene (7.05 g, 0.05 mol) was dissolved in sulphuric
acid (98%, 100 ml) and the temperature reduced until the mixture started

to freeze at -120.' A mixture of nitric acid (3.2 g, 0.05 mole) in
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sulphuric acid (25 ml) was added dropwise with vigoréus stirring and
cooling, allowing the temperature to fall to -15°, After completion of the
addition the mixture was stirred for a further 15 min at -15° and then
drowned into ice-water. The precipitated solid was filtered off, washed

with water and dried (7.9 g, 84.9%).

The product was fairly pure but further purification was obtained byl
eluting with acetone from an alumina column, and recrystallization from

water/methanol. m.p. 226° (from aq. methanol).

Found: C, 38.7%; H, 3.3% N, 14.9%.

CBHBNZDSS requires: C, 38.7%; H, 3.2%; N, 15.1%.

Nitration of 2-acetamidothiophene with an egquimolar guantity of
nitric acid, under the same reaction conditions as those employed for
nitration of 2-acetamidothiophene-3-carboxylic acid, gave a mixture of

2
the 3- and 5- nitro isomers (t.l.c.), the latter predominating 83.

130 Spectrum in Sulphuric Acid

A 1SC spectrum of a solution of 2-acetamido-5-nitrothiophene (400 mg)

in sulphuric acia (98%, 2 ml) revealed a shift in acetyl peaks to the

'free acetyl' positions at 21.1 and 194.0 ppm (from T.M.S.). Despite a
rapid decrease in intensity of the nuclear amide peaks only a small increase
in intensity of the amine peaks was observed. Eventually, after 7-8 hrs
only the shifted acetyl peaks and a series of low intensity peaks were
present. Apparently, 2-acetamido—S-nitrothiophene'undergoes rapid
hydrolysis to an unstable amine)in concentrated sulphuric acid. The amine

is not isolable from the acid solution.

13C Spectrum in Sulphuric/Nitric Acid

To a solution of 2-acetamido-5-nitrothiophene in sulphuric acid was

added an equimolar solution of nitric acid (d 1.42). An identical
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13C spectrum to that of 2-acetamido-3,S-dinitrothiophene was subseguently

obtained suggesting a nitration of the original compound.
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(B) KINETICS

(a) NITRATION

For reaction:

HND3 | NO2
———————
HZSD4
N02 S NHCOCH3 ND2 S NHCDCH3

Rate data were obtained in an identical manner to that described for
nitration of 2-acetamido-5-nitrothiophene-3-carboxylic acid. Good linear,
pseudo firsf-order kinetic plots were obtained but some difficulty was
experienced due to the instability of_both starting material and product

in presence of sulphuric-nitric acid mixtures. For all nitration runs:

{Thiophene Derivative) = 3.4x10-4 M
Wavelength = 310 nm
' M
Tesnso Mg&grity k1 obs k2 obs kean
T 274 3 (sec™™) (1 mol™? sec™®) 2 obs
0.88x10_2 3.8x10; 4.3x10_3 3
73.5 1.75x10_5 7.7%10_; 4.4x10 4.3x10
3.50x10 14,8x10 4.2x10
- - -2
0.88x10_§ 2.3x10 2.6x10_, .
75.5 1.75x10_2 4.5x10_4 2.8x10-2 2.6x10
3.50x10 8.1x10 2.6x10
- - -1
0.88x10> 0.91x10;° 1.0x10_, y
77.86 1.75x10_2 1.9x10_3 1.1x10 -1 1.0x10
3.50x10 3.3x10 0.94x10
- - -1
0.88x10 2 2.5x10_3 2.8x10_, »
79.2 1.75X1D_2 5.2X10_3 3.0X1U_1 2.9x10
3.50x10 10.2x10 2.9x10
- - -1
0.88x10_5 4.4x10 3 5.0x10_, y
80.93 1.75x10_2 9.0X1U_3 5.1X1U_1 5.1x10
3.50x10 17.6x10 5.1x10
0.88x10 2 0.91x10,° 1.0
83.5 1.75x10_2 1-SX1D_2 0.91 1.0
3.50x10 3.8x10 1.1

TABLE 18: Rates of nitration of 2-acetamido-5-nitrothiophene in nitric acid-

sulphurid acid solutions.
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Product Analysis

2-Acetamido-5-nitrothiophene (1.9 g, 0.01 moi) was dissolved in
sulphuric acid (98%, 10 ml) and the soclution cooled to -5°, A solution of
nitric acid (d 1.42, 0.6 g) in sulphuric acid (98%, 5 ml) was added
dropwise, with stirring, < DD. The mixture was stirred for 20 minutes
at -5O and then drowned into ice-water. The precipitated solid was filtered

off, washed with water, and dried (1.9 g, 82.6%), m.p. 179% (from butanol).

Found: C, 31.2% H, 1.9% N, 18.4%.

CSH5N3058 requires: C, 31.2%; H, 2.2%;; N, 18.2%.

The product was identical with a sample of 2-acetamido-3,5-
dinitrothiophene prepared by nitration of 2-acetamidothiophene-3-

carboxylic acid.
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(12) METHYL-3-AMINOTHIOPHENE-2-CARBOXYLATE

(A) SYNTHESIS

Clz
1) CHZ =z (CH-CN CHZ‘—' CH == CN
Cl Cl

{2} CH, === CH ===(CN

I 2 , NH,,

Cl Cl NaCMe

' ——
Et20 . S CUZMB
+
HS o CHZ—- CDZMQ
264

2,3-Dichloropropionitrile

Dry chlorine was introduced into a mixture of acrylonitrile (5.3 g,
0.1 mol) and pyridine (1.4 gl, with cooling, until the increase in weight

amounted to addition‘of an equimolar amount of chlorine (7.1 gl). The

products were shakenAyith water and the organic layer was dried over
]

anhydrous calcium chloride. After evaporating, the product was distilled
I \ :

. | .
under reduced pressure, collecting the fraction boiling at 56-61° /13 mm

\
(8.0 g, 66.0%). N.M.R. [CC14] 4.4 (triplet) and ~x5.5 (doublet)

in ratio 1 : 2.

Metﬁyl-3-aminothiophene-?*carboxylate

A suspension of sodium methoxide (2.8 g, 0.05 mol) in dry ether (25 ml)
was mixed, with cooling and stirring, with methyl 2-mercaptocacetate (3.2 g,
0.03 mol) in ether [3 ml). 2,3-Dichloropropionitrile (2.5 g, 0.02 mol)
in dry ether (10 ml) was added dropwise;‘with stirring, over 890 min. After
further stirring Fbr 30 min water was added and the mixture acidified with

acetic acid. The organic layer was separated and the aqueous layer

extracted with éther. The combined extracts were fractionally'distilled.
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The fraction b.p. 96-101°/0.1 mm was a light vellow oil which solidified

264 0

on standing (2.1 g, 66.9%) m.p. 64° (from petrol) (1it. 559).

Found: C,’45.7%; H, 4.5% N, 8.3%.

CSH7NDZS requires: C, 45.9%; H, 4.5%; N, 8.9%.
Acetylation

Methyl-s-aminothiophene-Z-barboxylate (2 g) was heated with acetic
anhydride (10 ml) at 70O for 30 min. After cooling, the solution was
poured into water (50 ml) and the precipitated solid filtered, washed with

water and dried (2.3 g, 91.1%). m.p. 98° (from ag. ethanol).

Found: C., 48.3% H, 4.6%; N, 7.2%.

CSHQNDBS requires: C, 48.2%; H, 4.5% N, 7.0%.

I.R. and 13C spectra were consistent with the methyl ester of 3-

acetamldothiophene-2-carboxylic acid.

Formylation

Methyl-3-aminothiophene-2-carboxylate (2 g) was added to equal volumes
of acetic anhydride and formic acid (10 ml) and the mixture stirred at
room temperature for 30 min. The solution was then poured into water
(50 ml) and the precipitated solid filtered, washed with water and dried

(2.2 g, 93.6%) m.p. 87° (from aq. ethanoll.

Found: C, 45.4% H, 3.5% N, 7.6%.

C7H7N038 requires: C, 45.4%; H, 3.8% N, 7.6%.

13

I.R. and C spectra were consistent with the methyl ester of 3-

formamidothiophene-2-carboxylic acid.

13C Spectra in Sulphuric Acid

A 13C spectrum of methyl-3-acetamidothiophene-2-carboxylate (400 mg)
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in sulphuric acid (98%, 2 ml) revealed a series of eight peaks which
retained their intensity for over 24 hrs. There was no evidence for
cyclisation to an anhydride and only a very slow‘hydrolysis reaction
occurred, producing the free acetyl peaks. The starting material was
recoverable in good yield after 36 hrs (86%). The corresponding
formamido derivative showed no tendency to hydrolyse and was stable for a

period of days in sulphuric acid.
Nitration

Methyl-3-acetamidothiophene-2-carboxylate (2 g) was dissolved in
sulphuric acld (88%, 5 ml} and the solution cooled to 0°. A solution of
nitric acid (0.8 g) in sulphuric acid (98%, 10 ml) was added dropwise,

with stirring, < 0%,  The reaction mixture was stirred at DO for 5 min

|

- and then drowned into ice-water. The precipitated solid was filtered off,

washed with water, and dried. (2.1 g, 85.6%}. m.p. 121° (from ethanol).

Found: C, 39.5% H, 3.3% N, 11.6%.
|

CB BNZUSS requires: ]C, 39.3%; H, 3.3% N, 11.5;.

I.R. and 13C,spectroscopy confirmed the product as a mono-nitrated

thiophene, and t.l.c. indicated the presence of only one main product:

NHCDCH
D N e
e r————
H.SO CU Me

S COZMe 274

Proof of Structure

Methyl-3-aminc-4(or 5)-nitrothiophene-2-carboxylate

Methyl-3-acetamido-nitrothiophene-2-carboxylate (4.8 g, 0.02 mol) was
added to a mixture of dilute sulphuric acid (2 M, 8O ml) and cellosolveu

(10 ml). The mixture‘was gently refluxed for 8 hrs and the soluticn of

product filtered whilst still hot. The filtrate was cooled in a freezing
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mixture and the crystalline product was filtered off, washed with water andv

dried (3.0 g, 75.0%). m.p. 97° (from ag. methanol).

Found: C, 35.2%; H, 3.0% N, 13.6%.

CH.N,O

sHgN> 48 requires: C, 35.6% H, 3.0% N, 13.9%.

Methyl-4(or 5)-nitrothiophene-2-carboxylate

Methyl-3-amino-4(or 5)-nitrothiophene-2-carboxylate (24.4 g, 0.1 mol)
was dissolved in dioxan (90 ml) and concentrated hydrochloric acid (75 ml).
A saturated solution of sodium nitrite (0.2 mol) was added stepwise, with
stirring at‘-SO and the diazonium salt solution stirred for 20 min at

°, The reaction mixture was then added to a solution of copper acetate

-5
f0.4 g} in ethanol (200 ml)kand the mixture warmed to 70°. After stirring
for 30 min at 70° the solution was cooled, diluted and ether extracted.
Evaporation of the ether extracts left an o0il, which was dissolved in
methanol. A solution of sodium hydroxide (3.0 g) in water (20 ml) was
added dropwise with stirring, maiPtaining the pH < 10-11. The reaction
solution was refluxed for 30 min.icodled and re-acidified with dilute
hydrochloric acid. This pfecipitated an off white solid which was

o]

filtered off, washed with water, and dried (7.4 g, 42.8%). m.p. 151

(from water).

Found: C, 34.5%; H, 1.4%; N, 8.1%.

o,

C.H NO4S requires: C, 34.7%; H, 1.7% N, 8.1%.

53

3
The product was identical (I.R., L C and m.p.) to 4-nitrothiophene-
2-carboxylic acid, prepared by nitration of thiophene-2-carboxylic acid
(see later). This demonstrétes the fact that the original nitro group was

in the 4-position and that the product of nitration of methyl-3-acetamido-

thiophene-2-carboxylate is the 4-nitro isomer:-
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NHAc )
” HND3 02N NHAc
——————
o H.SO
S 2774
COZMe S CDZMe

3-Acetamido-4-nitrothiophene-2-carboxylic acid

Methyl-3-acetamido-4-nitrothiophene-2-carboxylate (2 g) was added to
a 50% aqueous methanol solution (20 ml). Sodium hydroxide (2 M, 10 ml)
was added dropwise, maintaining the pH at 8-10. The mixture was refluxed
for 30 min, during which time the substrate dissolved. The solution was
filtered and the filtfate acidified to pH 2 with dilute hydrochloric acid.
The precipi£ated solid was filtered off, washed with water and dried

(0.71 g, 35.2%) m.p. 144° (from aq. methanol).

Found: C, 36.5% H, 2.3% N, 12.1%.

C7HBNZOSS requires: C, 36.5%: H, 2.8%; N, 12.24,

13C and I.R. spectroscopy confirmed the product as the carboxylic acid -

' \
there was no evidence for basic hydrolysis of the amide group. The
thiophene nucleus was found to be unstable in presence of excess sodium

hydroxide.

130 Spectrum in Sulphuric Acid

A 130 spectrum of 3-acetamido-4-nitrothiophene-2-carboxylic acid
(400 mg) in sulphuric acid (98%, 2 ml) revealed a series of seven peaks
which retained'their intensity over a period of days. There was no
evidence of hydrolysis and the starting material was recoverable in good

yield after 24 hrs (93%).

13[‘.‘ Spectrum in Sulphuric/Nitric Acid

To a solution of 3-acetamido-4-nitrothiophene-2-carboxylic acid in

sulphuric acid‘was added an equimolar solution of nitric acid (d 1.42).
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A rather slow decrease in intensity of the original peaks was observed but
the starting material was recoverable in good yield after 2 hrs (94%).

There was no evidence of hydrolysis or nitrodecarboxylation.

Nitrodecarboxylation

3~Acetamido-4-nitrothiophene-2-carboxylic acid was treated with a
sulphuric acid-nitric acid mixture in an identical mannef to .that used
preparatively for nitrodecarboxylation of Z2-acetamido-5-nitrothiophene-
3-carboxylic acid. However, there was no evidence for carbon dioxide
evolution either during the addition of mixed acid or on drown-out. The
starting ma£erial was recovered in 96% yield. Nitrodecarboxylation was
eventually detected in 80% sulphuric acid at 25°, T.L.C. showed absence
of starting materiallafter 4 hrs treatment with excess hitric acid.

Drown-out of the reaction mixture into ice-water gave 3-acetamido-2,4-

dinitrothiophene (32%). m.p. 131° (from water).

FDUHd: ;C; 31140/0} H: 109%,‘ N; 1\8.3%-

N

CGHSNBOSS requires: C, 31726; H, 2.2% N, 18.2%.

13¢ Spectrum in Sulphuric Acid

A 13C spectrum ofi3-acetamido-2,4-dinitrothiophene (400 mg) in
sulphuric acid (98%, 2 ml) revealed a hyd;olysis reaction occurring at a
similar rate to that for 2-acetamido-3,5-dinitrothiophene. After 12 hrs
only a complex series of low intensity peaks remained together with the

higher intensity, characteristic peaks at 21.1 and 194.0 ppm (from T.M.S.).

The hydrolysis of the dinitroamide in sulphuric acid would account

for the poor yield of product obtained in the nitrodecarboxylation of

3-acetamido-4-nitrothiophene-2-carboxylic acid.
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(13) METHYL'Z-AMIND-4,S'DIMETHYLTHIOPHENE-3-CARBDXYLATE

(A} SYNTHESISZE?

Scheme:
CH CO0.CH

TH3 TDZCH3 EtSN 3 273

-
TD‘ * ?Hz * S MeoH
CH CN
! 2 CH3 S NH2
CH3

Methyl ethyl ketone (7.2 g, 0.1 mol) was mixed with methyl cyanoacetate
(3.9 g, 0.1 mol) and powdered sulphur L3.2 g, 0.1 mol). Methanol (25 cm3)
was added and the mixture stirred with triethylamihe (10 ml), with cooling.
After initial‘stirring and cooiing the mixture was gently refluxed for
4hrs, during which time the sulphur dissclved. The reaction solution was
allowed to stand at room temperature overnight and the crystalline
product was filtered off, washed with water and dried. (7.4 g, 38.6%).

m.p. 120° (from methanol). B

Found: C, 51.7% H, B8.0% N, 7.5%.

5NO S: C, 51.9% H, 5.9% N, 7.5%.

Calculated for: C8H 2

1

I.R. and 13C spec%roscopy confirmed the structure of the product as

methyl-2-amino-4,5-dimethylthiophene-3-carboxylate.

.

Acetylation

Methyl-2-amino-4,5-dimethylthiophene-3-carboxylate (1 g) was dissolved

in cold acetic anhydride (5 ml) at 59, The mixture was stirred for an

hour and then drowned into ice-water. An oil separated, which upon

stirring for a few hours solidified. The brown solid was filtered off,

o 0
washed With water’ and dried (1.1 g, 93-06]- m-p- 71 ff“I‘Ofﬂ aq- mEthanOl]-
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Found: C, 52.9% H, 5.7%; N, 6.2%.

C1OH13N038 requires: C, 52.9% H, 5.7% N, 5.2%.

I.R. and 13C spectroscopy confirmed the product as methyl-2-acetamido-

4,5-dimethylthiophene-3-carboxylate.
Formylation

A mixture of formic acid (2 ml) and acetic anhydride (2 ml) was
stirred and allowed to warm to 40° for 10 min. The solution was then
cooled to 0 - 5° and methyl-2-amino-4,5-dimethylthiophene-3-carboxylate
(1 g) added portionwise with stirring. The mixture was stirred for
30 min, during which time a precipitate developed. This was filtered,
washed with water and dried (1.1 g, 92.3%). m.p. 88° (from ag. methanol).

|
Found: C, 50.5% H, 5.2% N, 6.7%.

C9H11N038 requires: C, 50.7% H, 5.2% N, B6.6%.

I.R. and 13C spectroscopy confirmed the product as methyl-2-formamido-

4,S-dimethylthiophene-S-carboxylate.

i

Hydrolysis of Ester

|

\
Methyl-Z-acetamid$-4,S-dimethylthiophene-S-carboxylate (2 g) was added

to a 50% aqueoﬁs methahol solution (20 ml). A sodium hydroxide solution

(2 M, 12 ml) was added and the mixture refluxed for 30 min, during which

time the amide dissolved. The solution was then cooled and filtered. The

filtrate was acidified with dilute’hydrochloric acid to pH 2 and the

precipitated solid filtered off, washed with water, and dried (1.2 g, 62.2%)

Me P 207° (from agq. methanol).

I.R. and 130 spectroscopy confirmed the product as 2-acetamido-4,5- "

dimethylthiophene-3-carboxylic acid. No evidence was found for any basic

hydrolysis of the acetamido group.
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Found: C, 51.0% H, 5.4%; N, B.4%.

C9H11N038 requires: C, 50.7% H, 5.2%; N, B6.6%.

When an analogous method was employed for hydrolysis of the corresponding
formamido ester, basic hydrolysis of the amido group was found to compete

with the ester hydrolysis, the product of the reaction being 2-amino-4,5-

dimethylthiophene-3-carboxylic acid (38%):

Me CDZMe NaOH Me COZH
————y
ag. MeOH

Me S NHCHO Me S NH2

This thiophene derivative was then re-formylated with formic acid/
acetic anhydride to yield 2-formamido-4,5-dimethylthiophene-3-carboxylic

~acid (83%). m.p. 243° (from ag. methanol).

Found: C, 48.0%; H, 4.4% N, 6.9%.

C HQND

8

3S requires: C, 48.2%; H, 4.5% N, 7.0%.

13C Spectrum in Sulphuric Acid

\\

A 13C spectrum ofz2-acetaﬁip0-4;5-dimethylthiophene-s-carboxylic
acid (500 mg) in sulp%uric acidx[SB%, 2 ml) revealed a series of nine
peaks which retained ﬁheir intensity over a period of days. There was no
evidence of any hydrolysis and the starting material was recoverable

after 24 hrs (84%). ‘Simiiérly the analogous formamido derivative (and

both esters) were stable to hydrolysis and were recoverable in good

yield from sulphuric acid solutions.

Nitrodecarboxylation

2-Acetamido-4,5-dimethylthiophene-3-carboxylic acid (2.1 g, 0.01 mol).

Was dissolved in sulphuric acid (98% 10 ml) and the solution cooled to
Q°, A solution of nitric acid (0.9 g) in sulphuric acid (g8%, 10 ml) was
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added dropwise, with stirring < 0°.  The reaction mixture was stirred at
OO for 10 min and then drowned into ice-water. The precipitated solid
was filtered off, washed with water, and dried. (1.1 g, 52.4%) m.p. 188°

(from ag. methanol).

Found: C, 45.2%; H, 4.5%; N, 12.8%.

C.H

8 10N2038 requires: C, 44.9% H, 4.7% N, 13.1%.

I.R. and 13C spectroscopy confirmed the product as being 2-acetamido-

3-nitro-4,5-dimethylthiophene:

CH3 CDZH HNDB CH3 N02
—y
H2804
CH3 S NHCOCH3 ‘ | CH3 S NHCDCH3
i
13

C Spectrum in Sulphuric Acid

A 130 spectrum of 2-acetamido-3-nitro-4,5-dimethylthiophene (400 mg)
in sulphuric acid (98%, 2 ml) revealed a hydrolysis reaction, complete_in

!
~v 3-4 hrs, After 12 prs only a complex series of low intensity peaks
remained together with the 'free acetyl' peaks at 194.0 and 21.1 ppm.

1 ‘ \
The hydrolysis to an unstable amine in this way would account for the poor

yield of product in the nitrodecarboxylation of 2-acetamido-4,5-

dimethylthiophene-3-carboxylic acid.

.
~
~
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(14) 2-HYDROXY-4,5-DIMETHYL THIOPHENE-3~CARBOXYLIC ACID

(A} SYNTHESIS (attempted)

Proposed scheme: r- -W
Me ' CO_CH Me CDZMB
2
3 NaOEt Nemc”
—— - \
" Me === CH CN
e S NH2 l
SH
-CHSDH
Me ' ,
CN Me CN
——— LJ
Me S OH Me < g g
HZSD4
Me RDZH‘
\
Me S “OH
| \

| \ 169
The method is a variation upon Gewald’s procedure for preparation

of 2°hydroxy-4-phenylfhiophene-a—carboxylic acid.

2-Hydroxy-3-Cyano-4,5-Dimethylthiophene

Sodium (2 g) was added to dry ethanol (50 ml) and the mixture warmed
to reflux for 30 mins. After cooling, a solution of methyl-2-amino-4,5-

dimethylthiophene-3-carboxylate (9.2 g, 0.05 mol) in dry ethanol (75 ml)

was added dropwise, with stirring. The mixture was stirred and refluxed

for 4 hrs. Ethanol (75 ml) was distilled off and the mixture cooled and

poured into ice-water (150 ml). Acidification with hydrochloric acid

precipitated a solid, which was filtered off, washed with water end dried.
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Spectroscopic analysis revealed this to be unreacted starting material,

together with some ethyl ester (trans-esterification) (86%). There was

no evidence for formation of a cyano or hydroxy-compound. The experiment
was repeated with dry methanol but, again, only unreacted starting
material was obtained. Further modifications of the above procedure also

falled to produce any of the desired product.



(15) 2-HALOGENO (or 2*HYDRDXY)-4.S-DIMETHYLTHIOPHENE-3-CARBDXYLIC ACID

(A) SYNTHESIS (Attempted)

Proposed scheme:

Me ,/COZMB HOND Me JICOZMe
———
Hel .
_ -
Me S NH2 Me S NZCI
CuCl/HC1 .
H20
Me COZMe b
Me CDZMe
Me S Cl
. Me S OH
/ l OH /MeOH l OH-/MeDH
Me _ 00, ! Me CO,H
I
Me S c1 : Me s OH

2-Chloro—4,S-dimeﬁhylthiOphene-S-carboxylic acid (attempt)

Methyl-Z-amino-4,S-dimethylthiophene-B-carboxylate (2 g) was dissolved
in‘dioxan (10 ml) and co;ééntrated hydrochloric acid (10 ml). The
solution was cooled to -5° and a solution of sodium nitrite (2 M, 10 ml)
added dropwise, with stirring, ensuring that the temperature did not rise
above 0°. llhen excess nitrous acid was detected the solution was added

Portionwise to a cold solution of copper I chloride (5 g) in concentrated

hydrochloric acid (10 ml). The mixture became extremely viscous (addition

Product) but on warming to room temperature and stirring vigorously

nitrogen was evblved. Some solid separated at this point but was mainly



- 250 -

inorganic salt. Several extractions with carbon tetrachloride and
subsequent evaporation of the solvent left only a tarry black residue. This
was mixed with aqueous methanol (10 ml) and refluxed with sodium hydroxide
(0.3 g) for 30 min. Re-acidification to pH 2 did not produce any
precipitate. When an analogous experiment was performed, replacing the
original amino ester with the corresponding amino acid no chloro

derivative was isolable, the only products being black, tarry solids

which were not identifiable.

2-Hydroxy-4,5-dimethylthiophene-3-carboxylic acid (attempt)

Methyl-2-amino-4,5-dimethylthiophene-3-carboxylate (2 g) was dissolved
in dioxan (10 ml) and concentrated hydrochloric acid (10 ml). The
solution was cooled to -5° and a solution of sodium nitrite (2 M, 10 ml)

f

added dropwise, with stirring, ensuring that the temperature did not rise

above DO. When excess nitrous acid was detected the solution was allowed

to stand at room temperature fof a few minutes before being drowned into

warm water (200 ml].'1The solution was heated on a water bath at 50° for

| ‘
20 mins until no more nitrogen was evolved. Some black, tarry solid

1 \

separated on cooiing éut was not identifiable. Extraction with various
| \

solvents and subsequent evaporation failed to produce any of the desired

hydroxy thiophene derivative. The experimént was repeated with the acid

rather than the original ester but, again, no formation of a hydroxy compound

~
AN

was evident.

28
Deamination of Methyl-2-amino-4,5-dimethylthiophene-3-carboxylate 8

Methy1-2-amino-4:5-diméthy1thiophene-3-carboxylate (18.5 g, 0.1 mol)
was dissolved in dioxan (90 ml) and concentrated hydrochloric acid (75 ml).
A saturated solution of sodium nitrite (0.2 mol) was added stepwise withJ
stirring at -scyand the diazonium salt solution kept for 20 mins at -59,

This mixture was then added to a solution of copper acetate (0.4 g) in
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ethanol (200 ml) and the resulting solution warmed to 70°, for 30 mins.
Ethanol (100 ml) was distilled off and the remaining solution diluted and
extracted with ether. Evaporation of the ether extracts left an o0il which
was dissolved in methanol and sodium hydroxide solution and refluxed for
30 min. Upon cooling and re-acidifying the 4,5-dimethylthiophene-3-
carboxylic acid Qas precipitated as a white solid (6.4 g, 41.3%). m.p.

149° (from ag. methanoll.

Found: C, 53.9%;; H, 5.0% N, 0.1%.

C7HBDZS requires: C, 53.8% H, 5.1%.

I.R. spectroscopy confirmed the absence of the amino group.

Substitution

Attempts were made to substitute in the 2-position of 4,5-dimethyl-

.thiophene-B-carboxylié acid but conventional electrophilic substitution

-

reactions e.g. halogenation, alkylation were unsuccessful. The starting
material was recoverable in rather poor yield in most cases but none of

the desired substitut%on prbdgcts were isolable.
‘ . \

!

i
i
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(16) ETHYL-2-AMINO-4,5-TE TRAHYDROBENZO-THIOPHENE-3-CARBOXYLATE

SYNTHESIS

Scheme:

COEt
2
S

+ CNCHZCOZEt —

S NH2

Cyélohexanone (52 ml, 0.5 mol) was dissolved in ethanol (125 ml)
together With ethyl cyanocacetate (68 ml) and sulphur (16 g, 0.5 mol).
Diethylamine (38 ml) was added to the mixture, which was then heated an%
stirred (at SDOJ for 1 hr. During this time the sulphur dissolved and
the solution became red. The mixture was then cooled to 0% and the crystals
which precipitated were filtered, washed with dilute hydrochloric acid

and air dried (79.5 g, 71.3%). m.p. 117° (from ag. ethanol).

;
Found: C, 58.9%; H; 8.68%; N, 6.2%.

C11H NOZS requires: C, 58.7% H, 6.7% N, B.2%.

15
%

All attempts to feplacé\the amino group by a variety of other
\ \ :

substituents (by'diaéotisatiohgor deamination and subsequent substitution)

were unsuccessful. ﬁrocedures similar to those for the diazotisation of

the corresponding 4,5-dimethyl derivative were adopted but, again, none of

the desired substitutioq\products were isolable.

™~
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(17} ETHYL-2-AMINC-4-METHYLTHIOPHENE-~3-CARBOXYLATE

SYNTHESIS
Scheme:
0 o
(1) ZCHBCDCH Cl + NaSH ——
2
Me
5 Me
OH
OH
S CH
(2) Et,N COEt
Me + CNCHZCDZEt 3
‘Me —_—
S
- .- OH
‘ . S NH2

Sodium hydrﬁgeni sulphide (5 M, 100 ml) was étirreq with ethanol
(100 m1) at 0-5°, an? chloroacetone (40 ml) was added dropwise, with
stirring, maintainiﬁg the temperature below 59, After a few minutes the
dimer of mercaptoaceﬁone precipitated. Ethyl cyanoacetate (56.5 g, 0.5 mol)
was added, followed/by triethylamine (30 ml), and the resulting mixture
was stirred at reflux for 15 miné. .The solution was cooled to 60° and the
precipitated sodium chloride filtered off. The filtrate was diluted

\ \ :
with an equal volumeﬁof water\and the precipitated solid was filtered off,

l
washed repeatedly with water, and dried (56.8 g, 61.4%) m.p. 82° (from

methanol}.

. o
FOU”d: C: 51-8%3 H, 5-9%: N: 7-40/0-

0,
B

Calculated for: CgH,,NO,S: c, 51.9%; H, 5.9% N, 7.5

I.R. and 13[3 spectra were consistent with ethyl-2-amino-4-methylthiophene~
3-carboxylate. This thiophene derivative cannot be synthesised by direct
sulphur insertion with acetone and ethyl cyanoacetate since acetone

, 170
undergoes bisthiolisation, giving a disulphide :
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CH '
Q\\\\‘ ’//COZEt S/EtBN CH3 //’COZEt

2 TR —_— Sc=c

CH3 CN HS-TH CN

SH
EtDZC CH3 HBC CDZEt

NH2 S S == S S NH2

Acetylation,

Ethyl-2-amino-4-methylthiophene-3-carboxylate (10 g) was suspended in
acetic anhydride (25 ml) and warmed to 40°. The substrate dissolved and
the temperature rose to 800. After 10 mins, the solution was cocled and

diluted with water (100 ml). The precipitated solid‘was filtered off,
washed with water, aﬁé dried (11.1 g, 93.4%). m.p. 83° (from ad.

| methanol). s | | ”
|

Found: C, 53.2% H, 5.4% N, 6.2%.

S requifes: %C. 52.9%;\ H, 5.7

o\®

; N, B6.2%.
CigM43N04 2

¢
i
b

I.R. and 13C specfra were in accordance with ethyl-2-acetamido-4-

methylthiophene-B-carboxyléte.
N

~

N

Ester Hydrolysis

Ethyl-2-acetamido-4-methylthiophene-3-carboxylate (2 g) was refluxed
with sodium hydroxide (0.5 g) in an agueous methanol solution (20 ml) for

30 min. Upon cooling, the solution was acidified to pH 2 with concentrated

hydrochloric acid. The precipitated solid was filtered off, washed with.

‘ 0
water, and dried (1.2 g, 60.5%). m.p. 219" (from ag. methanol).
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Found: C, 48.2% H, 4.3% N, 6.9%.

C8H9N03S requires: C, 48.2%; H, 4.5%; N, 7.0%.
13 :
I.R. and C spectra were in accordance with 2-acetamido-4-methyl-
thiophene~3-carboxylic acid.

130 Spectrum 1n Sulphuric Acid

A 130 spectrum of 2-abetamido-4—methylthiophene—B—carboxylic acid
(400 mg) in sulphuric acid (98%, 2 ml) revealed a complex series of changes
analogous to those abtained when 2-acetamidothiophene-3-carboxylic acid
was dissolved in sulphuric acid. After 24 hrs, the peaks at 194.0 and 21.1
ppm (from T.M.S.) were again present together with six other wall-cdefined
peaks. Herver, on drown-out, none of the starting material was recoverable
and no products coulq be isolated. This behaviour was again similar to

that of 2-acetamidothiophene-3-carboxylic acid.

A 13C spectrum of the ethyl ester of this acid showed no initial

changes, but rather a slower change producing the free acetylypeaks at

|

\
194.0 and 21.1 ppm and no recoverable products.
‘1 \

; \
| .

Nitration | } \

2-Acetamido-4-metgy1thiophene-3-carboxylic acid (2 g) was dissolved
in sulphuric acid (88%, 8 ml). The solution was cooled to 0% and a
solution of nitric acid\?ﬁaS\g] in sulphuric acid (98%, 10 ml) added
dropwise, with sfirring < 00.‘ The reaction mixture»was stirred at 0° for
30 min and then drowned into ice-water. The yellow solid thus precipitated

was filtered off, washed with water, and dried (1.1 g, 44.0%). m.p.

183° (from ag. methanol).

F‘OUﬂd: CJ 34-2%;’ HJ 3-2%} NJ 17-1%-

: ¥ 4.3%; H) 2!9%; N) 17.1%-
C7H7N3055 requires c, 3
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I.R. and 13C spectroscopy confirmed the product as being 2-acetamido-
4-methyl-3,5-dinitrothiophene.

CH

3 CDZH HND3 CH3 NO2
—— e
H2504
S NHCOCH3 NO2 S NHCDCH3
13

C Spectrum in Sulphuric Aecid

A 130 spectrum of 2-acetamido-~4-methyl-3,5-dinitrothiophene (400 mg)
in sulphuric acid (98%, 2 ml) revealed a hydrolysis reaction, complete in
3-4 hrs. After 12 hrs only a complex series of low intensity peaks remained,
together with the free acetyl peaks at 194.0 and 21.1 ppm (from T.M.S.).
This hydrolysis to an unstable amine would partly account for the poor yield
of product in the niﬁration of 2-acetamido-4-methylthiophene-3-carbaxylic

acid.
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(18) 2-HYDROXY-4-METHYLTHIOPHENE-3-CARBOXYLIC ACID

(A} SYNTHESIS (attempted)

Proposed Scheme: r I
Me CDZEt _ Me COEt
CEt ~~
a //,C==[3
CH CN
S NH
2 /
H \SH
o _
-CZHSDH
Me CN Me CN
R e
HZSD4

2-Hydroxy-3-6yano44-methylth1qghene

Sodium (3.5 g) was dissolved in dry ethanol (100 ml) and ethyl-2-
amino-4-methylthiophene-3-carboxylate (18.5 g, 0.1 mol) was added to this

solution. The mixture was refluxed under nitrogen for 4 hr, cooled and

ethancl (75 ml) was distilled off. The residue was drowned into water

(100 ml) and a little ether (10 ml) was added. The ether layer was

separated and discarded. The aqueous layer was acldified with concentrated

hydrochloric acid and extracted with ether. Evaporation of the ether

extracts left a black, sticky solid which upon recrystallisation became -
‘ . 169 o
a brown, glassy solid (7.4 g, 57.4%) m.p. 47-43° (1it. 48-54°),

FOLmd: Cn 51.40/03 H, 3.8%5‘ N: 10!3%0

CGHSNOS requires: C, 51.8% H, 3.6%: N, 10.1%.
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I.R. and 'H N.M.R. spectra were consistent with 2-hydroxy-3-cyano-4-
methylthiophene. ('H N.M.R. [CDClB) v5.8 (2 H), 7.5 (3 H)).
A sharp carbonyl peak in the infra-red spectrum, and 13C and 'H N.M.R.

spectra indicated that the hydroxy cyano thiophene exists predominantly

in the keto form:

Me N Me N
——————— .
S OH — ‘--S_—J§>D
Methylation287

Dimethylsulphate (3.2 g) was added to a stirred solution of 2-
hydroxy-3-cyano-4-methylthiophene (3.5 g) and sodium hydroxide (1 g)
in water (50 ml)‘at 00. The reaction mixture was warmed under nitrogen

and left to stand at room temperature overnight. The solution was then
|

extracted with ether, the ethereal extracts washed twice with 10% sodium
hydroxides and water,ﬁand the solvent then evaporated. The residue

consisted of a darkfoily solid which solidified on standing at room

temperature. I.R. spectroscopy indicated absence of the carbonyl group

(keto form of hydrox& compcuqd) but retention of cyanc group (2.3 g, 60.5%)

\
\

%

_ |
m.p. 45-48°). | .
! |
|

Found: C, 55.2%; H, 4.8% N, 9.1%.

NOS requires: C, 54.9%; H, 4.6% N, 8.2%.

~

AN

~

CH,

Conversion of -CN to -CUZH\'

All attempts to convert 2-methoxy-3-cyano-4-methylthiophens to the
corresponding 3-cafboxylic acid with concentrated sulphuric acid were

unsuccessful. Conversion of -CN to -CONH2 was possible, but only in

poor yield.

2-Methoxy-3-cyano-4-methy1thiophene (1 g} in concentrated hydrochloric
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acid (10 ml) was refluxed for 4 hr, under nitrogenzsa. The solution was
“extracted with ethyl acetate and the solvent evaporated to leave a black
solid. Infra-red spectroscopy indicated the reappearance of the hydroxyl
group, together with a low intensity carbonyl peak. However, t.l.c.

indicated an impure, complex product.

Further variation of the reaction con-
ditions did not improve the conversion of -CN into -CDZH. Refluxing
with perchloric acid led to loss of starting material, whereas refluxing

with dilute sulphuric acid led to partial loss of starting material. In

neither case could any methoxy acid be isolated as product.
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(19) ETHYL-2-HYDROXYTHIOPHENE-3-CARBOXYLATE

SYNTHESIS (attempted)

Proposed scheme: B ]
OH S COLEt H CO.Et
2 2
+ - (3==E3//
CH2 OEt N
S OH l BE— H2C o COZEt
CDZEt - _
-Et0OH
C02Et
3 OH

This attempted synthesis involved manipulating the synthesis used

earlier for preparation of 2-hydroxy-3-cyano-4-methylthiophene.
,////
Mercaptoacetaldehyde dimer (7.6 g, 0.05 mol) was added to a solution
|
of sodium (5 g) in dry ethanol (100 ml). Diethyl malonate (16 g, 0.1 mol)

|
|
was added dropwise, with stirring, and the solution refluxed for 3 hr.

\ \ :
Ethanol (50 ml) was then distilled off and the remaining solution drowned
into water (150 ml), and acidifed with concentrated hydrochloric acid.
A sticky black tar separated with a very strong, unpleasant smell., This

did not solidify after standing at room temperature for a week. No
~

identifiable thiophene derivatives could be detecteds; the black tarry

product appeared to be polymeric.

Further attempts to prepare 2-hydroxy-3-cyano thiophene derivatives
from simple starting materials were equally unsuccessful. For example,
treatment of acetyl acetone and ethyl cyanocacetate with sodium ethoxide »

and sulphur led to recovery of sulphur but no thiophene products (possibly

due to formation of a pyridone derivative). When the same reagents were

mixed in presence of triethylamine as base, rather than ethoxide, the



- 261 -

product was that of conventional sulphur insertion, ethyl-2-amino-4-
methyl-5-acetylthiophene-3-carboxylate (18%) m.p. 164° (from ethanol).
Hydroxythiophenes are, in general, rather unstable and are known to

decompose in air to unstable tars171.
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(20}  2-METHYL-3-NITROTHIOPHENE-5-CARBOXYLIC ACID

(A} SYNTHESIS

Scheme:
ACZO
R e o
S CH
3 CHBCD S CH3
NalC1
NOZ HNO3
‘
W?J \ H,S0,
—
C02 ) CH3 . CGZH =S CH3

(a) 2-Methyl-5-acetylthiophene

;

/
The method employed was that of Hartough and Conleyza.

A mixture of acefic anhydride (10.2 g, 0.1 mol) and 2-methylthiophene

(9.8 g, 0.1 mol) was %tirréd\at SDOr Orthophosphoric acid (1 g; 85%)

N\
\

N | .
was added dropwise, w%th stirring at 40-60°. The mixture was then
warmed to 1000 for 3 hrs, and upon cooling was washed with water and 10%
sodium carbonate solution. Distillation gave 2-methyl-5-acetylthiophene

(84.5° at 2 mm). (12.9 g, 91.4%).

.,

(b) 2-Methylthiophene-5-carboxylic acid

2-Methyl-5-acetylthiophene (7.0 g, 0.05 mol) was added dropwise,
with stirring, to a solution of sodium hypochlorite (0.3 mol) at 60°.
The mixture was heated at 80° for 2 hrs. cooled, filtered, and then
acidified with concentrated hydrochloric acid. The white precipitate
was filtered, washed with water and dried (5.6 g, 78.8%) m.p. 137°
2

‘ 69 o
from petrol 60/80°), (1it. 137-1389).
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Found: C, 50.5%: H, 4.3%.

Calculated for: CSH 0,S: C, 50.7% H, 4.2%.

B

(c) 2-Methyl-3-nitrothiophene-5-carboxylic acid

Rinkes31 obtained the 3-nitro compound in poor yield. A better method

1s that of CampaignesB.

2-Methylthiophene-5-carboxylic acid (6 g, 0.05 mol) was dissolved in
sulphuric acid (98%, 12 ml) at 0% A solution of nitric acid (d 1.42,
0.38 mol) in sulphuric acid (98%, 20 ml) was added dropwise, with stirring
ensuring that the temperature did not rise above -100. The reaction
mixture was drowned into ice-water and steam distilled. Upon cooling,
the residué yieided 2-methyl-3-nitrothiophene-5-carboxylic acid (4.3 g,

53.8%). m.p. 180° (from ag. ethanol). (1it.>° 173-180.5°).
A

Found: C, 38.5% H, 2.4% N, 7.4%.

. ’ /"
Calculated for: CBHSND4S: C, 38.5%; H, 2.7%; N, 7.5%.

g
I.R. and 13C spectra confirmed the product as the 3-nitro isomer.
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(B) KINETICS
NITRATION

For reaction:

NO NO
c HNO 2
3
—3 + €O
CO_H 5 cH H,S0, ND S cH ?
2 T3 2 3

Plots of log(A, - At] against time were linear, giving good pseudo
first-order kinetic plots during several half-lives when the nitric acid

concentration was at least ten times that of the substrate.

A, = the U.V. absorbance at a fixed waveiength at t = » i.e., the

maximum absorbance (for nitration)

At = absorbance at time t.
|

In order to calculate the second-order rate constants, values of the

observed first-order rate constants are divided by the nitric acid concentration
/

For all nitration runs:

i : -

(Thiophene Derivative{ = 4.1 x 10 4y
1 \ :

Wavelength 1 '\é 340 nm

i
i
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Mean Molarity k1 obs K2 obs Mean
s HyS0, HNO 4 (sec ) (1 mol™ " sec™ ) K2 obs
o.aax1o:§ 4.2x10:; 4.8x10:g s
80.9 1.75x10_5 8.4x10_7 4.8x10_; 4,8x10
3.50x10 16.7x10 4,8x10
0.88x10_- 1.7x107 1.8x10 Y
82. 4 1.75x10_2 3.3x10_° 1.9x10_; 1.9x10
3.50x10 5.8x10 1.9x10
0.88x10 2 3.8x10_¢ 4.3x10_, 4
83.5 1.75x10 % 7.3x10 ¢ 4.2x10_; 4.3x10
3.50x10 15.1x10 4.3x10
0.88x10_2 2.4x10 2.7x10_5 "
86.1 1.75x1005  4.8x10_, 2.7x10_3 2.7x10
3.50x10 9.8x10 2.8x10
| o.eax1o:§ 0.91x1Q;4_ 1.Dx10:§ -
88.2 1.75x10_2 2.0x10_4 1.1x10_2 1.1x10
3.50x10 3.9x10 1.1x10
0.88x10 2 0.71x10,° 0.81x10_ ] »
89.9 1.75x10 2 1.1x10_3 0.63x10_] 0.63x10

3.50x10 | 1.6x10 0.46x10

TABLE 19: Rate of nitration of 24methy1-3—nitrothiophene—5-carboxylic

t
acid in nitric acid/sulphuric acid solutions.
| \

\

\
|

1

Product Analysis

2-Methy1-3~nitrothiophene-s-carboxylicMacid (1.9 g, 0.01 mol} was
dissolved in sulphuric acid (98%, 10 ml) and the solution cooled to a°.
A solution of nitric acid [d 1.42, 0.95 g) in sulphuric acid (98%, 5 ml)
was added dropwise,ywith stirring, < 50. The mixture was stirred for
30 min after completion of the addition and tested for completion of the
nitration by t.l;c. The reaction mixture was drowned into ice-water and
the precipitated solid filtered off, washed with water, and dried (1.6 g{
33

84.2%). m.p. 93° (from ag. methanol) (1it.>” g8-93°).
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Found: C. 32.2% H, 2.0%; N, 14.7%.

Calculated for: C_.H,N.0O,S:

sHaN-0y C, 31.8% H, 2.1%; N, 14.8%.

I.R. and 3C spectroscopy confirmed the product as 2-methyl-3,5-
dinitrothiophene.

Campaign933 reported nitrodecarboxylation of 2-methyl-3-nitrothiophene-

5-carboxylic acid in nitric-sulphuric acid mixtures above -4° but a

quantitative recovery of starting material was obtained at -5°,
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(21) 2-METHYL-3-NITROTHIOPHENE

(A) SYNTHESIS

Scheme:
NO NO
2
Cu 2
Me S CO_H quinoline Me S

2

The procedure adopted here was a modification upon that of Snyder172.

2-Methyl~-3-nitrothiophene-5-carboxylic acid (5.6 g) was mixed with dry
guinoline (22.5 g) and copper (3.8 g). The mixture was heated slowly on
an oil-bath}and theh vacuum distilled at 10 mm Hg. The oil temperature
was raised to 1500. The distillate was drowned into ice-water and
acidified witH éoncentrated hydrochloric acid. The remaining organic
'layer was taken'up in ether and the acid water phase extracted with ether.
The combined ether extracts were washed with sodium carbeonate solution
and water. Evaporat%on of tﬁe solvent gave a white solid as residue

172

(2.7 g, 62.8%) m.p. 44° (from petrol 40/60°) (1it. < 44-45°),

Found: C, 41.8%; H,' 3.6% N, 9.8%.

| N
|

1

l N
Calculated for: CSHSNOZS: C» 42.0% H, 3.5% N, 8.8%.
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(B) KINETICS
NITRATION

For reaction:

NDZ ' HNO:3 NDZ ™
_IJ J‘L
_ H.SO N
CH3 S 274 CH3 S N02

Plots of log(A_ - At] against time were linear and pseudo first-order

For all nitration runs:
4

kinetics were applicable throughout.

(Thiophene Derivativé] = 3.8 x10 ' M
Waveleﬁgth = 340 nm

Mean Mola#ity k1 obs | k2 obs Mean
° H2804 'HNoé [sec_1] (1 mol-1 590-1)' k2 obs

0.88x10_5 | 0.66x10_° 0.75x10_, "
73.5 1.75x10_5 1.3x10_; 0.74x10”, 0.74x10

3.50x10 2.6x10 0.74x10

0.88x10 2/ 2.7x10¢ 3.1x10_, i
75.5 1.75x10__/ 5.2x10_¢ 3.0x10_, 3.0x10

3.50x10°2 10.0x10" 2.9x10 :

0.88x1075  1.3x10_] 1.5x10_3 "
77.6 1.75x10_5 | 2.5x10_; 1.4x10_ 1.5x10

3.50x10 © | 5.1x10 1.5x10

s o )

0.88x1072 | 4.2x1007 4.8x10 s
78.2 1.75x10_5 | B.3x10_7 4.7x10 4.8x10

3.50x10 < ' 16.7x10 4.8x10

-2 - ” -2

0.88x10_5 0.51x10_ 5.8x10_ >
82.4 1.75x10_2 . 0.90x1Q3 5.1x10_2 5.8x10

3.50x10 ™. 2.3x10 6.6x10

0. 88x10_2 1.2x10 3 1.4x10_ L
83.5 1.75x10_7 2.5x10_3 1.4x10" 1.4x10

3.50x10 4.8x10 1.4x10

TABLE 20: Rate of nitration of 2-methyl-3-nitrothiophene in nitric acid/

sulphuric acid solutions.

Product Analysis

2-Methyl-3-nitrothiophene (1.4 g, 0.01 mol) was dissolved in sulphuric
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acid (98%, 10 ml), and the solution cooled to 0°. A solution of nitric
acid (d 1.42, 0.90 g} in sulphuric acid (98%, 5 ml) was added dropwise,
with stirring, < 5%, The mixture was stirred for 10 min and then drowned
into ice-water. The precipitated solid was filtered, washed with water,

and dried. (1.75 g, 93.1%) m.p. 100° (from ag. methanol).

The product was identical to the 2-methyl-3,5-dinitrethicphene,

prepared earlief by nitrodecarboxylation of 2-methyl-3-nitrothiophene-5-

carboxylic acid.

Found: C, 32.0% H, 2.1%; N, 14.9%.

Calculated for:j C5H4N204S: C, 31.9%; H, 2.1% N, 14.8%.
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(22) 2-ETHYL-3-NITROTHIOPHENE-5-CARBOXYLIC ACID

(A) SYNTHESIS

Scheme:
ACZD
e
S CH.,CH
oCHg CH,CO S CHZCHa
Nal0Cl
]
‘ _-NO,,
JJ\ | , HNU3
P B e ’
CO_H s CH..CH H,S0, co.f s H
2 273 > CH,CH,

/
(a) 2-Ethyl-5-acetylthiophene

The procedUrs adopted was identical to that used earlier for

! .
preparation of the corresponding 2-methyl derivative.
] .

k A
A mixture of acetic anhydride (10.2 g, 0.1 mol) and 2-ethylthiophene
|
(11.2 g, 0.1 mol) was stirred at 65°. Orthophosphoric acid (85%, 1 g)
- was added dropwise, with stirring, at 55-850. The mixture was then warmed

“
to 100D for 3 hrs, and upon cooling was washed with water and 10% sodium

carbonate solution. Distillation gave 2-ethyl-acetylthiophene [94-950 at

2mm). (13.1 g, 92.3%).

(b} 2-Ethylthiophene-5-carboxylic acid

2-Ethyl-5-acetylthiophene (7.7 g, 0.05 mol) was added dropwise, with.

stirring, to a solution of sodium hypochlorite (0.3 mol) at 60°. The

mixture was heated at 80° for 2 hrs, cooled, filtered and then acidified
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with concentrated hydrochloric acid. The white precipitate was filtered,
washed with water and dried. (6.5 g, 83.3%). m.p. 141° (from petrol

60/80°).

Found: C, 53.8% H, 5.2%.

C7H8028 requires; C, 53.8% H, 5.1%.

(c) 2-Ethyl-3-nitrothiophene-5-carboxylic acid

2-Ethylthiophene-5-carboxylic acid (7-8 g, 0.05 mol) was dissolved in
sulphuric acid (88%, 15 ml) at 0%, A solution of nitric acid (d 1.42,
0.38 mol) in suiphuric acid (98%, 20 ml)} was added dropwise, with stirring,
ensuring that tﬁe temperature did not rise above -10°%  The solution was
drowned intﬁ icé-@ater and steam distilled. Upon'cooling, the residue
yielded 2-ethyl-S-nit}othiophene—5-carboxylic acid (6.9 g, 68.7%)

Me P 186° (from aqg. methanol).

I

/
Found: C, 41.8% H, 3.2%; N, 7.3%

C7H7NO4S requires: C, 41.8%; H, 3.5% N, 7.0%.
| |
E \
I.R. and 130 spectra confirmed the product as the 3-nitro isomer.
s \ N
|

|
\



(B) KINETICS
NITRATION

For reaction:

~—NO NO2

2 HND

/ _— + CO

- .11~ H.SO 2
CO_H S CH,CH, 2774 NO,~ 5§ CH..CH

2 2 273

Good, linear pseudo first-order kinetic blots were obtained, in a
similar manner to the corresponding 2-methyl-derivative.

For all nitration runs:
] |

(Thiophéne Derivative) = 5.3 x 10-4 M
Wavelength = 340 nm
|
Mean Molarity k1 obs k2 obs Mean
s HyS0, HNO (sec” (1 mol”! sec™ K2 obs
0.88x10:§ 3.5x10:; 4.0x10:§ .
3.50x10 14.2x10 4.1x10
0.88x1o:§ 1,4x1o:g 1.8x10:2 _4
82.4 1.75¢10 5 2.8x10_¢ 1.7x10_, 1.6x10
13.50x10°7  5.6x107° © 1.6x10
0.88x1075  3.2x1077 3.6x10 .
83.5 1.75x10_5  6.2x10_g 3.5x10_, 3.6x10
3.50x10 12.6x10 3.6x10
0.88x10°2  1.9x10_7 2.2x10_3 .
86.1 1.75x10_2 N 4e2x10_¢ 2.4x10_3 2.3x10
3.50x10 *8.0x10 2.3x10
AN e
- - -2
0.88x1072  0.9x10 1.0x10°%, »
88.2 1.75x10_5  1.6x10_, 0.91x10_ 9.2x10
3.50x10 3.0x10 0.86x10
- - -2
0.88x10°2  4.6x10_, 5.2x10_2 L
89.9 1.75x10_ 9.0x10_, 5.1x10_2 5.1x10
3.50x10 17.9x10 5.1x10

TABLE 21: Rate of nitration of 2-ethyl-3-nitrothiophene-5-carboxylic

acid in nitric acid/sulphuric acid solutions.
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Product Analysis

2-Ethyl-3-nitrothiophene-5-carboxylic acid (2.0 g, 0.01 mol) was
dissolved in sulphuric acid (98%, 10 ml) and the solution cooled to a°.
A solution of nitric acid {d 1.42, 0.95 g) in sulphuric acid (S8%, 5 ml)
was added dropwise. with stirring, < 50. The mixture was stirred for 30 min
and then drowned into ice-water. The precipitated solid was filtered, |
washed with water, and dried (1.7 g, 85.0%). m.p. 101° (from ag.

methanol).

Found: C, 35.5% H, 2.8% N, 14.0%.
{

CBH8N204S requi?es: C, 35.8% H, 3.0% N, 13.9%.

[
I.R. and 13C spectroscopy confirmed the product as being 2-ethyl-3,5-

dinitrothiophene. {
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(23) 2-ETHYL-3-NITROTHIOPHENE

(A) SYNTHESIS

Scheme:

NDZ Cu NDZ
RQuinoline

CH3CH2 S ", 02H CHBCHZ—' S

2-Ethyl-3-nitrothiophene-5-carboxylic acid (6.0 g, 0.03 mol) was
mixed with dry quinoline (22.5 g) and copper (3.8 g). The mixture was
heated slowly on an oil bath and then vacuum distilled at 10 mm Hg. The
oil temperaturejwas raised to 150°. The distillate was drowned into
ice-water and aéidified with concentrated hydrochloric acid. The
‘remaining organic layer was taken up in ether and the acid water phase
]extracted with etherﬂ The combined ether extracts were washed with

sodium carbonate solution and water. Evaporation of the solvent gave a

white solid as residue (2.9 g, 61.7%) m.p. 43° (from petrol 40/60°).

Found: C, 45.9% H, 4.5% N, 9.1%.
C.H.NO.S requires: C, 45.9% H, 4.5% N, 8.9%.
61702 | '

l \
|
i
|

\v.
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(B) KINETICS

NITRATICN

For reaction:

"0 ‘ HNO NO .
3
ﬂ
— / H, S0 _
CH,CH3 S 2774 CH4CH S NO,

Good, linear pseudo first-order kinetic plots were obtained throughout.

Ffor all nitration runs:
4

(Thiophene Derivativel = 4.2 x 107" M
|
Wavelenéth = 340 nm
Mean Molarityt k1 obs kz obs Eean
° HZSD4 ' HNDS | [sec-1l (1 mc:l'-1 sec-1l 2 obs
0.88x10:§ 4.7x10:; 5.3x10:g -5
73.5 1.75x10_5  8.4x1077  5.4x10.; 5.4x10
3.50x10; 18.8x10 5.4x10
0.88x10_5  2.0x1015  2.3x100, _4
75.5 1751002 3.8x1070  2.2x10], 2.2x10
3.50x10 | 7.4x10 2.1x10
\ N -
0.88x10°3  1.0x1077°  1.1x1003 s
77.8 175105 2.0x1002  1.1x1003 1.1x10
3.50x10%  3.5x10 1.0x10
0.88x10°2  3.1x100;  3.5x100 s
79.2 1.75x10_ 2 6.0x10_;  3.4x10_7 3.4x10
3.50x10 11.8x10 3.4x10
RN - -
0.80x1072 " 4.1x107, 4.7x10 % .
82.4 1.75%1005  8.4x107,  4.8x100 4.7x10
, 3.50x10 16.6x10 4.7x10
0.89x1072  o.8nx10;®  0.82x10] y
83.5 1.75x10_2  1.8x10_3  1.0x10_, 1.0x10
3.50x10 3.8x10 1.1x10

TABLE 22: Rate of nitration of 2-ethyl-3-nitrothiophene in nitric/

sulphuric acid solutions.
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Product Analysis

2-Ethyl-3-nitrothiophene (1.6 g, 0.01 mol) was dissolved in sulphuric
acid (98%, 10 ml) and the solution cooled to 0°. A solution of nitric acid
(d‘1.42, 0.90 g} in sulphuric acid (98%, 5 ml) was added dropwise, with
stirring, < 5°, ‘The mixture was stirred for 10 min and then drowned into
ice-water. The thte precipitate was filtered, washed with water, and |

dried (1.8 g, 89.1%) m.p. 102° (from ag. methanol).

The product was identical to the 2-ethyl-3,5-dinitrothiophene,
prepared earlier by nitrodecafboxylation of 2- ethyl-3-nitrothiophene-
! {

i
S-carboxylic acid.

Found: C, 35.8%; H, 3.1% N, 13.9%.

! P % %
C8H8N204S requireS- Cl 35'801 H: 3.090 Na 13-90-
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(24) 2-CHLORO-3-NITROTHIOPHENE-5-CARBOXYLIC ACID

(A} SYNTHESIS

Scheme:
NalC1
-—_—_ﬁ
) CDZH HC1 Cl 3 CO-H
2
HNDS/HZSD4
NO
| S
C1 CUZH

N
(a) 2-Chlorothiophene-5-carboxylic acid

The procedure was/a variatiqn upon that of Bunnettaz.

Thiophene-2-carboxylic acid (é g, 0.046 mol) was added to a solution
of sodium hypochlorit% [0.0BQ\molJ and excess sodium hydroxide (total
volume of 800 ml). Céncentragéq hydrochloric acid (6 M, 50 ml) was
added to this solutio% dropwise; with stirring,'at 50°  The temperature
rose siightly. the pH ﬁropped to 1 and a white precipitate appeared.
| Sodium chloride (210 g)\g?s added with vigorous stirring and the white

solid obtained byxfiltratiﬁn of the chilled solution was 2-chlorothiophene-

32

5-carboxylic acid (2.6 g, 34.9%) m.p. 143° (from methanol) (1it.°“ 149-150°).

Found: C, 36.9% H, 1.7%.

Calculated for: CSHSCIOZS: C, 36.9% H, 1.8%.
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(b) 2-Chloro-3-nitrothiophene-5-carboxylic acid

2-Chlorothiophene-5-carboxylic acid (1 g) was dissolved in concentratéd

sulphuric acid (98%, 10 ml). The solution was cooled to -20° and a
solution of nitric acid (70%, 1.5 ml) in sulphuric acid (98%, 10 ml)

added dropwise, with stirring, < -20°. The reaction mixture was then
drowned into ice-water, basified with sodium carbonate, filtered to remove
insoluble dinitro product (m.p.'1210, 22%) and the filtrate was acidified

" with concentrated hydrochloric acid. This precipitated 2-chloro-3- ’
nitrothiophene-5-carboxylic acid (0.85 g, 62.5%) m.p. 158° (from aq.

methanol) (11t.%! 156.5-157,5°).

Found: C, 28.8%; H, 1.3% N, 6.7%.

CSH2C1N04S requires: [C. 28.9%; H, 1.0%; N, B6.7%.

I.R. and‘13C spectroscopy confirmed the product as the 3-nitro

isomer.
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(B) KINETICS
NITRATION

For reaction:

_»NO NO

| 2 HNO3 _ 2
—_— + O
H.SO 2
CO_H 3 c1 2”4 NO S C1

2 2

Good linear, pseudo first-order kinetic plots were obtained, in a
similar manner to the corresponding 2-alkyl derivatives.

For all nitration runs:

(Thiophene Derivative) = 6.0 x 10_4 M
Wavelength = 350 nm
!
Mean ’Molar;ty k1 obs k2 obs | Eean
s HZSD4 HNOS (sec-1J (1 mol“1 sec-1l 2 obs
-2 - -
0.88x10_2 4.4x10 5.0x10_ .
83.5 1.75x10_5 9.0x10_ g 5.1x10_¢ 5.0x10
3.50x10 , 17.6x10 5.0x10
-/ - -
0.88x10 2 2.8x10 7 3.2x107; .
86.1 1.75x10_5 5.6x10_7 3.2x10_ 3.2x10
3.50%x10 ° 11.1x10 3.2x10
0.88x10 5 | 1.2x10 7 1.4x10_ y
88.2 1.75x10 5 | 2:2x10_¢ 1.3x10_, 1.3x10
3.50x10 < | 4.6x10 1.3x10
 o.88x102 | 0.6x10_7 5.8x10 .
89.9 | 1,75x10_5 | 1.2x10_¢ 6.9x10_, 7.2x10
3.50x10 2.8x10 8.0x10
0.88x10 2 1.4x10_3 1.6x10 3 "
0.8 1.75x10_5 . 2.8x10_; 1.5x10_ 1.5x10
3.50x10 "~ 4.8x10 1.4x10

TABLE 23: Rate of ﬁitration of 2-chloro-3-nitrothiophene-5-carboxylic

acid in nitric acid/sulphuric acid solutions.

Product Analysis

2-Chloro-3-nitrothiophene-5-carboxylic acid (2.1 g, 0.01 mol) was

o]
dissolved in sulphuric acid (98%, 10 ml) and the solution cooled to 0.
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A solution of nitric acid (d 1.42, 0.95 g} in sulphuric acid (98%, 5 ml)

was added dropwise, with stirring, < 50. The mixture was stirred for

2 hr and then drowned into ice-water. The precipitated solid was filtered,

washed with water and dried (1.8 g, 85.7%). m.p. 121° (from ag. methanol)

21

(1it.<" 121-122%).

Found: C, 22.7%; H, 0.5%; N, 13.4%.

Calculated for: C4HC1N204S: C, 23.0; H, 0.5% N, 13.4%.

1

I.R. and 3C spectroscopy confirmed the product as 2-chlore-3,5-

dinitrothiophenei
‘ !

|
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(25) 2-CHLORO-3-NITROTHIOPHENE

(A} SYNTHESIS

Scheme:
NO . HgO/HAC NG,
e ———
HC1
Cl S CO.H Cl S

2

The method here was a variation upon that of Hurd21.

2-Ch10r0-3-nitrothiophene-54carboxylic acid (2.1 g, 0.01 mol) was
refluxed with mercuric oxide (10 g) and glacial acetic acid (100 ml]ﬁfor

12 hrs. The reaction solution was diluted with 2 volumes of ice-water to
t
{ i
precipitate a colourless mercury derivative. This solid was added to

|
dilute hydrochleric acid (100 ml) and the solution steam distilled. The
solid product waé taken up in ether, the solvent evaporated and the

residue recrystallised from hexane (0.76 g, 47.5%) m.p. 48° (from hexane)

[1it-21 49.5'50.50]-
/

Found: C, 23.2% H, 1.4% N, 8.7%

%

Calculated for: CH,CING,S: C. 28.4%; H, 1.2%; N, 8.6%.
‘ |
; l N
I.R. and>13C specfroscopy\bonfirmed the product as 2-chloro-3-
. I y
! ,

nitrothiophene.
\ |
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(B} KINETICS
NITRATION

For reaction:

NO, HNO NO5
—_—
c1 RS0, c1 5 NO

2

Good linear pseudo first-order kinetic plots were obtained throughout.

For all nitration runs:
4

(Thiophene Derivative) = 2.8 x 10 ' M
 Wavelength = 350 nm
Mean Molérity k1 obs k2 obs Eean
° HZSO4 HNOB (sec-1] (1 mol-q sec-1) 2 obs
| o.asx1o:§ 0.91x1Q;7 1.0x10:g | s
75.5 1.75x10_5 1.8x10_) 1.0x10_3 1.0x10
3.50x10 7 3.7x10 1.1x10
0.88x1015  4.5x10_7 5.1x10_; e
77.8 1.75x10_5/  B8.8x10_) 5.0x10_2 5,1x10
3.50x10° 5 17.8x10 5.1x10
0.88x10_5  1.5x100 1.7x10_, .
79.2 1.75x10_, 2.9x10_8 1.7x10_, 1.7x10
3.50x10 < 5.6x10 1.6x10
| L
| n.eax1o:§1 1.ekﬂo_g : 2.Ux10_2 -3
82.4 1.75%10_51 - 3.6x10_2 2.1x10_3 2.1x10
3.50x10 7| 7.3x10 2.1x10
\ 0.86x10 5 4.2x10_; 4.8x10_3 s
83.5 1.75x10_5 8.4x10_¢ 4.8x10_7 4,8x10
) 3.50x10 . 16.5%x10 4.7x10
0.88x10_2 > 2.5x10_, 2.8x10_2 Y
86. 1 1.75x10_5 5.1x10_, 2,9x10_5 2.9x10
3.50x10 10.3x10 2.9x10

TABLE 24: Rate of nitration of 2-chloro-3-nitrothiophene in nitric/

sulphuric acid solutions.

Product Analysis

2-Chloro-3-nitrothiophene (1.6 g, 0.01 mol) was dissolved in

0
sulphuric acid (98%, 10 ml) and the solution cooled to 0" . A solution of
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nitric acid {(d 1.42, 0.90 g) in sulphuric acid (968%, 5 ml) was added
dropwise, with stirring, < 5°. The mixture was stirred for 30 min and then
drowned intc ice-water. The white precipitate was filtered, washed with
water, and dried (1.9 g, 90.5%) m.p. 122° (from aq. methanol) (lit.21

121-122°).

Found: C, 23.1% H, 0.8%; N, 13.6%.

Calculated for: C4HC1N204S: C, 23.0%; H, 0.5%; N, 13.4%.

I.R. and 1BC spectroscopy confirmed the product as 2-chloro-3,5-

dinitrothiophene, "identical to the product of nitration of 2-chloro-3-

nitrothiophene-5{carboxylic acid.

i
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(26) 2-BROMO-3-NITROTHIOPHENE-5-CARBOXYLIC ACID

(A) SYNTHESIS

Scheme:
Br2 .
e
. HAc
S CDZH Br S COZH

HNDS/HZSD4

(a) 2-Bromothiqghen945-carboxylic acid

The procedure adoe;ed was a variation upon that of Steink0pF27O.

-

To a solution of thiophene-2-carboxylic acid (5 g, 0.04 mol) in
acetic acid (50%, 100>m1] at 0° was added dropwise, with stirring, a
{

solution of bromine (S\g, D.O&QnolJ in acetic acid (50%, 50 ml1) < 0°.

ﬁ

The mixture was stirred for 1 hr at 0°, filtered, and the filtrate

drowned into ice-waterl The white precipitate was filtered, washed with

water, and dried (3.8 g, 46%) m.p. 141° (from water) flit.270 141-142°),

N} /
o\® ) /

Found: C, 28.8%; H, 1.2%.

N,

~

Calculated for: CSHSBrDZS: C, 29.0%; H, 1.45%.

(b) 2-Bromo-3-nitrothiophene-5-carboxylic acid

2-Bromothiophene-5-carboxylic acid (1 g} was dissolved in sulphuric
acid (98%, 10 ml). The solution was cooled to -20° and a solution of
nitric acid (70%, 1.5 ml) in sulphuric acid (88%, 10 ml) added dropwise,

with stirring, < —200. The reaction mixture was then drowned into ice-
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water, sodium carbonate added to pH 11 and the solution filtered to remove

insoluble dinitro product (m.p. 1BSO: 21%). The filtrate was acidified

with concentrated hydrochloric acid and the 2-bromo-3-nitrothiophene-5-~

carboxylic acid filtered, washed with water, and dried (0.95 g, 79.2%)

m. P 172° (from water).

Found: C, 23.6% H, 1.1% N, 5.6%

CSHzBrNO4S requires: C, 23.8%; H, 0.8% N, 5.5%

I.R. and 13C spectroscopy confirmed the product as the 3-nitro isomer.



(B) KINETICS
NITRATION

For reaction:

CO.H S Br
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NO

Br

+ CO

Good linear, pseudo first-order kinetic plots were obtained, in a

similar manner to the corresponding 2-chloro derivative.

For all nitration runs:

(Thiophene Derivative) = 5.4 x 107 M
Wavelenéth = 350 nm

Mean Mola;ity k1 abs k2 obs Mean
s H2504 HNDS J (sec-1] (1 mol_1 sec-1 k2 obs

0.88x10°2  2.8x10_5  3.2x10]] s
83.5 1.75x10_5 / 5.8x10_g 3.3x10_¢ 3.3x10

3.50x10 %/ 12.0x10 3.4x10

0.88x10_5  1.8x10_7 | 2.0x107; _5
86.1 1.75x10_5 | 3.7x10_5 2.1x10_; 2.1x10

3.50x10 ° | 7.4x10 2.1x10

- N ,

0.88x10_2 | 0.71x10;°  8.0x107; iy
88.2 1.7Sx10_2 1"1.3x10_8 7.4x10_5 7.8x10

3.50x10 < | 2.8x10 8.0x10

i .

0.88x10°2  4.2x1070  4.8x10], 4
89.89 1.75x10_ 8.3x10_6 4.7x10_4 4,7x10

3.50x10 16.6x10 4.7x10

- N - -

0.88x10_§ D.8x10_g 9.1x10_2 4

90.8 1.75x10_5  1.6x10_; 9.1x10_, 9.0x10
3.1x10 8.9x10

3.50x10

TABLE 25: Rate of nitration of 2-bromo-3-' nitrothiophene-5-carboxylic

acid in nitric acid/sulphuric acid solutions.
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Product Analysis

2-Bromo-3-nitrothiophene-5-carboxylic acid (2.5 g, 0.01 mol) was
.dissolved in sulphuric acid (98%, 10 ml) and the solution cooled to a®.
A solution of nitric acid (d 1.42, 0.95 g) in sulphuric acid (98%, 5 ml)
was added dropwise, with stirring, < 5°. The mixture was stirred for 2 hr
and then drowned into ice-water. The precipitated solid was filtered,

washed with water, and dried (2.2 g, 88.0%) m.p. 136° (from aq. methanol)

21

(1it.¢' 136-137°).

Found: C, 18.8% H, 0.8% N, 11.3%.

|

- Calculated for: ic4H5rN204s= C, 19.0% H, 0.4% N, 11.1%.
i
|

I.R. and 1SC‘s‘pectra were in accordance with 2-bromo-3,5-dinitrothiophene.
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(27} 2-BROMO-3-NITROTHIOPHENE

(A) SYNTHESIS

Scheme:
NDZ ' Hg0/HAc NOZ Y
—————
_ HC1
Br S CO.H Br ~3

2

2-Bromo-3-nitrothiophene-5-carboxylic acid (2.5 g, 0.01 mol) was
refluxed with mercuric oxide (10 g) and glacial acetic acid (100 ml) for
12 hrs. The reaction solution was diluted with 2 volumes of ice-water
to precipitate a colourless mercury derivative. This solid was added to
dilute hydrophlo?ic écid (100 ml) and the solution steam distilled. The
solid product wa% taken up in ether, the solvent evaporated, and the
residue recfystailiséd from hexane (0.85 g, 40.5%) m.p. 79° (from hexane)

271

(1it. 81-839). ‘

o\®

Found: C, 22.8% H, 0.9% N, 6.8%.

/l o, [:) )
C4HZBrNOZS rquires./'c. 23.1% H, 1.0%; N, B6.7%.
I.R. and 13C spectroscopy confirmed the product as 2-bromo-3-
. ‘I
nitrothiophene. 1 BN
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{(B) KINETICS
NITRATION

For reaction:

ND,, HNO NO,
e ——————p
H.S0
Br S 24 Br s—tno

Good linear pseudo first-order kinetic plots were obtained throughout.

For all nitration runs:

(Thiophene Derivative) = 3.0 x ’IU-4 M
Wavelength | = 350 nm
Megn ; Molarity k1 obs k2 obs | Mean
s HyS0, ’ HNO 5 (sec” ) (1 mo1 'sec™ K2 obs
0.88x1012 0.7x10_7 8.0x10_¢ "
75.5 1.75x10_3 1.4x10_5 8.0x10_ 8.0x10
3.50x10 2.8x10 8.0x10
o.aex10]§ 3.5x10:; 4.1x1o:§ -5
77.6 1.75x10_5 7.0x10_% 4.0x10_; 4.1x10
0.88x10:§ 1.1x10:g 1.25x10:2 ”
78.2 ©1.75x105 2.2x10_¢ 1.26x10_, 1.3x10
3.50x10"] 4.5x10 1.29x10
0.88x10°2  1.4x10]; 1.6x10_ "
82.4 . 1.75x10_% 2.9x10_Z 1.7x10_3 1.7x10
* 3.50x10 6.0x10 1.7x10
0.88x10_2 3.3x10_; 3.75x10,° "
83.5 1.75x10_5 6.5x10_; 3.7x10_3 3.7x10
3.50x10 5 . 13.0x10 3.7x10
o.ssx1o:§ 2.1x107; 2.4x10 2 "
3.50x10 8.5x10 2.4x10

TABLE 26: Rate of nitration of 2-bromo-3-nitrothiophene in nitric/

sulphuric acid solutions.
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Product Analysis

2-Bromo-3-nitrothiophene (2.1 g, 0.01 mol) was dissolved in sulphuric
acid (98%, 10 ml) and the solution cooled to 0°. A solution of nitric acid
(d 1.42, 0.90 g) in sulphuric acid (98%, 5 ml) was added dropwise, with
stirriﬁg, < 50. The mixture was stirred for 30 min and then drowned into
ice-water. The white precipitate was filtered, washed with water, and

dried (2.3 g, 90.9%). m.p. 135° (from ag. methanol) (1it.2? 138-137°).

Found: CJ 19!0%; H) D-S%: NJ 11-0%-

Calculated for: C4HBrN204S: C, 19.0%;. H, 0.4% N, 11.1%.

I.R. and 1Bclspectroscopy confirmed the product as 2-bromo-3,5-

rdinitrothioﬁhene;‘previously prepared by nitrodecarboxylation of 2-bromo-

3-nitrothiophene-5-carboxylic acid.
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(28) 2-METHOXY-3-NITROTHIOPHENE-5-CARBOXYLIC ACID

(A) SYNTHESIS

Scheme:
_ND NO
2 MeOH/H ™ - 2
e
COH™ S Br cOMe S Br
“OMe
NO ND

2 OH 2
! DI

COH S OMe MeCH CO,Me S7 N OMe

(a) Methyl-2-bromo-3-nitrothiophene-5-carboxylate

2-Bromo-3-nitrothiophene-5-carboxylic acid (10 g)} was esterified by
/
refluxing in methanol (25 ml) and concentrated sulphuric acid (1 ml) for

5 hrs. 0Orown-out into ice-water gave the methyl ester (9.8 g, 93.3%)

mip. 103° (from petroll40/80).

Found: C, 27.0% ‘H, 1.7% N, 5.3%.

CgH,BTNO,S requires: c§ 27.1%; H, 1.5%; N, 5.3%.

(b) Methyl-2-methoxy-3-nitrothiophene-5-carboxylate
N ‘

~

Methy1-2-brom013-nitrotﬁioohene-5-carboxylate (2 g, 0.01 mol) was
dissolved in methan;l (20 ml} and refluxed gently. Potassium hydroxide
(0.48 g, 0.008 mol) in water {1 ml) was added, dropwise, with stirring.

The bright red reactibh solution was refluxed for 25 mins,cooled and diluted
with water (25 ml). Acidification precipitated methyl-2-methoxy-3-
nitrothiophene-5-carboxylate (1.3 g, 80.0%). m.p. 130° (from petrol 80/100).

Found: C, 38.7% H, 2.9%; N, B.4%.

CHNA & wemidres:  C, 38.7% H, 3.2% N, B.5%.
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(c) 2-Methoxy-3-nitrothiophene-5-carboxylic acid

The methyl ester was hydrolysed to the corresponding acid by addition
of an equimolar solution of sodium hydroxide to a solution of the ester
in methanol at pH 8 - 3. The mixéure was gently refluxed for 30 mins,
drowned into ice-water and neutralized with hydrochloric acid. An ether
extraction and subsequent evaporation of the dry ether extracts gave 2-
methoxy~-3-nitrothiophene-5-carboxylic acid (38%) m.p. 1880 (from aqg.

methanol).

Found: C, 35.4%; H, 2.4% N, B.9%.

CBHSNDSS requires: C, 35.5%; H, 2.5% N, 6.8%.

When the nuclébphilic substitution of methoxide for bromid921 was
‘ . t |
attempted directly with the carboxylic acid the potassium salt of the
acid precipitated out from the methanolic solution upon addition of

" potassium hydroxide. /No further reaction of the salt was detectable.

K
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(B} KINETICS
NITRATION

For reaction:

_NO, o, NO,
—[L
COH ™ S OMe H,30, ND,, s OMe

Good linear pseudo first-order kinetic plots were obtained throughout.

For all nitration runs:
4

(Thiophene Derivative) = 4.1 x 10 ' M
Wavelength = 380 nm
Mean - Molarity k1 obs _ k2 obs Mean
K H2504' HNDB (sec-1] (1 mol-qsec-1] k2 obs
0.86x102 1.5x10_7 1.7x10 9
75.5 1.75x10_2 3.Ox’IC'_8 1.7x1D_4 »1.7x10
3.50x10 5.8x10 1.7x10
- /’I - -
0.88x10_§ O.71x1Q55 8.1x10_: -2
77.8 1;75x10_2 1.3x10_5 7.4x1D_4 . 7.8x10
3.50x10 2.8x10; 8.0x10
 0.88x10_2 2.3x10_7 2.6x10_ 5
79.2 ©1.75x10_3) 4:5x10_2 2.6x10_3 2.6x10
©3.50x10 ¢ 8.2x10 7" 2.6x10
: Lo "
-2 | \ - -3
0.06x10_5 | 0.61x10,* 6.9x10_3 "
82.4 | 1.75x10_5 i 1.4x10_4 8.0x10_3 7.8x10
; 3.50x10 3.0x10 . 8.6x10
- - -2
0.88x10_§ 1.Dx10_2 1.1x10_2 -
83.5 1.75x10_5 . 2.0x10_, 1.1x10_5 1.1x10
3.50x10 " 4.1%x10 1.2x10
o.eexio:g 1.9x10_; 2.2x1072 "
86.1 1.75x10 % 3.9x10_, 2.2x10_% 2.2x10
3.50x10 7.6x10 2.2x10

TABLE 27: Rate of nitration of 2-methoxy-3-nitrothiophene-5-carboxylic

acid in nitric/sulphuric acid solutions.

Product Analysis

2-Methoxy-3-nitrothiophene-s-carboxylic acid (2.0 g, 0.01 mol) was
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dissolved in sulphuric acid (98%, 10 ml) and the soluticn cooled to 0°.
A solution of nitric acid (d 1.42, 0.95 g} in sulphuric acid (98%, 5 ml)
was added dropwise, with stirring, < 5%, The mixture was stirred for
20 min and then drowned into ice-water. The precipitated solid was
filtered, washed with water, and dried (1.8 g, 90.2%) m.p. 139? (from

21

ag. methanol) (1lit. 138-139°).

FOUnd: C: 29- 4%; H; 1- 8%} N; 13. 70/00

Calculated for: C5H4N205S: C, 29.4%; H, 2.0%s N, 13f76.

13

I.R. and “C spectra were in accordance with 2-methoxy-3,5-

dinitrothiophene.
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(29) 2-ACETAMIDO-3-NITROTHIOPHENE -5-CARBOXYLIC ACID

(A} SYNTHESIS (attempted)

Scheme: o NO
r HN T 711 2
ﬂ +
,-Ls CO.H H,S0, ND S o H S="COH
27 2 2 2
l MeOH/H*
' Sn _
%
NH s —~co_Me AC1 NO S SCoM
. 2 C Y2 , 2 28
1 ACZO
|
HNO, ND,,
' M
y H,S0,
NHAC™ S5 COMe . NHAc S CO,Me
/ | - OH”/MeOH
| A |
| g
! \
1
\ NO,, -
NHAc ™ Si\CDZH

) 74
(a) 5-Nitrothiophene-2-carboxylic acid2

A mixture of 4- and 5-nitro isomers is obtained irrespective of the

31,272
nitrating medium .

A solution of fuming nitric acid (8.4 ml, 0.2 mol) in sulphuric acid
(98%, 8.4 ml) was added dropwise, with stirring, to a solution of

thiophene-2-carboxylic acid (12.8 g, 0<1 mol) in sulphuric acid (96%
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12 ml) at -10 to -150. The reaction mixture was then drowned into ice-
water and the yellow precipitate filtered and shaken with sodium
bicarbonate. The residue, obtained by filtration was 2-nitrothiophene

1

(6%) m.p. 45° (from petrol 40/60) (1it.°' 45.59.

The sodium bicarbonate solution was re-acidified to yield a mixture
of 4- and 5-nitro acids. In order to separate the isomers use was made of
the low solubility of the barium salt of the 4-nitro acid31. The mixture
of acids was boiled with a barium carbohate solution, filtered, and the
filtrate allowed to cool overnight. Crystals of barium-4-nitrothiophene-
2-carboxy1ate gseparated. The remaining solution was re-acidified to yield,
primarily, S-nitréthiophene-z-carboxylic acid. The above procedure for
separation of the‘4-n1pr0 salt was repeated with a’ minimal quantity of
barium carbonate. The 4-nitrothiophene-2-carboxylic acid (5.8 g, 33.5%)
was isolated by acidif¥ing a boiling solution of the salt. The 5-nitro

isomer was isolated by'acidification of the filtrate containing its

soluble barium salt (9.2 g, 53.2%)] m.p. of S—ND2 derivative 157° (from

31

water) (1it.°' 158°). % .

\ \

1 \

. i . ‘ \,
Found: C, 35.0% H, 1.9% N, 8.2%.

Calculated for: CoHaNO,S: C, 34.7% H. 1.7% N, 8.1%.

31

derivative 152° (from water) (1it.°' 154°).

\\

\\

MePe of 4-ND2

'H N.M.R.

'H N.M.R. spectroscopy distinguishes between the 4- and 5-nitro isomersts
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4-Nitrothiophene-2-carboxylic acid

oot 47

162

5-Nitrothiophene-2-carboxylic acid

063

217
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(b) Methyl-5-nitrothiophene-2-carboxylate

5-Nitrothiophene-2-carboxylic acid (3 g) was esterified by refluxing
in methanol (15 ml) and sulphuric acid (98%, 0.2 ml) for 5 hrs. Drowning
into ice-water precipitated methyl-5-nitrothiophene-2-carboxylate (2.6 g,

80.2%). m.p. 74° (from petrol 60/80) (1it.2’> 74-75°,

(c) Methyl-5-acetamidothiqgﬁgne-2-carboxylat9273-275

Methyl-5-nitrothiophene~2-carboxylate (1.87 g, 0.01 mol) was adaed to
stannous chloride (6.8 g, 0.03 mol) in concentrated hydrochloric acid
(3.6 ml). The temperature rapidly rose fo 85° and the red solution was
cooled and stirred vigorously for 4 hr. A sodium hydroxide solution (10%)
was added drbbaise to pH 10 and the reaﬁtion mixture was then extracted
with ether. Evaporatién of the dry ether extracts gave a browh oil as
residue. Upon treatment with acetic anhydride_and subsequent drown-out
into ice-water methyljZ;acetamidothiophene-5-carboxylate was obtained as

273

a cream solid (1.0 g, 50.2%). m.p. 170° (from water) (1it. 169°).

i .
i
Found: C, 48.1%: H, 4*6%3 N, 7.0%.

\ | .
Calculated for: CBHQNOéS: C, 4@.2%; H, 4.5% N, 7.0%.

cd i
(d) Methyl-2-acetamido-3-nitrothiophene-5-carboxylate

Methyl-2-acetamidothiophene-5-carboxylate (1 g) was dissolved in
™~

concentrated sulphuric acidxtga%, 5 ml). Fuming nitric acid (2 ml) in
concentrated sulphuric acid (98%, 5 ml) was added dropwise, with stirring,
< 0°. The reaction mixture was drowned into ice-water and the precipitated

nitro ester filtered, washed with water and dried (0.72 g, 58.5%).

mep. 202° (from ag. methanol) (1it.%”2 200-1°).

Found: C, 39.5%: H, 3.0% N, 11.6%.

Calculated for: CBHBNZOSS: C, 39.3% H, 3.3% N, 11.5%.
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Attempted Ester Hydrolysis

All attempts to hydrolyse methyl 2-acetamido-3-nitrothiopﬁene-5-
carboxylate to the corresponding carboxylic acid proved to be unsuccessful.
Efforts to hydrolyse the ester in weakly basic conditions by refluxing
in ag. methanol and adding an equimolar solution of sodium hydroxide
dropwise (pH 9 - 10) resulted in preferential hydrolysis of the amide to
amine. This amine was subsequently unstable in presence of excess base.
Modification of the ester functlion by preparation of the ethyl and t-butyl

esters did not enable preferential ester hydrolysis to occur.

Attempts to hydrolyse the ester group at the methyl-2-acetamidothiophene-
5-carboxylate stage were equally unsuccessful. Despite careful control of

pH, no amido acid was recoverable from the basic solution.

Alternative Route

NO o/ ND2

2 S MeOH/H*
, e |
|
B 5 CofH B Br S c0, e
|
(
| \
\ ' NH  OH
1 4
1 .
NOZ ) ; woz
ACZO
NHAC s=F—COMe . NH, ~~—$ CoMe

2-Bromo-3-nitrothiophene-5-carboxylic acid (10 g) was esterified by
refluxing in methanol (25 ml) and sulphuric acid {98%, 1 ml) for 5 hrs.

Drown-out into ice-water gave the methyl ester (9.8 g, 93.3%).

Methg}-Z-amino-S-nitrothiophene-s-carboxylate

methyl—z—bromo-B-nitrothiophene-S-carboxylate {2 g) in methanol (20 ml)

was treated with‘concentrated ammonium hydroxide (7 ml) and the mixture
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heated at 60° for 3 hrs. Cooling to o® gave dark needles (1.1 g, £58.1%).
Me Do 2140 (from ag. methancl). I.R. spectrum indicated the presence of an

amino group.

Found: C, 35.8% H, 2.9% N, 13.8%.

CSH8N204S requires: C, 35.5%; H, 3.0% N, 13.9%.

Acetylation

Treatment of hethyl-Z-amino-S-nitrothiophene-5-carboxylate with acetic
anhydride at 80° for 2 hrs gave only recovery of starting material. The

method employed was a variation upon the procedure for acetylating amino

acidszsz.

The amino ester [1'g] was refluxed with acetyl chloride (1.5 ml) in
ethyl acetate (20 ml) for 24 hrs. The solution was cooled and the solvent

and excess acetyl chloride evaporated to yield the acetylated product

(0.68 g, 56.2%). m.p. 201° (from ag. methanol) (1it.?’> 200-1°).
Found: C, 33.1% H, 3.3% N, 11.3%
| \ \ .
Calculated for: CoHN.O0.S: C, 39.3%; H, 3.3% N, 11.5%.
ae"2"s S

l

Attempfeﬂ Hydrolysis

Further attempts to hydrolyse the ester grouping of methyl-2-
. ,
acetamido-3-nitrothiophene—5;carboxylate were equally unsuccessful.
Methyl-2—amino-3-nifrothiophene-5-carboxylate and the corresponding

carboxylic acid were the only isolable products (in only moderate yield).

Acetylation ofy2-amino-3-nitrothiophene-5-carboxylic acid required
refluxing with acetyl chloride in ethyl acetate for several hours and was
accompanied by reaction at the carbonyl group resulting in anhydride
formation. Hydrolysis of the anhydride (e.g. in pyridinel) could not be

accomplished without accompahying hydrolysis of amide to amine.
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Alternative Route

NO = NO
2 2
CH3CUNH2

[

~
CUZH S Br _ CDZH S NHCDCH3

A further attempt to synthesise the acetamido activated carboxylic acid
was made by attempted displacement of bromide with acetamide. However,
there was no evidence of nucleophilic substitution upon refluxing the
bromo acid with acetamide in methanol for 48 hrs. Attempts to prepare
the acetamide anion as & nucleophile in situ were also unsuccessful. .Upon
addition of potassium‘t-butoxide to a solution of the bromo-acid in

| |
butanol and reflu*ing for 1 hr, the only detectable product was the 2-t-

butoxy-a-nitrothidphene-5-carboxylic acid. Further modifications were also

t

unsuccessful.

A literature report on the preparation of 2-acetamidothiophene-5-

carboxylic acid by oxidation of 2-acetamido-5-thiophensaldehyde has been
/ -

shown to be in error278'277. The oxidation was performed with Fehling's

solution and thé authors mistook acid potassium tartrate for the desired
|

N

acetamido acid. ! \\
- \ |
An attempt was made to prepare 2-acetamido-3-nitrothiophene-5-

carboxylic acid by oxidatlon of 2-acetamido-3-nitro-5- acetylthiophene21

with hypochlorite26 but the amide did not appear to be stable under the

o

oxidation conditions.
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(30) 3-NITROTHIOPHENE-5-CARBOXYLIC ACID

(A} SYNTHESIS

2
HNO3 .
————
S “CDZH HZSD4 S CQZH N02 S CDZH

3-Nitrothiophene-5-carboxylic acid was obtained as a by-product in the
attempted preparation of 2-acetamido-3-nitrothiophene-5-carboxylic acid,
and was separated from the 2-nitro isomer by means of its weakly soluble

barium salt (sée previous preparation).

Attempted Nitrodecarboxylation

Treatment of a solution of 3-nitrothiophene-5-carboxylic acid in

sulphuric acid with excess nitric acid at room temperature failed to
produce any nitrodecargoxylated product. The starting material was
recoverable a%ter 48 hrs standing at room temperature (54.8%).  Attempted
nitrodecarboxylation aﬁ/higher temperatures led to degradation of the
stérting material. '
Thé 2-nitrothiophen;-5-carboxylic acid derivative was similarly stable
] .

to any further‘nitratioﬁ»reactioh.
“‘ N
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(31) 2-N-METHYL ACETAMIDD-3-NITROTHIDPHENE-5-CARBDXYLIC ACID

(A) SYNTHESIS (attempted)

Scheme: ‘—NOZ MeNH2 ,‘4N02
COZMe" S Br MeOH CO,Me S NHMe
l ACZD
—~NO, ) —~NO,,.
_ OH /MeOH :
M
cozH" S NMeAc - CUZMe’ S NMeAc

(a) Methyl-2-N-methylamino-3-nitrothiophene-5-carboxylate

Methyl~2-bromo-3-nitrothiophene-5-carboxylate (2 g) in methanol (20 ml)
was treated with a 30% solution of methylamine in methanol (3 g amine).
The mixture was heated at 50° for 20 min and upon cooling to a° yellow
needles precipitated (1.4 g, 81.2%) m.p. 155°% (from ag. methanol).

Infra-red spectra indicated the preéence of an amino group and absence

|
of halogen. |
\
[ . | \
Found: C, 38.6%; H, 3.8% N, 12.9%.
] "

: C,038.8% H, 3.7% N, 13.0%.
C7HBN204S requires: C, 38.8% H, 3.7%; | 0

'H N.M.R. [CC14): x 1.87(s), B6.13(s), 6.82(d) and 1.50(d) in
3 ~ “~

ratio 1 : 3 : 3 : 1
The N-methyl protoﬁé(appear as a doublet due to the restricted rotation

of the N-H bond [o-ND2 effect).

(b) Methyl 2-N-methylacetamido-3-nitrothiophene-5-carboxylate

The amine (2 g) was acetylated by refluxing with acetyl chloride (3 gl
in ethyl acetate (20 ml) for 24 hrs. The excess solvent and acetyl

chloride were evaporated to yield the acetamido derivative (62.3%],
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M. P 101° (from ag. methanol).

Found: C, 41.9%; H, 3.9%; N, 10.8%.

C9H1ON2058-requires: C, 41.9% H, 3.9%; N, 10.9%.

(c) 2-N-Methylacetamido-3-nitrothiophene-5-carboxylic acid

Attempts to hydrolyse the amido ester to the amido acid were unsuccessful
since, as encountered earlier, the amide is extremely susceptible to
basic hydrolysis. The aminoi ester was isolable from the reaction mixture
but no amido acid was obtainable. Further variation of the reaction |

conditions Failed to produce the desired product.

13

C Spectrum in Suiphuric/Nitric Acid

!

A 3¢ spectrum of methyl-2-N-methylacetamido-3-nitrothiophene-5-

carboxylate in a sulphuric-nitric acid mixture revealed that the N-methyl
grdup had very little ;éfluence upon the rate’of degradation of the amide.
After 24 hrs oniy a complex series éf low intensity peaks remaiﬁed in the
13C spectrum, tagethér With the acetyl peaks (of higher intensity) at
194.0 and 21.1 ppm ;froT T.M.S.}‘

|

o y
E i
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(32) 2-METHYLTHIO-3-NITROTHIOPHENE~-5-CARBOXYLIC ACID

(A} SYNTHESIS

Scheme:
N0, MeSH NG,
ﬁ
OH _
CO,Me S Br’ CoMe S SMe
OH /MeOH
NO,,

COH ~S7 “SMe

(a) Methyl-z—methylthié-3-nitrothiophene—5-carboxylate

- To a solution of methyl-2-bromo-3-nitrothiophene-5-carboxylate (2 gi
; /
and methane thiol (0.75 g) in methanol (25 ml) was added dropwise, with

stirring, a solution of potassium hydroxide (0.5 g) in water (1 ml). The
: | , .
solution was stirred FOH 12 hrs\at room temperature and then drowned into
' |

ice-water to yield a cream solid'(1.65 g, 88.5%) m.p. 78° (from ag.
, ! ;

i
{

methanoll. :

Found: C, 36.0% H, 2.8% N, B6.0%.

{ ! H C 3801%5 H 3-0%; N: B-D%n
C_H-NO.S requires ’ AL
777472 :

(b) 2-Methylthio-3-nitrothiophene-5-carboxylic acid

The ester was readily,hydrolysed to the corresponding carboxylic acid
by refluxing in methanol and adding an equimolar quantity of sodium
hydroxide solution (10%) dropwise. The solution was stirred for 30 mins

at 60° and then diluted with an equal volume of water. Acidification with

concentrated hydrﬁchloric acid precipitated a colourless solid (66%)
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m.p. 132° (from ag. methanol).

Found: C, 32.86%; H, 2.5%: N, B5.3%.

CSH5N04S2 requires: C, 32.943 H, 2.3% N, 6.4%.

(B) NITRODECARBOXYLATION (attempted)

2-Methylthio-3-nitrothiophene-5-carboxylic acid (2 g, 0.01 mol) was
dissolved 1in concentrated sulphuric acid (12 ml) and a solution of n;tric
acid (d 1.42, 2 ml) in sulphuric acid (98%, 10 ml) added dropwise < 0°.
There was no evidence éf carbon dioxide being liberated. After stirring
_For 20 min at 0° the reaction mixture was drowned into ice-water to

precipitate a white solid, a sulphone (1.9 g, 76.0%). Mepe 183° (from

ag. methanoll.

Found: C, 28.9% H, 2.0% N, 5.6%.

CBHSNDSSZ requires: C, 28.7% H, 2.0% N, 5.6%.

The formation of.the sulphone was confirmed by infra-red spectroscopy:

-~ NO ' -NO

2 HND3 2
- H. S0
copii s SMe 274 COH S S0, e

A similar oxidation was observed upon treatment of the methyl ester
with nitric-sulpburic acid mixtures. The sulphone’activated’ carboxylic
acid showed no tendency to nitrodecarboxylate at room temperature with a

ten-fold excess of nitric acid.
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