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Abstract

This thesis consists of two main areas of study: the first being the mixed acid 

nitration of compounds in the series

where X = NH, S, SO, and SO2, and the second area of study being the mechanism 

of rearrangement of N-nitrocarbazole. For each compound in the above series, the 

aim was to synthesise polynitro derivatives in a pure state, with high yields for use 

as energy rich constituents of pyrotechnic compositions. The tetranitro compounds 

hold the most interest for this particular application.

The first compound studied was carbazole (X = NH). 1-Nitro-, 3-nitro-, 1,6- 

dinitro-, and 3,6-dinitrocarbazole were synthesised by literature methods. The 

synthesis of 1,3,6,8 -tetranitrocarbazole, first achieved over forty years ago, was 

improved by changing it from a one step to a two step reaction.

Nitration of dibenzothiophene (X = S) was hindered by the ease of oxidation 

of the sulphur atom. The 2-nitro-, 3-nitro-, 2,8-dinitro-, and 3,7-dinitrodibenzo- 

thiophenes were synthesised by literature methods. The 2,4,8-trinitro- and 2,4,6,8- 

tetranitrodibenzothiophenes were identified as minor constituents of product mixtures, 

after separation by preparative HPLC.

Dibenzothiophene-5-oxide (X = SO) also proved difficult to nitrate further 

than the 3,7-dinitro- compound due to the ease of oxidation of the sulphoxide group. 

The 3-nitro- and 3,7-dinitro- compounds were synthesised by literature methods. The

2.8-dinitrodibenzothiophene-5-oxide was also synthesised.

In dibenzothiophene-5,5-dioxide (X = SO2) there were no problems of further 

oxidation of the sulphone group during nitration. The 3-nitro, 2-nitro, and 3,7-dinitro

compounds were synthesised by literature methods. The 2,7-dinitro-, 2,8-dinitro-, 

1,3,7-trinitro- ,1 ,3 ,8 -trinitro- ,2 ,3 ,7-trinitro- ,2 ,3 ,8 -trinitro-, 1,3,7,8 -tetranitro-, and

2.3.7.8-tetranitro- compounds were also synthesised.

The mechanism of the acid catalysed rearrangement of N-nitrocarbazole was



studied using both and NMR spectroscopy. The rearrangement proved to be 

a difficult system to study. Small chemically induced dynamic nuclear polarisation 

(CIDNP) effects were observed in both the acid catalysed and the thermal 

rearrangements of N-nitrocarbazole.
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1. INTRODUCTION

1.1 Mixed Acid Nitration

1.1.1 Electrophilic Aromatic Nitration bv the Nitronium lon ’̂̂

The nitration of aromatic compounds can be achieved in a variety of media. 

Mixed acid nitration is the most common type used in this work; however, nitric acid 

may also be used neat, in organic solutions or in aqueous media. Nitration through 

the nitronium ion, NOz^, was first proposed by Euler in 1903^, but the existence of 

the ion was not conclusively demonstrated until 1946" .̂ The kinetics of many different 

nitrations in various media have been studied extensively. Ingold showed that the rate 

expression for nitration took different forms under different reaction conditions, and 

yet all of the cases studied proceeded through the intermediate nitronium ion. The 

Ingold and Hughes mechanism of electrophilic aromatic nitration"^’̂ ’̂  consisted of four 

steps (Scheme 1).

HNO3 + HA ^  H2NO3+ + A- (i)

H2NO3+ ^  NO2+ + H2O (ii)

ArH + NO2+ ^  ArHNOz^ (iii)

ArHN0 2 + + A- ^  ArNO^ + HA (iv)

Scheme 1 The Ingold mechanism of electrophilic aromatic nitration

The first two steps involve the acid catalysed formation of the nitronium ion, 

the reactive electrophile, from nitric acid. The nitronium ion then reacts with the 

aromatic compound to give the Wheland intermediate^ (later called the sigma-complex 

by Brown*). Deprotonation of the Wheland intermediate completes the nitration by 

regenerating the aromaticity of the system. The acid catalyst is also regenerated in the 

last step.
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It is important to remember, when considering the reaction of nitronium ions 

with aromatic compounds, that the nitronium ion is a polarisable electrophile. Hence, 

whereas the linear nitronium ion does not contain an empty bonding molecular 

orbital, a gradual displacement of a pi-electron pair to the more electronegative 

oxygen atom takes place when the nitronium ion approaches the aromatic substrate 

(facilitated by attraction of the cation by the nucleophilic nature of the aromatic 

compound).

The Ingold mechanism can account well for observed substituent effects as 

long as step (iii) (scheme 1) is the product determining stage. Electron-donating 

substituents on a benzene nucleus increase its reactivity and electron-withdrawing ones 

decrease it. Also, electron-donating groups direct the incoming nitro group to the 

ortho (o-) and para ip-) positions in relation to the substituent, while electron- 

withdrawing groups, with the exception of the halogens, lead to meta (m-) nitration. 

This is explained by the fact that electron-donating groups increase the electron 

density at o- and p- positions (as well as the ip.so-position), and electron-withdrawing 

substituents decrease electron density at the o- and p- positions whereas the m- 

position is not much affected. The anomalous behaviour of the halogens arises from 

their combination of inductive electron withdrawal and mesomeric electron release.

Nitration in mineral acids, depending on the nature of the aromatic compound 

and the reaction conditions, exhibits second-order kinetic behaviour; first order in
o f

each^nitric acid and the aromatic compound. This behaviour can be explained if steps 

(iii) or (iv) of the Ingold mechanism are rate limiting. However, if the proton 

elimination, step (iv), were rate limiting, nitration of deuterated aromatic compounds 

would show a primary kinetic isotope effect, which is generally not the case. In 

mineral acid media, as stated earlier, steps (i) and (ii) are rapid and reversible, and 

quickly establish an equilibrium concentration of the nitronium ion. Also, the limited 

solubility of the aromatic compounds in these media and the presence of sufficient 

quantities of water generally result in step (iii) being much slower than the reverse 

of step (ii).

When step (iii) is fast compared to the reverse of step (ii), the reaction is zero- 

order in aromatic substrate. Hence, for a given set of conditions a more reactive 

aromatic compound may exhibit zero-order behaviour while a less reactive one can
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show first-order dependence. At higher concentrations, the less reactive substrate will 

also show zero-order dependence. Furthermore, the zero-order rates of the reactive 

and less reactive substrates will be the same. From the mechanism proposed by 

Ingold et al. involving steps (i-iv), the rate limiting step can only be the rate of 

formation of the active nitrating agent, i.e. the nitronium ion. However, the same 

argument would be true if the nitrating agent were the nitracidium ion, H2N0 3 ^. 

Zero-order nitrations imply a rate determining step involving nitric acid alone, and 

considering that nitration is an electrophilic substitution. Ingold argued that the 

nitracidium ion cannot be the reactive electrophile since its formation involves only 

proton transfer, which is instantaneous in oxy-acids and could not account for the 

rate-limiting step of forming the nitrating agent^. Ingold and associates also succeeded 

in isolating and characterizing nitronium perchlorate from a mixture of nitric and 

perchloric acids. Subsequently, more stable nitronium salts were prepared and 

characterized by IR, Raman, NMR spectroscopy, and X-ray crystallography. At the 

same time, the nitracidium ion remained elusive.

Bunton and co-workers^ studied the kinetics of nitration by monitoring the rate 

of ^*0 exchange between nitric acid and ®̂0 H2 for various concentrations of nitric 

acid, and comparing it with the rates of nitration of a number of aromatic substrates 

at these acidities. The kinetic form of nitration varied from first to zero-order 

depending upon the reactivity and concentration of the aromatic compound. The rates 

of nitration were always less than the rate of exchange of the label, but as the reaction 

order approached zero the nitration rate approached the exchange rate. Bunton’s 

investigations provided strong kinetic evidence for the involvement of the nitronium 

ion, supporting Ingold’s arguments.

Further evidence for the involvement of the nitronium ion was provided by 

Westheimer and Kharasch^®. They compared the rates of nitration of nitrobenzene 

with the ionization of 4, 4 ’, 4"-trinitrophenyImethy 1 alcohol in sulphuric acid solution. 

Acidity profiles of the two separate reactions were found to be parallel up to 90%
ÎSM

sulphuric acid. This parallel^ strongly suggests that the nitronium ion is the active 

electrophile.

The acidity profile of the rates of nitration of a number of compounds shows 

a maximum around 90% sulphuric acid. This fact was at first taken as evidence for
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step (iv) of the Ingold mechanism becoming rate limiting in these strongly acidic 

solutions. If proton loss were rate limiting, a primary kinetic isotope effect should be 

observed upon substituting deuterium, or tritium, for protium in the aromatic 

compound, but this was not observed^\ The decline in the rates of nitration above 

90% sulphuric acid can only be explained by considering medium effects on the 

activity of the different species.

Using the Bronsted rate law, the rate of nitration can be expressed as

rate = k, [ArH] [NOz^] fArn fN02+ / ^   (1)

where k̂  is the specific rate of the reaction of the nitronium ion with the aromatic 

compound and f̂  denotes the activity coefficients of the respective species.

The nitronium ion and the nitration transition state are both positively charged 

species, hence it may be argued that their activity coefficients are likely to vary in the 

same manner, and to a first approximation the ratio of these coefficients will be 

constant. Therefore, once the acidity has reached the stage where all of the nitric acid 

has been converted into nitronium ion, any acidity dependence of the second-order 

rate constant is primarily a consequence of the changes in the activity coefficient of 

the aromatic compound.

1.1.2 Effect of Nitrous Acid

An important process which must be considered in any discussion of mixed 

acid nitration is that of nitrous acid catalysis/anticatalysis. Nitrous acid species present 

in nitric acid can produce both catalytic and anticatalytic effects on nitration, 

depending on the reaction conditions and the compound being nitrated. Thus, in 

general, the less reactive aromatic compounds suffer an anti-catalytic effect, whereas 

phenols, amines and the polynuclear aromatic compounds such as naphthalene 

undergo a marked acceleration in nitration. Clearly this catalytic effect will be 

important in the nitration of carbazole and dibenzothiophene.

In aqueous sulphuric or perchloric acid solutions of less than 50% 

concentration, nitrous acid is present in its molecular form (with some dinitrogen

20



trioxide also present). In acid solutions above 60-65% concentration it is present as 

nitrosonium ions^ .̂ In an excess of nitric acid, nitrous acid exists essentially as 

dinitrogen tetroxide which is nearly completely ionised^^,

N2O4 ^  N0+ + NO3 -------- (2)

with some nitronium and nitrite ions also present. However, in organic solvent-nitric 

acid systems, dinitrogen tetroxide is little ionised.

The retarding effect of nitrous acid on nitronium ion nitrations was interpreted 

by Ingold^’̂ "̂ by consideration of its behaviour in the involved systems. In strong 

aqueous nitric acid systems added nitrous acid, ionised to nitrosonium and nitrate 

ions, increases the nitrate ion concentration at the expense of molecular nitric acid. 

Hence, during nitration the nitrate ions formed can deprotonate the nitracidium ion, 

the precursor of the nitronium ion, thus leading to retardation of the reaction. At 

higher concentrations of nitrous acid, and some water present, stronger anticatalysis 

was attributed to the formation of dinitrogen trioxide^,

2 N2O4 + H2O ^  N2O3 + 2 HNO3 --------- (3)

which then ionises to give nitrite ion,

N2O3 ^  N0+ -f NO2 -------- (4)

The nitrite ion, being a stronger base than the nitrate ion, could deprotonate the 

nitracidium ion more efficiently and thus retard nitronium ion nitration. However, this 

view is not quite correct. Ridd^ reinterpreted the results concerning the anticatalysis 

of the first-order nitration of nitrobenzene in pure and partly aqueous nitric acid 

brought about by the addition of dinitrogen tetroxide. In these media this solute is 

almost completely ionized to nitrosonium ion and nitrate ion. The latter is responsible 

for the anticatalysis, because it reduces the concentration of nitronium ion formed in 

the following equilibrium,

2 HNO3 = NO2+ + NO3- -H H2O -------- (5)

Considering first pure nitric acid as the solvent, if the concentrations of nitronium ion 

in the absence and presence of a stoichiometric concentrations of dinitrogen tetroxide 

are and y  respectively, these will also represent the concentrations of water in the
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two solutions, and the concentrations of nitrate ion will be yg and x y respectively. 

The equilibrium law, assuming that the variation of activity coefficients is negligible, 

then requires that:

y^(x + y ) = y j

In partly aqueous nitric acid, the concentration of water is constant, and the 

corresponding equation is:

y(x + y ) = y }

The first-order rate constant for nitration is proportional to y, the equilibrium 

concentration of nitronium ion, hence, the above equations show the way in which 

the rate constant will vary with %, the stoichiometric concentration of dinitrogen 

tetroxide, in the two media. This theory was in agreement with experiment, and 

provided a single interpretation of the weak anticatalysis in pure nitric acid, and the 

stronger anticatalysis in partly aqueous nitric acid. In the presence of sulphuric acid 

and other strong acids dinitrogen tetroxide no longer retards nitration; in fact it acts 

as a nitrating agent^ .̂

Although nitration of most aromatic hydrocarbons with nitric acid is retarded 

by nitrous acid, nitration of phenols and anilines has been found to be strongly 

catalysed by it. Ingold suggested^^ that the kinetics of the catalysed process indicate 

initial C-nitrosation followed by rapid oxidation of the nitroso compound by the nitric 

acid, reforming the nitrous acid.

slow

ArH + HNO. ArNO + H ,0

fast (6)

ArNO -f HNO, ArNO, + HNO,

The reactive nitrosating agent, NO^, can be formed from nitrous acid through 

nitracidium ion, or by ionisation of dinitrogen tetroxide or dinitrogen trioxide.

In the nitration of phenol, initial nitrosation has been proved by the isolation 

of p-nitrosophenof^, and by the favourable comparison of the orthoipara ratio 

(9:91%) observed during catalysed nitration with that observed during nitrosation in 

the absence of nitric acid. The literature is abundant with examples of nitrations of 

activated hydrocarbons in mixed acids showing unusual kinetics. These anomalies
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have been attributed to build up of nitrous acid resulting in nitrous acid catalysis^*. 

Consequently, urea or hydrazine (or other traps) is generally added to scavenge 

nitrous acid when studies of the kinetics of nitration with nitric acid are to be 

performed.

More recent studies have shown catalytic action of lower nitrogen oxides that 

does not involve prior nitrosation. Once again it is the activated aromatic substrates 

that undergo these lower nitrogen oxide catalysed nitrations. Catalysis has been 

observed for heteroatom-substituted, as well as for purely hydrocarbon aromatic 

substrates. Addition of trace amounts of nitrous acid to mixtures of these substrates 

and nitric acid in sulphuric acid leads to a large increase in the rate of nitration. 

However, in nitrous acid alone, even at higher concentrations, these substrates are not 

nitrosated.

Studies of the nitration of N , N-dimethylaniline in 82-87% aqueous sulphuric 

acid solutions^^ found that this system exhibited a clear example of nitrous acid 

catalysis without prior nitrosation. The catalysed nitration was found to be first order 

in the substrate and N(III), and the reaction became zero order in N(V) for 

concentrations of N(V) greater than 0.15 M. Nitration of phenols in 56% sulphuric 

acid^° was also found to involve N(III) catalysis without prior nitrosation. The o/p 

ratio of the product nitrophenols was found to be sensitive to the order of addition of 

N(V) and N(III). If N(III) was added first, the product was almost exclusively p- 

nitrophenol, but if N(III) was added to a solution already containing N(V), a 

significant quantity of o-nitration was observed. There was an interval of 30 seconds 

between the addition of the two acids, and previous studies^  ̂had shown that nitration 

to almost pure /7-nitrophenol would have been complete in this period. Formation of 

p-nitrophenol when N(III) was added first was therefore expected. However, direct 

nitration of phenol in 56% sulphuric acid gives an o/p ratio of 0.78, and the reaction 

is very slow. In the 30 second period less than 2% of the phenol could have reacted 

by this pathway, therefore the altered o/p ratio is an example of N(III) catalysis 

without prior nitrosation. Similar catalysis was shown in the nitration of 1,2,3- 

trimethoxy-5-nitrobenzene^^, naphthalene^^, pentamethylbenzene^^’̂ ,̂ and durene '̂ .̂

One possible mechanism was proposed by Zollinger et al. for the nitration of 

pentamethyIbenzene^^. It involved the oxidation of the initial [ArH NO^] vr-complex
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to the [ArH NOz^] complex, and then rearrangement to the Wheland intermediate. 

This mechanism would also account for the observed similarity in regiochemistry of
I

lower nitrogen-oxide catalysed nitrations and direct N(V) nitrations. This mechanism 

may also apply to nitrations in dinitrogen tetroxide (Scheme 2).

, y
[ArH-»NO]+ + NO; ArH«+-*N+ O'

i
0  
I I

ArH+-»N + NOü
1

nitration products

NO + NO2 N2O3

N2O3 +  HNO3 N2O4 +  HNO2

Scheme 2 Zollinger’s mechanism for nitrous acid catalysis 

without prior nitrosation

Later work by Clemens, Ridd and SandalF showed that an alternative 

mechanism was more likely (Scheme 3). These workers nitrated mesitylene in the 

presence and absence of nitrous acid catalysis and showed that the catalysed process 

involved the oxidation of the organic substrate by nitrosonium ion followed by 

formation of the radical pair ArH^ NO2 by diffusion together of the components

ArH + N0+ ^  ArH+ + NO

fast

NO + N O / ^  N0+ + NO,

ArH+ + NO2 ArH+ NO2 ArN0 2  + H+

Scheme 3 An alternative mechanism for aromatic nitration
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A very similar process was also shown to occur with aromatic amines such as 

N , N-dimethy laniline^^.

1.1.3 Olah’s Modification of the Ingold Mechanism

Olah et al. nitrated alkylbenzenes with preformed nitronium salts^  ̂in order to 

study directly the reaction of the nitronium ion with aromatic compounds. The 

assumption was made that the use of preformed nitronium salts eliminated the first 

two steps of the Ingold mechanism. The isomer ratios of the product 

nitroalkylbenzenes were similar to those observed in the acid-catalysed nitration of 

alkylbenzenes with nitric acid. However, the relative rates of nitration of 

alkylbenzenes with respect to benzene were considerably reduced. To explain the 

maintained high positional selectivity despite the loss of substrate selectivity, Olah 

suggested a modification of the Ingold mechanism involving two separate 

intermediates. He argued that his results could only be explained if the substrate and 

positional selectivities were determined in two distinct steps separated by an 

intermediate. The reactive alkylaromatic compound and the nitronium ion, according 

to Olah, first form a Dewar-type vr-complex^  ̂which then transforms into the Wheland 

intermediates (cr-complexes) corresponding to the individual regio isomers. The 

relative stability of tt- and a- complexes of methylbenzenes was knowrf^’̂®.

Criticism of Olah’s mechanism came first with the suggestion that incomplete 

mixing was the reason for the loss of substrate selectivity^^ In a system where 

diffusion-controlled reaction of the nitronium ion with reactive aromatic compounds 

can take place, incomplete mixing was found to cause loss of substrate selectivity^^*^ .̂ 

Many nitronium salt nitrations were found to take place at encounter ratê "̂ .

Rates of nitration of aromatic hydrocarbons are generally too fast to be 

measured directly, so Olah had used the Wibaut-Ingold method of competitive rate 

determination to study the rates of nitronium salt nitrations. However, the competitive 

method cannot give a true account of the relative reactivity of aromatic compounds 

under conditions where rates of nitration exceed rates of mixing. Regardless of this 

criticism, his results show that nitration of alkylbenzenes with nitronium salts 

maintains high positional selectivity, while substrate selectivity is lost.
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1.1.4 Schofield’s Encounter Pair

Schofield and co-workers, through their extensive studies on the kinetics of 

aromatic nitrations, reached the conclusion that nitration of reactive aromatic 

compounds with nitronium ion must include a separate step prior to the formation of 

the Wheland intermediate^" .̂ Research into the nitration of aromatic compounds such 

as toluene, m-xylene, naphthalene, and mesitylene which normally react at or near the 

limiting rate found that /ess viscous solutions resulted in a greater spread of relative 

rates. This led to the conclusion that observed limiting rates were a consequence of 

the reaction being limited by the diffusion together of the nitronium ion and the 

aromatic compound.

Observed loss of substrate selectivity and maintained high positional selectivity 

in nitration of reactive aromatic compounds with nitronium ion resulted in Schofield’s 

theory that the reactions proceeded via a rate determining formation of encounter 

pairs of the aromatic substrate and the nitronium ion (hence loss of substrate 

selectivity) followed by transformation (in a separate step) into the positional 

selectivity determining Wheland-intermediates.

Schofield considered the encounter pair to consist of a nitronium ion and an 

aromatic molecule held in proximity by a solvent shell. The two reacting molecules 

in solution are nearest neighbours for some time. During the encounter they collide 

a number of times and may react in one of these collisions. When reaction occurs 

during each encounter, the reaction becomes diffusion controlled and the rate of 

reaction is limited by the rate of encounter. For nitration to be diffusion controlled, 

the energy barrier opposing diffusion apart of the components of the encounter pair 

must be higher than the energy barrier between the encounter pair and the transition 

states leading to Wheland intermediates. Schofield argued that the observed positional 

selectivities do not require the assumption of stabilizing interactions (i.e. of bonding 

nature) in the encounter pair. However, the fact that the nitration of benzene and 

toluene, which does not show a primary hydrogen isotope effect (^h/^d)» but with 

N0 2 ^Bp4 , a small inverse secondary isotope effect (Ath/̂ d = 0.82-0.85) was 

observed^ strongly indicates vr-bonded interaction in the first intermediate. The 

significant point is that regardless of its nature a separate first intermediate is clearly
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necessitated by the kinetic data and maintained high positional selectivity.

I
1.1.5 Electron Transfer in Nitration

At about the same time as the Ingold mechanism was getting established, the 

possibility of electron transfer in aromatic nitration was implied by Kenner^^ and 

Weiss^^. Kenner proposed a mechanism for the nitration of benzene (Figure 1)

N O / •NO,
H

(SO,H)-

•NO, NO,

Figure 1 Kenner’s mechanism for the nitration of benzene

The idea of an intermediate benzene radical-cation NO2 pair was disputed by 

Ingold on the grounds that some of the NO2 should escape and undergo hydrolysis to 

HN0 2 /N0  ̂ ion. However, these products are not observed. Kenner’s suggestion 

would only be consistent with the lack of hydrolysis products of NO2 if the collapse 

of the radical-cation pair is faster than the escape from the solvent cage.

The possibility of electron transfer in aromatic nitration was investigated on 

several occasions^^’̂ *’̂ ,̂ but this mechanism was only fully appreciated by most 

chemists when Perrin emphasised its significance in his study of the nitration of 

naphthalene"^®. Perrin found that the ratio of a-//5-nitronaphthalene (9) formed during 

"electrochemical nitration" of naphthalene, involving the quenching of the naphthalene 

radical cation with NO2, was similar to that observed in mixed acid nitration (11). He 

argued that this result implied that the mixed acid nitration of naphthalene also 

involved single-electron transfer.

According to Perrin, there were a number of reasons for the nitration of 

aromatic substrates more reactive than toluene proceeding via an electron transfer 

mechanism. These included:

a) The electron transfer mechanism can provide a reason for the selectivity of the
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nitronium ion, a very reactive electrophile.

b) Half-wave potentials for the oxidation of aromatic compounds more reactive than 

toluene are less positive than for the oxidation of NO2, making electron transfer from 

these reactive aromatic compounds to nitronium ion exothermic.

c) Positional selectivity better correlates with the spin densities of the radical cation 

in the few instances, such as phenanthrene, where a distinction between direct 

electrophilic substitution and collapse of a radical pair is possible.

d) The electron transfer mechanism offers an explanation of the long-range migration 

of nitro groups in terms of reversal to the radical-cation-radical pair, which then 

collapses in a different position rather than sequential 1 ,2 -migrations.

e) High ipso reactivity of polymethylbenzenes is explained in terms of greater spin 

density at those positions in the radical-cation.

The mechanism suggested by Perrin agrees with those suggested by Olah and 

by Schofield in that it requires the inclusion of an additional distinct intermediate into 

the original Ingold mechanism. However, all three differ in regard to the nature of 

this intermediate. The Schofield mechanism, at one extreme, suggests that the 

aromatic compound and the nitronium ion form an encounter complex, but are not 

interacting. At the other extreme, Perrin’s suggestion involves the transfer of an 

electron to the nitronium ion. In between these two extremes is the t t  complex 

suggested by Olah.

1.1.6 Summary of the Mechanism of Electrophilic Aromatic Nitration

The Ingold and Hughes mechanism still provides the foundation to our 

understanding of electrophilic aromatic nitration. The nitronium ion, in all its forms, 

acts as a two-electron acceptor in the nitration of reactive aromatic compounds. In 

acid-catalysed aromatic nitrations the nitronium ion is the common reactive nitrating 

agent. However, in various media its differing solvation (complexation) affects its 

reactivity, and accounts for the observed differences in selectivity.

Single-electron transfer becomes significant with polycyclic aromatic systems 

with redox potentials substantially lower than that of nitronium ion to compensate for 

the bending of the linear nitronium ion. The nitration of reactive benzenoids is
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considered to involve two separate intermediates, modifying the original Ingold 

mechanism. The nature of the first intermediate is still disputed. Regardless of its 

exact nature (suggested by Schofield or Olah or Perrin) all suggested forms include 

the concept of a separate initial step involving a "first intermediate" determining 

substrate selectivity, followed by arenium ion (a-complex) formation, determining 

regioselectivity. Thus, the original Ingold-Hughes mechanism must be amended for 

reactive aromatic compounds (Scheme 4). In less reactive or deactivated aromatic 

compounds, any interaction before the Wheland intermediate is reversible and thus 

does not represent a significant kinetic step.

H+ +  HNO3 ^  H2ONO2+

H2ONO2+ ^  NO2+ +  H2O 

+ ArH "First Intermediate"

"First Intermediate" HArNO +

(Wheland intermediate)

HArNOz+ ArNOz +  H+

Scheme 4 The modified Ingold mechanism for electrophilic 

aromatic nitration

1.1.7 Nitration of Carbazole

Some of the earliest work on the nitration of carbazole dates back to the turn 

of the century"̂ '̂"̂ .̂ This early work, and that in the following years'^^’'^ '̂ ,̂ was slightly 

confused as to the exact composition of product mixtures"^ .̂ This is not surprising 

considering these compounds were separated and identified according to their melting 

points alone. Later use of UV/Visible spectroscopy to study some nitrocarbazole 

products"^^’"̂  ̂ added a further dimension to their identification. Synthesis of 

nitrocarbazole products by ring closure reactions'̂ ®*'̂  ̂instead of by mixed acid nitration 

also meant that comparisons could be drawn for identification.
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Prior to the current research, carbazole had been nitrated via mixed acid 

nitration to l-nitro-^°, S-nitro-"^ ,̂ l , 6 -dimtro-^\ 3,6-dinitro-^\ and 1,3,6,8- 

tetranitrocarbazole^^’̂  ̂ Very small amounts of the 2-nitro- isomer were also found to 

be formed '̂ .̂ Carbazole is nitrated to 1,3,6,8-tetranitrocarbazole via sulphonation in 

concentrated sulphuric acid, followed by nitrodesulphonation by the addition of 

fuming nitric acid. Previous workers have shown^^’̂ ’̂̂  ̂ that the major impurities 

formed in this reaction are penta-, and possibly hexanitrocarbazole stemming from 

ovemitration of carbazole, and also sulphonic acid derivatives of carbazole from the 

initial sulphonation. Current use of 1,3,6 ,8 -tetranitrocarbazole in pyrotechnic 

compositions^^’̂ *’̂ ’̂̂ ’̂  ̂ is restricted due to traces of these impurities producing erratic 

results. This research was concerned primarily with the production of

1,3,6,8 -tetranitrocarbazole in a high state of purity and in high yield. Attempts were 

made to achieve this result by improving purification techniques with the current 

product, and by seeking a new and cleaner route of synthesis.

NO. H NO

Figure 2 Carbazole and 1,3,6,8 -tetranitrocarbazole

1.1.8 Nitration of Dibenzothionhene

Dibenzothiophene, like carbazole, is a reactive polycyclic aromatic compound. 

Dibenzothiophene and carbazole are iso-pi-electronic, i.e. their molecules have the
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same number of pi-electrons, with approximately the same geometrical arrangement 

and bound about equally tightly, in a planar conjugated system. Dibenzothiophene is 

commonly numbered as shown below.

Figure 3 Dibenzothiophene

The sulphur atom in dibenzothiophene has one lone pair available for 

delocalisation into the aromatic system, the other lone pair being sp  ̂hybridised and 

hence in the same plane as the ring. Consequently, like the amine group in carbazole 

which has one lone pair available for delocalisation, the sulphur atom acts as an 

electron donating group and directs electrophilic substituents to positions ortho (p-) 

and para (p-) to itself.

Nitration of dibenzothiophene has been studied for many years. Early 

papers^^'^^'^ identified nitration product isomers by melting points and by comparison 

with products made by alternative routes. Their conclusions were relatively accurate 

considering the lack of analytical equipment available at the time. Later work 

involved the study of UV/vis spectra^^, mass spectra^^’̂ ,̂ and NMR 

spectra^*’̂ ’̂̂®’̂ ’̂̂ ’̂̂ ’̂̂"* of dibenzothiophene. However, there have been relatively few 

papers published on the analytical spectra of nitro-derivatives of dibenzothiophene^^.

The apparent lack of publications on nitrodibenzothiophene products may be 

due in part to the ease of oxidation of dibenzothiophene. Any attempt to increase 

temperature or acid concentrations during nitration of dibenzothiophene usually leads 

to oxidation of the sulphur atom to produce nitrosulphoxide or nitrosulphone 

compounds.

Prior to this research, dibenzothiophene had been nitrated via mixed acid 

nitration to give 2-nitro-^^, 2,8-dinitro-^^, 3-nitro-^^, and 3,7-dinitrodibenzothiophene^^, 

the latter two being synthesised via oxidation of dibenzothiophene, nitration, and then

31



reduction. Other isomers had been synthesised via ring closure reactions and other 

methods, but this research is concerned only with mixed acid nitration.
I

The aim of this research was to nitrate dibenzothiophene further to give

2,4,8-trinitro- and/or 2,4,6,8-tetranitrodibenzothiophene. This task was complicated 

by the fact that the sulphur atom of the dibenzothiophene molecule is prone to 

oxidation, and the acids used in mixed acid nitrations are usually highly oxidative.

1.1.9 Nitration of Dibenzothiophene-5-oxide

In dibenzothiophene-5-oxide, one of the two lone pairs on sulphur is no longer 

available for delocalisation into the aromatic system. The electron withdrawing effect 

of the sulphoxide group is felt most strongly at positions o- and p- to it. Hence, the 

sulphoxide group has the overall effect of directing electrophilic substituents to 

positions meta (m-) to itself, whilst also making dibenzothiophene-5-oxide less 

reactive than dibenzothiophene.

Figure 4 Dibenzothiophene-5-oxide

The ease of oxidation of the sulphur atom in the dibenzothiophene molecule 

has meant that nitration of dibenzothiophene-5-oxide has been studied almost in 

parallel to that of dibenzothiophene. Many of the references given above for 

dibenzothiophene also contain references to nitration of dibenzothiophene-5-oxide^^. 

The sulphoxide group on dibenzothiophene-5-oxide is also easily oxidised to the 

sulphone, making nitration beyond the 3,7-dinitro- product virtually impossible 

without further oxidation. However, the sulphoxide group is much more easily 

reduced to sulphide than is the sulphone group, making it a very useful group not 

only for producing alternative isomers of nitrodibenzothiophenes^^, but in synthetic
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chemistry generally.

Previous research into the mixed acid nitration of dibenzothiophene-5-oxide 

has led to the formation of the 3-nitro^*, and 3,7-dinitrodibenzothiophene-5-oxide^^. 

The aim of this research was to nitrate 3,7-dinitrodibenzothiophene-5-oxide further 

to give 1,3,7-trinitro- and/or l,3,7,9-tetranitrodibenzothiophene-5-oxide. However, 

as stated above, the ease of oxidation of the sulphoxide group made this task almost 

impossible using mixed acid nitration.

1.1.10 N itration of dibenzothiophene-5.5 -dioxide

Dibenzothiophene-5,5-dioxide nitrates at the same positions as 

dibenzothiophene-5-oxide. The electron withdrawing effect of the sulphone group is 

greater than that of the sulphoxide group because of the extra oxygen atom. The 

overall effect of this is a less reactive compound with stronger direction of 

electrophilic substitution to positions m- to the sulphone group.

Figure 5 Dibenzothiophene-5,5-dioxide

Previous research into the mixed acid nitration of dibenzothiophene-5,5- 

dioxide has led to the formation of the 2-nitro-^^, 3-nitro-^^, and 3,7-dinitrodibenzo

thiophene-5,5-dioxide^^’̂  ̂compounds. References to 2,7-dinitro-^° '̂^° '̂^° '̂^^°, and 2,8- 

dinitrodibenzothiophene-5,5-dioxide^^^^have been found, but these papers have 

proved difficult to obtain. References to 1,3,7-trinitrodibenzothiophene-5,5- 

dioxide*®’̂ ’̂̂ ^̂  have also been found, but a synthesis for it was not given in any of the 

references obtained. The aim of this research was to further nitrate 3,7-dinitro- 

dibenzothiophene-5,5-dioxide to 1,3,7-trinitro-, and 1,3,7,9-tetranitrodibenzothio- 

phene-5,5-dioxide. There are no problems related to oxidation of the sulphone group, 

however, its stronger electron withdrawing effect makes nitration more difficult.
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1.2 N Chemically Induced Dynamic Nuclear Polarisation

(CroNP) Effects^̂ ’̂ "’̂
I

1.2.1 NMR spectroscopy

The nucleus, like the ^H, has a spin quantum number of 2̂ . When an 

nucleus is placed in a magnetic field it can take two spin orientations (nuclear Zeeman 

effect), one with the field (jS) and one against the field (a). With a number of 

identical nuclei the lower energy state (/?) has slightly more than 50% of the nuclei 

at equilibrium as governed by the Boltzman distribution. The NMR absorption occurs 

at the magnetic field strength at which the energy difference (AE) between the two 

spin states is equal to hï̂ , where v is the frequency of the incident radiation from the 

spectrometer. Some of the lower state population is promoted to the higher state, 

hence absorption.

However, unlike the nucleus the nucleus has low natural abundance 

(0.36%), and is much less sensitive to radiofrequency radiation (by a factor of 0.0019 

relative to for equal numbers of nuclei). These problems have been overcome in 

NMR spectroscopy by using ^̂ N enriched materials. The ^̂ N nucleus, unlike the 

^H, has a negative magnetogyric ratio; a factor which defines the relationships 

between the magnetic moment of the nuclei and its angular momentum.

According to classical physics a spinning positive charge should generate a 

magnetic field corresponding to that of a bar magnet (Figure 6 ).

A n g u l a r

moment um

v e c  Lor

M a g n e t i c  

moment  

v e c  t o r

Figure 6  Classical spinning charge

34

/  /



The angular momentum of such a spinning charge is a vector quantity collinear 

with the axis of spin, and for anticlockwise rotation is in the direction indicated 

(Figure 6 ). The magnetic moment is also collinear with the direction of spin (north 

end of bar magnet taken as positive). Hence, for a classical spinning positive charge, 

the magnetic moment is in the same direction as the angular momentum, and the 

magnetogyric ratio (the ratio between these two quantities) is positive. This is true for 

the nucleus.

The nucleus, however, does not behave like a classical spinning charge. 

The angular momentum vector and magnetic moment vector point in opposite 

directions, the magnetogyric ratio is negative, and is also relatively small; this 

explains the low sensitivity of the nucleus to radiation.

An gul ar
momentum

v e c t o r

M a g n e t i c  

moment 

v e c t o r

Figure 7 A spinning nucleus.

The magnetic moment can be expressed mathematically as

jtt = 7  I h/27T  (7)

where = magnetic moment (component in direction of field)

7  =  magnetogyric ratio = magnetic moment/angular momentum 

for =  - 2.711 X 10" T 's '^

iR = 26.75 X 10" T^ s'̂

I = spin quantum number {Vi for and ^̂ N) 

h = Planck’s constant

The energy of the nucleus in a magnetic field depends on the magnetic

quantum number m̂ . For I = Vz, mj = + Vi or - Vi. For a magnetic field of strength
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B, the energy is given by

E = - nil 7  B h/2x (8)

For (7  positive) the lowest energy state has = + Vi. Hence, for (7  

negative) the lowest energy state is given by mj = - 16. Since the energy is 

proportional to the field strength, the energy variation for a single nucleus is

shown in Figure 8 .

Resonance occurs at the field strength at which the energy difference AF is 

equal to hu, where v is the frequency of the incident radiation. An NMR spectrometer 

which uses a frequency of 200 MHz for ^H will use 20.26 MHz for The energy 

difference, AF, for is less than that for ^H, as would be expected from equation

(8 ) because of the lower magnetogyric ratio of the nucleus. The range of chemical 

shifts for covers approximately 500 ppm, with liquid ammonia (6 = 0) as one 

high field standard.

E 0

B

Figure 8 Energy levels of an nucleus in an applied magnetic field B.

1.2.2. Interaction of an electron with an nucleus

An electron also has a spin quantum number (S) of Vi and magnetic quantum 

numbers m̂  of + Vi and - V2 . The energy of an electron in a magnetic field is given
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by

E = m3 g jS B (9)

where B is the field strength, (3 the Bohr magneton, and g the Lande g-factor 

(2.002319 for a free electron). As with the nucleus the energy of the lowest state 

corresponds to m3 = - Vi (Figure 9).

Where there is coupling between the electron and nuclear spins, the expression 

for the energy of the electron is

B = ms g /3 B + a ms mi (10)

Where "a" is the hyperfine coupling constant. If we assume "a" to be positive then 

the energy levels for the electron are given in Figure 9.

NO FIELD FIELD COUPLING

E

nig  —  1/2

= +  1/2

m [ = — 1/2

=- 1/2
1 a/4

= +  1/2

Figure 9 Energy levels for an electron coupled to an nucleus 

("a" taken as positive).

The nuclear spin cannot change when the electron spin changes, so the 

electronic transitions are those indicated by the two longer vertical lines. This causes 

a splitting of the FSR absorption.

A more important consequence in terms of CIDNP is the effect of the coupling
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on the rate of precession of the electron. When subject to a magnetic field the 

electron can be in one of two quantized energy states (Figure 10).

B

(b)

Field direction

Spin (or magnetic moment) 

of electron

Figure 10 The two spin states of an electron in an applied magnetic field B. In (a) 

there is a component of the magnetic moment vector oriented in the same direction 

as the applied field, and in (b) there is a component oriented in the direction opposite 

the applied field. The circles represent the precession of the vectors around the field 

direction.

Because the energy, and therefore the direction of the magnetic moment vector 

is quantized, the magnetic moment does not line up with the field direction, even 

though the field is exerting a twisting force that tries to make it do so. Any spinning 

object subject to a force trying to twist the direction of its axis of rotation will 

respond by processing at a characteristic rate. The precession frequency depends on 

the magnetic field strength, and corresponds to the frequency of radiation that will 

cause transitions between the two energy states (Figure 10(a) and 10(b)).

The velocity of precession is related to the energy of the electron via equation

(9), and in the absence of coupling is given by equation (11).

w = (27r/h) g B (11)

Where w = angular velocity of precession.

When the electron is coupled to a nucleus with a hyperfine coupling constant 

"a" the velocity of precession is modified as shown in equation (12).

ÜJ = (27r/h) (g jg B + a m j (12)
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1.2.3. Systems of two electrons

For two radicals that are close to each other, the spin quantum number (S) is 

either 0  or 1 , and the two electron spins can arrange themselves in any one of the 

four ways shown in Figure 11.

B

T1

B

TO

B

A B

1

T -l

Figure 11 Schematic representation of the three triplet states (top) and the singlet 

state (bottom) for two electrons in an applied magnetic field B.

[From H.R. Ward, in Free Radicals, J.K. Kochi, Ed., Wiley, New York, 1973 

Vol.I, p 242. copyright ® 1973, John Wiley & Sons].

In the singlet state the vector sum of the magnetic moments of the two 

electrons is zero, and there is no magnetic moment. For the left hand triplet state 

(Figure 11 T J there is a net component of magnetic moment in the direction of the 

applied magnetic field B; for the right hand triplet state (Figure 11 T J  there is a net 

component in the direction opposite B. In the centre triplet state (Figure 11 Tq), one 

spin is up and one is down, but the situation is different from the singlet because the 

relative orientations are such that the two vectors do not cancel.
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If the two radicals were identical, the precession frequency of the two 

electrons would be precisely the same, and a particular radical pair would remain in 

whichever of the four states it found itself initially. But if the two radicals are 

different, the two electrons will have slightly different precession frequencies and 

over the course of many revolutions the relative phases of the two will change. One 

spin will gain on the other and a pair that started out in state S will change to Tq, 

while a pair that started out in Tq will change to S. The rate of interconversion will 

depend on the difference in the rates of precession of the two electrons (cji and CO2). 

From equation (11) (assuming no nuclear coupling) this should be given by

o)i - CO2  = (2%/h) (3 B Ag  (13)

Where A = gi - g2

The g factor characterizes the precession frequency of an electron, and is 

analogous to chemical shift of a proton.

If one of the electrons (electron 1, for example) is coupled with a hyperfine 

coupling constant "a" then this electron will affect - 0̂ 2 shown in equation (14).

oji - 0 ) 2  = (27r/h) (/? B Ag + a m j --------- (14)

Hence, one of the two values of m̂  will increase (ŵ  - W2) and one will 

decrease it (depending on the sign of "a"). Thus the rate of interconversion of the 

singlet and triplet states depends on the direction of the nuclear spins.

1.2.4 Conditions for CIDNP effects

For CIDNP effects to occur certain conditions are necessary.

(a) A radical pair should occur on the reaction path. (Unfortunately reversible side 

reactions can generate CIDNP effects which can be "carried over" to the main 

product, so the radical pair need not be on the direct reaction path.)

(b) The rate of singlet-triplet interconversion of this radical pair must influence the 

product composition. (This implies that the singlet and triplet radical pairs must give
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rise to different products or, if both give several products, different product 

compositions.)

Given these conditions, and given that the rate of interconversion of the singlet 

and triplet states depends on the nuclear spins coupled to the electron spins, it follows 

that the initially formed products will have abnormal distributions of nuclear spins.

An appropriate example of the prediction of CIDNP effects can be shown by 

considering a triplet radical pair from an aromatic cation radical ArH^ and ^̂ N0 2 . 

The state of the nucleus which will facilitate the conversion to the singlet pair and 

hence the nitro product can be predicted. Let the ^̂ N0 2  be radical 1, then from 

equation (14) | - W2 1 needs to be as large as possible. From the g values (ArH^

«  2.0025; NO2 = 2.0000)*^ it follows that Ag is negative, therefore am, needs to 

be negative. For ^̂ N0 2  , "a" should be negative since "a" is believed to be positive 

for "̂̂ N0 2  (with isotopes, the sign of the hyperfine coupling constant depends on the 

sign of the magnetogyric ratio, and for "̂̂ N0 2  the magnetogyric ratio is positive). 

Hence, m̂  should be positive, corresponding to the upper level of the nucleus 

(Figure 8 ). The product will therefore have more nuclei in the upper level and 

will give an emission spectrum. If the ArH^ ̂ ^N0 2  radical pairs are initially formed 

in a singlet state, the singlet-triplet interconversion will facilitate the separation of the 

radicals and the combination product will be enriched with the ground state 

nuclei, giving an enhanced absorption spectrum.

Prediction of CIDNP effects can be carried out using the qualitative rules of 

R. Kaptein*^ (Table 1).
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Table 1 Qualitative Rules for Predicting CIDNP Effects*^

Net effect:

r„  = e Ag ai 

If r„  is + , net absorption, A 

If r„ is -, net emission, E

Multiplet effect:

/X € a{ aj Jy (7ÿ 

IfPp, is -f, E/A 

If is -, A/E

Factors:

fjL -I- for a radical pair formed from a triplet precursor;

- for a radical pair formed from a singlet precursor;

e +  for products of recombination or disproportionation

within the original cage;

- for products from radicals that escape the cage.

Ujj +  if nuclei i and j are originally in the same radical

fragment;

- if nuclei i and j are originally in different radical 

fragments.

Ag the sign of the difference in g value (g; - g), where

gi is the g value of the radical containing the 

nucleus giving the portion of the spectrum under 

observation, g is the g value of the other radical.

a. The sign of the coupling constant between the

electron and the nucleus giving rise to the portion of 

the spectrum under observation.

Jy The sign of the nuclear-nuclear coupling constant

giving rise to the multiplet.

An extra negative sign is required for CIDNP effects.
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1.2.5 Rearrangement of N-nitrocarbazole

The first evidence for the rearrangement of N-nitrocarbazole was in a paper 

by Welzel*^ which detailed its synthesis. The oxidation of N-nitrosocarbazole in dry 

methylene chloride refluxed with rngfa-chloroperoxybenzoic acid produced a mixture 

of N-nitro-, 1-nitro-, and 3-nitrocarbazole with a small amount of carbazole. Since 

the nitro group could only have originated from oxidation of the nitroso group, the 

only possibilities were rearrangement of the nitroso group and then oxidation, or 

oxidation of the nitroso group and then rearrangement.

The rearrangement of N-nitrocarbazole was later studied by Kyziol and 

Daszkiewicz*^’*®. Nitration of carbazole was compared to nitration of N- 

alkylcarbazoles under similar conditions. Differences in ratios of 1-, 2-, and 3-nitro 

products formed led to the conclusion that carbazole reacts by N-nitration followed 

by rearrangement of the nitro group, and N-alkyIcarbazoles react by direct nitration 

onto the ring system. Nitration of N-nitrosocarbazole produced nitro products in a 

similar ratio to that of carbazole and this was explained by the assumption that the 

nitroso group was first oxidised to a nitro group which then rearranged onto the ring.

Kyziol and Daszkiewicz concluded that nitration of carbazole is an indirect 

process. Two alternative pathways were considered. The first involved nitrosation of 

carbazole by nitrous oxide contaminants in nitric acid, followed by Fischer-Hepp 

rearrangement (postulated as the key step of the process providing nitrocarbazoles by 

Drake et aF^ and oxidation of 3-nitrosocarbazole. The second involved formation and 

rearrangement of N-nitrocarbazole. The first pathway was discounted because it was 

established that the rearrangement of N-nitrosocarbazole gives 3-nitrosocarbazole as 

the only product, and this product was very resistant to oxidation^. This left 

formation and rearrangement of N-nitrocarbazole as the most plausible mechanism 

(Figure 12).
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Figure 12 Mechanism for rearrangement of N-nitrocarbazole

Kyziol and Daszkiewicz then set about proving their conclusions®*. First they 

tried alternative methods of synthesis of N-nitrocarbazole and noted that increasing 

the temperature during oxidation of N-nitrosocarbazole increased the rate of 

rearrangement of N-nitrocarbazole. It was necessary to prove that N-nitrocarbazole 

was formed during the nitration of carbazole and that rearrangement of N- 

nitrocarbazole in acetic acid solution led to the formation of 1-nitro and 3- 

nitrocarbazole in the same ratio as they are formed in the nitration of carbazole with 

the stoichiometric amount of nitric acid in acetic acid solution (i.e. 3:7 respectively).

Carbazole was nitrated in acetic acid with a deficient amount of nitric acid. 

N-nitrocarbazole was isolated from the reaction mixture in approximately 1 % yield. 

Rearrangement of N-nitrocarbazole was then induced under conditions similar to the 

nitration process, with nitric acid present in 10% molar ratio as a catalyst. The 

isomer distribution of 1-nitro- to 3-nitrocarbazole (29:71) was very similar to the ratio 

observed in the direct nitration of carbazole, and was constant regardless of whether 

the rearrangement was carried out at room temperature for 12 hours or at 50°C for 

1 hour.

Further evidence for their proposed mechanism was given by their
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unsuccessful attempts to separate the 1,3,6,8 -tetrachlorocarbazole/1,3,6,8 -tetrachloro- 

9-nitrocarbazole complex (Figure 13).

Cl Cl

Cl

N — H N — N

Cl Cl

Cl

Figure 13 1,3,6 ,8 -tetrachlorocarbazole/1,3,6 ,8-tetrachloro-9-nitrocarbazole complex

The complex was prepared by the action of nitric acid on 1,3,6,8 -tetrachlorocarbazole 

in acetic acid or acetic anhydride solution® .̂ It was assumed that substitution of the 

pyrrole proton for a methyl group would cause decomposition of the complex because 

of the destruction of the hydrogen bond. However, méthylation of the complex led 

not only to the expected 1,3,6,8-tetrachloro-9-methylcarbazole (Figure 14 (a)), but 

also to 1,3,6,8-tetrachloro-9-methyl-2(and 5)-nitrocarbazole (Figure 14 (b) and (c) 

respectively).

All their attempts to prepare 1,3,6,8-tetrachloro-9-nitrocarbazole by nitration 

of 1,3,6 ,8 -tetrachlorocarbazole were unsuccessful, leading them to the conclusion that 

it must be a very unstable compound which can exist only in the complex (Figure 

13). Formation of the compounds Figure 14 (a) and (b) was explained as the result 

of a nitramine rearrangement of the unstable 1,3,6,8-tetrachloro-9-nitrocarbazole 

liberated from the complex (Figure 13) during méthylation. Migration of the nitro 

group to carbons substituted by chlorine gave intermediary C-nitrosooxy compounds 

which could not transform into the stable nitro compounds. However, the angular 

nitrite Figure 15 (a) can transform into another intermediate Figure 15 (b) via a 1,3- 

shift.
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Figure 14 Méthylation of the 1,3,6 ,8 -tetrachlorocarbazole/1,3,6,8-tetrachloro-9- 

nitrocarbazole complex

Kyziol and Daszkiewicz noted that their proposed mechanism for the 

transformation of 1,3,6,8-tetrachloro-9-nitrocarbazole was similar to the "cartwheel" 

mechanism formulated by Banthorpe^^ for the acid-catalysed nitramine rearrangement. 

They proposed an analogous transformation in the case of N(9)-nitrocarbazole, but 

also found that N-nitrocarbazole forms 1- and 3-nitrocarbazoles when treated with 

aqueous alkali despite the fact that hydrolysis of the nitramine bond prevails over the 

rearrangement (Table 2).

The difference in behaviour of N-nitrocarbazole and 1,3,6,8-tetrachloro-9- 

nitrocarbazole in alkaline solutions was explained as a result of the steric hindrance 

in 1,3,6,8-tetrachloro-9-nitrocarbazole which rendered it less susceptible to 

hydrolysis. Rearrangement of N-nitrocarbazole was performed under a whole range 

of conditions (Table 2 ) leading to the conclusion that the rearrangement proceeded by 

the modified "cartwheel" mechanism because it seemed likely to them that the C- 

nitrocarbazoles were produced from the same intermediates irrespective of acidic or 

basic catalysis. C-nitrosooxy compounds were thought to have formed in the solution 

rapidly but in minute amounts, and remained in the equilibrium state with the N-nitro 

form. Transformation of the nitrites (Figure 12 (a) and (c)) into the nitro compounds 

occurred in the last, rate-limiting step and was accompanied by proton expulsion. 

Hence, the catalytic effect of strong acids as well as bases because protonation of the 

imino groups (Figure 12 (a) and (c)) also facilitates cleavage of the C-H bond.
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Figure 15 Rearrangement of l,3,6,8-tetrachIoro-9-nitrocarbazole

Protonation of a nitramine and subsequent rearrangement according to the 

"solvent-cage-fragment" mechanism^ may occur only in the presence of a strong acid 

used in great excess, the very conditions under which nitramine rearrangements are 

usually performed. Both "cartwheel" and "solvent-cage" mechanisms are thought 

possible for nitramine rearrangements. Highly acidic media favour the "solvent-cage" 

mechanism and high o/p ratio, and lower acidities favour the "cartwheel" mechanism 

and low o/p ratio. The "solvent-cage" mechanism was therefore discounted by Kyziol 

and Daszkiewicz firstly because the rearrangement was carried out with the use of 

less than stoichiometric amounts of nitric acid in acetic acid solution, and secondly 

because of the unusually low o/p ratio observed in the N-nitrocarbazole 

rearrangement.

The present research into the rearrangement of N-nitrocarbazole was

47



undertaken to try to prove the mechanism involved. NMR experiments were 

performed in the hope that the presence of a chemically induced dynamic nuclear 

polarisation (CIDNP) effect might prove that the rearrangement follows a radical 

process.

Table 2 Rearrangement of N-nitrocarbazole^^

Reaction conditions x-Nitrocarbazoles 

x = 9 X  = 1 X  = 3

Total

yield

%

o/p

ratio

Acetic acid, Ih at 50°C, 

10  mol-% HNO3 catalyst 40.2 13.6 33.1 86.9 0.41

Acetic acid, 12h at RT, 

10 mol-% HNO3 catalyst 36.8 15.2 38.1 90.1 0.40

Acetic acid, 6 h at RT, 

10 mol-% of 12 N 

aqueous perchloric acid 31.7 18.6 46.0 96.3 0.40

Acetone and water 5:1 

(v/v), 5h at 50°C 84.0 84.0

Acetone, 3h at 50°C, 

0.5 n aq. KOH solution 26.9 a) 11.3 ca.87

Pyridine, 5h on a 

boiling water bath’’̂ 49.0 17.0 25.9 91.9 0.54

Pyridine, 1 month at RT 61.3 1 1 .2 19.2 91.7 0.59

Tetrahydrofuran, 3h at 

the bpt., lithium 

hydride (excess)^) 13.2 19.7 46.6 79.5 0.42

“̂ Carbazole (30%) was isolated in pure state. It was also present in the 1-nitrocarbazole fraction in a 

significant amount.

'’The free-radical mechanism may interfere in this case, however, the lack o f carbazole in the reaction 

mixture militates against such a presumption

‘̂ Ŝmall amounts of carbazole and an unidentified compound were also isolated.
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2. RESULTS

Analyses for each individual compound are given in the experimental section.

2.1 Nitrocarbazoles

Figure 16 The numbering system for Carbazole 

2.1.1 3-N itrocarbazole

The synthesis of 3-nitrocarbazole involved nitrosation of carbazole prior to 

nitration. Nitrosation was performed in order to increase the yield of 3-nitrocarbazole 

over 1-nitrocarbazole. The crude 3-nitrocarbazole was recrystallised several times 

from glacial acetic acid and several times from ethanol before a constant melting point 

was achieved. However, the melting point achieved was 10 °C lower than that of the 

literature melting point^^. Despite several attempts at synthesizing and purifying 3- 

nitrocarbazole, the melting point was always low and continued recrystallisation led 

to no increase in either melting point or purity.

The electron impact (El) mass spectrum for 3-nitrocarbazole showed the 

characteristic molecular ion (M+ = 212), and was very easily interpreted. Electron 

impact induced fragmentation of nitroarene radical-cations proceeds via two basic 

routes involving expulsion of the NO2 and NO species as the primary processes 

(Figure 17)̂ "̂ ’̂ .̂ All relevant peaks were present in the spectrum recorded for 3- 

nitrocarbazole, and from peak heights the loss of NO2 appeared to be the predominant 

fragmentation route.
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Figure 17 Scheme 1 from reference 93
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The 400 MHz NMR spectrum of 3-nitrocarbazole (Figure 18) was exactly 

as would be predicted for this compound. There were eight peaks, integrating to a 

total of eight protons. The small broad singlet at 11.056 corresponded to the amine 

proton. The doublet at 9.086 corresponded to H-4 meta coupling to H-2. Its chemical 

shift was a result of deshielding due to its position ortho to a nitro group. The 

coupling constant = 2.3 Hz) is typical for meta coupling in nitroarenes^^. The 

doublet at 8.356 corresponded to H-5 ortho coupling to H-6 . The ortho coupling 

constant (̂ J = 7.3 Hz) is a typical value for nitroarenes^^. The expected meta 

coupling between H-5 and H-7 was present, but was only just visible in the spectrum. 

The doublet of doublets at 8.326 corresponded to H-2 ortho coupling to II I, and 

meta coupling to H-4. The doublet at 7.676 corresponded to H-1 ortho coupling to 

H-2. The doublet at 7.636 corresponded to H-8  ortho coupling to H-7. The triplet of 

doublets at 7.526 corresponded to H-7 ortho coupling to H-6  and H-8  to give a 

triplet, and then the triplet was split by meta coupling to H-5. An identical splitting 

pattern occurred at 7.336 which represented H-6 .

The 400 MHz NMR spectrum for 3-nitrocarbazole contained only eleven 

peaks, but this anomaly can be explained by the overlap of two peaks.

The Fourier transform infra-red (FTIR) spectrum of 3-nitrocarbazole showed 

absorptions in all the relevant bands for a nitrocarbazole compound. The N-H stretch 

was present at 3397 cm \  and the NO2 antisymmetric and symmetric stretches were 

present at 1522 and 1337 cm^ respectively.

Elemental analysis for 3-nitrocarbazole was slightly low in both carbon and 

nitrogen. This result coupled with the low melting point indicates impurities present 

in the product. NMR spectra did not indicate the presence of any impurities, but the 

^H NMR spectrum did show small anomalous peaks in the aliphatic region. The low 

melting point and elemental analysis values may be the result of small amounts of 

solvents present on the product crystals.
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Figure 18 The 400 MHz Tî NMR spectrum of 3-nitrocarbazole in acetone-d6.
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2.1.2 1 -N itrocarbazole

The literature nitration of carbazole^^, said to give 3-nitrocarbazole (70%) and 

1-nitrocarbazole (6 %) with a small amount of 3,6-dinitrocarbazole, was repeated and 

found to give over 50% 3,6-dinitrocarbazole. Direct nitration of carbazole, i.e. 

without prior nitrosation, was carried out at room temperature for 8  hours with a ratio 

carbazole : fuming nitric acid : glacial acetic acid of 1 : 1 : 20. The reaction 

produced 1-nitro- and 3-nitrocarbazole in the ratio 1 : 4 respectively.

The 1-nitrocarbazole was separated from 3-nitrocarbazole by colunm 

chromatography, and was recrystallised several times from glacial acetic acid and 

several times from ethanol (95%). However, despite the repeated recrystallisations 

and the fact that a constant melting point was achieved, the meltmg point of 1- 

nitrocarbazole was found to be approximately 10 °C below the literature value^^. This 

large difference can only be attributed to the presence of small amounts of solvents 

on the product crystals.

The El mass spectrum of 1-nitrocarbazole showed the characteristic molecular 

ion (M^ = 212). As stated above the electron impact induced fragmentation of 

nitroarene radical-cations proceeds primarily by two routes, initiated either by loss 

of NO2 or NO species (Figure 17). The relative abundance of [M - NO]^ and [M - 

N0 2 ]^ peaks is a reflection of the extent and ease of valence isomérisation. This is 

strongly influenced by the structure of the aromatic system and the character of other 

substituents^^. Hydrogen transfer and oxygen migration are the main rearrangements 

which complicate the mass spectra of substituted nitroarenes^*. Comparison of the 1- 

nitrocarbazole spectra with that for 3-nitrocarbazole shows that nitro-nitrite 

rearrangement followed by expulsion of NO or NO ̂  molecules is less significant in 

fragmentation of 1-nitrocarbazole than in 3-nitrocarbazole. The major fragmentation 

path for both molecules involving expulsion of NO2 and HCN fragments leads to the 

m/e = 139 ion (Figure 17) characteristic of the spectra of carbazole^ and its 

derivatives. Minor differences in the spectra for 1-nitro- and 3-nitrocarbazole would 

be expected due to the ortho effect involving interaction between the nitro and imino 

groups. Hydrogen transfer on to the nitro group followed by cleavage of the N -0 

bond was observed in the spectra of o-nitroaniline and its derivatives. Hydrogen
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transfer is possible if the imino group is free rotating or forms a part of a bent and 

flexible heterocyclic system.

The 400 MHz NMR spectrum of 1-nitrocarbazole (Figure 19) was similar 

to that of 3-nitrocarbazole in that there were eight peaks which integrated to a total 

of eight protons. This fact alone indicates the lack of symmetry in the 3-nitro- and 1- 

nitrocarbazole molecules. The broad singlet at 11.176 (not shown) corresponded to 

the amine proton (H-9). The doublet at 8.596 represented H-4 ortho coupling to H-3. 

Meta coupling to H-2 would also be expected, and the expanded portion of the 

aromatic spectrum showed that this was present. The doublet at 8.356 corresponded 

to H-2 ortho coupling to H-3. The doublet at 8.256 corresponded to H-5 ortho 

coupling to H-6 . The ortho coupling constant (^J = 7.6 Hz) is typical in nitroarenes^^. 

The doublet at 7.806 corresponded to H-8  ortho coupling to H-7. The expected meta 

coupling from H-8  to H-6  can be seen in the expanded aromatic spectrum but is very 

small. The triplet at 7.546 corresponded to H-7 ortho coupling to both H -6  and H-8 . 

The same proton in the 3-nitrocarbazole molecule was clearly a triplet of doublets, 

but the splitting of the triplet is not clear in this case. The triplet at 7.396 represented 

H-3 ortho coupling to both H-2 and H-4, and the triplet at 7.346 corresponded to H-6  

ortho coupling to H-5 and H-7. The splitting of the H-6  triplet by meta coupling to 

H-8 , clearly present in the spectrum of 3-nitrocarbazole, was not distinguishable in 

this spectrum.
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Figure 19 The 400 MHz NMR spectrum of 1-nitrocarbazole in acetone-d6.
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The 400 MHz NMR spectrum of 1-nitrocarbazole showed only ten singlet

peaks, probably due to overlap of peaks or loss of small peaks in the noisy baseline. 

This spectrum was acquired with 1-nitrocarbazole dissolved in acetone-d6 , however 

comparisons with the NMR spectrum of 1-nitrocarbazole in DMS0-d6^^ can still

be drawn. In the DMS0-d6 spectrum, peaks corresponding to C-5 and C-6  overlap, 

as do peaks corresponding to C-4b and C-7. This result from literature shows that it 

is not unreasonable for only ten or eleven peaks to be visible in the NMR spectra 

of 3-nitro- or 1-nitrocarbazole.

The FTIR spectrum of 1-nitrocarbazole, as expected, was very similar to that 

of 3-nitrocarbazole. The relevant peaks expected for this molecule were present. The 

N-H stretch was present at 3402 cm \  The NO2 antisymmetric and symmetric 

stretches were also visible at 1523 and 1326 cm^ respectively. Absorptions due to 

stretching of bonds between the aromatic carbon atoms were also visible at 

approximately 1600 cm \

Elemental analysis of the purified 1-nitrocarbazole sample gave values for 

carbon, hydrogen, and nitrogen that were only just within the acceptable levels of ±  

0.03%. This result coupled with the low melting point showed that the product still 

contained small amounts of impurities or solvents.

2.1.3 1.6 -Dinitrocarbazole

The synthesis of 1,6- and 3,6 -dinitrocarbazoles was achieved using two 

slightly different routes. The first route involved nitrosation prior to nitration, and the 

second involved direct nitration of carbazole. Separation and purification of the two 

isomers, synthesised via nitrosation prior to nitration, led to a product ratio for

1,6- : 3,6-dinitrocarbazole of 1 : 2.2 (literature value 1 : l . s y \  However, the 

product mixture synthesised via direct nitration was analysed by HPLC and the ratio 

of 1,6- : 3,6-dinitrocarbazole then found to be 1 : 1.3 respectively. This result is 

consistent with nitrosation of carbazole increasing the amount of 3-nitro- product 

formed by increasing the steric hindrance at C-1.

The melting point of the crude isomeric mixture was slightly lower than 

expected, however, the melting point for the purified 1 ,6 -dinitrocarbazole was in
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good agreement with literature values.

The El mass spectrum for 1,6 -dinitrocarbazole contained all of the relevant 

peaks expected for nitroarene fragmentation. The molecular ion (M^ = 257) was the 

most abundant peak, and the two expected routes of fragmentation via loss of NO or 

NO2 were shown. Fragmentation initiated by the loss of NO2 tended to dominate.

The 400 MHz NMR spectrum of 1,6 -dinitrocarbazole (Figure 20) had six 

groups of peaks integrating to seven protons as expected. The broad singlet at 12.718 

(not shown) corresponded to the amine proton. The doublet at 9.278 corresponded to 

H-5 meta coupling to H-7. The meta coupling constant, = 2.2 Hz, was consistent 

with meta coupling constants for nitroarenes. The doublet of doublets at 8 .8 6 8  

represented H-2 ortho coupling to H-3 and H-4. The coupling constants, = 7.6 Hz 

and = 0.7 Hz, were consistent with ortho and meta coupling constants in 

nitroarenes, although 0.7 was quite a low value. Deshielding caused by the nitro 

group ortho to H-2 was responsible for its high chemical shift. The group of peaks 

at 8.388 consisted of a doublet of doublets at 8.398 which corresponded to H-4 

coupling to H-3 and H-2, and a doublet of doublets at 8.388 which corresponded to 

H-7 coupling to H-8  and H-5. The doublet at 7.858 represented H -8  ortho coupling 

to H-7, and the triplet at 7.478 corresponded to H-3 coupling to H-2 and H-4.

The 400 MHz NMR spectrum of 1,6 -dinitrocarbazole showed twelve 

singlets corresponding to the twelve carbon atoms in the carbazole structure.

The FTIR spectrum of 1,6 -dinitrocarbazole showed the N-H stretch at 3425 

cm '\ and the NO2 antisymmetric and symmetric stretches at 1529 and 1340 cm'  ̂

respectively. The C-C stretches of the aromatic carbon atoms were also present at 

approximately 1613 cm \

Elemental analysis of 1,6 -dinitrocarbazole proved to be slightly low in the 

carbon and nitrogen values found, however, these values were within the acceptable 

margin of ±  0.03%. The results from all analyses were consistent with 1,6-dinitro- 

carbazole.
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Figure 20 The 400 MHz NMR spectrum of 1,6-dinitrocarbazole in DMS0-d6
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2.1.4 3 .6-Dinitrocarbazole

The melting point of 3,6-dinitrocarbazole was determined using an 

Electrothermal digital melting point apparatus because the Gallenkamp melting point 

apparatus would not increase above 355 °C. The melting point was found to be very 

close to the literature value^\

The El mass spectrum for 3,6-dinitrocarbazole showed all the relevant peaks 

for nitroarene fragmentation following the two routes initiated either by loss of NO 

or by loss of NO2. Comparison with the spectrum for 1,6-dinitrocarbazole shows that

3,6-dinitrocarbazole is more susceptible to nitro-nitrite rearrangement than 1,6- 

dinitrocarbazole, and is therefore less stable.

The 400 MHz NMR spectrum of 3,6-dinitrocarbazole (Figure 21) was 

much simpler than those for the previous compounds because of the symmetry of the 

molecule. The aromatic region of the spectrum contained only three peaks, and 

despite the presence of small amounts of impurities making it look otherwise, they 

integrate to two protons each. The broad singlet at 12.716 (not shown) corresponded 

to the amine proton. The doublet at 9.496 corresponded to H-4/5 coupling to H-2/7. 

The doublet of doublets at 8.396 corresponded to H-2/7 ortho coupling to H-1/8 and 

meta coupling to H-4/5. The ortho and meta coupling constants (^J = 9.0 Hz, and 

= 2.4 Hz) were of the correct magnitude for dinitroarenes. The doublet at 7.756 

corresponded to H-1/8 ortho coupling to H-2/7.

The 400 MHz NMR spectrum of 3,6-dinitrocarbazole showed six singlets, 

each corresponding to two identical carbon atoms on opposite sides of the plane of 

symmetry in the molecule. Three of the singlets were large, corresponding to the six 

carbon atoms of the molecule, three on either side of the plane of symmetry, with 

attached protons.

The FTIR spectrum of 3,6-dinitrocarbazole was quite similar to that for 1,6- 

dinitrocarbazole. It showed the N-H stretch at 3394 cm '\ and the NO2 antisymmetric 

and symmetric stretches at 1519 and 1337 cm'^ respectively. Several peaks due to C-C 

aromatic stretches were also visible at approximately 1600 cm \

Elemental analysis of 3,6-dinitrocarbazole gave values for carbon, hydrogen, 

and nitrogen that were in good agreement with the calculated values.

59



J v '•N»r J  I j \- .
T i  I y i  T T T  1  I i n  I - j - T  I T r y  i i  i i |  i i i i [  i i n

U 4  9 . 2  9 0  8 . 8
T T

8  6

T -] - rT T T -f" n

8 4
T i " r T ' p r n “ r p ~ T  i r j  i "  

8 2 8 0
I I I I I I I r r \  T

7 . 8  P P M

Figure 21 The 400 MHz NMR spectrum of 3,6-dinitrocarbazole in DMS0-d6
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2.1.5 1.3.6.8-T etranitrocarbazole

1,3,6,8 -Tetranitrocarbazole was synthesised and purified by a number of 

routes to try to find the best method. A summary of these routes is given in Table 3.

Route to 

1,3,6,8-TNC

Crude

Yield

(%)

Purification

Technique

Overall

Yield

(%)

Purity

(%)

Mpt. (°C) 

Expected 

298-300^2

Found

Reference 53 63 — — — 250-276

Reference 52 79 90% aqueous 

acetone wash, 

recrystallised 

from toluene

13 99.8 295-300

Two step 

nitration:

1) small scale 69 a) washed in 

boiling water, 

recrystallised 

from toluene

32 99.0 294-298

2 ) large scale (i)80

(ii) 89

two repeated 

recrystallisations 

of crude TNG, 

each using 2  litres 

of toluene

59

59

97.0

97.0

295-300

290-295

Table 3 Summary of several routes to pure 1,3,6,8 -tetranitrocarbazole

Table 3 shows that a high degree of purity of 1,3,6 ,8 -tetranitrocarbazole has
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been achieved. However, there is a balance between purity and yield. High purity 

must be achieved for the material to be compatible for pyrotechnic use, but high 

yields must also be achieved for large scale synthesis to be viable.

The melting point of pure 1,3,6 ,8 -tetranitrocarbazole was found to be in good 

agreement with literature values^ .̂ Analytical HPLC of the product from synthesis via 

reference 52 confirmed that the product was at least 99.8% 1,3,6 ,8 -tetranitro

carbazole.

The El mass spectrum for this product showed all the expected ions 

corresponding to fragmentation of 1,3,6 ,8 -tetranitrocarbazole by two routes initiated 

either by loss of NO or by loss of NO2. Peaks due to loss of four NO groups and four 

NO2 groups are clearly distinguishable.

The 400 MHz ^H NMR spectrum of this compound (Figure 22) was simplified 

by the plane of symmetry in the molecule. The broad singlet at 12.006 (not shown) 

corresponded to the amine proton. The doublet at 10.076 corresponded to H-4/5 meta 

coupling to H-2/7. The meta coupling constant ('̂ J = 2.0 Hz) was approximately the 

right size for a nitroarene. The doublet at 9.126 corresponded to H-2/7 meta coupling 

to H-4/5.

The 400 MHz NMR spectrum for 1,3,6 ,8 -tetranitrocarbazole showed six 

singlets, each corresponding to two carbon atoms due to the plane of symmetry in the 

molecule.

The FTIR spectrum of 1,3,6,8 -tetranitrocarbazole showed the relevant peaks 

expected for this molecule. The N-H stretch appeared at 3439 cm'^ and the NO2 

antisymmetric and symmetric stretches at 1553 and 1327 cm'^ respectively. A peak 

due to C-H stretch was visible at 3092 cm '\ and peaks due to aromatic C-C stretches 

are at approximately 1600 cm '\

Elemental analysis of pure 1,3,6,8 -tetranitrocarbazole gave values for carbon 

and hydrogen that were in good agreement with the calculated values. The low value 

for nitrogen was probably due to incomplete combustion during the analysis.
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Figure 22 The 400 MHz NMR spectrum for 1,3,6,8-tetranitrocarbazole in DMS0-d6
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Unlike the previous compounds, 1,3,6 ,8 -tetranitrocarbazole has been analysed 

by NMR^^ using similar methods to those described above and the results accord well 

with those reported here.

2.1.6 The tri-sodium salt of carbazole-1.3.6 -trisulphonic acid

Analysis of the sulphonation mixture just prior to nitration was carried out to 

investigate the extent of sulphonation of the carbazole molecule.

El mass spectroscopy was attempted as a first means of analysis of the white 

solid, but this was found unsuitable. Fast atom bombardment mass spectroscopy was 

a more suitable method for this molecule. The highest molecular weight peak in this 

spectrum was thought to correspond to the replacement of a proton on the molecule 

with a sodium atom (M^ + 22). The molecular ion corresponding to the tri-sodium 

salt of carbazole-1,3,6 -trisulphonic acid was a small peak. Addition of a sodium atom 

to this molecule would not be unusual because the product was recrystallised from 

sodium chloride.

The 400 MHz NMR spectrum for this sodium salt was acquired in D2O. 

The splittings of peaks were actually clearer in the 70 MHz ^H NMR spectrum 

(Figure 23). The doublet at 8 .8 6  corresponded to H-4 meta coupling to H-2. The 

doublet at 8.756 corresponded to H-2 meta coupling to H-4. The doublet at 8.416 

corresponded to H-5 meta coupling to H-7. The doublet of doublets at 8.026 

corresponded to H-7 ortho coupling to H-8  and meta coupling to H-5. The doublet 

at 7.756 corresponded to H-8  ortho coupling to H-7. The amine proton was not 

visible up to 12.606. The splitting pattern observed was as would be expected for 

1,3,6 -trisubstitution of carbazole.

The 400 MHz NMR spectrum of this product showed twelve singlets, as 

would be expected for the carbazole skeleton.

The FTIR spectrum of this product showed a strong broad absorption at 3450 

cm'^ corresponding to the O-H stretch of the SO3H group. It also showed 

absorptions corresponding to stretching of the S = 0  bond at 1185 and 1127 cm \
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Figure 23 The 70 MHz NMR spectrum of the tri-sodium salt of carbazole-1,3,6-trisulphonic acid in D2O
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Elemental analysis of this compound, after it had been recrystallised several 

times from hot sodium chloride solution, suggested an atomic ratio of C12H 12NS3. 

This ratio is close to that of the tri-sodium salt of carbazole-1,3,6 -trisulphonic acid, 

C12H6NS3. The large difference between the elemental analysis found and that 

calculated for the tri-sodium salt of carbazole-1,3,6 -trisulphonic acid can be explained 

by the fact that the product was recrystallised from sodium chloride solution, and 

hence was probably contaminated with sodium chloride. The atomic ratios of the 

product can be compared with the theoretical atomic ratios in the tri-sodium salt of 

carbazole-1,3,6 -trisulphonic acid (Table 4).

Compound Ratios

C/N C/S N/S

Found 10.71 1.58 0.15

Calculated 10.28 1.50 0.15

Table 4 Comparison of atomic ratios for the elemental analysis found and that 

calculated for the tri-sodium salt of carbazole-1,3,6 -trisulphonic acid

The synthesis of this compound is unusual in that the 1,3,6 -trinitrocarbazole 

could not be isolated.

2.2 Rearrangement of N-nitrocarbazole

2.2.1 N-Nitrosocarbazole

The synthesis of N-nitrosocarbazole was the first step toward the synthesis of 

N-nitrocarbazole. The melting point found for N-nitrosocarbazole, after 

recrystallisation from aqueous ethanol (95%), was very close to that found in 

literature^^.

The FAB mass spectrum of this compound agrees well with the mass spectrum 

described in literature^^. The base peak occurs at (M^ - 29) and the second largest
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peak, at (M"̂  - 30), corresponded to loss of the nitroso group from the N- 

nitrosocarbazole molecule. Only a small molecular peak (M^ =  196) was detected. 

The base peak (M^ - 29) was thought to be due to hydrogen abstraction by the (M'^ - 

30) ion.

The 400 MHz NMR spectrum of N-nitrosocarbazole showed a doublet of 

doublets at 8.426 which integrated to one proton and corresponded to H-8  coupling 

to both H-7 and H-6 . The multiplet at 8.21 - 8.156 integrated to three protons and 

corresponded to H-1, H-2, and H-7. The multiplet at 7.63 - 7.516 integrated to four 

protons and represented H-3, H-4, H-5, and H-6 . The lack of simplicity in this 

spectrum indicated that the molecule had no symmetry, and, hence, that the N-nitroso 

group was bent and had a barrier to rotation.

The 400 MHz NMR spectrum of N-nitrosocarbazole (Figure 24) showed 

twelve singlets, each singlet corresponded to a carbon atom of the carbazole 

heterocycle. The splitting pattern obtained was identical to that shown in literature^°\ 

The non-equivalence of all twelve carbon atoms once again emphasised the non-linear 

nature of the N-nitroso group and the barrier to rotation of the nitroso group.

The FTIR spectrum of N-nitrosocarbazole showed a strong absorption at 1442 

cm'^ which corresponded to the N = 0  stretch, an absorption at 1249 cm'^ which 

corresponded to the C-N stretch, and an absorption at 1059 cm^ which corresponded 

to the N-N stretch. Several small absorptions were also present at 1500 - 1450 cm^ 

due to the C-C bond stretches of the aromatic ring system. These values were in good 

agreement with literature valueŝ ®̂ , considering that these results were obtained from 

a KBr disc of the sample and the literature values were recorded in solvents.

Elemental analysis of pure N-nitrosocarbazole gave values for carbon, 

hydrogen, and nitrogen that were very close to those calculated for this molecule.

^^N-labelled N-nitrosocarbazole, synthesised using ^̂ N labelled sodium nitrite, 

was analysed using the same methods as described above and gave very similar 

results.
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Figure 24 The 400 MHz NMR spectrum of N-nitrosocarbazole in DMS0-d6
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2.2.2 N-Nitrocarbazole

N-Nitrocarbazole was synthesised in order to study its rearrangement in acidic 

conditions. This compound had been synthesised and spectroscopically analysed 

previously**, and hence the opportunity was available to compare spectral results.

The melting point of the product was slightly lower than expected from 

literature*^. This may have been due to the presence of small amounts of impurities, 

however, manipulation of this compound was restricted by the fact that it tended to 

rearrange under warm or acidic conditions, giving 1-nitro- and 3-nitrocarbazole.

The El mass spectrum of N-nitrocarbazole showed a small molecular ion (M"̂  

= 212). The base peak (M^ - 45) corresponded to loss of the nitro group from the 

molecule, followed by hydrogen abstraction by the (M^ - 46) ion. The (NT̂  - 46) ion 

was the second largest peak. The third largest peak (M^ - 44) may have corresponded 

to loss of the nitro group followed by two hydrogen abstractions. The next most 

significant peaks were at m/e = 139 and 140, and corresponded to loss of CN and 

HCN from the (M^ - 46) ion respectively. These peaks were characteristic of the 

spectrum of carbazole itself

The 400 MHz ^H NMR spectrum of N-nitrocarbazole (Figure 25) was much 

simpler than that of N-nitrosocarbazole due to the symmetry of the N-nitro group.The 

doublet of doublets at 8.356 integrated to two protons and corresponded to H-4/5 

ortho coupling to H-3/6, and meta coupling to H-2/7. The doublet of doublets at 

8.186 integrated to two protons, and corresponded to H-1/8 ortho coupling to H-2/7, 

and meta coupling to H-3/6. The triplet of doublets at 7.646 integrated to two 

protons, and corresponded to H-3/6 ortho coupling to H-4/5 and H-2/7, and meta 

coupling to H-1/8. Similarly, the triplet of doublets at 7.546 integrated to two 

protons, and corresponded to H-2/7 ortho coupling to H-1/8 and H-3/6, and meta 

coupling to H-4/5. Literature values for the ^H NMR spectrum of N-nitrocarbazole 

were not available for comparison.
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Figure 25 The 400 MHz ‘H NMR spectrum of N-nitrocarbazole in acetone-d6
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The 400 MHz NMR spectrum of N-nitrocarbazole showed six singlets, 

each one corresponding to two equivalent carbon atoms in the molecule. There were 

four large singlets due to the carbon atoms attached to protons, and two small singlets 

due to carbon atoms in the central heterocycle of the molecule with no attached 

protons. The chemical shifts of these peaks were consistent with literature values**.

The FTIR spectrum of N-nitrocarbazole showed peaks at 1555 and 1447 cm'  ̂

which corresponded to antisymmetric and symmetric stretching of the NO2 group 

respectively. Peaks were also present at 1284 and 1150 cm^ which corresponded to 

the C-N stretch and C =C  bond stretching respectively.

Elemental analysis of pure N-nitrocarbazole gave a low value for the 

percentage of carbon present. This result may have been due to the instability of the 

product to heating. Values for the elemental analysis of this compound given in the 

literature are less accurate than the present result in one case**, and more accurate in 

another*^.

^^N-labelled N-nitrocarbazole synthesised by the oxidation of ^^N-labelled N- 

nitrosocarbazole, was analysed using the same methods as described above and gave 

very similar spectra.

2.2.3 Rearrangement of N-nitrocarbazole

2.2.3.1 Acid catalysed

In order to study the rearrangement of ^^N-labelled N-nitrocarbazole by ^̂ N 

NMR spectroscopy two main variables had to be optimised. The concentration of ^̂ N- 

labelled N-nitrocarbazole had to be at least 0.05 M to obtain a clear ^̂ N NMR 

spectrum, considering that each acquisition consisted of only 2 0  pulses with a 10 

second delay between each pulse, and the half-life of the reaction had to be of the 

order of five minutes for any CIDNP effect to be observed. Both of these variables 

were optimised using unlabelled N-nitrocarbazole and NMR spectroscopy. The 

concentration of N-nitrocarbazole was restricted by the insolubility of the 

rearrangement products, and sufficient concentration could only be achieved using 

DMSO as the solvent. Adjustment of the half-life of the reaction by changing the
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amount of acid catalyst added was also restricted by the insolubility of the 

rearrangement products. The addition of more acid resulted in lower solubility of the 

products. Further problems were created by the fact that the addition of acid catalyst 

to the DMSO solution caused an exothermic reaction with any water in the DMSO. 

The heat produced also induced rearrangement of N-nitrocarbazole, as discussed in 

the next section (ii).

The 400 MHz NMR spectra for the acid catalysed rearrangement of the 

unlabelled N-nitrocarbazole (Figures 26.1 - 26.5) showed that after approximately 

nine minutes of reaction (Figure 26.4) there was still approximately 48% of the 

starting material remaining. The spectra are quite complex, making individual peaks 

difficult to assign. Fortunately, peaks due to the most deshielded protons in both 1- 

nitro- and 3-nitrocarbazole occur far enough downfield to separate them from the rest. 

The peak at 9.06 can be assigned to 3-nitrocarbazole and the peak at 8.65 to 1- 

nitrocarbazole.

A graph of the percentage of each compound present versus time (Figure 27) 

was produced from measurements of peak integral areas. The graph shows that the 

initial rate of reaction was fast, but after only one hundred seconds it slowed 

considerably. The initial speed of the reaction may have been aided by the exothermic 

reaction brought about by the addition of the acid catalyst to the DMSO solution. 

Balancing the amount of acid with the concentration of starting material to obtain the 

correct half-life for the reaction was made more difficult by the fact that these 

experiments were done initially on a 100 MHz continuous wave NMR machine. 

Swamping of the ^H NMR spectrum by the acid catalyst prevented use of the 200 

MHz NMR machine, and high demand restricted the time available for use of the 400 

MHz NMR machine.
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Figure 26.1 The 400 MHz NMR spectrum of the acid catalysed rearrangement of N-nitrocarbazole in DMS0-d6 after 109 seconds
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Figure 26.2 The 400 MHz NMR spectrum of the acid catalysed rearrangement of N-nitrocarbazole in DMS0-d6 after 325 seconds
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Figure 26.3 The 400 MHz NMR spectrum of the acid catalysed rearrangement of N-nitrocarbazole in DMS0-d6 after 541 seconds
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Figure 26.4 The 400 MHz NMR spectrum of the acid catalysed rearrangement of N-nitrocarbazole in DMS0-d6 after 865 seconds
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Figure 26.5 The 400 MHz NMR spectrum of the acid catalysed rearrangement of N-nitrocarbazole in DMS0-d6 after 4 hours
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Proton NMR study of the acid catalysed rearrangement of N-ni t r o c a r b a z o
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Figure 27 Graph of the percentage of each compound present during the acid catalysed rearrangement of N-nitrocarbazole versus time
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The infinity spectrum for this rearrangement, after heating for four hours at 

70 °C showed the ratio of 1-nitro- to 3-nitrocarbazole formed to be 1 : 1.05 

respectively. This ratio of products was very different to that found during mixed acid 

nitration of carbazole where the ratio of 1-nitro- to 3-nitrocarbazole was 1 : 4 

respectively.

Experiments on the acid catalysed rearrangement of ^^N-labelled N- 

nitrocarbazole were carried out on the 400 MHz NMR machine, but before any 

experiments were performed, pure samples of ^^N-labelled N-nitro-, 1-nitro-, and 3- 

nitrocarbazoles were analysed to determine their chemical shifts (Table 5).

Compound Chemical shift (ppm)

N-nitrocarbazole -40.14

1-nitrocarbazole -4.06

3-nitrocarbazole -2.64

Table 5 The chemical shifts of ^^N-labelled N-nitro-, 1-nitro-, and 3-nitrocarbazole 

in DMS0-d6 solution with ^^N-labelled nitromesitylene as external 

reference.

^^N-NMR spectra of the acid catalysed rearrangement of ^^N-labelled N- 

nitrocarbazole (Figures 28.1 - 28.7) showed a similar result to the NMR spectra. 

The initial concentration of N-nitrocarbazole was 0.07 M and the concentration of the 

nitromesitylene external lock was 0.05 M. Hence, the heights of the two singlet peaks 

which corresponded to N-nitrocarbazole and the reference were in the ratio 7 : 5 

respectively, allowing for the error caused by the noisy baseline, at the start of the 

experiment (Figure 28.1).

After 280 seconds of the reaction, according to the ^H NMR spectra, 

approximately 40% of the reaction should be complete. However, as can be seen 

from Figure 28.2 the peak due to N-nitrocarbazole was much larger than that for the 

reference, and showed approximately four fold enhancement. The peak due to 3-
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nitrocarbazole was also larger than the reference, and its height approximated to a six 

fold enhancement. The peak corresponding to 1-nitrocarbazole was smaller than the 

reference, but was none the less larger than expected by a factor of three.

The reaction then slowed down as shown by the NMR spectra, and very 

little reaction seemed to take place over the next 200 seconds. After 680 seconds 

(Figure 28.3) the peak correspondmg to N-nitrocarbazole showed a five fold 

enhancement, the peak corresponding to 3-nitrocarbazole showed a four fold 

enhancement, and the peak corresponding to 1-nitrocarbazole a two fold enhancement. 

These values show relatively little change after a further 400 seconds of the reaction. 

The low concentration of compounds present resulted in the high noise level seen in 

all spectra.

There was very little change in the spectra after 1080 seconds (Figure 28.4), 

however, an anomalous peak appeared at -5.976 which could have been due to an 

intermediate but may have been a spike in the noisy spectrum. The anomalous peak 

had disappeared after 1480 seconds (Figure 28.5), and in the spectrum recorded after 

1880 seconds (Figure 28.6) the gradual reduction in the amount of N-nitrocarbazole 

present was apparent.

The infinity spectrum for this rearrangement (Figure 28.7) was recorded after 

approximately 12 hours of heating at 70 °C and a further 24 hours standing at room 

temperature. The ratio of 1-nitro- to 3-nitrocarbazole formed was 1 : 3 respectively, 

a ratio which corresponded much more closely to that found in mixed acid nitration 

than did the ratio found in the NMR experiment. One reason for this difference 

may have been the different concentrations of N-nitrocarbazole used, and the slightly 

different amounts of acid. For the acid catalysed rearrangement of unlabelled N- 

nitrocarbazole, the concentration of starting material was 0.05 M, and 10 drops of 

D2SO4 acid catalyst were used, but for the rearrangement of ^^N-labelled N- 

nitrocarbazole the concentration was 0.07 M and 8  drops of D2SO4 acid catalyst were 

used. The infinity spectrum also showed an anomalous peak at -9.366 which may 

have been due to a decomposition product, after heating in acidic conditions at 70 °C 

for so long. The presence of a spike in the spectrum was unlikely because of the long 

acquisition period.
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Figure 28.1 The 400 MHz NMR spectrum of the solution of ^^N-labelled N-nitrocarbazole in

DMS0-d6, before the addition of the acid catalyst

81



4 0 ' PPM

Figure 28.2 The 400 MHz NMR spectrum of the acid catalysed rearrangement of ^^N-labelled N-nitrocarbazole in

DMS0-d6, after 280 seconds
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Figure 28.3 The 400 MHz NMR spectrum of the acid catalysed rearrangement of ^^N-labelled N-nitrocarbazole in

DMS0-d6, after 680 seconds
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Figure 28.4 The 400 MHz NMR spectrum of the acid catalysed rearrangement of ^^N-labelled N-nitrocarbazole in

DMS0-d6 after 1080 seconds
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Figure 28.5 The 400 MHz NMR spectrum of the acid catalysed rearrangement of ^^N-labelled N-nitrocarbazole in

DMS0-d6, after 1480 seconds
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Figure 28.6 The 400 MHz NMR spectrum of the acid catalysed rearrangement of ^^N-Iabelled N-nitrocarbazole in

DMS0-d6, after 1880 seconds
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Figure 28.7 The 400 MHz NMR spectrum of the acid catalysed rearrangement of ^^N-labelled N-nitrocarbazole in

DMS0-d6, after 12 hours at 70 °C and 24 hours at room temperature
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2.2.3.2 Thermal

Synthesis and manipulation of N-nitrocarbazole led to the conclusion that it 

was unstable when heated. The thermal rearrangement of N-nitrocarbazole was 

monitored using similar experiments to those performed on the acid catalysed 

rearrangement, the obvious difference being the exclusion of acid.

The 400 MHz NMR spectra for the thermal rearrangement of unlabelled 

N-nitrocarbazole (Figures 29.1 - 29.5) showed that there was very little measurable 

reaction until the N-nitrocarbazole had been heated at 70 °C for 325 seconds (Figure 

29.2), and even then only 7% reaction had taken place. A graph of the percentage of 

each compound present versus time (Figure 30) was produced from measurements of 

the peak integral heights and showed that the rearrangement was very slow.
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Figure 29.1 The 400 M Hz NM R spectrum of the thermal rearrangement of N-nitrocarbazole m D M S0-d6 after 109 seconds
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Figure 29.2 The 400 M Hz *H NM R spectrum of the thermal rearrangement of N-nitrocarbazole in D M S0-d6 after 325 seconds
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Figure 29.3 The 400 M Hz ‘H NM R spectrum of the thermal rearrangement of N-nitrocarbazole in DM S0-cl6 after 541 seconds
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Figure 29.4 The 400 M Hz ‘H NM R spectrum of the thermal rearrangement of N-nitrocarbazole in D M S0-d6 after 865 seconds
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Figure 29.5  The 400 M H z N M R  spectrum  o f the therm al rearrangem ent o f N -nitrocarbazole in D M S 0 -d 6  after heating at

70 °C for 24 hours
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Figure 30 Percentage of each compound present during the thermal rearrangement of N -nitrocarbazole in D M S0-d6 versus time
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NMR experiments on the thermal rearrangement of ^^N-labelled N- 

nitrocarbazole (Figures 31.1 - 31.3) would be expected to show very little reaction. 

However, the peak due to the ^^N-labelled N-nitrocarbazole appeared much larger 

than expected (Figure 31.1).

By comparison of peak heights and using the extent of reaction found in the 

NMR experiments after an equivalent time period (345 seconds at Figure 31.1), 

the N-nitrocarbazole peak was calculated to be enhanced by a factor of six. The peaks 

corresponding to 1-nitro- and 3-nitrocarbazole were approximately sixteen times 

larger than would be expected from the NMR study. However, both peaks were 

only just visible above the noise level, and the high noise level in the baseline could 

cause errors of ±  100% in the peak height measurements. From the extent of 

reaction shown after 345 seconds in the ^H NMR study, these peaks would not be 

expected to be visible at all in the ^̂ N NMR study.

The infinity spectrum for the thermal rearrangement of ^^N-labelled N- 

nitrocarbazole (Figure 31.3) showed the peak corresponding to 3-nitrocarbazole just 

visible above the baseline, and the peak corresponding to 1-nitrocarbazole was lost 

in the noisy baseline. Loss of nitro groups from the reaction mixture in the form of 

nitrogen dioxide gas may be the reason for the relatively small product peaks.
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Figure 31.1 The 400 M Hz NM R spectrum of the thermal rearrangement of ‘̂ N-labelled N-nitrocarbazole in D M S0-d6, after 345

seconds
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Figure 31.2 The 400 M Hz '^N NM R spectrum of the thermal rearrangement o f ‘̂ N-labelled N-nitrocarbazole in D M S0-d6, after 795

seconds
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Figure 31.3 The 400 MHz NM R spectmm of the thermal rearrangement of ^^N-labelled N-nitrocarbazole in D M S0-d6, after heating

at 70 °C for 24 hours
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2.3 Nitrodibenzothiophenes

(See Figure 3 for the numbering system of dibenzothiophene)

2.3.1 2-Nitrodibenzothiophene

The literature synthesis of 2-nitrodibenzothiophene^^ was a clear example of 

the ease of oxidation of the dibenzothiophene molecule. Despite the low temperature 

used and the slow addition of fuming nitric acid, the yield of 2 -nitrodibenzothiophene 

was low due to the formation of dibenzothiophene-5-oxide as the major product.

Repeated recrystallisation of the crude product from aqueous ethanol (95%) 

failed to improve the product’s melting point, and the final constant melting point 

achieved was 7-8 below that given in literature^^.

The El mass spectrum of 2-nitrodibenzothiophene showed the characteristic 

molecular ion (M^ = 229), and, similar to the nitrocarbazoles, gave a clear example 

of the two basic routes involved in electron impact induced fragmentation of 

nitroarene radical-cations. The two routes proceed either via expulsion of NO2 or NO 

species. All relevant peaks expected in these fragmentation routes (Figure 17) were 

present, and from peak heights the loss of NO2 appeared to be the main fragmentation 

route.

The 400 MHz NMR spectrum of 2-nitrodibenzothiophene in DMS0-d6 

(Figure 32) was slightly different to what would have been predicted. It showed five 

peaks, or groups of peaks, which integrated to seven protons as expected. The 

multiplet at 9.275 corresponded to H-1 coupling to H-3 and H-4. A meta split doublet 

would have been expected for this proton due to coupling to H-3. The doublet of 

doublets at 8.655 corresponded to H-9 ortho coupling to H-8 , and meta coupling to 

H-7. The singlet at 8.325 corresponded to an overlap of the signals for H-3 and H-4, 

and integrated to two protons. This part of the spectrum was the most unexpected. 

The signal for H-3 would be expected to show a doublet of doublets corresponding 

to ortho coupling to H-4, and meta coupling to H-1. The signal for H-4 would be 

expected to show a doublet due to ortho coupling to H-3. The doublet of doublets at 

8.135 corresponded to H-6  ortho coupling to H-7, and meta coupling to H-8 . The
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Figure 32 The 400 M Hz NM R spectrum of 2-nitrodibenzothiophene in D M S0-d6
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multiplet at 7.61 ô corresponded to the overlap of signals due to H-7 and H-8 .

The 200 MHz NMR spectrum of the same sample of 2-nitrodibenzo- 

thiophene dissolved in acetone-d6  instead of DMS0-d6 (Figure 33) showed the type 

of spectrum expected for this compound. Whereas H-3 and H-4 were equivalent in 

DMS0-d6 and appeared as a singlet, their signals were separated in acetone-d6 . The 

doublet of doublets at 8.356 corresponded to H-3 ortho coupling to H-4, and meta 

coupling to H-1, and the doublet at 8.256 corresponded to H-4 ortho coupling to H-3. 

The results for the ^H NMR spectrum of 2-nitrodibenzothiophene in DMS0-d6 and 

acetone-d6  are both different to that in CDCl^^ .̂

The 400 MHz NMR spectrum of 2-nitrodibenzothiophene in DMS0-d6 

showed twelve peaks , as would be expected for the dibenzothiophene heterocycle. 

This spectrum was also different to that in CDCY^.

The FTIR spectrum for 2-nitrodibenzothiophene contained all the major 

absorptions expected for this molecule. The small absorptions at 3098 cm^ 

corresponded to the C-H bonds stretching. The strong absorptions at 1516 and 1343 

cm'^ corresponded to antisymmetric and symmetric stretching of the NO2 group 

respectively. The medium absorption at 739 cm'^ corresponded to stretching of the C- 

S bond.

Elemental analysis of 2-nitrodibenzothiophene gave values for hydrogen 

nitrogen and sulphur that were very close to calculated values, but the value for 

carbon was low. The low value for carbon may have been due to small amounts of 

impurities still present in the product.
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Figure 33 The 200 MHz ’H NMR spectrum of 2-nitrodibenzothiophene in acetone-d6
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2.3.2 2 .8-Dinitrodibenzothiophene

The literature synthesis of 2,8-dinitrodibenzothiophene^^ gave a low yield of 

pure product. Much of the yield was lost in the recrystallisation process due to the 

difficulty in obtaining a product with a constant melting point. The melting point of 

the pure product was approximately 9 °C below that expected^^. The low melting 

point was difficult to explain, given the repeated recrystallisations. It could have been 

due to the presence of small amounts of 2 -nitrodibenzothiophene or oxides of 2 ,8 - 

dinitrodibenzothiophene.

The El mass spectrum of 2 ,8 -dinitrodibenzothiophene showed the 

characteristic molecular ion (M"̂  = 274). Fragmentation occurred via the two routes 

common to nitroarenes, i.e. one initiated by the loss of NO and the other by the loss 

of NO2. Loss of the NO2 moiety was the predominant fragmentation route.

The 400 MHz NMR spectrum of 2,8 -dinitrodibenzothiophene in DMS0-d6 

(Figure 34) was not quite as expected. The doublet at 9.696 corresponded to H-1/9 

meta coupling to H-3/7. The multiplet at 8.446 corresponded to overlap of H-3/7 with 

H-4/6. Overlap of peaks corresponding to these protons was seen previously in the 

NMR spectrum of 2-nitrodibenzothiophene in DMS0-d6, but not in its spectrum 

in acetone-d6 . However, the ^H NMR spectrum of 2,8 -dinitrodibenzothiophene in 

acetone-d6  could not be obtained for comparison due to insolubility.

The 400 MHz NMR spectrum of 2,8 -dinitrodibenzothiophene in DMSO-d6 

contained six peaks, three large singlets and three small singlets. Only six peaks were 

expected for this compound due to its symmetry. The three large singlets 

corresponded to the carbon atoms with attached protons.

The FTIR spectrum of 2,8 -dinitrodibenzothiophene was almost identical to that 

for 2-nitrodibenzothiophene. This result was not surprising because the presence of 

an extra nitro group would not change the spectrum greatly.

Elemental analysis of 2 ,8 -dinitrodibenzothiophene gave values for carbon, 

hydrogen, nitrogen, and sulphur that were very close to those calculated.
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2.3.3 3 -Nitrodibenzothiophene

The literature synthesis of 3-nitrodibenzothiophene^^ involved the reduction of 

3-nitrodibenzothiophene-5-oxide, and produced a pure product in moderate yield. The 

melting point of the pure product was within 1 ”C of that given in literature^^.

The El mass spectrum of 3-nitrodibenzothiophene showed the molecular ion 

(M'^ = 229) as the largest peak. The molecular ion fragmented via the same two 

routes as seen previously in nitroarenes. The first route was initiated by loss of NO 

from the molecular ion, and the second route by loss of NO2.

The 400 MHz NMR spectrum of 3-nitrodibenzothiophene in DMS0-d6

(Figure 35) had seven groups of peaks which integrated to seven protons. The doublet 

at 9.086 corresponded to H-4 meta coupling to H-2. The meta coupling constant,

= 1.9 Hz, was consistent with previous values for nitroarenes. The doublet at 8.606 

corresponded to H-1 ortho coupling to H-2. The ortho coupling constant, = 8.7 

Hz, was also consistent with previous values for nitroarenes. The doublet at 8.536 

corresponded to H-9 ortho coupling to H-8 . The doublet of doublets at 8.326 

represented H-2 ortho coupling to H-1, and meta coupling to H-4. The doublet at 

8.156 corresponded to H-6  ortho coupling to H-7. The triplet at 7.656 corresponded 

to H-7 ortho coupling to both H-6  and H-8 . The triplet at 7.596 represented H-8  

ortho coupling to both H-7 and H-9. The ortho coupling constant for protons in the 

nitrated ring were at least 1 Hz higher than those in the unnitrated ring. Protons in 

the nitrated ring exhibited meta coupling, whereas protons in the unnitrated ring 

showed no sign of meta coupling in the ^H NMR spectrum.

The 400 MHz NMR spectrum of 3-nitrodibenzothiophene in DMS0-d6

contained twelve singlets, as expected for the dibenzothiophene heterocycle. The 

smallest peak at 146.06 corresponded to the carbon atom attached to the nitro group. 

The four peaks at 141.4, 140.1, 139.2, and 133.46 corresponded to the four carbon 

atoms of the central heterocycle, and the seven remaining peaks at 128.9, 125.5, 

123.6, 123.5, 122.7, 119.8, and 119.56 corresponded to the carbon atoms with 

attached protons.
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Figure 35 The 400 MHz NMR spectrum of 3-nitrodibenzothiophene in DMS0-d6
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The FTIR spectrum for 3-nitrodibenzothiophene was almost identical to those 

of 2 -nitro-, and 2 ,8 -dinitrodibenzothiophene.

Elemental analysis for 3-nitrodibenzothiophene gave values for hydrogen, 

nitrogen, and sulphur that were very close to calculated values. The value for carbon 

was slightly lower than expected, but this may have been due to the presence of small 

amounts of the solvent of recrystallisation.

2.3.4 3.7-Dinitrodibenzothiophene

The literature synthesis of 3,7-dinitrodibenzothiophene was very similar to that 

of 3-nitrodibenzothiophene. The crude product from this reaction was obtained in high 

yield, however, as in previous syntheses of nitrodibenzothiophenes, the yield was 

much lower after recrystallisation. The melting point found for the pure product from 

this reaction was almost identical to that found in the literature synthesis^^.

The El mass spectrum of 3,7-dinitrodibenzothiophene was exactly as would 

be expected for a dinitroarene. The molecular ion (M"̂  = 274) was the largest peak. 

Fragmentation of the molecular ion occurred via two processes, one initiated by loss 

of NO and the other by loss of NO2. The route initiated by loss of NO2 appeared to 

be the major fragmentation route.

The 400 MHz NMR spectrum of 3,7-dinitrodibenzothiophene (Figure 36) 

showed three groups which integrated to six protons. The doublet at 9.196 

corresponded to H-4/6 meta coupling to H-2/8. The doublet at 8.766 represented H- 

1/9 ortho coupling to H-2/8. The doublet of doublets at 8.386 corresponded to H-2/8 

ortho coupling to H-1/9, and meta coupling to H-4/6. Both ortho and meta coupling 

constants had values that would be expected for a nitroarene.

The 400 MHz NMR spectrum of 3,7-dinitrodibenzothiophene in DMS0-d6 

contained only six singlets, each one corresponding to two equivalent carbon atoms 

in the symmetrical molecule. There were three large singlets which represented the 

six carbon atoms with attached protons, and three small singlets which represented 

the other six carbon atoms.
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Figure 36 The 400 MHz NMR spectrum of 3,7-dinitrodibenzothiophene in DMS0-d6

108



The FTIR spectrum of 3,7-dinitrodibenzothiophene was virtually identical to 

those of 2-nitro-, 2,8-dinitro-, and 3-nitrodibenzothiophene. The small peak at 3096 

cm^ corresponded to stretching of the C-H bonds in the molecule. The large peaks 

at 1518 and 1342 cm'  ̂ represented the antisymmetric and symmetric stretching of the 

NO2 group respectively. The peak at 739 cm'  ̂ corresponded to stretching of the C-S 

bond.

Elemental analysis of pure 3,7-dinitrodibenzothiophene gave values for carbon, 

hydrogen, nitrogen, and sulphur that were quite close to those calculated for this 

molecule.

2.3.5 Low temperature nitration of 2.8-dinitrodibenzothiophene

Nitration of 2,8 -dinitrodibenzothiophene at temperatures above 0 °C resulted 

in oxidation of the starting material giving 2 ,8-dinitrodibenzothiophene-5,5-dioxide. 

Even at 0 °C the major product of nitration was 2,8-dinitrodibenzothiophene-5-oxide. 

These results contradict those of previous workers^^ who suggested that "... the 

combined effect of two nitro groups in 2 ,8 -dinitrodibenzothiophene was effective in 

preventing the formation of either the sulfone or the sulfoxide of this compound". The 

sulphone of this compound was also synthesised in high yield using concentrated 

sulphuric acid and hydrogen peroxide mixtures.

The 2 ,8-dinitrodibenzothiophene-5-oxide, formed as the major product in the 

low temperature nitration of 2 ,8 -dinitrodibenzothiophene, was first washed with 

acetone to remove the minor products, and then recrystallised from glacial acetic acid 

and toluene. The pure product gave a sharp melting point.

The El mass spectrum of 2 ,8-dinitrodibenzothiophene-5-oxide showed the 

molecular ion (M"̂  = 290) as the largest peak. All of the other major peaks in the 

spectrum could be assigned to the loss of functional groups or atoms from the 

molecule. The major fragmentation routes are via loss of NO2, CO, or O from the 

molecule.
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Figure 37 The 400 MHz NMR spectrum of 2,8-dinitrodibenzothiophene-5-oxide in DMS0-d6
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The 400 MHz NMR spectrum of 2,8-diiiitrodibenzothiophene-5-oxide in 

DMS0-d6 (Figure 37) was similar to that of 2,8 -dinitrodibenzothiophene in that it 

contained only two main groups of peaks, integrating to a total of six protons. The 

multiplet at 9.386 corresponded to H-1/9 coupling to H-3/7. The multiplet at 8.506 

corresponded to overlap of signals for H-3/7 and H-4/6.

The 400 MHz NMR spectrum of 2,8-dinitrodibenzothiophene-5-oxide in 

DMS0-d6 showed six singlets, each singlet corresponding to two equivalent carbon 

atoms in the symmetrical molecule. The three large singlets corresponded to the six 

carbon atoms with a proton attached, and the three small singlets represented the 

other six carbon atoms in the molecule.

The FTIR spectrum of 2,8-dinitrodibenzothiophene-5-oxide contained all the 

relevant peaks expected for the functional groups present. The peak at 3097 cm'^ 

corresponded to stretching of the C-H bonds present. The peaks at 1529 and 

1355 cm'^ represented the antisymmetric and symmetric stretching of the NO2 groups 

present. The peak at 1341 cm^ corresponded to stretching of the C-N bonds. The 

peak at 1039 cm^ corresponded to stretching of the S = 0  bond, and the peak at 745 

cm'^ represented deformation of the C-H bonds present.

Elemental analysis of a pure sample of 2 ,8-dinitrodibenzothiophene-5-oxide 

gave values for carbon, hydrogen, nitrogen, and sulphur that were very close to those 

calculated for this molecule.

The fraction of the reaction product which was soluble in acetone was 

separated into six fractions via preparative HPLC. Only very small amounts of each 

fraction were obtained, and each fraction was analysed by El mass spectroscopy and 

^H NMR spectroscopy. Fraction 1 was found to be 2 ,8-dinitrodibenzothiophene-5,5- 

dioxide, and must have been formed from further oxidation of the starting material.

Fraction 2 gave spectra corresponding to 2,4,8 -trinitrodibenzothiophene. The 

El mass spectrum contained a molecular ion at m/e = 319, and also showed all of 

the fragmentation peaks that would be expected for a trinitroarene. The major 

fragmentation route occurred via loss of NO2, but peaks were also present indicating 

fragmentation via loss of O and NO. The 400 MHz ^H NMR spectrum of fraction 2 

in acetone-d6  (Figure 38) also showed peaks and splittings which corresponded to 

2,4,8 -trinitrodibenzothiophene. The doublet at 9.706 corresponded to H-1 meta
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Figure 38 The 400 MHz NMR spectrum of Fraction 2 (2,4,8-trinitrodibenzothiophene) in acetone-d6
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coupling to H-3. The doublet at 9.406 corresponded to H-3 meta coupling to H-1. 

The doublet at 9.106 corresponded to H-9 meta coupling to H-7. The doublet of 

doublets at 8.646 corresponded to H-7 ortho coupling to H-6 , and meta coupling to 

H-9, and the doublet at 8.516 corresponded to H-6  ortho coupling to H-7.

Fraction 3 was found to be more of the major product of the reaction, i.e. 2,8- 

dinitrodibenzothiophene-5-oxide. There were insufficient amounts of fractions 4 and 

5 to identify the compounds present.

Fraction 6  was found to be 2,4,6,8 -tetranitrodibenzothiophene. The El mass 

spectrum showed the molecular ion (M^ = 364), and all the peaks expected for 

fragmentation of a tetranitroarene. The 400 MHz ^H NMR spectrum (Figure 39) was 

also corresponded to 2,4,6,8 -tetranitrodibenzothiophene. The doublet at 10.176 

corresponded to H-3/7 meta coupling to H-1/9, and the doublet at 9.386 corresponded 

to H-1/9 meta coupling to H-3/7. The meta coupling constants = 2.0 Hz) were 

approximately the right size for tetranitrodibenzothiophene.
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Figure 39 The 400 MHz NMR spectrum of Fraction 6 (2,4,6,8-tetranitrodibenzothiophene) in acetone-d6
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2.4 Nitrodibenzothiophene-5-oxides

2.4.1 Dibenzothiophene-5-oxide

Dibenzothiophene-5-oxide was synthesised from dibenzothiophene via 

chlorination followed by hydrolysis^®. Recrystallisation from toluene produced pure 

off-white crystals with a melting point almost identical to that given in the literature^®.

The El mass spectrum for this product gave the molecular ion (M'^ = 200) 

as expected. The peak at m/e = 1 8 4  was the largest peak, and corresponded to loss 

of O from the molecule. The peak at m/e = 171 corresponded to loss of CHO from 

the molecule, and the peak at m/e = 139 corresponded to loss of CHOS from the 

molecule.

The 400 MHz NMR spectrum of dibenzothiophene-5-oxide in DMS0-d6 

(Figure 40) showed four groups of peaks integrating to eight protons. The doublet at 

8.096 corresponded to H-4/6 ortho coupling to H-3/7. The doublet at 8.036 

corresponded to H-1/9 ortho coupling to H-2/8. The triplet of doublets at 7.676 

corresponded to H-2/8 ortho coupling to H-1/9 and H-3/7, and meta coupling to H- 

4/6. The triplet of doublets at 7.546 corresponded to H-3/7 ortho coupling to H-2/8 

and H-4/6, and meta coupling to H-1/9. Both ortho and meta coupling constants had 

values in the region that would be expected for this compound.

The 400 MHz NMR spectrum of dibenzothiophene-5-oxide in DMS0-d6 

contained six singlets, each representing two equivalent carbon atoms in this 

symmetrical molecule. The four large singlets corresponded to eight carbon atoms 

with protons attached, and the small singlets represented the other four carbon atoms.

The FTIR spectrum of dibenzothiophene-5-oxide contained very few peaks 

above 1500 cm ^ The peaks at 1443, 1125, 1067, and 1025 cm'^ corresponded to 

stretching of the S = 0  bond. The peaks at 754 and 714 cm^ corresponded to 

deformation of the C-H bonds, and the peak at 557 cm'  ̂ corresponded to stretching 

of the C-S bond.

Elemental analysis of pure dibenzothiophene-5-oxide gave values for hydrogen 

and sulphur that were very close to those calculated for this compound. However, the 

value for carbon was lower than expected, possibly due to the presence of small
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Figure 40 The 400 MHz ‘H NMR spectrum of dibenzothiophene-5-oxide in DMS0-d6
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amounts of the solvent of recrystallisation.

2.4.2 3-Nitrodibenzothiophene-5-oxide

The synthesis of 3-nitrodibenzothiophene-5-oxide produced a yellow crystalline 

solid with a melting point almost identical to that given in the literature^*. The El 

mass spectrum of this compound gave the molecular ion at m/e = 245 as expected. 

The peak at m/e = 229 corresponded to the loss of O from the molecule. The peak 

at m/e = 199 corresponded to the loss of NO2, and the peak at m/e = 137 

corresponded to the loss of NO2, CH2, and S from the molecule.

The 400 MHz NMR spectrum of 3-nitrodibenzothiophene-5-oxide in 

DMS0-d6 (Figure 41) showed seven groups of peaks integrating to seven protons. 

The doublet at 8.966 corresponded to H-4 meta coupling to H-2. The doublet of 

doublets at 8.546 corresponded to H-2 ortho coupling to H-1, and meta coupling to 

H-4. The doublet at 8.386 represented H-1 ortho coupling to H-2. The remaining four 

groups of peaks were similar to the spectrum of dibenzothiophene-5-oxide, and 

corresponded to the protons in the un-nitrated ring. The doublet at 8.296 

corresponded to H-6  ortho coupling to H-7. The doublet at 8.186 represented H-9 

ortho coupling to H-8 . The triplet of doublets at 7.796 corresponded to H-8  ortho 

coupling to H-7 and H-9, and meta coupling to H-6 . The triplet of doublets at 7.706 

corresponded to H-7 ortho coupling to H-6  and H-8 , and meta coupling to H-9.

The 400 MHz NMR spectrum of 3-nitrodibenzothiophene-5-oxide in 

DMS0-d6 showed all twelve singlet peaks expected for the dibenzothiophene 

skeleton. Seven large peaks represented the carbon atoms with attached protons, and 

the five small peaks corresponded to the other five carbon atoms. The smallest and 

most deshielded singlet corresponded to the carbon atom attached to the nitro group.

The FTIR spectrum of 3-nitrodibenzothiophene-5-oxide contained all of the 

relevant peaks expected. The peaks at 3048 cm'  ̂ corresponded to stretching of the C- 

H bonds in the molecule. The peak at 1588 cm'  ̂ corresponded to stretching of the 

C =C  bonds in the aromatic heterocycle. The peaks at 1519 and 1338 cm'^ 

corresponded to the antisymmetric and symmetric stretching of the NO2 group 

respectively. The peaks at 1059 and 1034 cm'  ̂corresponded to stretching of the S = 0
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Figure 41 The 400 MHz NMR spectrum of 3-nitrodibenzothiophene-5-oxide in DMS0-d6
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bond, and the peaks at 781 and 754 cm'  ̂ corresponded to deformation of the C-H 

bonds in the molecule.

Elemental analysis of a pure sample of 3-nitrodibenzothiophene-5-oxide gave 

values for hydrogen, nitrogen, and sulphur that were very close to those calculated. 

However, the value found for carbon was slightly lower than that calculated. This 

may have been due to impurities, but the accurate melting point suggested it was 

more likely to stem from the presence of solvent or a wet sample.

2.4.3 3.7-Dinitrodibenzothiophene-5-oxide

The literature synthesis of this compound^^ produced a high yield of crude 

product. Recrystallisation gave a yellow crystalline product with a melting point very 

close to that in the literature^^, however, the melting range was larger.

The El mass spectrum gave the molecular ion at m/e = 290 as expected. The 

largest peak at m/e = 274, corresponded to loss of O from the molecule. The peak 

at m/e = 244 corresponded to the loss of NO2 from the molecule. The peak at m/e 

= 228 corresponded to the loss of O and NO2 from the molecule. The peak at m/e 

= 198 corresponded to loss of 2 NO2. The peak at m/e = 182 corresponded to the 

loss of 2 NO2 and O, and the peak at m/e = 138 corresponded to the loss of 2 NO2, 

O, C, and S from the molecule.

The 400 MHz ^H NMR spectrum of 3,7-dinitrodibenzothiophene-5-oxide in 

DMS0-d6 (Figure 42) was simplified by the symmetry of the molecule and the higher 

degree of nitration. There were three groups of peaks, integrating to six protons. The 

doublet at 9.036 corresponded to H-4/6 meta coupling to H-2/8. The doublet of 

doublets at 8.556 corresponded to H-2/8 ortho coupling to H-1/9, and meta coupling 

to H-4/6. The doublet at 8.496 represented H-1/9 ortho coupling to H-2/8.

The 400 MHz NMR spectrum of 3,7-dinitrodibenzothiophene-5-oxide 

showed six singlets, each one corresponding to two equivalent carbon atoms in the 

symmetrical molecule. The three large singlets corresponded to carbon atoms with 

protons attached, and the three small singlets corresponded to the other six carbon 

atoms. The smallest and most deshielded peak corresponded to the carbon atoms 

attached to nitro groups.
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The FTIR spectrum of 3,7-dinitrodibenzothiophene-5-oxide was very similar 

to that of 3-nitrodibenzothiophene-5-oxide as expected. All the same peaks were 

present, only the wavenumbers differed by a small amount.

Elemental analysis of a pure sample of 3,7-dinitrodibenzothiophene-5-oxide 

gave values for carbon, hydrogen, and sulphur that were very close to those 

calculated. The value found for nitrogen was lower than expected, but this may have 

been due to incomplete combustion during analysis.
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2.5 Nitrodibenzothiophene-5.5-dioxides

2.5.1 Dibenzothiophene-5.5-dioxide

The ease of oxidation of dibenzothiophene to its dioxide explains why oxides 

often occur as side products during mixed acid nitrations of dibenzothiophene and 

nitrodibenzothiophenes. The melting point found for the purified product of this 

oxidation was not as sharp as that given in the literature^^.

The El mass spectrum of dibenzothiophene-5,5-dioxide agreed well with the 

results given in the literature^®^’̂ ®̂. The spectrum showed the molecular ion (M"̂  = 

216), and also showed that the primary decomposition processes were loss of SO and 

CO, both of which require prior formation of a C -0 bond. Isomérisation of the 

substrate molecule (Figure 43) was the most probable first step in the decomposition.

0—s
0

Figure 43 Isomérisation of dibenzothiophene-5,5-dioxide during electron impact 

decomposition.

The 400 MHz NMR spectrum of dibenzothiophene-5,5-dioxide in acetone- 

d6  (Figure 44) was a very simple spectrum containing four groups of peaks. The 

doublet of doublets at 8.126 corresponded to H-4/6 ortho coupling to H-3/7, and meta 

coupling to H-2/8. The doublet of doublets at 7.896 corresponded to H-1/9 ortho 

coupling to H-2/8, and meta coupling to H-3/7. The triplet of doublets at 7.796 

corresponded to H-2/8 ortho coupling to H-1/9 and H-3/7, and meta coupling to H- 

4/6. The triplet of doublets at 7.676 corresponded to H-3/7 ortho coupling to H-2/8 

and H-4/6, and meta coupling to H-1/9. Each group of peaks represented two 

equivalent protons in this symmetrical molecule.

122



Figure 44 The 400 MHz NMR spectrum of dibenzothiophene-5,5-dioxide in acetone-d6
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The 400 MHz NMR spectrum of dibenzothiophene-5,5-dioxide contained 

six singlets, each corresponding to two equivalent atoms in the molecule. There were 

four large singlets corresponding to the eight carbon atoms with attached protons, and 

two small singlets corresponding to the four carbon atoms of the central ring of the 

molecule.

The FTIR spectrum of dibenzothiophene-5,5-dioxide showed all of the relevant 

absorptions expected for an aromatic sulphone*® .̂ The peak at 1451 cm'^ corresponded 

to stretching of the aromatic C =C  bonds. The peaks at 1288 and 1166 cm'^ are 

characteristic absorptions for stretching of the S = 0  bonds. The peaks at 757 and 712 

cm'^ corresponded to deformation of the C-H bonds, and the peak at 568 cm'  ̂

corresponded to stretching of the C-S bond.

Elemental analysis of dibenzothiophene-5,5-dioxide gave values for carbon, 

hydrogen, and sulphur that were very close to those calculated for this molecule.

2.5.2 3-Nitrodibenzothiophene-5.5-dioxide

The literature synthesis of 3-nitrodibenzothiophene-5,5-dioxide^^ produced the 

crude product in relatively high yield. However, purification of the product reduced 

the yield considerably. The melting point found for the purified product was 

approximately 4 °C below that given in the literature^^, despite being recrystallised 

to give a constant melting point.

The El mass spectrum of 3-nitrodibenzothiophene-5,5-dioxide contained all the 

relevant peaks that would be expected for this molecule. The molecular ion (m/e = 

261) was the largest peak. The peak at m/e = 232 corresponded to the loss of CHO 

from the molecular ion. The peak at m/e = 215 corresponded to the loss of NO2. The 

peak at m/e = 187 corresponded to the loss of NO2 and CO, and the peak at m/e = 

150 corresponded to the loss of NO2, SO2, and H from the molecular ion.

The 400 MHz ‘H NMR spectrum of 3-nitrodibenzothiophene-5,5-dioxide in 

acetone-d6  (Figure 45) contained seven groups of peaks corresponding to the seven 

protons in the molecule. The doublet at 8.706 represented H-4 meta coupling to H- 

2. The doublet of doublets at 8.646 corresponded to H-2 ortho coupling to H-1, and 

meta coupling to H-4. The doublet at 8.436 corresponded to H-1 ortho coupling to
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H-2. The doublet of doublets at 8.316 corresponded to H-6  ortho coupling to H-7, 

and meta coupling to H-8 . The doublet of doublets at 8.016 corresponded to H-9 

ortho coupling to H-8 , and meta coupling to H-7. The triplet of doublets at 7.906 

corresponded to H-8  ortho coupling to H-7 and H-9, and simultaneously meta 

coupling to H-6 . Similarly the triplet of doublets at 7.826 corresponded to H-7 ortho 

coupling to H-6  and H-8 , and meta coupling to H-9.

The 400 MHz NMR spectrum of 3-nitrodibenzothiophene-5,5-dioxide 

contained twelve singlets, as would be expected for the dibenzothiophene carbon 

skeleton. Once again, carbon atoms attached to protons gave much larger singlets than 

the rest.

The FTIR spectrum of 3-nitrodibenzothiophene-5,5-dioxide contained all the 

relevant peaks expected for this molecule. The peak at 3103 cm'^ corresponded to 

stretching of the aromatic C-H bonds. The peaks at 1533 and 1345 cm'  ̂ corresponded 

to antisymmetric and symmetric stretching of the NO2 group respectively. The peaks 

at 1302 and 1166 cm'  ̂ corresponded to stretching of the S = 0  bonds in the sulphone 

group. The peak at 750 cm^ corresponded to deformation of the C-H bonds in the 

molecule, and the peak at 573 cm'  ̂ corresponded to stretching of the C-S bond.

Elemental analysis of 3-nitrodibenzothiophene-5,5-dioxide gave values for 

hydrogen, nitrogen, and sulphur that were close to those calculated for this molecule. 

However, the value found for carbon was lower than expected, possibly due to 

impurities due to solvents of recrystallisation.
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2.5.3 3 .7-Dinitrodibenzothiophene-5.5-dioxide

This compound was synthesised by two different routes. The first route was 

a simple mixed acid nitration of dibenzothiophene-5,5-dioxide, and the second was 

direct synthesis from dibenzothiophene. The two routes produced a very similar 

product in similar yield.

The melting point of the purified product was one or two degrees below that 

given in literature^^. But the same melting point was found for the products of both 

the first and second routes.

The El mass spectrum of pure 3,7-dinitrodibenzothiophene-5,5-dioxide showed 

all the expected peaks for this compound. The molecular ion (m/e = 306) was the 

correct value for the molecule, and was the largest peak. The molecule fragmented 

via routes similar to those seen previously for nitrodibenzothiophenes. The peak at 

m/e = 232 corresponded to loss of NO2 and CO from the molecule. The peak at m/e 

= 186 corresponded to loss of 2 NO2 and CO from the molecule. ’The peak at m/e = 

158 corresponded to the loss of 2 NO2 and 2C0 from the molecule, and the peak at 

m/e = 150 corresponded to the loss of 2 NO2 and SO2 from the molecule.

The 400 MHz NMR spectrum of 3,7-dinitrodibenzothiophene-5,5-dioxide 

in DMS0-d6 (Figure 46) contained three groups of peaks. The doublet at 8.976 

corresponded to H-4/6 meta coupling to H-2/8. The doublet of doublets at 8.706 

corresponded to H-2/8 ortho coupling to H-1/9, and meta coupling to H-4/6. The 

doublet at 8.646 corresponded to H-1/9 ortho coupling to H-2/8. The ortho and meta 

coupling constants for all peaks were of the right magnitude for the product molecule.

The 400 MHz ^̂ C NMR spectrum of 3,7-dinitrodibenzothiophene-5,5-dioxide 

in DMS0-d6 was exactly as would be predicted for this molecule. It showed six 

singlets, each corresponding to two identical carbon atoms in the symmetrical 

molecule. The three large singlets corresponded to the six carbon atoms with attached 

protons, and the three small singlets corresponded to the four carbon atoms of the 

central ring and the two carbon atoms with attached nitro groups.
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Figure 46 The 400 MHz NMR spectrum of 3,7-dinitrodibenzothiophene-5,5-dioxide in DMS0-d6
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The FTIR spectrum of 3,7-dmitrodibenzothiophene-5,5-dioxide contained all 

of the relevant absorptions expected for this molecule. The peak at 3097 cm^ 

corresponded to stretching of the aromatic C-H bonds. The peaks at 1533 and 1351 

cm'^ corresponded to the antisymmetric and symmetric stretching of the NO2 group 

respectively. The peaks at 1326 and 1176 cm'  ̂corresponded to the antisymmetric and 

symmetric stretching of the SO2 group respectively. The peaks at 882 and 570 cm'  ̂

corresponded to stretching of the N = 0  bond. The peak at 738 cm^ corresponded to 

deformation of the C-H bonds in the molecule, and the peak at 589 cm'  ̂corresponded 

to stretching of the C-S bond in the molecule.

Elemental analysis of 3,7-dinitrodibenzothiophene-5,5-dioxide gave values for 

carbon, hydrogen, nitrogen, and sulphur that were very close to those calculated for 

this molecule.

2.5.4 2-Nitrodibenzothiophene-5.5-dioxide

The literature synthesis of 2-nitrodibenzothiophene-5,5-dioxide^^ involved the 

oxidation of 2-nitrodibenzothiophene. The melting point of the pure product was one 

or two degrees below that given in the literature^^. The product required many 

repeated recrystallisations to achieve a constant melting point, and may have 

contained impurities from the solvent.

The mass spectrum of this product was acquired via the fast atom 

bombardment technique. Most of the peaks present in this spectrum were small in 

size, but the molecular ion = 262) was the largest peak (apart from the

plasticisers). The peak at m/e = 246 corresponded to loss of O from the molecule. 

The peak at m/e = 216 corresponded to loss of NO2. The peak at m/e =  205 

corresponded to loss of NO2 and C. The peak at m/e = 191 corresponded to loss of 

NO2 and C2H2, and the peak at m/e = 176 corresponded to loss of NO2, C2H2, and 

O from the molecule.

The 400 MHz ^H NMR spectrum of 2-nitrodibenzothiophene-5,5-dioxide in 

DMS0-d6 (Figure 47) contained seven groups of peaks, integrating to a total of seven 

protons. The doublet at 9.066 corresponded to H-1 meta coupling to H-3. The doublet 

of doublets at 8.496 corresponded to H-9 ortho coupling to H-8 , and meta coupling
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to H-7. The doublet of doublets at 8.446 corresponded to H-3 ortho coupling to H-4, 

and meta coupling to H-1. The doublet at 8.306 corresponded to H-4 ortho coupling 

to H-3. The doublet of doublets at 8.076 corresponded to H-6  ortho coupling to H-7, 

and meta coupling to H-8 . The triplet of doublets at 7.896 corresponded to H-8  ortho 

coupling to H-7 and H-9, and meta coupling to H-6 . The triplet of doublets at 7.766 

corresponded to H-7 ortho coupling to H -6  and H-8 , and meta coupling to H-9.

The 400 MHz NMR spectrum of 2-nitrodibenzothiophene-5,5-dioxide in 

DMS0-d6 showed all twelve singlets, as would be expected for the dibenzothiophene 

carbon skeleton. The seven large singlets corresponded to the carbon atoms with 

attached protons, and the five small singlets corresponded to the four carbon atoms 

of the central 5-membered ring, and the one carbon atom with an attached nitro 

group.

The FTIR spectrum of 2-nitrodibenzothiophene-5,5-dioxide showed all of the 

relevant absorptions expected for this molecule. The peak at 3098 cm^ corresponded 

to stretching of the C-H bonds in the molecule. The peaks at 1542 and 1352 cm'  ̂

corresponded to the antisymmetric and symmetric stretching of the NO2 group 

respectively. The peaks at 1289 and 1167 cm^ represented antisymmetric and 

symmetric stretching of the SO2 group respectively. The peaks at 757 and 568 cm'  ̂

corresponded to stretching of the N = 0  bonds, and the peak at 580 cm^ corresponded 

to stretching of the C-S bond.

Elemental analysis of 2-nitrodibenzothiophene-5,5-dioxide gave values for 

carbon, hydrogen, nitrogen, and sulphur that were close to those calculated for this 

molecule.
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Figure 47 The 400 MHz 'H NMR spectrum of 2-nitrodibenzothiophene-5,5-dioxide in DMS0-d6
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2.5.5 2.7-Dinitrodibenzothiophene-5.5 -dioxide

Synthesis of 2,7-dinitrodibenzothiophene-5,5-dioxide was achieved via high 

temperature nitration of 2-nitrodibenzothiophene-5,5-dioxide for a relatively short 

period of time. References to this compound have been made previously in the patent 

literature^®^’̂ *̂’̂ ®̂’̂ ®̂ but this material has proved difficult to obtain, and as yet no 

comparable synthesis has been reported and no melting point has been given. 

However, the crude product from this reaction was produced in high yield, and a 

sharp melting point was obtained.

The El mass spectrum of 2,7-dinitrodibenzothiophene-5,5-dioxide was very 

similar to that of 3,7-dinitrodibenzothiophene-5,5-dioxide. The major difference was 

that 2,7-dinitrodibenzothiophene-5,5-dioxide fragmented mainly by the initial loss of 

NO, whereas 3,7-dinitrodibenzothiophene-5,5-dioxide fragmented equally by initial 

loss of NO and by initial loss of NO2 The molecular ion (M"̂  =  306) was the largest 

peak. The peak at m/e = 290 corresponded to loss of O from the molecule. The peak 

at m/e = 276 corresponded to loss of NO. The peak at m/e =  260 corresponded to 

loss of NO2. The peak at m/e = 246 represented loss of 2N 0, and the peak at m/e 

= 232 represented the loss of 2N0 and CH2 from the molecule.

The 400 MHz ^H NMR spectrum of 2,7-dinitrodibenzothiophene-5,5-dioxide 

in DMS0-d6 (Figure 48) showed six groups of peaks integrating to six protons. The 

doublet at 9.256 corresponded to H-1 meta coupling to H-3. The doublet at 8.966 

corresponded to H-6  meta coupling to H-8 . The doublet at 8.796 corresponded to H-9 

ortho coupling to H-8 . The doublet of doublets at 8 .6 8 6  corresponded to H-8  ortho 

coupling to H-9, and meta coupling to H-6 . The doublet of doublets at 8.546 

corresponded to H-3 ortho coupling to H-4, and meta coupling to H-1. The doublet 

at 8.426 corresponded to H-4 ortho coupling to H-3.

The 400 MHz NMR spectrum of 2,7-dinitrodibenzothiophene-5,5-dioxide 

in DMSO-d6  showed twelve singlets as expected. The six large singlets represented 

the carbon atoms with attached protons, and the six small singlets represented the four 

carbon atoms of the central five-membered ring, and the two carbon atoms with 

attached nitro groups.
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The FTIR spectrum of 2,7-dinitrodibenzothiophene-5,5-dioxide contained all 

of the absorptions expected for this molecule. The peak at 3100 cm'^ corresponded 

to stretching of the C-H bonds. The peaks at 1540 and 1350 cm'  ̂ represented 

antisymmetric and symmetric stretching of the NO2 group respectively. The peaks at 

1319 and 1168 cm'  ̂ corresponded to the antisymmetric and symmetric stretching of 

the SO2 group respectively. The peak at 855 cm'  ̂ also corresponded to stretching of 

the N = 0  bond. The peaks at 783 and 746 cm'  ̂ represented deformations of the C-H 

bonds in the molecule.

Elemental analysis of 2,7-dinitrodibenzothiophene-5,5-dioxide gave values for 

carbon, hydrogen, and sulphur that were very close to those calculated for this 

molecule. The value found for nitrogen was lower than expected for this molecule, 

but this was probably due to incomplete combustion during the analysis.

2.5.6 2 .8-Dinitrodibenzothiophene-5.5-dioxide

Synthesis of 2,8-dinitrodibenzothiophene-5,5-dioxide was achieved via 

oxidation of 2,8-dinitrodibenzothiophene. Previous workers^^ had suggested that this 

product could not be synthesised because "...the combined effect of two nitro groups 

in 2 ,8 -dinitrodibenzothiophene was effective in preventing the formation of either the 

sulfone or the sulfoxide of this compound". Later references to this compound are 

made in the literature^^^ ^  ̂but these papers have proved hard to obtain, so there was 

no comparison available for synthesis or melting point. The crude product of this 

synthesis was produced in high yield, and recrystallisation gave a sharp melting point.

The El mass spectrum of 2 ,8-dinitrodibenzothiophene-5,5 -dioxide showed the 

same fragmentation routes as seen in all the previous nitrodibenzothiophenes. The 

molecular ion (M^ = 306) was the largest peak. The peak at m/e = 232 

corresponded to loss of NO2 and CO. The peak at m/e = 186 corresponded to loss 

of 2 NO2 and CO, and the peak at m/e = 150 corresponded to the loss of 2 NO2 and 

SO2 from the molecule.

The 400 MHz ^H NMR spectrum of 2 ,8-dinitrodibenzothiophene-5,5-dioxide 

in DMS0-d6 showed three groups of peaks all giving equivalent integrals. The 

doublet at 9.486 represented H-1/9 meta coupling to H-3/7. The doublet of doublets
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at 8.52Ô represented H-3/7 ortho coupling to H-4/6 and meta coupling to H-1/9, and 

the doublet at 8.416 represented H-4/6 ortho coupling to H-3/7.

The 400 MHz NMR spectrum of 2 ,8-dinitrodibenzothiophene-5,5-dioxide

in DMS0-d6 (Figure 49) showed six singlet peaks, each corresponding to two 

equivalent carbon atoms in the symmetrical molecule. The three large singlets 

corresponded to carbon atoms with attached protons, and the small singlets 

corresponded to the four carbon atoms of the central ring and the two carbon atoms 

with attached nitro groups.

The FTIR spectrum of 2,8-dinitrodibenzothiophene-5,5-dioxide contained all 

of the absorption peaks expected for this compound. The peak at 3099 cm'  ̂

represented stretching of the C-H bonds in the molecule. The peaks at 1538 and 1536 

cm'^ corresponded to the antisymmetric and symmetric stretching of the NO2 groups 

respectively. The peak at 1344 cm^ represented stretching of the C-N bond. The 

peaks at 1319 and 1166 cm'  ̂ represented antisymmetric and symmetric stretching of 

the SO2 bond respectively. The peak at 748 cm^ corresponded to deformation of the 

C-H bonds in the molecule.

Elemental analysis of pure 2 ,8-dinitrodibenzothiophene-5,5-dioxide gave values 

for carbon, hydrogen, and sulphur that were very close to those calculated for this 

molecule. The value found for nitrogen was lower than expected, but this may have 

been due to incomplete combustion during analysis.
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Figure 49 The 400 MHz NMR spectrum of 2 ,8-dinitrodibenzothiophene-5,5-dioxide in DMS0-d6
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2.5.7 1.3.7-Trinitrodibenzothiophene-5.5-dioxide

The synthesis of 1,3,7-trinitrodibenzothiophene-5,5-dioxide was achieved via 

the high temperature nitration of 3,7-dinitrodibenzothiophene-5,5-dioxide in a mixture 

of fuming nitric acid and oleum. References to this compound have been found in the 

literature*°’*̂ ’“  ̂but all of these papers are concerned with the use of this compound 

in electrophotographic mixtures, and none of them detail its synthesis or melting 

point. Despite the harsh conditions used in this synthesis, the crude product was 

formed in high yield and the purified product had a sharp melting point.

The El mass spectrum of this compound contained all of the expected peaks. 

Fragmentation routes initiated via loss of NO and NO2 groups were both present. The 

molecular ion (M^ = 351) was the largest peak. The peak at m/e = 321 

corresponded to loss of NO from the molecule. The peak at m/e =  258 corresponded 

to the loss of 2 NO2 and H. The peak at m/e = 212 represented loss of 3 NO2 and H. 

The peak at m/e = 181 corresponded to loss of 3 NO2 and O2, and the peak at m/e 

= 149 corresponded to loss of 3 NO2, O2, and S from the molecular ion.

The 400 MHz NMR spectrum of 1,3,7-trinitrodibenzothiophene-5,5-dioxide 

in DMSO-d6 (Figure 50) showed five groups of peaks, each representing one of the 

five protons in the molecule. The doublet at 9.366 corresponded to H-4 meta coupling 

to H-2. The doublet at 9.156 corresponded to H-2 meta coupling to H-4. The doublet 

at 9.096 represented H-6 meta coupling to H-8. The doublet of doublets at 8.676 

corresponded to H-8 ortho coupling to H-9, and meta coupling to H-6, and the 

doublet at 8.096 corresponded to H-9 ortho coupling to H-8.

The 400 MHz NMR spectrum for 1,3,7-trinitrodibenzothiophene-5,5- 

dioxide in DMS0-d6 showed twelve singlet peaks as expected for the 

dibenzothiophene carbon skeleton.
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The FTIR spectrum of this compound showed all of the relevant absorption 

peaks expected. The peak at 3087 cm^ represented stretching of the C-H bonds in the 

molecule. The peaks at 1541 and 1347 cm'  ̂ represented the antisymmetric and 

symmetric stretching of the NO2 group respectively. The peaks at 1347 and 1188 cm^ 

corresponded to the antisymmetric and symmetric stretching of the SO2 group 

respectively. The peak at 1165 cm^ corresponded to stretching of the C-N bonds in 

the molecule. The peak at 887 cm^ represented deformation of the C-H bonds in the 

molecule, and the peak at 730 cm^ corresponded to stretching of the C-S bond in the 

molecule.

Elemental analysis of 1,3,7-trinitrodibenzothiophene-5,5-dioxide gave values 

for carbon, hydrogen, nitrogen, and sulphur that were very close to those calculated 

for this molecule.

2.5.8 1.3.8-Trinitrodibenzothiophene-5.5-dioxide

Nitration of 2,7-dinitrodibenzothiophene-5,5 -dioxide produced a mixture of

1,3,8- and 2,3,7-trinitrodibenzothiophene-5,5-dioxide in the ratio 1 : 2 respectively. 

The two products were separated and purified by fractional recrystallisation. No 

evidence has been found for the previous synthesis of either of these compounds, and 

hence no evidence was available for comparison of melting points or spectra.

Pure 1,3,8-trinitrodibenzothiophene-5,5-dioxide had a sharp melting point. The 

El mass spectrum of this compound showed fragmentation via the expected routes. 

The molecular ion (M^ = 351) was the largest peak. The peak at m/e =  321 

corresponded to loss of NO from the molecule. The peak at m/e = 305 corresponded 

to loss of NO2. The peak at m/e = 275 corresponded to loss of NO and NO2. The 

peak at m/e = 258 corresponded to loss of 2 NO2 and H from the molecule, and the 

peak at m/e = 212 represented loss of 3 NO2 and H. The peak at m/e = 181 

corresponded to loss of 3 NO2 and O2 from the molecule.

The 400 MHz ^H NMR spectrum of 1,3,8-trinitrodibenzothiophene-5,5 -dioxide 

in DMS0-d6 (Figure 51) showed five groups of peaks, each representing one of the 

five protons in the molecule. The doublet at 9.376 corresponded to H-2 meta coupling 

to H-4. The doublet at 9.136 corresponded to H-4 meta coupling to H-2. The doublet
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of doublets at 8 .6 6 6  corresponded to H-7 ortho coupling to H-6 , and meta coupling 

to H-4. The doublet at 8.646 represented H-9 meta coupling to H-7, and the doublet 

of doublets at 8.566 corresponded to H-6  ortho coupling to H-7, and para coupling 

to H-9.

The 400 MHz NMR spectrum for l,3,8-trinitrodibenzothiophene-5,5- 

dioxide in DMS0-d6 showed twelve singlet peaks. The five large singlets represented 

carbon atoms with attached protons, and the seven smaller singlets represented the 

four carbon atoms of the central ring and the three carbon atoms with attached nitro 

groups.

The FTIR spectrum of this compound showed all of the relevant absorption 

peaks expected. The peak at 3081 cm^ represented stretching of the C-H bonds in the 

molecule. The peaks at 1549 and 1344 cm^ represented the antisymmetric and 

symmetric stretching of the NO2 group respectively. The peaks at 1328 and 1184 cm'  ̂

corresponded to the antisymmetric and symmetric stretching of the SO2 group 

respectively. The peaks at 780 and 740 cm‘̂  represented deformation of the C-H 

bonds in the molecule.

Elemental analysis of pure 1,3,8-trinitrodibenzothiophene-5,5-dioxide gave 

values for carbon, hydrogen, and sulphur that were very close to those calculated for 

this molecule. The value found for nitrogen was lower than the value calculated, but 

this was probably due to incomplete combustion during the analysis.
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Figure 51 The 400 M Hz NM R spectrum of 1 ,3 ,8-trinitrodibenzothiophene-5,5-dioxide in D M S0-d6
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2.5.9 2 .3 .7-Trinitrodibenzothiophene-5.5 -dioxide

Pure 2,3,7-trinitrodibenzothiophene-5,5-dioxide had a sharp melting point, 

however, no previous mention of this compound has been found in the literature so 

there is no information to compare with.

The El mass spectrum of this compound contained all of the expected peaks. 

Fragmentation routes initiated via loss of NO and NO2 groups were both present. The 

molecular ion (M'^ = 351) was the largest peak. The peak at m/e = 321 

corresponded to loss of NO from the molecule. The peak at m/e = 303 corresponded 

to the loss of NO2 and H2. The peak at m/e = 277 represented loss of NO2 and CO. 

The peak at m/e = 231 corresponded to loss of 2 NO2 and CO, and the peak at m/e 

= 185 corresponded to loss of 3 NO2 and CO from the molecular ion.

The 400 MHz NMR spectrum of 2,3,7-trinitrodibenzothiophene-5,5-dioxide 

in DMS0-d6 (Figure 52) showed five groups of peaks. The singlet at 9.336 

corresponded to H-4. The singlet at 9.236 corresponded to H-1. The doublet at 9.046 

represented H-6  meta coupling to H-8 . The doublet of doublets at 8.766 corresponded 

to H-8  ortho coupling to H-9, and meta coupling to H-6 , and the doublet at 8.706 

corresponded to H-9 ortho coupling to H-8 . Integrals for the groups of peaks were 

not all equivalent. This showed that other effects were also influencing the spectrum.

The 400 MHz ^̂ C NMR spectrum for 2,3,7-trinitrodibenzothiophene-5,5- 

dioxide in DMS0-d6 showed twelve singlet peaks as expected for the 

dibenzothiophene carbon skeleton.

The FTIR spectrum of this compound showed all of the relevant absorption 

peaks expected. The peak at 3100 cm^ represented stretching of the C-H bonds in the 

molecule. The peaks at 1558 and 1365 cm'^ represented the antisymmetric and 

symmetric stretching of the NO2 group respectively. The peaks at 1342 and 1175 cm^ 

corresponded to the antisymmetric and symmetric stretching of the SO2 group 

respectively. The peaks at 848 and 570 cm^ also corresponded to stretching of the 

N = 0  bonds in the molecule. The peak at 784 cm'  ̂ represented deformation of the C- 

H bonds, and the peak at 590 cm^ corresponded to stretching of the C-S bond in the 

molecule.
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Figure 52 The 400 MHz NMR spectrum of 2,3,7-trinitrodibenzothiophene-5,5-dioxide in DMS0-d6
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Elemental analysis of pure 2,3,7-trmitrodibenzothiophene-5,5-dioxide gave 

values for carbon, hydrogen, nitrogen, and sulphur that were very close to those
I

calculated for this molecule.

The crystallogràphic data for the analysed crystal is shown in Table 6  (analysis 

by Dr D. A. Tocher, University College London). The molecular structure obtained 

from analysis of the crystal is shown in Figure 53.

Formula C „H ,N ,0 ,S ,

Space group P2,/n

a. Â 7.636(2)

b. Â 20.466(6)

c, Â 9.133(2)

a , deg 90.0

p. deg 111.42(2)

Y. deg 90.0

v, Â’ 1328.6

Z 4

F(OOO) 712

cLic. g/cm ’ 1.76

Cryst. size, mm 0.15x0.20x0.65

,u(M o-KJ, cm ' 2.8

Data collecdon instnimcnc N icolct R3mV

Radiation M o-K , (A = 0.71073 A)
Orientation reflections: no.; 29

range (28) 11<28<23'’

Temp., K 293

Data measured 2847

Unique data 2567

No. o f unique with I>1.5a(I) 1868
No. o f parameters 217

R • 0.0536

R . ' 0.0502

W eighting scheme W  = cr(F) + 0.00185F-

Largest shifc/esd, final cycle 0.015

Largest peak, e/A ’ 0.28

■ R = I fJ  - 1 fJ  i / i  1 fJ  

° R. = I w \ (  I F J  - I F J  ]/Z w : IF, 1

Table 6  Crystallographic data from the crystal structure determination of 2,3,7- 

trinitrodibenzothiophene-5,5-dioxide
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Figure 53 The molecular structure of 2 ,3 ,7-trinitrodibenzothiophene-5,5-dioxide obtained from a crystal structure analysis
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2.5.10 2 .3 .8-Trinitrodibenzothiophene-5.5-dioxide

The synthesis of this compound was achieved via nitration of 2,8- 

dinitrodibenzothiophene-5,5-dioxide under high temperature conditions. No evidence 

for the existence of this compound has been found in the literature. The crude product 

was formed in high yield, and when purified had a sharp melting point.

The El mass spectrum of this compound showed fragmentation via the 

expected routes. The molecular ion (M'^ = 351) was the largest peak. The peak at 

m/e = 321 corresponded to loss of NO from the molecule. The peak at m/e =  306 

corresponded to loss of NO2. The peak at m/e = 181 corresponded to loss of 3 NO2 

and O2. The peak at m/e = 167 corresponded to loss of 3 NO2, O2, and CH2 from the 

molecule.

The 400 MHz NMR spectrum of 2,3,8-trinitrodibenzothiophene-5,5-dioxide

in acetone-d6  (Figure 54) showed five groups of peaks, each representing one of the 

five protons in the molecule. The doublet at 9.335 corresponded to H-9 meta coupling 

to H-7. The singlet at 9.325 corresponded to H-1 para coupling to H-4. The singlet 

at 8.975 corresponded to H-4 para coupling to H-1. The doublet of doublets at 8.725 

corresponded to H-7 ortho coupling to H-6 , and meta coupling to H-9. The doublet 

at 8.425 represented H-6  ortho coupling to H-7.

The 400 MHz NMR spectrum for 2 ,3 ,8-trinitrodibenzothiophene-5,5- 

dioxide in DMS0-d6 showed twelve singlet peaks as expected for the twelve carbon 

atoms in the molecule.

The FTIR spectrum of this compound showed all of the relevant absorption 

peaks expected. The peaks at 3102 and 3047 cm^ represented stretching of the C-H 

bonds in the molecule. The peaks at 1542 and 1351 cm^ represented the 

antisymmetric and symmetric stretching of the NO2 group respectively. The peaks at 

1334 and 1171 cm^ corresponded to the antisymmetric and symmetric stretching of 

the SO2 group respectively. The peak at 847 cm^ corresponded to stretching of the 

N = 0  bonds in the molecule. The peaks at 790 and 745 cm'^ represented deformation 

of the C-H bonds in the molecule.
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Figure 54 The 400 M Hz NM R spectrum of 2 ,3 ,8-trinitrodibenzothiophene-5,5-dioxide in acetone-d6
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Elemental analysis of pure 2,3,8-trinitrodibenzothiophene-5,5-dioxide gave 

values for carbon, hydrogen, nitrogen, and sulphur that were very close to those 

calculated for this compound.

2.5.11 1.3.7.8-Tetranitrodibenzothiophene-5.5-dioxide

Synthesis of this compound was achieved via nitration of a 1 : 1 mixture of

1,3,8- and 2,3,7-trinitrodibenzothiophene-5,5-dioxide at high temperatures for a long 

period of time. Under these conditions a low yield of the crude product was obtained, 

probably due to complete oxidation of some of the product. No evidence was found 

in the literature for the previous existence of this compound. Purification of the crude 

product gave a creamy/white crystalline solid with a sharp melting point.

The El mass spectrum of this compound contained all of the expected peaks. 

All peaks in the spectrum were small, but the molecular ion (M+ = 396) was the 

largest. The peak at m/e = 380 corresponded to loss of O from the molecule. The 

peak at m/e = 366 corresponded to loss of NO. The peak at m/e = 351 represented 

loss of NO2. The peak at m/e = 303 corresponded to loss of 2 NO2 and H, and the 

peak at m/e = 258 corresponded to loss of 3 NO2 from the molecular ion.

The 400 MHz NMR spectrum of 1,3,7,8-tetranitrodibenzothiophene-5,5- 

dioxide in acetone-d6 (Figure 55) showed four groups of peaks integrating to four 

protons. The doublet at 9.316 corresponded to H-2 meta coupling to H-4. The doublet 

at 9.226 corresponded to H-4 meta coupling to H-2. The singlet at 9.116 represented 

H-6, and the singlet at 8.806 corresponded to H-9.

The 400 MHz NMR spectrum for 1,3,7,8-tetranitrodibenzothiophene-5,5- 

dioxide in acetone-d6 showed six singlet peaks. Twelve peaks would be expected for 

this unsymmetrical molecule, however, the highly electron deficient nature of the 

molecule may have resulted in several carbon atoms having an equivalent 

environment.
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Figure 55 The 400 MHz NMR spectrum of 1,3,7,8-tetranitrodibenzothiophene-5,5-dioxide in acetone-d6
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The FTIR spectrum of this compound showed all of the relevant absorption 

peaks expected. The peak at 3092 cm^ represented stretching of the C-H bonds in the 

molecule. The peaks at 1540 and 1347 cm'^ represented the antisymmetric and 

symmetric stretching of the NO2 group respectively. The peaks at 1324 and 1193 cm'  ̂

corresponded to the antisymmetric and symmetric stretching of the SO2 group 

respectively. The peak at 786 cm'^ corresponded to deformation of the C-H bonds in 

the molecule.

Elemental analysis of pure 1,3,7,8-tetranitrodibenzothiophene-5,5-dioxide gave 

values for carbon, hydrogen, and sulphur that were very close to those calculated for 

this compound. The value for nitrogen was lower than that calculated, but this may 

have been due to incomplete combustion during the analysis.

2.5.12 2.3.7.8 -Tetranitrodibenzothiophene-5.5-dioxide

This compound was synthesised via high temperature nitration of 2,3,8- 

trinitrodibenzothiophene-5,5-dioxide. No evidence has been found in the literature for 

the previous existence of this compound, however, the crude product was formed in 

reasonable yield and when purified gave a sharp melting point.

The El mass spectrum of this compound contained most of the expected peaks 

and fragmentation routes. The molecular ion (M^ = 396) was the largest peak. The 

peak at m/e = 348 corresponded to loss of NO2 and H2 from the molecule. The peak 

at m/e = 300 corresponded to loss of 2 NO2 and 2 H2. The peak at m/e = 276 

represented loss of 2 NO2 and C2H4. The peak at m/e = 252 corresponded to loss of 

3 NO2 and 3 H2, and the peak at m/e = 226 corresponded to loss of 3 NO2 and O2 from 

the molecular ion.

The 400 MHz ^H NMR spectrum of 2,3,7,8-tetranitrodibenzothiophene-5,5- 

dioxide in acetone-d6  (Figure 56) showed two singlet peaks. The singlet at 9.326 

represented H-4/6, and the singlet at 9.076 corresponded to H-1/9.
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Figure 56 The 400 M Hz 'H NM R spectrum of 2,3,7,8-tetranitrodibenzothiophene-5,5-dioxide in acetone-d6
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The 400 MHz NMR spectrum for 2,3,7,8-tetranitrodibenzothiophene-5,5-

dioxide in acetone-d6 showed four discernable singlets, and possibly two more peaks 

in the baseline. This result is similar to that found for 1,3,7,8-tetranitrodibenzo- 

thiophene-5,5-dioxide, and may be due to the electron deficient nature of the 

molecule.

The FTIR spectrum of this compound showed all of the relevant absorption 

peaks expected. The peaks at 3098 and 3044 cm'  ̂ represented stretching of the C-H 

bonds in the molecule. The peaks at 1552 and 1349 cm'^ represented the 

antisymmetric and symmetric stretching of the NO2 group respectively. The peak at 

1175 cm^ represented stretching of the S = 0  bonds in the molecule. The peaks at 906 

and 580 cm'^ also corresponded to stretching of the N = 0  bonds in the molecule. The 

peaks at 844 and 789 cm'  ̂ corresponded to deformation of the C-H bonds in the 

molecule.

Elemental analysis of pure 2,3,7,8-tetranitrodibenzothiophene-5,5 -dioxide gave 

values for hydrogen, nitrogen, and sulphur that were very close to those calculated 

for this compound. The value for carbon was higher than that calculated, but this may 

have been due to the presence of solvents on the surface of the crystals or 

decomposition of the compound during analysis.
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3. DISCUSSION

3.1 Nitrocarbazoles

Carbazole had previously been nitrated, via mixed acid nitration, to 1-nitro-^®, 

3-nitro-'^^, l,6-dinitro-^\ 3,6-dinitro-^\ and 1,3,6,8-tetranitrocarbazole^^’̂ .̂ The 

literature syntheses of these compounds were repeated so that their presence in new 

and improved syntheses of 1,3,6,8-tetranitrocarbazole could be detected. Hence, the 

important aspect in the synthesis of each of these compounds was to obtain clear 

spectra for later use in the identification of impurities in the syntheses of 1,3,6,8- 

tetranitrocarbazole. All of these compounds were successfully synthesised, but the 

persistent problem was purification.

The synthesis of 3-nitrocarbazole involved nitrosation of carbazole prior to 

nitration because the presence of the nitroso group on nitrogen created steric 

hindrance around C-1, making nitration at this position less favourable. The literature 

nitration of carbazole^®, said to give 3-nitrocarbazole (70%) and 1-nitrocarbazole (6%) 

with a small amount of 3,6-dinitrocarbazole, was repeated and found to give over 

50% 3,6-dinitrocarbazole. The modified nitration at room temperature produced 1- 

nitro- and 3-nitrocarbazole in the ratio 1 : 4 respectively.

The mononitrocarbazoles, in particular, proved quite difficult to purify. 

Repeated recrystallisations of these compounds gradually purified them, but eventually 

the stage was reached where repeated recrystallisation made no improvement on the 

purity of the compound. Both 1-nitro-, and 3-nitrocarbazole had melting points 

significantly below those given in the literature. The impurities were thought to be 

mononitro- or dinitrocarbazoles, or impurities from solvents. Column 

chromatography, using HPLC grade solvents, was used to purify both compounds to 

the highest degree, but they were still not pure enough to give accurate melting points 

and elemental analyses. Literature syntheses always used very large amounts of 

starting material which may have made purification easier. However, despite 

purification problems the compounds were synthesised, and spectra were obtained.

The dinitrocarbazoles were first synthesised by nitrosation prior to nitration. 

Separation and purification of the two isomers revealed a product ratio for 1,6- : 3,6-
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dinitrocarbazole of 1 : 2.2 (literature value 1: 1.8)^\ A later synthesis of the mixture 

of dinitrocarbazoles involved direct nitration of carbazole without nitrosation. The 

product mixture from this synthesis was analysed by HPLC and the ratio of 1,6- : 

3,6-dinitrocarbazole was 1 :1 .3  respectively. This result is consistent with nitrosation 

of carbazole increasing the amount of 3-nitro- isomer formed by increasing the steric 

hindrance at C-1. However, comparison of this ratio with the ratio produced from 

nitrosation prior to nitration is not strictly fair because one is a ratio of products that 

have been physically separated, and the other is a ratio obtained from HPLC analysis 

of the mixture of products.

The expected ratio of 1,6- : 3,6-dinitrocarbazole, calculated from the ratio of

1-nitro- : 3-nitrocarbazole (i.e. 1 : 4 respectively), would be 1 : 1.8 respectively, 

assuming that 1-nitrocarbazole is nitrated entirely to 1,6-dinitrocarbazole, and 3- 

nitrocarbazole is nitrated to a mixture of 1,6- and 3,6-dinitrocarbazole in the ratio 1 

: 4. However, this does not allow for the influence of the nitro group in 3- 

nitrocarbazole on the position of the incoming nitro group.

Purification of the dinitrocarbazoles was not as difficult as purification of the 

mononitrocarbazoles. Both dinitrocarbazoles were eventually purified to a state where 

all analyses were in good agreement with the literature analyses. Clear spectra were 

also produced for both compounds. The difficulty in purification of nitrocarbazoles 

was one of the main reasons for the current work on improving the synthesis of

1,3,6,8-tetranitrocarbazole. Previous workers have shown^^’̂ ’̂̂  ̂ that the major 

impurities formed during the nitration are penta- and possibly hexanitrocarbazole 

stemming from ovemitration of carbazole, and also sulphonic acid derivatives of 

carbazole from the initial sulphonation. Purification of crude 1,3,6,8- 

tetranitrocarbazole was relatively easy until the product was above 95% pure, and 

although the product was only being used in pyrotechnic compositions, it was the 

small amount of impurities present that were thought to be causing erratic burning 

and diminished storage life of the pyrotechnics.

The initial sulphonation of carbazole was studied by extracting and analysing 

a sample of the sulphonation mixture just prior to nitration. The product of 

sulphonation was the tri-sodium salt of carbazole-1,3,6-trisulphonic acid. This product 

was not expected because 1,3,6-trinitrocarbazole could not be isolated, but it is likely
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that the mono-, di-, and tetrasulphonic acids would also be formed during 

sulphonation of carbazole. Attempts were made to nitrate carbazole in acids other 

than sulphuric acid, in order to see whether the impurities caused by the sulphonation 

of carbazole could be excluded. All attempts to use altemaüreacids were unsuccessful, 

and it is probable that even if 1,3,6,8-tetranitrocarbazole could be synthesised using 

other acids, the alternative acid would cause alternative impurities in the crude

1,3,6,8-tetranitrocarbazole.

Separating the synthesis of 1,3,6,8-tetranitrocarbazole into two steps was 

another attempt to exclude some of the sulphonic acid impurities from the crude 

product. In the first step, nitration of carbazole to give a mixture of dinitrocarbazoles, 

the carbazole was nitrated in a mixture of glacial acetic acid and fuming nitric acid. 

In the second step the crude mixture of dinitrocarbazoles was nitrated in a mixture 

of concentrated sulphuric acid and fuming nitric acid. By separating the process it was 

hoped that the mixture of dinitrocarbazoles would not be as susceptible to 

sulphonation as carbazole, or would completely nitrodesulphonate, hence reducing the 

sulphonic acid impurities. Two samples of crude 1,3,6,8-tetranitrocarbazole, one 

produced by direct nitration of carbazole and the other by the two step nitration 

described above, were analysed by HPLC and the product of the two step nitration 

was shown to have less impurities (Figure 57). However, purification of 1,3,6,8- 

tetranitro-carbazole, synthesised in two separate steps, was still a difficult task.
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Figure 57 HPLC comparison of two samples of crude 1 ,3 ,6 ,8-tetranitrocarbazole
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3.2 Rearrangement of N-nitrocarbazole

The literature synthesis of N-nitrosocarbazoIe'^^ produced the crude product in 

high yield. Analytical spectra for this compound agreed well with those found in the 

literature

The literature synthesis of N-nitrocarbazole®^, via oxidation of N- 

nitrosocarbazole, produced a different result to that given in the literature® .̂ The 

products of oxidation of N-nitrosocarbazole were separated by HPLC using a Waters 

Associates Preparative LC500 system, and were eluted in the order N-nitrocarbazole 

(19%), 1-nitrocarbazole (8%), and 3-nitrocarbazole (29%). The ratio of 1-nitro- to 

3-nitrocarbazole was 1 : 3.6 respectively, which is very close to that found for 

nitration of carbazole in a mixture of fuming nitric acid and glacial acetic acid 

(section 2.1.2). However, the literature oxidation of N-nitrosocarbazole®^ reports that 

the products of oxidation were separated by column chromatography as N- 

nitrocarbazole (20%), carbazole (4%), 3-nitrocarbazole (13%), and 1-nitrocarbazole 

(51%). This would give a ratio of 1-nitro- to 3-nitrocarbazole of 3.9 : 1 respectively. 

This result is thought to be an error in identification of 1-nitro- and 3-nitrocarbazole 

because other workers have also studied the rearrangement of N-nitrocarbazole®^ ®® 

and have always reported that 3-nitrocarbazole was the major product. The molecular 

structure, and hence polarity, of 1-nitrocarbazole is also closer to that of N- 

nitrocarbazole than is the structure of 3-nitrocarbazole, so 1-nitrocarbazole would be 

expected to be eluted after N-nitrocarbazole and before 3-nitrocarbazole. ^H NMR 

spectra of the products of the current separation also prove that 1-nitrocarbazole was 

eluted before 3-nitrocarbazole.

Analysis of N-nitrocarbazole produced spectra which agreed well with those 

given in the literature®®. The melting point, and the value for carbon in the elemental 

analysis were both lower than expected, but both may have been caused by the fact 

that N-nitrocarbazole is unstable when heated.

Study of the acid catalysed rearrangement of N-nitrocarbazole was complicated 

by the insolubility of the rearrangement products, and also by the fact that thermal 

rearrangement was possible. The insolubility of the rearrangement products resulted 

in the use of DMSO as solvent for the experiment, and the experiment had to be
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heated at 70 °C. Despite the fact that the DMSO was stored in an inert atmosphere 

and over a molecular sieve, addition of acid to the DMSO caused an exothermic 

reaction with traces of water present in the solvent. The exothermic reaction, 

combined with the heating of the experiment at 70 °C to keep the products of 

rearrangement in solution, meant that thermal rearrangement of N-nitrocarbazole was 

taking place alongside the acid catalysed rearrangement.

NMR spectroscopy was used to optimise the ratio of substrate to acid so 

that the half-life of the reaction was of the right order to observe a CIDNP effect. 

The NMR spectra of the rearrangement were also used to determine the extent of 

rearrangement after a given period of time, so that the extent of rearrangement during 

^̂ N NMR spectroscopy would be known even if peaks due to the substrate and 

rearrangement products were exhibiting enhanced absorptions or emissions. The 

infinity spectrum for this rearrangement gave the ratio of 1-nitro- to 3-nitrocarbazole 

as 1 : 1.05 respectively. This is a much higher o/p ratio than that from direct 

nitration of carbazole. The highly acidic media and high o/p ratio would suggest that 

the rearrangement proceeds via a "solvent-cage" mechanism.

Previous workers®^’** had suggested that nitration of carbazole proceeds via N- 

nitration followed by rearrangement of the nitro group. Their evidence was based on 

several experiments, all of which are explained in the introduction, section 1.2.5). 

The first compared nitration of carbazole with nitration of N-alkylcarbazoles, and the 

differences in ratios of 1-, 2-, and 3-nitro products were explained by their 

assumption that N-alkylcarbazoles reacted via direct nitration onto the ring system and 

carbazole reacted by N-nitration followed by rearrangement of the nitro group. They 

also isolated N-nitrocarbazole, in approximately 1 % yield, from nitration of carbazole 

in acetic acid with a deficient amount of nitric acid, and then induced rearrangement 

of N-nitrocarbazole under conditions similar to the nitration process, with nitric acid 

present in 10% molar ratio as a catalyst. The products of rearrangement were 1-nitro- 

and 3-nitrocarbazole in a similar ratio to that observed in the direct nitration of 

carbazole.

Further evidence for their theory came from their unsuccessful attempts to 

separate the 1,3,6,8-tetrachlorocarbazole/1,3,6,8-tetrachloro-9-nitrocarbazole 

complex. Méthylation of the complex resulted in 1,3,6,8-tetrachloro-9-methy 1-
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carbazole and, instead of l,3,6,8-tetrachloro-9-nitrocarbazole, they isolated 1,3,6,8- 

tetrachloro-9-methyl-2(and 5)-nitrocarbazole, which they explained as the result of a 

nitramine rearrangement of the unstable 1,3,6,8-tetrachloro-9-nitrocarbazole liberated 

from the complex.

^^N-NMR spectra of the acid catalysed rearrangement of ‘̂ N-labelled N- 

nitrocarbazole showed that after 280 seconds of the reaction, the peak corresponding 

to N-nitrocarbazole was enhanced by a factor of four. The peak corresponding to 3- 

nitrocarbazole was enhanced by a factor of six, and the peak corresponding to 1- 

nitrocarbazole was enhanced by a factor of three. The values of these enhancements 

are only approximate because of the noisy spectra. However, they provide a clear 

indication that the rearrangement is occurring at least in part by a radical mechanism. 

The enhancement was approximately equal in substrate and products, slightly greater 

in the products. This is characteristic of polarisation stemming from the 

rearrangement process. Therefore, the most likely mechanism for the rearrangement 

of N-nitrocarbazole is protonation at nitrogen followed by nitramine rearrangement 

via a radical process. The infinity spectrum for this rearrangement, after heating at 

70 °C for twelve hours and remaining at room temperature for 24 hours, showed that 

the ratio of 1-nitro- to 3-nitrocarbazole was 1 : 3 respectively. However, this ratio 

may have been influenced by the noisy baseline or by further reaction of the products 

in such a reactive media. The peak corresponding to 3-nitrocarbazole also appeared 

to be incorrectly phased because it was larger than the reference peak, and also 

descended below the baseline.

These results were complicated by the fact that thermal rearrangement 

occurred alongside the acid catalysed rearrangement, and the enhancements may have 

come from the thermal rearrangement. The effect of heat on the rearrangement of N- 

nitrocarbazole was studied in order to determine whether the enhancements had come 

from this process.

The thermal rearrangement was first studied by ^H NMR spectroscopy, using 

similar concentrations and reaction conditions as for the acid catalysed rearrangement. 

The results of these experiments showed that the thermal rearrangement was very 

slow, even at 70 °C. The infinity spectrum for this rearrangement, after heating at 70 

°C for 24 hours, showed the ratio of 1-nitro- to 3-nitrocarbazole as 1 : 1.5
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respectively. This o/p ratio is lower than that found for the NMR study of the acid

catalysed rearrangement.

NMR experiments on the thermal rearrangement of ^^N-labelled N- 

nitrocarbazole showed enhancement of the peak corresponding to N-nitrocarbazole by 

a factor of six. The peaks corresponding to 1-nitro- and 3-nitrocarbazole were 

approximately sixteen times larger than would be expected from the NMR study, 

but both peaks were barely visible above the noisy baseline, hence the error involved 

in measuring their heights could have been ±  100%. The infinity spectrum showed 

that the approximate ratio of 1-nitro- to 3-nitrocarbazole, taken from the heights of 

the integrals, was 1 : 2  respectively.

The most likely explanation for these enhancements in the thermal 

rearrangement is that rearrangement was initiated by homolysis of the N-N bond. 

Recombination of radicals occurred mainly at nitrogen, giving enhancement of the N- 

nitrocarbazole peak. Homolysis also led to a small amount of rearrangement, because 

enhancement of the product peaks was also seen.

Prediction of the nature of these CIDNP effects can be carried out using the 

qualitative rules of R. Kaptein*^ (Table 1, section 1.2.4). The g-value of the carbazole 

radical cation has not been recorded in the literature, but that of 3,6-dimethyl- 

carbazole has been recorded as 2 . 0 0 2 7 This value has also been recorded for other 

similar aromatic cation radicals, for example diphenyla m in e ^ Assuming that the g- 

value for the carbazole radical cation is also greater than 2 .0 0 0 0  (the value for the g- 

value of the nitrogen dioxide radical), and applying Kaptein’s Rules to the ^̂ N nucleus 

in the nitrogen dioxide radical :-

Ag is negative, since ĝ OZ ~ Scarbazole radical cation ^

The coupling constant â  is negative because of the negative magnetogyric ratio of the 

^̂ N nucleus.

fi is negative for a radical pair formed from a singlet precursor, 

e is positive for products of recombination within the original cage.

Hence,

=  -(-)(+ )(-)(-) =  +

The resultant positive sign for the net polarisation indicates a prediction of enhanced
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absorption. The prediction is in agreement with the experimental result.

The thermal rearrangement of N-nitrocarbazole is thought to proceed via 

homolysis of the N-N bond. The g-value for the neutral carbazole radical has not 

been recorded in the literature. However, most g-values for radicals centred on 

nitrogen in a five membered heterocyclic ring are greater than 2.0000“ .̂ Assuming 

that the g-value for the neutral carbazole radical is also greater than 2 .0 0 0 0  (the value 

for the g-value of the nitrogen dioxide radical), and applying Kaptein’s Rules to the 

^̂ N nucleus in the nitrogen dioxide radical :-

Ag is negative, since gN02 ~ Scarbazole radical ^  ^

The coupling constant a; is negative because of the negative magnetogyric ratio of the 

^̂ N nucleus.

/X is negative for a radical pair formed from a singlet precursor. 

e is positive for products of recombination within the original cage.

Hence,

Tn =  -(-)( +  )(-)(-) =  +

The resultant positive sign for the net polarisation indicates a prediction of enhanced 

absorption. The prediction is in agreement with the experimental result.

3.3 Nitrodibenzothiophenes

Dibenzothiophene had previously been nitrated, via mixed acid nitration, to

2-nitro-^^, 3-nitro-^^, 2,8-dinitro-^^, and 3,7-dinitrodibenzothiophene^^. The literature 

syntheses of these compounds were repeated so that analytical spectra could be 

obtained for each compound. The spectra were then a useful aid in detecting the 

presence of these compounds in further nitrations of dibenzothiophene.

Synthesis of 2-nitro- and 2,8-dinitrodibenzothiophene involved direct nitration 

of dibenzothiophene. Both syntheses produced a crude product which proved difficult 

to purify. The crude yield of 2-nitrodibenzothiophene was low due to oxidation of the 

majority of the starting material, giving dibenzothiophene-5-oxide. The literature 

synthesis of this compound^^ produced the same low yield, but no mention was made 

of the fate of the majority of the starting material. Despite repeated recrystallisation
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of this product, the melting point was always significantly lower than that given in 

literature, and elemental analysis gave a low value for carbon. Impurities may have 

been due to further nitration, or oxidation and further nitration. Other analytical 

techniques produced spectra of 2 -nitrodibenzothiophene that were consistent with the 

structure of this compound. However, there was one anomaly in the NMR spectra 

of 2-nitrodibenzothiophene. The NMR spectrum in DMS0-d6 was different to that 

in acetone-d6 . In DMS0-d6 protons H-3 and H-4 (Figure 58) appear to be equivalent 

because their signals converge to form a singlet. In acetone-d6  the NMR spectrum 

appeared exactly as would be expected for this compound. The equivalence of protons 

H-3 and H-4 must therefore be caused by the DMSO.

H, H.

H NO

H

Figure 58 2-Nitrodibenzothiophene

The literature synthesis of 2,8-dinitrodibenzothiophene produced a reasonable 

yield of crude product, but repeated recrystallisation significantly reduced the yield. 

The melting point of the purified product was low compared to that given in 

literature. This was unusual because elemental analysis of the pure product gave 

values that were very close to the calculated values. The only plausible explanations 

for the low melting point are that either the product contains small amounts of 

impurities with similar atomic ratios to 2 ,8 -dinitrodibenzothiophene, or the literature 

value is wrong. The ^H NMR spectrum of 2,8-dinitrodibenzothiophene in DMS0-d6 

showed the same anomaly as that for 2-nitrodibenzothiophene, i.e. H-3 and H-4 

appear to become equivalent. This product was not sufficiently soluble in acetone to 

obtain the ^H NMR spectrum in acetone-d6 .

Both 3-nitro- and 3,7-dinitrodibenzothiophene were synthesised via oxidation 

of dibenzothiophene to the monoxide, nitration, and then reduction. The literature
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syntheses of these compounds generally produced higher yields and cleaner products 

than the one step nitration syntheses of their isomers, described above. However, 

purification was once again the most difficult part of their synthesis. The pure 

products had melting points that were very close to those given in the literature, but 

elemental analysis of both compounds gave lower values than expected. Impurities 

could have been due to a range of products stemming from the nitration of 

dibenzothiophene-5-oxide, or the reduction of nitromonoxides in hydrobromic acid.

Numerous attempts were made to nitrate 2,8-dinitrodibenzothiophene further. 

Any attempt at nitration above 0 °C led to oxidation of the substrate, giving 2,8- 

dinitrodibenzothiophene-5-oxide and 2 ,8-dinitrodibenzothiophene-5,5-dioxide. These 

results contradict those of previous workers^^ who suggested that "...the combined 

effect of two nitro groups in 2 ,8 -dinitrodibenzothiophene was effective in preventing 

the formation of either the sulfone or sulfoxide of this compound". The sulphone of 

this compound was also synthesised in high yield using concentrated sulphuric acid 

and hydrogen peroxide mixtures.

Nitration of 2,8-dinitrodibenzothiophene at 0 °C yielded several products, 2,8- 

dinitrodibenzothiophene-5-oxide was the major product. Purification of this product 

produced a sharp melting point, but there was no melting point available in the 

literature for comparison. The spectra obtained for this product were exactly as would 

be expected, except for the NMR spectra. The 400MHz NMR spectra in 

DMS0-d6 was very similar to that of 2,8-dinitrodibenzothiophene. As in 2,8- 

dinitrodibenzothiophene, H-3/7 and H-4/6 were equivalent, producing a spectrum 

with only two multiplets. The other products produced during the nitration of 2,8- 

dinitrodibenzothiophene at 0“C were extracted from the major product by washing it 

in acetone. The minor products dissolved in the acetone, and were separated by 

preparative HPLC into six fractions. Two of the fractions had insufficient amounts 

of material for analysis, one fraction was more of the major product of the reaction, 

one fraction was 2 ,8-dinitrodibenzothiophene-5,5-dioxide from further oxidation of 

the starting material, and the remaining two fractions were small samples of 2,4,8- 

trinitro- and 2,4,6,8 -tetranitrodibenzothiophene. There was only enough of each 

sample for mass spectrometry and ^H NMR spectrometry, but these analyses both 

indicated the trinitro and tetranitro products. Despite further attempts to synthesise
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these products using lower reaction temperatures, the yields were not improved upon.

3.4 Nitrodibenzothiophene-5-oxides

Literature syntheses of dibenzothiophene-5-oxide^®, 3-nitrodibenzothiophene-5- 

oxide^*, and 3,7-dinitrodibenzothiophene-5-oxide^^ were repeated to obtain analytical 

spectra of these compounds. All syntheses were repeated successfully producing 

products that were generally much cleaner than the crude nitrodibenzothiophenes. 

Purification of all three products proved difficult, as for the nitrodibenzothiophenes, 

and it took many repeated recrystallisations to obtain a pure product. Both 

dibenzothiophene-5-oxide and its 3-nitro derivative had melting points very close to 

those given in the literature, but elemental analysis of both compounds gave a low 

value for carbon. These results may have been caused by very small amounts of 

impurities in the products, or by small amounts of the solvent of recrystallisation on 

the surface of the product crystals.

Pure 3,7-dinitrodibenzothiophene-5-oxide had a larger melting range than the 

literature compound, but elemental analysis of this product gave values for carbon, 

hydrogen, and sulphur that were very close to those calculated. The low value for 

nitrogen may have been caused by incomplete combustion during the analysis. 

Synthesis of 2,8-dinitrodibenzothiophene-5-oxide was also achieved as a side reaction 

during the low temperature nitration of 2 ,8 -dinitrodibenzothiophene, described above.

The syntheses of 3-nitro- and 3,7-dinitrodibenzothiophene-5-oxide were carried 

out at relatively low temperatures to reduce the possibility of oxidation of the 

substrate to its dioxide. Attempts to nitrate 3,7-dinitrodibenzothiophene-5-oxide at 

temperatures above 0°C lead to oxidation, and attempted nitrations below 0°C had 

little or no effect on the substrate. Therefore, further nitration of 3,7-dinitro- 

dibenzothiophene-5-oxide without oxidation seems highly unlikely.

3.5 Nitrodibenzothiophene-5,5-dioxides

Nitration of dibenzothiophene-5,5-dioxide was more productive than either of 

the previous two groups of compounds, probably due to the fact that further oxidation
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of this compound was not a problem. Literature syntheses of the 2-nitro^^, 3-nitro^^, 

and 3,7-dinitro^^’̂  ̂ derivatives were repeated to obtain analytical spectra for these 

compounds. References to 2,7-dinitro-^®^’̂ ®*’̂ ^’“®, and 2,8-dinitrodibenzothiophene-

5,5-dioxide“ ’̂“  ̂have been found, but these references are limited almost entirely to 

the patent literature and were difficult to obtain. References to 1,3,7-trinitrodibenzo- 

thiophene-5,5-dioxide*°’*̂ have also been found, but there was no synthesis for the 

molecule given in any of the references obtained.

The 3-nitro-, 3,7-dinitro-, and 1,3,7-trinitrodibenzothiophene-5,5-dioxide 

isomers were all produced by the direct nitration of dibenzothiophene-5,5-dioxide or 

its nitro derivatives. All of the other nitro isomers synthesised were the result of 

either oxidation, or oxidation and then nitration of nitrodibenzothiophenes. As with 

both of the previous groups of compounds, the major problem during the repetition 

of literature syntheses was the purification stage. Most of the products had to be 

repeatedly recrystallised before melting points and elemental analyses came close to 

those given in the literature.

The most logical way to proceed from 1,3,7-trinitrodibenzothiophene-5,5- 

dioxide was to nitrate it further to give the 1,3,7,9-tetranitro derivative. However, 

despite many attempts, this product was not synthesised. Isolation of 1,3,7-trinitro- 

dibenzothiophene-5,5-dioxide was thought to be quite unusual because nitration of 

similar compounds (i.e. carbazole) had led to the formation of the tetranitro 

compound, and the trinitro compound was not isolated. The reason for the difficulty 

in synthesising 1,3,7,9-tetranitrodibenzothiophene-5,5-dioxide was thought to be the 

deactivating effect of three nitro groups and one sulphone group on the molecule, and 

the inability of the nitro group at C-1 to bend out of the plane of the aromatic ring 

to reduce the deactivating effect and accommodate a nitro group at C-9. The bending 

of nitro groups, out of the plane of the ring, has been proven for 2,3,7- 

trinitrodibenzothiophene-5,5-dioxide by crystal structure analysis, and is described 

below.

Nitration of dibenzothiophene led to nitration at positions ortho and para to 

the electron donating sulphur atom, but nitration of dibenzothiophene-5-oxide or 

dibenzothiophene-5,5-dioxide led to nitration at positions meta to the electron 

withdrawing sulphoxide or sulphone groups. Therefore, oxidation of 2-nitro-, and
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2 .8 -dinitrodibenzothiophene led to the possibility of the synthesis of di-, tri-, and 

tetranitrodibenzothiophene-5,5-dioxides with nitro groups at positions meta and para 

to the electron withdrawing sulphone group. Oxidation of 2-nitro-, and 2,8-dinitro

dibenzothiophene produced crude products in relatively high yields, but once again 

purification reduced these yields considerably.

Nitration of 2-nitrodibenzothiophene-5,5-dioxide produced 2,7-dinitrodibenzo- 

thiophene-5,5-dioxide in high yield. References to this compound have been found in 

the patent literature °̂ '̂̂ ° '̂ °̂̂ '^ °̂ but these papers have proved difficult to obtain, so 

there were no analyses available for comparison. All analyses gave spectra that were 

compatible with the structure of this molecule. Elemental analyses gave a low value 

for nitrogen, but this may have been caused by incomplete combustion during 

analysis.

Nitration of 2,7-dinitrodibenzothiophene-5,5-dioxide was expected to give an 

unusual result because nitration of the ring containing a nitro group at C-2 would 

produce, if anything, a compound with nitro groups ortho to eachother. The result of 

this nitration was more unusual than expected because not only did ortho nitration 

take place, but a higher percentage of product was formed by this route than by 

nitration of the other benzene ring in the molecule. The products of the reaction were

1.3.8-trinitro- and 2,3,7-trinitrodibenzothiophene-5,5-dioxide in the ratio 1 : 2 

respectively. No references to either compound have been found in the literature, so 

there were no analyses available for comparison. Both compounds gave sharp melting 

points, and all other analyses showed spectra that were compatible with the structures 

of these molecules.

In order to determine the molecular structure of 2,3,7-trinitrodibenzo- 

thiophene-5,5-dioxide that allowed two nitro groups to be ortho to each other, a 

crystal structure analysis was carried out on a single crystal of this compound. The 

analysis revealed that in the molecule, the nitro groups at positions ortho to each 

other were both bending out of the plane of the ring. The two groups had also rotated 

with respect to each other, in order to reduce the strain of being so close together. The 

crystal structure showed links between "paired" molecules, N3—02, with bond 

lengths of 2.925 Â. There were two of these links per "pair" of molecules. There 

were also links into these chains, 0 3 —05, with bond lengths of 2.859 Â. Each
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molecule makes two such contacts.

Nitration of a 1 : 1 mixture of 1,3,8- and 2,3,7-trinitrodibenzothiophene-5,5- 

dioxide produced 1,3,7,8-tetranitrodibenzothiophene-5,5-dioxide. The low yield of 

this product, even before purification, was probably due to the barsb conditions 

required for its synthesis, i.e. loss of substrate due to total oxidation or 

decomposition. No mention of this compound has been found in the literature, so 

there were no spectra available for comparison. A sharp melting point was achieved, 

and all other spectra were compatible with the molecular structure of this compound. 

Elemental analysis gave a low value for nitrogen, but this may have been due to 

incomplete combustion during the analysis.

Nitration of 2,8-dinitrodibenzothiophene-5,5-dioxide presented fewer 

possibilities than that of 2-nitrodibenzothiophene-5,5-dioxide because both rings had 

already been nitrated. The major product of nitration was either 2,3,8-trinitro- or

2,3,7,8-tetranitrodibenzothiophene-5,5 -dioxide, depending on the ratio of acid to 

substrate. No references to either 2,3,8 -trinitro- or 2,3,7,8 -tetranitrodibenzothiophene-

5,5-dioxide have been found in the literature. Nitration of 2,8-dinitrodibenzo- 

thiophene-5,5-dioxide with a low ratio of acids to substrate, produced crude 2,3,8- 

trinitrodibenzothiophene-5,5-dioxide in high yield. Purification reduced the yield 

considerably, but produced a compound with a sharp melting point. Analytical spectra 

of this product corresponded to those expected for 2,3,8-trinitrodibenzothiophene-5,5- 

dioxide.

Synthesis of 2,3,7,8-tetranitrodibenzothiophene-5,5-dioxide was achieved via 

nitration of 2,3,8-trinitrodibenzothiophene-5,5-dioxide, but could also have been 

achieved by nitrating 2,8-dinitrodibenzothiophene-5,5-dioxide with a high ratio of 

acids to substrate. The synthesis produced a moderate yield of the crude tetranitro 

compound, but purification of this product was difficult. Any attempt to recrystallise 

it using boiling solvents appeared to cause some decomposition of the product. 

Eventually, crystals of the product were grown from a two phase recrystallisation at 

room temperature. A sharp melting point was achieved, and all analytical spectra 

corresponded to 2,3,7,8-tetranitrodibenzothiophene-5,5-dioxide. There were, 

however, two anomalous results from the analyses of this product. The first was the 

low value of the integral for H-4/6 in the NMR spectrum. This may have been
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caused by the position of these protons in between a nitro group and a sulphone 

group. The nitro group bends out of the plane of the aromatic ring system to allow 

room for the other nitro group adjacent to it, as shown in the crystal structure 

analysis of 2,3,7-trinitrodibenzothiophene-5,5-dioxide. This bending, combined with 

the close proximity of the sulphone group , may result in the non-equivalence of the 

integrals for H-4/6 and H-1/9. The other anomalous result was the high value of 

carbon in the elemental analysis of 2,3,7,8-tetranitrodibenzothiophene-5,5-dioxide, 

but this may have been caused by decomposition of the product during analysis.
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4. CONCLUSIONS

4.1 Nitrocarbazoles

Literature syntheses of 1-nitro-^®, 3-nitro-'*\ l , 6 -dinitro-^\ 3,6-dinitro-^\ and

1 ,3 ,6 ,8 -tetranitrocarbazole^^’̂  ̂ were repeated, and the products were fully 

characterised by mass spectrometry, and NMR spectroscopy, infra-red 

spectroscopy, and elemental analysis. The tri-sodium salt of carbazole-1,3,6- 

trisulphonic acid was also synthesised and fully characterised.

The aim of this work was to improve the production of 1,3,6,8- 

tetranitrocarbazole, either by improving the current synthesis and purification, or by 

seeking a new and cleaner route of mixed acid nitration. Attempts to synthesise this 

compound using alternative acidic mixtures were unsuccessful. However, modification 

of the literature nitration^\ by converting it from a one step nitration to a two step 

nitration, did reduce the amount of impurities in the crude product. Purification of the 

crude product was the major problem in the production of this compound. Attempts 

to improve the purification techniques were largely unsuccessful. Zone refining is a 

technique which may have simplified the purification of this product, but the 

equipment needed to try this technique was not available.

4.2 Rearrangement of N-nitrocarbazole

The acid catalysed rearrangement of N-nitrocarbazole was a difficult system 

to study. The difficulties were brought about by the fact that the products of the 

rearrangement were relatively insoluble. The rearrangement had to be carried out in 

DMSO at 70 °C to improve their solubility. The half-life for the rearrangement was 

also quite slow, but addition of more acid catalyst to speed up the process led to 

precipitation of the products. The system was further complicated by thermal 

rearrangement of N-nitrocarbazole, which proceeded alongside the acid catalysed 

rearrangement.

NMR spectra for the acid catalysed and thermal rearrangements of N- 

nitrocarbazole showed that the acid catalysed rearrangement was much faster than the
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thermal process, although part of that speed might be attributed to the heat produced 

by the addition of the acid to the DMSO solution. NMR spectra of the acid 

catalysed rearrangement showed enhancement of both the substrate and product peaks, 

indicating that the reaction proceeds at least in part by a radical mechanism. The 

enhancement was slightly greater in the products than in the substrate, which is 

characteristic of polarisation stemming from the rearrangement. NMR spectra for 

the thermal rearrangement of N-nitrocarbazole also showed enhancement of both the 

substrate and product peaks. However, the factor of enhancement for the product 

peaks was uncertain due to their very small size in the noisy spectrum.

It is difficult to draw concrete conclusions from these experiments because of 

the number of variables involved, and the fact that the half-life was not short enough 

to see the full CIDNP effect. However, the experimental results for both the acid 

catalysed and thermal rearrangements of ^^N-labelled N-nitrocarbazole were in full 

agreement with predictions of the nature of both CIDNP effects using Kaptein’s 

Rules® .̂ The experimental results and the predictions both indicated enhanced 

absorption for CIDNP effects during the acid catalysed and thermal rearrangements 

of N-nitrocarbazole.

Based on the results obtained, the thermal rearrangement of N-nitrocarbazole 

could be explained by homolysis of the N-N bond leading to recombination of radicals 

at nitrogen, and a small amount of rearrangement. The most likely mechanism for the 

acid catalysed rearrangement of N-nitrocarbazole is protonation at nitrogen followed 

by nitramine rearrangement by a radical process.

4.3 Nitrodibenzothiophenes

Literature syntheses of 2-nitro-^^, 3-nitro-^^, 2,8-dinitro-^^, and 3,7- 

dinitrodibenzothiophene^^ were repeated, and the products were fully characterised by 

mass spectrometry, ^H and ^̂ C NMR spectroscopy, infra-red spectroscopy, and 

elemental analysis. Purification of these compounds was the most difficult part of 

their synthesis.

Numerous attempts were made to nitrate 2,8-dinitrodibenzothiophene. 

Nitration above 0 °C led to oxidation of the substrate to its sulphoxide and sulphone.
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Previous workers^^ had suggested that this compound could not be oxidised because 

of the electron withdrawing effect of two nitro groups, but this proved to be untrue, 

and difficulty was experienced in preventing it from being oxidised. HPLC separation 

of the minor products from nitration of 2,8-dinitrodibenzothiophene at 0 °C revealed 

that small amounts of 2,4,8 -trinitro- and 2,4,6 ,8 -tetranitrodibenzothiophene had been 

produced, but 2,8-dinitrodibenzothiophene-5-oxide was the major product. Attempts 

to nitrate 2 ,8 -dinitrodibenzothiophene at temperatures below 0  °C produced very little 

reaction, only small amounts of oxidation. Oxidation of the sulphur atom was much 

more favourable than nitration for this group of compounds.

4.4 Nitrodibenzothiophene-5-oxides

Literature syntheses of dibenzothiophene-5-oxide^*, 3-nitro-^*, and 3,7- 

dinitrodibenzothiophene-5-oxide^^ were repeated, and the products were fully 

characterised by mass spectrometry, and NMR spectroscopy, infra-red 

spectroscopy, and elemental analysis. Low temperature nitration of 2,8- 

dinitrodibenzothiophene also produced 2,8-dinitrodibenzothiophene-5-oxide as the 

major product of the reaction, and this compound was also fiilly characterised.

As expected, any attempt to nitrate dinitrodibenzothiophene-5-oxides further 

led to the formation of the sulphone, or at low temperatures led to no reaction of the 

substrate. It is very unlikely that trinitro- or tetranitrodibenzothiophene-5-oxides could 

be synthesised via mixed acid nitration because of the susceptibility of the sulphoxide 

group to oxidation. Nitrodibenzothiophene-5-oxides can be reduced to nitrodibenzo

thiophenes, or oxidised to nitrodibenzothiophene-5,5-dioxides. This property has made 

them very useful in the synthesis of alternate isomers of nitrodibenzothiophenes and 

nitrodibenzothiophene-5,5-dioxides.

4.5 Nitrodibenzothiophene-5.5-dioxides

Literature syntheses of 2-nitro-^^, 3-nitro-“ , and 3,7-dinitrodibenzothiophene-

5,5-dioxide^^’̂  ̂ were repeated, and the products were fully characterised by mass 

spectrometry, and NMR spectroscopy, infra-red spectroscopy, and elemental
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analysis. Further nitration also produced 2,7-dinitro-, 2,8-dinitro-, 1,3,7-trinitro-,

1,3,8-trinitro-, 2,3,7-trinitro-, 2,3,8-trinitro-, 1,3,7,8-tetranitro-, and 2,3,7,8- 

tetranitrodibenzothiophene-5,5-dioxide. All of these compounds were also fully 

characterised by the analytical techniques described above. References to some of 

them, namely the 2,7-dinitro-, 2,8-dinitro-, and 1,3,7-trinitro isomers, have been 

made in the literature, but these references have either proved difficult to obtain or 

did not contain a description of the synthesis of the compound. Hence, they were not 

used to synthesise these compounds.

The failure to synthesise 1,3,7,9-tetranitrodibenzothiophene-5,5-dioxide was 

probably due to the deactivating effect of the three nitro groups and one sulphone 

group in 1,3,7-trinitrodibenzothiophene-5,5 -dioxide. The two tetranitro isomers that 

were synthesised both had at least one pair of nitro groups ortho to eachother. From 

the results of the crystal structure analysis of 2,3,7-trinitrodibenzothiophene-5,5- 

dioxide, it would appear that the ortho nitro groups are accommodated by bending out 

of the plane of the aromatic ring. The bending may also reduce the deactivating effect 

of the nitro groups, thus allowing four nitro groups and one sulphone group on the 

same molecule.

Both 1,3,7,8-tetranitro-, and 2,3,7,8-tetranitrodibenzothiophene-5,5-dioxide 

are potentially very useful as energetic materials for pyrotechnic compositions. 

However, both compounds are difficult to purify, and appear to decompose on heating 

and in some solvents. Further development work is necessary before they could be 

produced pure, and in high yield.
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5. APPARATUS AND REAGENTS

5.1 Analytical techniques

Commercially available Merck Kieselgel 60 F254 plates were used for analytical 

thin layer chromatography (TLC). They were viewed under ultraviolet light, or 

developed using iodine vapour. Column chromatography was performed using either 

aluminium oxide (activated neutral, 95%) or Merck flash silica gel (200-400 mesh) 

as a stationary phase. Mixtures which gave a good separation by TLC were separated 

using a Waters Associates Preparative LC 500 fitted with a stainless steel column 

(500 X 22.5 mm) and a UV detector. The column was packed with Merck flash silica 

gel (200-400 mesh).

Reverse phase analytical HPLC was performed on a Gilson binary gradient 

HPLC machine with a rheodyne injector and a stainless steel column (250 x 4.6 mm) 

packed with 5fim C l8 packing material. The eluents used were various mixtures of 

HPLC. grade methanol and demineralised water with a flow rate of 1 cm  ̂per minute, 

and peaks were detected with a Gilson Holochrome UV detector of variable 

wavelength. Preparative reverse phase HPLC was performed with the same system, 

using a larger stainless steel column (250 x 22.5 mm).

The ^H and ^̂ C nuclear magnetic resonance (NMR) spectra were recorded on 

a Varian Gemini-200 (200 MHz) or a Varian VXR-400 (400 MHz) spectrometer and 

are reported in ô values relative to tetramethylsilane as internal standard. The spectra 

were recorded in acetone-d6  (A), or dimethylsulphoxide-d6  (D) solution. The 

following abbreviations are used in signal assignments; s (singlet), d (doublet), t 

(triplet), q (quartet), m (multiple), b (broad).

Mass spectra were recorded on a VG7070H mass spectrometer with Finnigan 

Incos II data system at University College, or on a VG ZAB-2F mass spectrometer 

at the London School of Pharmacy. Electron impact (El) or fast atom bombardment 

(FAB) spectra were recorded. Molecular ions (M^), base peaks, and several other 

major peaks are reported.

The infra-red (IR) spectra were recorded on a Perkin Elmer infra-red 

spectrometer 197, or a Perkin Elmer 1600 series Fourier transform infra-red (FTIR)

173



spectrometer, using potassium bromide pellets. Absorptions are recorded in terms of 

frequency (X max in cm'^).

Microanalyses were carried out by the microanalytical section of the 

Chemistry Department, University College London. Melting points were determined 

on a Gallenkamp (capillary tube) melting point apparatus.

5.2 Reagents

Carbazole and dibenzothiophene were both purchased from Aldrich Chemical 

Company Ltd. with quoted purities of 99% and 98% respectively. No further 

purification of either compound was carried out before use.

Deuterated and ^^N-labelled solvents were purchased from Aldrich Chemical 

Company Ltd.. They were stored over molecular sieve in an inert dry nitrogen 

atmosphere before use.
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6 . EXPERIMENTAL

6.1 Nitrocarbazoles

6.1.1 Synthesis of B-Nitrocarbazole"^̂

A mixture of carbazole (5 g; 0.03 mole) and glacial acetic acid (40 cm^) was 

heated to boiling and then cooled somewhat. Sodium nitrite (2.1 g; 0.033 mole) was 

then added slowly to the stirred mixture, this gradually turned the white slurry brown. 

A mixture of glacial acetic acid (8.3 cm^) and nitric acid (sp.gr. 1.4; 8.3 cm^), was 

then added slowly to the stirred mixture, the temperature being kept below the boiling 

point as before. This turned the mixture dark brown/red in colour. The precipitated 

crystalline material (3-nitro-9-nitrosocarbazole) was filtered off and washed with 

ethanol. It was pale green in appearance.

The crude 3-nitro-9-nitrosocarbazole was then heated over reflux for 30 

minutes with a mixture of ethanol (500 cm^) and aqueous 40% potassium hydroxide 

solution (20 cm^). The deep red mixture that was formed was then filtered, and the 

filtrate poured into excess distilled water with stirring, this produced a deep yellow 

precipitate. The precipitated crude 3-nitrocarbazole was recrystallised from glacial 

acetic acid (75 cm^), in which operation not all the material went into solution. The 

insoluble portion was rejected. Recrystallisation of the crude orange product of this 

reaction produced 3-nitrocarbazole (1.85 g; 30%) as a yellow fine powdered solid.

M.pt: 204-206 "C (lit. 215-216°C)^

EIMS m/e: 212 (M+), 196 (M+-16), 182 (M+-30), 166 (M+-46), 154 (M+-

58), 139 (M+-73)

NMR (A),0: 11.05 (IH, bs, NH), 9.08 (IH, d, "J=2.3 Hz), 8.35 (IH, d,

3J=7.3 Hz), 8.32 (IH, dd, ^J=9.0 Hz, "J=2.3 Hz), 7.67 (IH,

d, ^J=9.0 Hz), 7.63 (IH, dd, ^J=8.2 Hz, "J=0.8 Hz), 7.52

(IH, td, ^J=8.3 Hz, 4J=1.2 Hz), 7.33 (IH, td, "J=8.0 Hz, 

"J=1.0 Hz)

NMR (A),6 : 144.2,128.2,123.8,122.0,121.8,121.4, 117.8,112.6, 112.6,

111.7, 111.7
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IR, cm-': 3397, 1582, 1522, 1337

Analysis: Calc. CizHgN^Oz: C 67.91 H 3.81 N 13.20

Found: C 67.59 H 3.62 N 12.84

6 . 1 .2  Synthesis of 1 -Nitrocarbazole '̂'

To a vigorously stirred mixture of carbazole (0.5 g; 0.003 mole) in glacial 

acetic acid (5 cm^) was added dropwise a mixture of fuming nitric acid (0.13 cm^) in 

glacial acetic acid (0.7 cm^). The mixture was stirred at room temperature for 8 hours 

before being poured into distilled water (200 cm^). The yellow green precipitate was 

filtered off, washed with water, and dried. The crude product was analysed by 'H 

NMR and found to be a mixture of 1-nitro- and 3-nitrocarbazole in the ratio 1:4 

respectively. The two isomers were separated by column chromatography, 1- 

nitrocarbazole (0.10 g; 0.0005 mole) forming the first yellow band eluted. The crude 

1-nitrocarbazole was recrystallised three times from glacial acetic acid and three times 

from aqueous ethanol (95%).

M.pt: 175-176 °C (lit. 187 °C)^

EIMS m/e: 212 (M+), 182 (M+-30), 166 (M+-46), 139 (M+-73)

'H NMR (A),0: 11.17 (IH, bs, NH), 8.59 (IH, d, ^J=7.6 Hz), 8.35 (IH, d,

^J=8.3 Hz), 8.25 (IH, d, 'J= 7 .8  Hz), 7.80 (IH, d, ^J=8.2 

Hz), 7.54 (IH, t, 3J=8.2 Hz), 7.39 (IH, td, ^J=8.2 Hz, ''1=1.7 

Hz), 7.34 (IH, t, ^J=7.9 Hz)

NMR (A),6 : 134.2,128.5,128.4,128.3,122.4,121.7,121.4,119.3,113.2,

113.1

IR, cm-': 3402, 1523, 1326, 1282, 753, 726, 610

Analysis: Calc. CizHgNzOz: C 67.91 H 3.81 N 13.20

Found: C 67.62 H 3.77 N 12.91
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6.1.3. Synthesis of 1.6- and 3.6-Dinitrocarbazole^̂

6 .1.3.1 Synthesis of mixture of isomers

A slurry of carbazole (16.7 g; 0.1 mole) in glacial acetic acid (128 g), stirred 

at 30-40 °C, was treated during 1.5 hours with sodium nitrite (7.1 g; 0.1 mole). The 

sodium nitrite turned the white slurry first yellow, then brown. After 2 hours of 

agitation, most of the solid had dissolved (as 9-nitrosocarbazole), but the addition of 

an extra 1 g of sodium nitrite failed to achieve complete solution. The yellow 

precipitate in brown solution had to be left overnight due to lack of time.

During 1.3 hours, nitric acid (sp.gr. 1.5; 49.3 g; 33 cm^) diluted with an equal 

weight of glacial acetic acid was added to the above reaction mixture with intermittent 

cooling. The temperature was maintained at 30-40 °C, and the slurry was stirred at 

that temperature for an additional 3.5 hours. At the end of that time, the yellow 

precipitate had dissolved to give a thick brown mixture. The mixture was then held 

at 55 °C for 1.5 hours, at 65 °C for 1.5 hours, and at 95 °C for 2 hours; the mixture 

was then cooled to 65 °C and filtered. The pale green solid was washed with cold 

glacial acetic acid (70 cm^), with distilled water, and was dried in an oven at 120 °C 

overnight. The mixture of dinitrocarbazoles produced was a pale green powder (22.8 

g, 90%).

M.pt: 307-336 T  charring above 280 °C (lit. 312-354 T)^ '

6 .1.3.2 Separation of isomers

A sample of crude dinitrocarbazole (9.1 g) was divided into two portions and 

each was stirred at 50 °C with alcoholic potassium hydroxide (300 cm^; 60 g/1) and 

filtered. The insoluble red solid residues were combined, digested on a steam bath 

with dilute hydrochloric acid (whereupon the colour changed to yellow), filtered, 

washed with water, and dried to give 1 ,6 -dinitrocarbazole which was recrystallised 

from nitrobenzene as glistening golden leaflets.

The red alkaline alcoholic solutions were acidified with concentrated 

hydrochloric acid, and the solid yellow precipitates thus formed were combined and
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washed thoroughly with warm distilled water to remove potassium chloride. The 

residue was recrystallised from boiling nitrobenzene to give 3,6 -dinitrocarbazole as 

fine yellow needles. The crude isomeric mixture (9.1 g) separated into the following 

ratio of isomers.

Weight of 3,6-DNC = 4.29 g; Yield =  50%

Weight of 1,6-DNC = 2.26 g; Yield =  22.5%

Analysis for 1,6-DNC:

M.pt: 346-348 °C (lit. 344-346 “C)^'

EIMS m/e: 257 (M+), 241 (M+-16), 227 (M+-30), 211 (M+-46), 181 (M+-

76), 164 (M+-93), 153 (M+-104), 138 (M+-119)

‘H NMR (D),5: 12.71 (IH, bs, NH), 9.27 (IH, d, "1=2.2 Hz), 8 .8 6  (IH , dd,

3J=7.6 Hz, "1=0.7 Hz), 8.39 (IH, dd, ^J=8.2 Hz, "1=0.7 Hz), 

8.38 (IH, dd, ^J=9.0 Hz, "J=2.2 Hz), 7.85 (IH, d, ’J= 9 .0  

Hz), 7.47 (IH, t, ’J= 7 .9  Hz)

»C NMR (D),5: 144.1,141.4,134.1,132.4,129.3,126.6,123.3,122.7,121.5,

120.0, 118.0, 112.9 

IR, cm ': 3425, 3117, 1613, 1529, 1340

Analysis: Calc. Cj^H^N^O :̂ C 56.03 H 2.74 N 16.34

Found: C 55.78 H 2.77 N 16.07

Analysis for 3,6-DNC:

M.pt: 385-388 “C (lit. 386-387 °C)^'

EIMS m/e: 257 (M"), 241 (M+-16), 227 (M+-30), 211 (M"-46), 181 (M"-

76), 164 (M+-93), 138 (M+-119)

'H NMR (D),«: 12.71 (IH, bs, NH), 9.49 (2H, d, "1=2.3 Hz), 8.39 (2H, dd,

^1=9.0 Hz, "1=2.4 Hz), 7.75 (2H, d, ’J= 9 .0  Hz)

"C NMR (D),«: 144.7, 141.1, 122.7, 122.4, 118.8, 112.4

IR, cm ': 3394, 3086, 1611, 1519, 1481, 1337, 1307

Analysis: Calc. C,2H,N3 0 ,: C 56.03 H 2.74 N 16.34

Found: C 5 5 .8 1 H 2 .5 6 N 1 6 .i l
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6.1.4 Synthesis of 1.3.6 .8 -Tetranitrocarbazole

6 .1.4.1 Method from reference 53

Carbazole (13.4 g; 0.08 mole) was added slowly with vigorous stirring to 98% 

sulphuric acid (42 cm^), the temperature being maintained between 30-50 °C. The 

carbazole turned the acid first yellow, and then green; finally a brown mixture was 

formed. The temperature was then raised to 70-80 °C and held there until a drop of 

the solution did not form a precipitate when added to a few drops of water. The 

solution was then cooled and added drop wise with stirring to fuming nitric acid (40.2 

g; 0.6 mole) kept at 30-40 °C. The temperature was then raised to 78 °C and kept 

there for 2 hours to complete nitration. The solution then cooled and was added to 

approximately two volumes of ice. The yellow precipitate formed was filtered off, 

boiled several times with water until the water was neutral to litmus, and finally dried 

in an oven at 110 °C for five hours. The impure 1,3,6,8-TNC (16.3 g; 63%) was 

analysed by thin layer chromatography (TLC) and column chromatography. Crude 

1,3,6,8,-TNC produced in this way was a fine pale yellow powder.

M.pt: 250-276 °C charring above 230 "C (lit. 295.6-296 °C)̂ ^

Analytical HPLC of this product revealed three peaks due to impurities 

(approximate purity 80%). This was confirmed by TLC. Column chromatography 

(eluent-hexane/ethyl acetate in the ratio 3:1) was used to separate a small sample of 

this compound into its three components (pure ethyl acetate had to be used to flush 

out the third component). The first component eluted was a yellow solid and was 

confirmed to be 1,3,6,8-TNC by NMR spectroscopy. The second component 

eluted was a red/orange solid and was shown by NMR spectroscopy to be a 

mixture of compounds, possibly containing penta- or hexanitrocarbazole. The third 

component eluted was a brown solid, and was a crude mixture that had proved 

difficult to remove from the column.
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6.1.4.2 Method from reference 52

(Several changes were made to the purification process described in reference 52 on 

the advice of the authors).

Carbazole (16.7 g; 0.1 mole) was added slowly with stirring to 98% sulphuric 

acid (96 g ; 52.3 cm^). The temperature was kept below 50 °C, and when all the 

carbazole had been added the mixture was then heated (steam bath) to 90 °C for 45 

minutes. At this stage a drop of sulphonation mixture gave no precipitate when added 

to 5 cm^ water.

One tenth (5 cm^) of this solution was extracted from the reaction flask to

study the products of sulphonation of carbazole. This cooled sample was poured onto

ice (200 g) and solid sodium chloride (45 g) was added; the mixture was then warmed 

on the steam bath to dissolve all salts. When the solution had cooled, a white 

voluminous solid was precipitated which when filtered became a fine white solid.

One tenth of the solution having been taken out for the above isolation, 98% 

sulphuric acid (130 cm^) was added to the rest of the reaction mixture which had been 

cooled to 40 °C. Fuming nitric acid (95%; 0.4 mole; 18 cm^) was then added in small 

amounts, the temperature being maintained at 40-55 °C. When all the nitric acid had 

been added, the mixture was heated to 70 °C for one hour. On cooling, the red brown 

mixture was poured onto ice (600 g) and sodium chloride (1 g per 5 cm  ̂of ice) was 

added. The mixture was allowed to settle (overnight), filtered, and the solid washed 

copiously with distilled water, and dried. The solid pale yellow 1,3,6,8-TNC was 

purified first by extraction with 90% aqueous acetone (20 cm^ per gram of solid), and 

then by recrystallisation from toluene (40 cm  ̂toluene per gram of solid). The residue 

filtered from hot toluene was repeatedly recrystallised to recover more 1,3,6,8-TNC. 

The pure 1,3,6,8-TNC (4.51 g; 13%) was then washed with ether to remove toluene, 

and dried.

Analysis for 1,3,6,8-TNC:

M.pt: 295-298 »C (lit. 295.6-296.0 °C)̂ ^

HPLC analysis: purity «  99.8%
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EIMS m/e: 347 (M+), 331 (M+-16), 317 (M+-30), 301 (M+-46), 271 (M+-

76), 255 (M+-92), 209 (M+-138), 163 (M+-184)

'H NMR (D),ô: 12.00 (IH, bs, NH), 10.07 (2H, d, "J=2.0 Hz), 9.12 (2H, d,

^J=2.1 Hz)

NMR (D),ô: 141.5, 137.4, 132.7, 125.9, 125.1, 119.8

IR, cm ': 3439, 3092, 1620, 1553, 1522, 1485, 1327, 1293, 837, 620

Analysis: Calc. C^zH^N^Og: C 41.51 H 1.45 N 20.17

Found: C 41.33 H 1.42 N 19.87

The isolation of the product of sulphonation of carbazole during this reaction 

produced a fine, white, crystalline solid (1.30 g).

Analysis of product:

FABMS m/e: 495 (M+4-22), 473 (M+), 412 (M+-61), 355 (M+-118), 337

(M+-136), 239 (M+-234), 189 (M+-284), 131 (M+-342)

'H NMR(D2 0 ),0 : 8 .8 8  (IH, d, ^J=1.0 Hz), 8.75 (IH, d, "J=2.1 Hz), 8.41 (IH,

d, "J=2.2 Hz), 8.02 (IH, dd, ^J=9.0 Hz, "J=2.0 Hz), 7.75 

(IH, d, 3J=9.0 Hz)

"C NMR(D20),0: 144.9, 139.7, 137.5,136.5, 128.3,127.5, 127.3, 124.5,124.4,

124.4, 121.7, 115.2

IR, cm ': 3450, 1650, 1598, 1185, 1127, 1095, 1044, 1026, 724, 628,

597

Analysis: Calc. Ci2H6N0 9 S3Na3: C 30.44 H 1.27 N 2.96 S 20.30

Found: C 16.28 H 1.36 N 1.52 S 10.29

6.1.5 Synthesis of product from sulphonation of carbazole

Carbazole (5 g) was added slowly, with stirring, to concentrated sulphuric acid 

(29 g; 16 cm^ ; sp. gr. 1.835). As the white carbazole was added to the colourless 

sulphuric acid the mixture first turned yellow, then gradually became darker until it 

was dark brown. The temperature was kept below 50 ”C, but when all the carbazole 

had been added the mixture was heated to 90 °C for 45 minutes. At this stage, a drop
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of the sulphonation mixture gave no precipitate when added to 5 cm^ water. The 

cooled mixture was poured onto ice (100 cm^) and then solid sodium chloride (15 g) 

was added; the mixture was then warmed on the steam bath to dissolve all salts (with 

addition of an extra 25 cm  ̂distilled water). On cooling, a white voluminous solid was 

precipitated from the brown solution. When filtered and dried, this solid was a grey 

powder. It was recrystallised from hot sodium chloride solution (15 g sodium chloride 

in 100 cm  ̂ distilled water). The product from this reaction was a fine, grey, 

crystalline powder (6.51 g).

After recrystallisation from hot sodium chloride solution:

Weight of product =  2.96 g

Analysis revealed that this compound was exactly the same as that isolated as an 

intermediate in the previous reaction, i.e. the tri-sodium salt of carbazole 1,3,6- 

trisulphonic acid. Hence, yield = 46%.

6.1.6 Svnthesis of 1.3.6.8-TNC in two stages

The mixture of dinitrocarbazoles was prepared as described in section 6.1.3. 

This crude mixture was then nitrated following a similar procedure to that described 

in section 6.1.4. The dark brown product formed was washed copiously with distilled 

water and recrystallised from toluene to produce an orange crystalline solid. When 

washed with ether to remove toluene, the orange crystals became a powder. This was 

dried in an oven at 110 °C for four hours. Samples of this compound were then 

purified in two different ways. Firstly, a 1 g sample of the crude material was boiled 

in distilled water (3 x 200 cm^) until almost neutral to litmus (pH = 5/6), dried, and 

weighed. It was then recrystallised from toluene (by boiling the toluene for five 

minutes at 111 °C and cooling to -10 °C to achieve the best yield), dried, and 

re weighed. Next a 5 g sample of the crude product was purified by Soxhlet extraction 

in toluene.

Yield of crude DNC mixture: 20.97 g; 81.7%

M.pt: 300-350 °C (lit. 312-354

The crude product from the second step of this reaction was a dark brown solid. 

Analysis confirmed it to be 1,3,6,8-TNC.
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Yield of crude TNC: 23.5 g; 84.6%

M.pt: 280-287 °C (lit. for pure product 295.6-296

HPLC: The crude product from this reaction was analysed by analytical HPLC

and compared to that produced via reference 53. (purity »  93%).

Overall crude yield = 69.1%

Results from the attempted purification of this product are given in Table 3.

6.1.7 Large scale svnthesis of 1.3.6.8-TNC in two stages

The only change to the synthesis given in section 6.1.6, apart from scale, was 

in the first step, the nitration of carbazole to dinitrocarbazole. The previous synthesis 

of the dinitrocarbazole mixture (described in section 6.1.3) was fairly long. A 

simplified version is described below.

Carbazole (83.6 g; 0.5 mole) was added slowly with stirring to glacial acetic 

acid (640 g; 609.5 cm^) over a period of one hour. During a second hour a 1:1 

mixture of fuming HNO3 (63 cm^)/ CH3COOH (63 cm^) was added, the temperature 

being maintained at 30-40 °C. The mixture was then heated (steam bath) to 75 °C for 

four hours, cooled overnight, and poured onto ice (1.5 1). The brown/green 

precipitate was filtered, washed with distilled water (2  1) until the filtrate was no 

longer yellow (and was neutral to litmus), and dried in an oven at 140 °C overnight.

This crude mixture of dinitrocarbazoles (121.9 g) was then nitrated to 1,3,6,8- 

TNC via a method similar to that described in section 6.1.4. The crude, dark brown 

product (crude 1,3,6,8-TNC) was washed with distilled water (3 1) and dried in an 

oven at 140 °C overnight.

The crude 1,3,6,8-TNC (153.1 g) was recrystallised by placing the whole 

amount in 2 litres of toluene, boiling at 111 °C for 5 minutes, filtering hot, and 

cooling to -10 °C in an ice/salt slush bath. The residue filtered hot was continually 

recrystallised in the same toluene to increase the yield. All of the 1,3,6,8-TNC 

recrystallised from toluene was combined and recrystallised in the same way from 

another two litres of toluene. This whole synthesis was repeated a second time 

(results given in Table 3), the products being analysed by HPLC, MS, NMR, IR, and 

elemental analysis.
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6.2 Rearrangement of N-nitrocarbazole

6 .2 .1  Svnthesis of N-nitrosocarbazole"^̂

A mixture of carbazole (1.0 g; 0.006 mole) and glacial acetic acid (8  cm^) was 

heated to boiling and then cooled somewhat. To this mixture was slowly added 

sodium nitrite (0.4 g; 0.006 mole), the temperature being kept below the boiling 

point. The mixture was then stirred for 1 hour at room temperature. The dark brown 

mixture was poured onto ice (1 0 0  cm^), and the pale green precipitate formed was 

filtered, washed with water, and air dried giving N-nitrosocarbazole (1.1 g; 92%). 

The product was recrystallised from ethanol (95%) for analytical purposes.

M.pt: 79-81 "C (lit. 79-80

FABMS m/e: 197 (M+ + 1), 180 (M+-16), 167 (M+-29), 166 (M+-30), 149

(M+-47), 140 (M+-56)

'H NMR(D),0: 8.42 (IH, dd, ^J=7.IHz, "J=2.2 Hz), 8.21-8.15 (3H, m), 7.63-

7.51 (4H, m)

NMR(D),0: 137.7,131.9,128.9,128.6,128.0,126.8,124.9,124.3,121.1,

120.8, 115.9, 112.0 

IR, cm ': 1442, 1249, 1128, 1059, 749, 712

Analysis: Calc. Ci^HgNzO: C 73.46 H 4.11 N 14.28

Found: C 73.36 H 3.90 N 14.28

'^N-labelled N-nitrosocarbazole was synthesised by a similar method to that shown 

above except that '^N-labelled sodium nitrite was used as the nitrosating agent.

6.2.2 Svnthesis of N-nitrocarbazole^̂

To dry methylene chloride (100 cm^) was added N-nitrosocarbazole (0.89 

g;0.005 mole) and mgfa-chloroperoxybenzoic acid (1.55 g;0.90 mole). The mixture 

was refluxed for 3 hours, cooled, and filtered through silica gel. The silica gel was 

washed with chloroform and the washings added to the filtrate. All solvents were then
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removed from the filtrate. The product mixture was separated by HPLC using a 

Waters Associates Preparative LC500 system. The products were eluted as follows; 

N-nitrocarbazole (19%), 1-nitrocarbazole (8 %), and 3-nitrocarbazole (29%).

Analysis of N-nitrocarbazole:

M.pt: 122-123 °C (lit. 125-127 °C)«̂

EIMS m/e: 212 (M+), 167 (M+-45), 139 (M+-73), 113 (M+-99)

NMR(A),0: 8.35 (2H, dd, ^J=8.4 Hz, ^J=0.9 Hz), 8.18 (2H, dd, ^J=8.4

Hz, "J=1.3 Hz), 7.64 (2H, td, ^J=7.4 Hz, ^J=1.3 Hz), 7.54 

(2H, td, 3J=7.6 Hz, 9 = 1 .0  Hz)

NMR(A),0: 136.1, 129.3, 126.7, 124.8, 121.2, 116.9

IR, cm ': 1555, 1447, 1284, 1150, 746, 733

Analysis: Calc. CizHgN^O :̂ C 67.92 H 3.80 N 13.20

Found: C 67.55 H 3.87 N 12.99

'^N-labelled N-nitrocarbazole was synthesised by a similar route to that above except 

that '^N-labelled N-nitrosocarbazole was used as the starting material.

6.2.3 Rearrangement of N-nitrocarbazole

6.2.3.1 Acid catalvsed

To a solution of '^N labelled N-nitrocarbazole (0.07 M) in DMS0-d6 

contained in a 5 mm NMR tube was added D2SO4 (8  drops). The NMR tube was 

stoppered, inverted several times to thoroughly mix the contents (the heat of reaction 

between any water in the DMS0-d6 and the D2SO4 sometimes made this hazardous), 

and immediately inserted into the 400 MHz NMR machine. The rearrangement of 

'^N-labelled N-nitrocarbazole was monitored in the NMR machine at 70 °C. At the 

beginning of each run the sample was automatically phased. Each spectrum was 

accumulated over a period of 2 0 0  seconds (2 0  pulses with a 10  second delay between 

each pulse), 10 spectra were recorded for each run. There was a delay of 

approximately 3 minutes between addition of the acid to the N-nitrocarbazole solution
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and the start of the first acquisition.

The acid catalysed rearrangement of unlabelled N-nitrocarbazole (0.05 M 

solution in DMS0-d6, with 10 drops of D2SO4 added) was monitored by NMR 

spectroscopy. The time of accumulation and length of delay between each pulse were 

adjusted (because of the difference in relaxation times for the ^̂ N and atoms) so 

that the NMR spectra were acquired during an almost identical period of the 

rearrangement as the ^̂ N NMR spectra.

6 .2.3.2 Thermal

The thermal rearrangements of ^^N-labelled and unlabelled N-nitrocarbazole 

were monitored by ^̂ N and NMR spectroscopy respectively, in a similar way to 

that described above except that the N-nitrocarbazole solution was heated to 70 °C 

without the addition of D2SO4.

6.3 Nitrodibenzothiophenes

6.3.1 Svnthesis of 2-Nitrodibenzothiophene^^

Dibenzothiophene (5 g; 0.03 mole) was dissolved in glacial acetic acid (40 

cm^) and kept at 30 °C. Fuming nitric acid (5 cm^, d. 1.51) was added dropwise over 

a period of thirty minutes. When the addition was complete, the reaction mixture was 

stirred at room temperature for one hour, poured onto ice (2 0 0  cm^), and filtered. 

The yellow solid was refluxed for several hours with ethanol (95%; 50 cm^), and the 

insoluble 2-nitrodibenzothiophene (1.76 g; 28%) removed by filtration. On dilution 

of the ethanol, another yellow precipitate was obtained and was kept for analysis.

Analysis of 2-nitrodibenzothiophene:

M.pt: 179-181 "C (lit. 186-187 T)"^

EIMS m/e: 229 (M+), 213 (M+-16), 199 (M+-30), 183 (M+-46), 171 (M+-

58), 139(M+-90)
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'H NMR(A),Ô: 9.16 (IH, d, ^J=2.2 Hz), 8.58 (IH, m), 8.36 (IH, dd, ^J=8 .8

Hz, '"1=2.2 Hz), 8.24 (IH, d, ^J=8 .8  Hz), 8.08 (IH, m), 7.64 

(2H, m)

"H NMR(D),Ô: 9.27 (IH, m), 8.65 (IH, dd, ^J=7.1 Hz, "J=2.09 Hz), 8.32

(2H, s), 8.13 (IH, dd, ^J=7.1 Hz, '"J=2.10 Hz), 7.61 (2H, m) 

NMR(D),Ô: 145.6,145.3,139.7,135.5,134.2,128.4,125.5,124.1, 123.4,

123.2, 121.2, 117.5 

IR, cm ": 3098, 1516, 1343, 739

Analysis: Calc. C12H7NO2S: C 62.87 H 3.08 N 6.11 S 13.99

Found: C 62.40 H 2.92 N 5.90 S 14.01

The residue filtered from the diluted ethanol filtrate was found to be 

dibenzothiophene-5-oxide. It was recrystallised from toluene for analytical purposes.

Analysis of dibenzothiophene-5-oxide:

M.pt: 184-188 °C (lit. 185-187 °C)"«

EIMS m/e: 200 (M+), 184 (M+-16), 171 (M+-29), 139 (M+-61)

"H NMR(D),0: 8.16 (2H, d, ^J=7.8 Hz), 8.11 (2H, d, ^J=7.3 Hz), 7.74 (2H,

t, ^J=7.8 Hz), 7.61 (2H, t, ^J=7.8 Hz)

NMR(D),0: 143.9, 135.5, 131.9, 128.9, 126.6, 121.7

IR, cm ": 1444, 1067, 1025, 754, 714, 556

Analysis: Calc. Ci2HgOS: C 71.97 H 4.03 S 16.01

Found: C 71.30 H 3.86 S 16.18

6.3.2 Svnthesis of 2.8-Dinitrodibenzothiophene^̂

To a mixture of fuming nitric acid (2.5 cm^; d. 1.51) in glacial acetic acid (10 

cm^) was added 2-nitrodibenzothiophene (1 g; 0.004 mole). When the addition was 

complete, more fuming nitric acid (15 cm^) was added dropwise. The reaction 

mixture was heated to 50 °C, then allowed to cool whilst being stirred for a period 

of one hour. The mixture was then poured onto ice water (100cm )̂, and the resulting 

yellow precipitate was filtered off, washed with water and dried (0.87 g; 79%).
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Recrystallization from glacial acetic acid and then from dioxane gave 2,8- 

dinitrodibenzothiophene (0.09 g; 9%) as a yellow crystalline solid.

M.pt: 330-331 °C (lit. 339-340 °C)™

EIMS m/e: 274 (M+), 244 (M+-30), 228 (M+-46), 198 (M+-76), 182 (M+-

92), 138 (M+-136)

'H NMR(D),5: 9.69 (2H, d, "J=1.3 Hz), 8.44 (4H, m)

‘̂ C NMR(D),6 : 146.6, 145.8, 134.9, 124.7, 122.5, 119.1

IR, cm ': 3096, 1598, 1511, 1343, 740

Analysis: Calc. CizH^NjOjS: C 52.55 H 2.21 N 10.21 S 11.69

Found: C 52.62 H 2.33 N 10.11 S 11.76

.776.3.3 Svnthesis of 3-Nitrodibetizothiophene

To a warm solution of 3-nitrodibenzothiophene-5-oxide’* (0.6 g; 0.(X)2 mole) 

in glacial acetic acid (5 cm') was added concentrated hydrobromic acid (1.5 cm'; 

sp.gr. 1.38). The reduction, accompanied by the liberation of bromine, was allowed 

to proceed for 30 minutes at 40 °C whereupon the yellow precipitate was removed by 

poiuring onto ice water (50 cm'), filtering off, and drying. The crude material (0.45 

g; 90%)was recrystallised from ethanol (95% aq.) giving 3-nitrodibenzothiophene 

(0.23 g; 46%).

M.pt: 152-154 °C (lit. 153-154 °C)"

EIMS m/e: 229 (M+), 213 (M+-16), 199 (M+-30), 183 (M+-46), 171 (M+-

58), 139 (M+-90)

'H NMR(D),«: 9.08 (IH, d, “1=1.9 Hz), 8.60 (IH, d, 'J= 8 .7  Hz), 8.53 (IH ,

d, '1=7.6 Hz), 8.32 (IH, dd, 'J= 8 .7  Hz, “3=2.0 Hz), 8.15 

(IH, d, '3=7.9 Hz), 7.65 (IH , t, '3= 6 .8  Hz), 7.59 (IH, t, 

'3=7.1 Hz)

"C  NMR(D),6 : 146.0,141.4,140.1,139.2,133.4,128.9,125.5,123.6,123.5,

122.7, 119.8, 119.5 

IR, cm ': 3097, 1518, 1336, 740
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Analysis: Calc. C12H7NO2S: C 62.88 H 3.06 N 6.11 S 13.97

Found: C 62.42 H 3.07 N 6.01 S 13.90

6.3.4 Svnthesis of 3.7-Dinitrodibenzothiophene^̂

To a solution of 3,7-dinitrodibenzothiophene-5-oxide (1.3g; 0.005 mole) in 

glacial acetic acid (35 cm^) at 80 °C was added concentrated hydrobromic acid (2.5 

cm^ sp.gr. 1.38). The vessel was placed in a water bath to moderate the temperature 

of the reaction which was allowed to proceed for 30 minutes. The reaction mixture 

was poured onto ice water (1 0 0  cm^), and the yellow precipitate filtered off, washed 

with water, and dried (1.13 g; 92%). The product was recrystallised from toluene 

as a yellow crystalline solid (0.34 g ; 28%).

M.pt: 341-344 «C (lit. 342-344 °C)^

EIMS m/e: 274 (M+), 244 (M+-30), 228 (M+-46), 198 (M+-76), 182 (M+-

92), 138 (M+-136)

'H NMR(D),0: 9.19 (2H, d, "J=2.2 Hz), 8.76 (2H, d, ^J=8 .8  Hz), 8.38 (2H,

dd, 3J=8.7 Hz, 4J=2.1 Hz)

NMR(D),0: 146.9, 141.8, 138.0, 124.2, 120.0, 119.5

IR, cm'^: 3096, 1518, 1342, 739

Analysis: Calc. C12H6N2O4S: C 52.55 H 2.21 N 10.21 S 11.69

Found: C 52.43 H 2.24 N 9.86 S 11.34

6.3.5 Low temperature nitration of 2 .8 -dinitrodibenzothiophene

Crude 2 ,8 -dinitrodibenzothiophene (0.5 g; 0.002 mole) was added slowly to 

a mixture of fuming nitric acid (5 cm^) in concentrated sulphuric acid (5 cm^) that had 

been cooled to 0 °C. The dark brown mixture was kept at 0 °C for about 4 hours, 

poured onto ice water and the yellow precipitate formed was filtered off, washed 

copiously with water, and air dried overnight (0.42 g; Yield (if tetranitro) =  60%).

The crude product was washed with acetone (5 cm^) to afford a partial 

separation of the more soluble poly nitrodibenzothiophenes from the major product of
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this reaction, 2,8-dinitrodibenzothiophene-5-oxide. Recrystallisation from glacial 

acetic acid, and then from toluene produced a pure sample of 2 ,8 -dinitrodibenzo- 

thiophene-5-oxide.

M.pt: 315-316 °C

EIMS m/e: 290 (M+), 274 (M+-16), 244 (M+-46), 228 (M+-62), 216 (M+-

74), 198 (M+-92), 182 (M+-108), 170 (M+-120), 138 (M+- 

152), 126 (M+-164)

'H NMR(D),0: 9.38 (2H, m), 8.45 (4H, m)

NMR(D),0: 151.3, 151.0, 137.1, 129.1, 125.6, 119.4

IR, cm- :̂ 3097, 1529, 1355, 1341, 1039, 745

Analysis: Calc. C^zH^NzO^S: C 49.66 H 2.08 N 9.65 S 11.05

Found: C 49.85 H 2.17 N 9.41 S 11.06

The fraction of the product (0.06 g) which was soluble in acetone was 

analysed by HPLC and found to be a mixture of at least six compounds. These 

compounds were separated by preparative HPLC and analysed.

Fraction 1

EIMS m/e: 306 (M+), 274 (M+-32), 260 (M+-46), 244 (M+-62), 228 (M+-

78), 198 (M+-108), 182 (M+-124), 150 (M+-156), 138 (M+- 

168), 126 (M+-180)

'H NMR(A),0: 9.34 (2H, d, "1=2.0 Hz), 8.63 (2H, dd, ^J=8.5 Hz, "J=2.0

Hz), 8.33 (2H, d, "J=8.4 Hz)

Both spectra correspond to 2 ,8-dinitrodibenzothiophene-5,5-dioxide (RMM=306.3).

Fraction 2

EIMS m/e: 319 (M+), 303 (M+-16), 289 (M+-30), 274 (M+-45), 243 (M+-

76), 227 (M+-92), 197 (M+-122), 181 (M+-138), 169 (M+- 

150), 137 (M+-182)
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'H NMR(A),Ô: 9.70 (IH, d, ^J=2.1 Hz), 9.40 (IH, d, "J=2.0 Hz), 9.10 (IH,

d, "J=2.0 Hz), 8.64 (IH, dd, ^J=8.0 Hz, ^J=2.1 Hz), 8.51 

(IH, d, ^J=8.2 Hz)

Both spectra correspond to 2,4,8-trinitrodibenzothiophene (RMM=319.3).

Fraction 3

EIMS m/e: 290 (M+), 274 (M+-16), 258 (M+-32), 244 (M+-46), 228 (M+-

62), 216 (M+-74), 182 (M+-108), 170 (M+-120), 138 (M+- 

152), 126 (M+-164)

'H NMR(A),Ô: 9.26 (2H, d, "J=2.2 Hz), 8.55 (2H, dd, ^J=8.2 Hz, ^J=2.1

Hz), 8.44 (2H, d, "J=8.4 Hz)

Both spectra correspond to 2 ,8-dinitrodibenzothiophene-5-oxide (RMM=290).

Fraction 4 and Fraction 5 -There were insufficient amounts of these fractions for 

analysis.

Fraction 6

EIMS m/e: 364 (M+), 347 (M+-16), 334 (M+-30), 318 (M+-46), 288 (M+-

76), 272 (M+-92), 242 (M+-122), 226 (M+-138), 196 (M+- 

168), 180 (M+-184)

'H NMR(A),0: 10.17 (2H, d, '"1=2.0 Hz), 9.38 (2H, d, '"J=2.0 Hz)

Both spectra correspond to those expected for 2,4,6,8 -tetranitrodibenzothiophene 

(RMM=364.3).

6.4 Nitrodibenzothiophene-5-oxides

6.4.1 Svnthesis of dibenzothiophene-5-oxide^̂

A solution of dibenzothiophene (15 g; 0.08 mole) in carbon tetrachloride (150 

cm^) was treated at 0-5 °C with chlorine until 6  g had been added. The solution
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turned red, and the addition compound produced was hydrolysed by vigorously 

shaking the reaction mixture with ice and water. The beige precipitate was filtered 

off, washed with water, and oven dried. The crude beige product (13.47 g ; 84%) 

was recrystallised from toluene for analytical purposes, giving pure dibenzothiophene 

(9.09 g; 57%) as off-white crystals.

M.pt: 184-188 T  (lit. 185-187 °C)̂ «

EIMS m/e: 200 (M+), 184 (M+-16), 171 (M+-29), 139 (M+-61)

'H NMR(D),0: 8.09 (2H, d, ^J=7.6 Hz), 8.03 (2H, d, "J=7.5 Hz), 7.67 (2H,

td, ^J=7.6 Hz, 4J=1.1 Hz), 7.54 (2H, td, ^J=7.6 Hz, " J = l . l  

Hz)

NMR(D),0: 143.9, 135.5, 131.9, 128.9, 126.6, 121.7

IR, cm-': 1443, 1125, 1067, 1025, 754, 714, 557

Analysis: Calc. Ci^HgOS: C 71.97 H 4.03 S 16.01

Found: C 71.39 H 3.99 S 16.18

6.4.2 Svnthesis of 3-nitrodibenzothiophene-5-oxide^̂

To an ice cold mixture of dibenzothiophene-5-oxide (3 g; 0.02 mole), glacial 

acetic acid (1 0  cm^), and concentrated sulphuric acid (1 0  cm^), was added with 

stirring fuming nitric acid (7.5 cm^ sp.gr. 1,5) over a period of 15 minutes. After 

the resulting clear solution had stood at 0-5 °C for 30 minutes, it was poured onto 

crushed ice (40 g). The gummy orange solid which was formed soon solidified and 

was filtered off, washed with water, and oven dried giving 3-nitrodibenzothiophene-5- 

oxide (3.58 g; 97%). It was recrystallised from ethanol, as a yellow solid, for 

analytical purposes.

M.pt: 208-211 °C (lit. 209.5-210.5 T)"«

EIMS m/e: 245 (M+), 229 (M+-16), 199 (M+-46), 183 (M+-62), 171 (M+-

74), 137 (M+-108)

'H NMR(D),0: 8.96 (IH, d, "J=2.1 Hz), 8.54 (IH, dd, ^J=8.5 Hz, ^J=2.2

Hz), 8.38 (IH, d, 3J=8.6 Hz), 8.29 (IH, d, ^J=7.4 Hz), 8.18
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(IH, d, ^J=7.8 Hz), 7.79 (IH, td, ^J=7.5 Hz, ^ J= l.l  Hz), 

7.70 (IH, td, 3J=7.6 Hz, " J = l . l  Hz)

NMR(D),0: 147.9,146.7,146.1,142.5,134.7,133.2,131.5, 128.3,127.9,

124.3, 123.7, 123.2 

IR, cm- :̂ 3048, 1588, 1519, 1338, 1059, 1034, 781, 754

Analysis: Calc. C12H7NO3S: C 58.77 H 2.88 N 5.71 S 13.07

Found: C 58.31 H 2.79 N 5.56 S 13.01

.776.4.3 Svnthesis of 3.7-dinitrodibenzothiophene-5-oxide

A solution of dibenzothiophene-5-oxide (1 g; 0.005 mole) in concentrated 

sulphuric acid (5 cm^) was cooled to 12 ”C and fuming nitric acid (2 cm^) was added 

slowly so that the reaction temperature remained at 10-15 °C. The mixture was kept 

at this temperature for 30 minutes and then allowed to come to room temperature 

over a 30 minute period. The orange precipitate obtained by pouring the reaction 

mixture onto ice water was filtered, washed with water and oven dried giving 3,7- 

dinitrodibenzothiophene-5-oxide (1.39 g; 96%). The crude product was recrystallised 

from acetone, as yellow crystals, for analytical purposes.

M.pt: 257-260 °C (lit. 257-258

EIMS m/e: 290 (M+), 274 (M+-16), 244 (M+-46), 228 (M+-62), 182 (M+-

108), 170 (M+-120), 138 (M+-152)

'H NMR(D),5: 9.03 (2H, d, "J=2.2 Hz), 8.55 (2H, dd, ^J=8.5 Hz, "J=2.2

Hz), 8.49 (2H, d, ^J=8.4 Hz)

NMR(D),0: 147.9, 147.1, 139.6, 127.5, 124.4, 122.5

IR, cm- :̂ 3094, 1520, 1344, 1059, 1035, 869, 739

Analysis: Calc. Ci^H^N^O^S: C 49.66 H 2.08 N 9.65 S 11.05

Found: C 49.53 H 2.28 N 9.22 S 11.04
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6.5 Nitrodibenzothiophene-5.5-dioxides

6.5.1 Svnthesis of dibenzothiophene-5.5-dioxide^̂

To a cold mixture of glacial acetic acid (110 cm^), sulphuric acid (50%, 40 

cm^), and sodium dichromate (18 g) was added dibenzothiophene (11  g; 0.06 mole). 

The mixture was kept at 60 °C and shaken for half an hour, after which the 

temperature started to drop. The reaction mixture was poured into ice water and the 

yellowish heavy precipitate was filtered off, washed with water, and oven dried 

giving dibenzothiophene-5,5-dioxide (10.74 g;83%) as a cream coloured solid. It was 

recrystallised from toluene, as off-white crystals, for analytical purposes.

M.pt: 229-234 "C (lit. 232 °C)“

EIMS m/e: 216 (M+), 187 (M+-29), 168 (M+-48), 160 (M+-56), 136 (M+-

80)

'H NMR(A),0: 8.12 (2H, dd, ^J=7.9 Hz, "J=1.0 Hz), 7.89 (2H, dd, "J=7.6

Hz, " J = l . l  Hz), 7.79 (2H, td, ^J=7.6 Hz, '"1=1.2 Hz), 7.67 

(2H, td, 3J=7.6 Hz, "J=1.0 Hz)

""C NMR(A),6 : 138.9, 135.0, 132.2, 131.6, 123.1, 122.6

IR, cm ": 1451, 1288, 1166, 1156, 757, 712, 568

Analysis: Calc. Ci^HgOzS: C 66.65 H 3.73 S 14.83

Found: C 66.29 H 3.73 S 14.86

6.5.2 Svnthesis of 3-nitrodibenzothiophene-5.5-dioxide^̂

To a mixture of glacial acetic acid (5 cm^) and concentrated sulphuric acid (5 

cm^) in a three necked flask equipped with stirrer, thermometer, and dropping funnel 

was added dibenzothiophene-5,5-dioxide (1 g; 0.005 mole). A yellow paste formed 

and this was kept at a temperature of 4 °C while fuming nitric acid (3.5 g; sp.gr. 1.5) 

was added over a five minute period. After stirring for one-half hour, the reaction 

mixture was poured into ice water (1 0 0  cm^) and the yellow precipitate formed was 

filtered off, washed with water, and dried giving 3-nitrodibenzothiophene-5,5-dioxide

194



(1.15 g; 89%) as an orange/yellow solid. It was recrystallised twice from acetone and 

twice from dioxane for analytical purposes. When pure it was an orange solid.

M.pt: 261-263 "C (lit. 265-266

EIMS m/e: 261 (M+), 232 (M+-29), 215 (M+-46), 187 (M+-74), 150 (M+-

111), 139 (M+-122)

'H NMR(A),6 : 8.70 (IH, d, "J=2.2 Hz), 8.64 (IH, dd, ^J=8.4 Hz, "J=2.1

Hz), 8.43 (IH, d, ^J=8 .6  Hz), 8.31 (IH, dd, ^J=7.7 Hz, 

"J=0.8 Hz), 8.01 (IH, dd, ^J=7.6 Hz, "J=0.7 Hz), 7.90 (IH,

td, 3J=7.6 Hz, "J=1.2 Hz), 7.82 (IH, td, ^J=7.6 Hz, " J = l . l

Hz)

NMR(A),0: 150.2, 140.0, 139.8, 137.7, 135.6,133.3, 130.2, 124.7,124.5,

123.1, 118.4, 118.4 

IR, cm ': 3103, 1533, 1345, 1302, 1166, 750, 573

Analysis: Calc. C12H7NO4S: C 55.17 H 2.68 N 5.36 S 12.27

Found: C 54.65 H 2.84 N 5.13 S 12.11

6.5.3 Svnthesis of 3.7-dinitrodibenzothiophene-5.5-dioxide

6.5.3.1 From dibenzothiophene-5.5-dioxide^̂

To a cold solution of dibenzothiophene-5,5-dioxide (1 g; 0.005 mole) in 

concentrated sulphuric acid (5 cm^), fuming nitric acid (3 cm^; sp.gr. 1.5) was added 

dropwise with shaking. The temperature rose to 60-70 ”C. The product was heated 

on a boiling water bath for 40 minutes, cooled, and poured into ice water (100 cm^). 

The white precipitate formed was filtered off, washed with water, and dried giving

3,7-dinitrodibenzothiophene-5,5-dioxide (1.26 g; 82%). The crude product was 

recrystallised from acetone for analytical purposes, as a yellow crystalline solid.

M.pt: 287-289 °C (lit. 290 °C)^

EIMS m/e: 306 (M+), 260 (M+-46), 232 (M+-74), 186 (M+-120), 158 (M+-

148), 150 (M+-156)
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NMR(D),6 : 8.97 (2H, d, ^J=2.1 Hz), 8.70 (2H, dd, ^J=8.5 Hz, "J=2.1

Hz), 8.64 (2H, d, ^J=8 .6  Hz)

NMR(D),0: 149.8, 139.0, 134.3, 130.1, 125.8, 118.4

IR, cm ': 3097, 1533, 1351, 1326, 1176, 882, 738, 589, 570

Analysis: Calc. C^zH^NzO^S: C 47.06 H 1.98 N 9.15 S 10.47

Found: C 46.84 H 2.04 N 8.95 S 10.24

6 .5.3.2 From dibenzothiophene^̂

(Synthesis 2 from reference)

To a solution of dibenzothiophene (18.4 g; 0.1 mole), ethylene chloride (120 

cm^), and sulphuric acid (8.3 g; 96%) was simultaneously added sulphuric acid (19.6 

g; 96%) and 50% aqueous hydrogen peroxide solution (16 cm^; 0.34 mole) at a 

constant temperature of 40 “C. The mixture was stirred at the same temperature for 

3 hours, and nitric acid (28 g; 98%) was added to the suspension whereby the 

precipitated crystals went into solution (two phases). The organic phase was separated 

and treated with a mixture of nitric acid (4.5 g; 98%) and 20% oleum (56.3 g) at a 

constant temperature of 40 °C. The suspension produced was stirred at the same 

temperature for 3 hours, and the mixture was then poured onto water (300 cm^). The 

product was filtered off, washed with water until the filtrate was neutral, and oven 

dried at 80 °C overnight to give 3,7-dinitrodibenzothiophene-5,5-dioxide (25.98 g; 

85%). The product was recrystallised from acetone for analytical purposes, giving a 

yellow solid.

M.pt: 286-289 "C (lit. 290 °C)^

All other analyses were almost identical to those given above.

6.5.4 Svnthesis of 2-nitrodibenzothiophene-5.5-dioxide^^

A solution of 2-nitrodibenzothiophene^^ (2.2 g; 0.01 mole) in glacial acetic 

acid (60 cm^) was refluxed with 30% hydrogen peroxide (11 cm^) following the 

directions of Gilman and Nobis^. The solution was heated at 90 °C for one hour and
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then refluxed for thirty minutes. A second quantity of hydrogen peroxide (7 cm^) was 

then added and refluxing continued for an additional 20 minutes. The solid was 

removed from the cooled mixture and washed with a small amount of cold acetic 

acid. The crude 2-nitrodibenzothiophene-5,5-dioxide (1.27 g; 51%) was a pale yellow 

solid. The product was recrystallised from acetone for analytical purposes.

M.pt: 245-248 T  (lit. 249-250

FABMS m/e: 262 (MH+), 246 (M+-15), 216 (M+-45), 205 (M+-56), 191

(M+-70), 176 (M+-85)

NMR(D),6 : 9.06 (IH, d, "J=2.1 Hz), 8.49 (IH, dd, ^J=7.7 Hz, "J=0.6

Hz), 8.44 (IH, dd, ^J=8.4 Hz, "J=2.1 Hz), 8.30 (IH, d, 

3J=8.4 Hz), 8.07 (IH, dd, ^J=7.6 Hz, "J=0.6 Hz), 7.89 (IH, 

td, 3J=7.7 Hz, " J = l . l  Hz), 7.76 (IH, td, ^J=7.6 Hz, "J=0.8 

Hz)

NMR(D),0: 151.7,141.4, 137.1, 135.0,132.9, 132.0, 129.1,126.0, 123.9,

123.5, 122.2, 118.2 

IR, cm ': 3098, 1542, 1352, 1289, 1167, 757, 580, 568

Analysis: Calc. C12H7NO4S: C 55.17 H 2.70 N 5.36 S 12.27

Found: C 54.81 H 2.45 N 5.14 S 11.94

6.5.5 Synthesis of 2.7-dinitrodibenzothiophene-5.5-dioxide

To a stirred solution of 2-nitrodibenzothiophene-5,5-dioxide^^ (0.5 g; 0.002 

mole) in concentrated sulphuric acid (5.5 cm^) was added dropwise fuming nitric acid 

(1.0 cm^). The mixture was heated at 100 “C for one hour, cooled, and left to stand 

at room temperature for 24 hours before being poured into ice water (100 cm^). The 

pale yellow precipitate was filtered off, washed with water and dried giving crude

2,7-dinitrodibenzothiophene-5,5-dioxide (0.53 g; 90%). The product was 

recrystallised from acetone for analytical purposes.

M.pt: 285-287 °C (new compound)
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EIMS m/e: 306 (M+), 290 (M+-16), 276 (M+-30), 260 (M+-46), 246 (M+-

60), 232 (M+-74)

'H NMR(D),Ô: 9.25 (IH, d, "J=2.1 Hz), 8.96 (IH, d, ^J=2.0 Hz), 8.79 (IH,

d, ^J=8.5 Hz), 8 .6 8  (IH, dd, ^J=8.5 Hz, ^J=2.1 Hz), 8.54 

(IH, dd, ^J=8.4 Hz, "J=2.0 Hz), 8.42 (IH, d, ^J=8.5 Hz) 

NMR(D),Ô: 151.9,149.5,142.5,138.0,134.6,131.1,130.2,127.6,125.5,

124.1, 119.9, 118.4 

IR, cm- :̂ 3100, 1540, 1350, 1319, 1168, 855, 783, 746

Analysis: Calc. Ci^H^N^OgS: C 47.06 H 1.97 N 9.15 S 10.47

Found: C 46.91 H 1.98 N 8.47 S 10.33

6.5.6 Svnthesis of 2 .8-dinitrodibenzothiophene-5.5-dioxide

To a stirred mixture of hydrogen peroxide (30%; 6  cm^) in concentrated 

sulphuric acid (30 cm^) was added 2 ,8 -dinitrodibenzothiophene (1.0 g; 0.004 mole). 

The mixture was heated to 110 °C for 1 hour, cooled, and more hydrogen peroxide 

(30%; 4 cm^) added. Heating was then continued at 150 °C for 2 hours . The mixture 

was cooled and poured into ice water (200 cm^). The beige precipitate formed was 

filtered off, washed with water until the filtrate was neutral, and oven dried giving 

crude 2,8-dinitrodibenzothiophene-5,5-dioxide (0.81 g; 74%). The product was 

recrystallised from glacial acetic acid for analytical purposes.

M.pt: 361-363 °C (literature value not given)

EIMS m/e: 306 (M+), 260 (M+-46), 232 (M+-74), 186 (M+-120), 158 (M+-

148), 150 (M+-156)

'H NMR(D),6 : 9.48 (2H, d, "J=2.0 Hz), 8.52 (2H, dd, ^J=8.5 Hz, '"1=2.1

Hz), 8.41 (2H, d, ^1=8.4 Hz)

NMR(D),0: 152.0, 141.5, 131.5, 127.2, 124.0, 119.9

IR, cm ": 3099, 1538, 1356, 1344, 1319, 1166, 748

Analysis: Calc. Ci^H^NzO^S: C 47.06 H 1.97 N 9.15 S 10.47

Found: C 47.36 H 1.84 N 8.59 S 10.39
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6.5.7 Svnthesis of 1.3.7-trinitrodibenzothiophene-5.5-dioxide

To a mixture of fuming nitric acid (52.5 g; 70 cm^) in 20% oleum (140 cm^) 

was added slowly with stirring 3,7-dinitrodibenzothiophene-5,5-dioxide (25.5 g; 0.08 

mole). The mixture was stirred and refluxed at 110 °C for 3 hours, cooled, and 

poured into ice water (500 cm^). The yellow precipitate formed was filtered off, 

washed with water until the filtrate was neutral, and dried giving crude 1,3,7- 

trinitrodibenzothiophene-5,5-dioxide (24.01 g; 8 6 %). The product was recrystallised 

from glacial acetic acid for analytical purposes.

M.pt:

EIMS m/e:

NMR(D),6 :

NMR(D),0:

IR, cm'^: 

Analysis:

269-271 °C (literature value not given)

351 (M+), 321 (M+-30), 305 (M+-46), 277 (M+-74), 258 (M+- 

93), 181 (M+-170), 149 (M+-202)

9.36 (IH, d, "J=2.0 Hz), 9.15 (IH, d, "J=2.1 Hz), 9.09 (IH, 

d, ^J=2.2 Hz), 8.67 (IH, dd, ^J=8 .8  Hz, ^J=2.3 Hz), 8.09 

(IH, d, "J=8.7 Hz)

150.0, 149.8,145.9, 141.0,139.4, 130.2, 130.0, 128.1, 126.2,

125.4, 121.8, 118.7

3087, 1541, 1347, 1188, 1165, 887, 730 

Calc. C12H5N3O8S: C 41.03 H 1.43 N 11.96 S 9.13

Found: C 41.02 H 1.49 N 11.69 S 9.13

6.5.8 Svnthesis of isomeric mixture of 1.3.8- and 2.3.7-

trinitrodibenzothiophene-5.5-dioxide

To a stirred mixture of 2,7-dinitrodibenzothiophene-5,5-dioxide (5.5 g; 0.018 

mole) in concentrated sulphuric acid (30 cm^) was added fuming nitric acid (8  cm^). 

The mixture was heated to 130-150 °C for 2 hours, cooled, and poured into ice water 

(300 cm^). The off-white precipitate formed was filtered off, washed with water until 

the filtrate was neutral, and air dried giving a mixture of 1,3,8- and 2,3,7- 

trinitrodibenzothiophene-5,5-dioxide (5.1 g; 81%) in the ratio 1:2 respectively. The 

two products were separated and purified by fractional recrystallisation from glacial
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acetic acid for analytical purposes.

Analysis of 1,3,8-trinitrodibenzothiophene-5,5-dioxide:

M.pt:

EIMS m/e: 

NMR(D),0:

NMR(D),0:

IR, cm^: 

Analysis:

250-253 °C (new compound)

351 (M+), 305 (M+-46), 275 (M+-76), 258 (M+-93), 212 (M+- 

139), 181 (M+-170)

9.37 (IH, d, ^^1=2.2 Hz), 9.13 (IH, d, "J=2.0 Hz), 8 .6 6  (IH, 

dd, ^J=8.2 Hz, "J=2.0 Hz), 8.64 (IH, d, "J=2.2 Hz), 8.56 

(IH, dd, ^J=8.1 Hz, ^j=o.7 Hz)

151.2, 149.5, 145.6, 142.6,140.1, 128.9, 126.9,126.7, 125.8,

124.4, 122.3, 122.1

3081, 1549, 1344, 1328, 1184, 780, 740 

Calc. C12H5N3O8S: C 41.03 H 1.43 N 11.96 S 9.13

Found: C 40.96 H 1.33 N 11.40 S 8.99

Analysis of 2,3,7-trinitrodibenzothiophene-5,5-dioxide :

M.pt: 242-244 (new compound)

EIMS m/e: 351 (M+), 321(M+-30), 303 (M+-48), 277 (M+-74), 231 (M+-

120), 185 (M+-166)

9.33 (IH, s), 9.23 (IH, s), 9.04 (IH, d, "J=2.0 Hz), 8.76 (IH, 

dd, "J= 8 .6  Hz, '"J=2.0 Hz), 8.70 (IH, d, ^J=8 .6  Hz)

150.2,146.0,143.4,141.3,138.7,134.9,133.1,130.5,126.5,

122.2, 121.1, 118.7

3100, 1558, 1365, 1342, 1175, 848, 784, 590 

Calc. C12H5N3O8S: C 41.03 H 1.43 N 11.96 S 9.13

Found: C 41.06 H 1.55 N 12.04 S 9.09

Crystal structure analysis was also performed on this compound and the results are 

given in section 2 .

^H NMR(D),0:

'^C NMR(D),0:

IR, cm'^: 

Analysis:

6.5.9 Synthesis of 2.3.8-trinitrodibenzothiophene-5.5-dioxide

To a stirred mixture of fuming nitric acid (0.5 cm^) in concentrated sulphuric
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acid (1.5 cm^) was added 2 ,8-dinitrodibenzothiophene-5,5-dioxide (0.65 g; 0.002 

mole). The mixture was heated to 150 °C for 3 hours, cooled, and poured into ice 

water (50 cm^). The white precipitate formed was filtered off, washed with water 

until the filtrate was neutral, and air dried for several days giving crude 2,3,8- 

trinitrodibenzothiophene-5,5-dioxide (0.56 g; 79%). The product was recrystallised 

from glacial acetic acid for analytical purposes.

M.pt:

EIMS m/e:

'H NMR(D),0:

NMR(D),0:

IR, cm'^: 

Analysis:

286-289 °C (new compound)

351 (M+), 321 (M+-30), 306 (M+-45), 181 (M+-170), 167 (M+- 

184)

9.54 (IH, d, ^1=0.8 Hz), 9.43 (IH, d, "J=1.9 Hz), 9.25 (IH,

'j= 0 .9  Hz), 8.62 (IH, dd, ^J=8.4 Hz, "J=2.0 Hz), 8.51 

(IH, d, "J=8.5 Hz)

152.0, 146.1, 143.1,142.0, 140.2, 135.4,130.0, 128.3,124.4,

122.0, 121.1, 120.7

3102, 3047, 1542, 1351, 1334, 1171, 847, 790, 745 

Calc. C12H5N3O8S: C 41.03 H 1.43 N 11.96 S 9.13

Found: C 40.75 H 1.52 N 12.11 S 8.87

6.5.10 Svnthesis of 1.3.7.8-tetranitrodibenzothiophene-5.5-dioxide

A 1:1 mixture of 1,3,8- and 2,3,7-trinitrodibenzothiophene-5,5-dioxide (0.75 

g) was added to stirred concentrated sulphuric acid (44 cm^) forming a yellow 

solution. To this solution was added fuming nitric acid (4 cm^) drop wise. The mixture 

was heated to 170 °C for 8  hours, cooled, and left to stand at room temperature for 

24 hours before being poured into ice water (400 cm^). The white precipitate formed 

was filtered off, washed with water until the filtrate was neutral, and air dried for 

several days giving 1,3,7,8-tetranitrodibenzothiophene-5,5-dioxide (0.14 g; 16%). 

The product was recrystallised from acetone for analytical purposes.

M.pt: 245-248 °C (new compound)

201



EIMS m/e: 396 (M+), 380 (M+-16), 366 (M+-30), 351 (M+-46), 303 (M+-

93), 258 (M+-138)

NMR(A),Ô: 9.31 (IH, d, ^J=2.0Hz), 9.22 (IH, d, "J=2.1 Hz), 9.11 (IH,

s), 8.80 (IH, s)

NMR(A),0: 142.3, 131.9, 126.9, 125.8, 122.7, 121.4

IR, cm ': 3092, 1540, 1347, 1324, 1193, 786

Analysis: Calc. C12H4N4O10S: C 36.37 H 1.02 N 14.14 S 8.09

Found: C 36.70 H 0.92 N 13.38 S 7.96

6.5.11 Svnthesis of 2.3.7.8-tetranitrodibenzothiophene-5.5-dioxide

To a stirred mixture of colourless fuming nitric acid (5.67 g, 3.8 cm^) in 

concentrated sulphuric acid (58.8 g, 32 cm^) was added 2,3,8 -trinitrodibenzo- 

thiophene-5,5-dioxide (1 g, 0.003 mole). The mixture was heated to 150 °C for 3 

hours, cooled, left to stand overnight, and poured into ice water (200 cm^). The crude 

product was filtered off as a white precipitate, washed with water and air dried 

overnight (0 .6 8  g ; 62%).

The crude 2,3,7,8-tetranitrodibenzothiophene-5,5-dioxide was recrystallised 

three times from acetone, and then crystals were grown from a two phase 

recrystallisation (acetone/hexane) for analytical purposes.

M.pt: 375-378 °C (new compound)

EIMS m/e: 396 (M+), 348 (M+-48), 300 (M+-96), 276 (M+-120), 252 (M+-

144), 226 (M+-170)

'H NMR(A),0: 9.32 (2H, s), 9.07 (2H, s)

''C  NMR(A),0: 142.7, 134.7, 123.3, 121.8

IR, cm ': 3098, 3044, 1552, 1349, 1175, 906, 844, 789, 580

Analysis: Calc. C12H4N4O10S: C 36.36 H 1.01 N 14.14 S 8.08

Found: C 37.14 H 1.01 N 13.83 S 7.81
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