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Summary

The synthesis of nitro-2,3-dimethylnaphthalenes
has been undertaken,and fourteen previously unreported
dinitro,trinitro,tetranitro and pentahitro derivatives of

2,3-dimethylnaphthalene have been prepared. The synthesis

of nitro-1,5~dimethylnaphthalenes has also been undertaken, .

and seven previously unreported mononitro,dinitro,triﬂitro
and tetranifro defivatives of 1,5-dimethy1naph;ha1ene'A |
have been prepared. The positive and negativevion mass-
spectra,electronic spectfa and nﬁclear magnetic rssonance
spectra of these compounds have been recorded and
discussed iﬁ terms of the structures of the compounds.
The electron spin resonance spectra of the radical anions
of two of the symmetrically substitutsd compounds have
been recorded; |

The reéctions of polynitro;2,3-dimethy1-
naphthalenes with methoxide ion and sulphite ion have
been investigated,and the Meisenheimer complexes so
formeddcharacterised-by NMR spectroscopy. In a humber
of cases solid Meisenheimer complexes have been isolated.
The reaction of 4¥nitro-1,5-dimethy1naphtha1ene with |
hydroxide ion was found to produce dinitro derivatives
of naphthasfilbene and naphthabibenzyl,resﬁlting from
coupling via the 1-methyl group. The reactions of
polynitro—l,5-dimethy1naphtha1enes with methoxide ion,
sulphite ion,diethylamine and triethylamine in dimethyl-
sulphoxide solvent have been investigated in situ by

NMR spectroscopy,and benzyl-type ions resulting from
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abstraction of methyl hydrogen atoms were found to have
been produced. The reaction of 2,4,6,8-tetranitro-1,5-
dimethylnaphthalene with methoxide ion in tetrahydrofuran
solvent was inveétigated,and a solid Meisenheimer complex
was isolated.

The association constants for the formation of
charge-transfer complexes betweén benzene and tﬁe'
polynitro-1,5-dimethylnaphthalenes and polynitro-2,3-
dimetﬂylnaphfhaleﬁes.have been determined by nuclear
magnetic resonance spectroscopy,and it has been shown
that polynitro-l,5-dimethY1naphtHa1enes are stronéer electron-
acceptors than polynitro-2,3-dimethylnaphthalenes.

Tﬁe rates of nitration of a number of mononitro,
dinitro and trinitro derivatives of 1,5-dimethylnaphthalene
and 2,3-dimethylnaphthalene have been investigated and the
rates correlatéd with theoretical reactivity ihdices

deriVed from Hﬁckél Molecular Orbital calculations,
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1.1 Introductory Survey

1.1.1 Introduction

Nitroaromatic compounds are of great importance
both in industry and in the laboratory!. Nitrobenzene is
the simplest of the nitroaromatic comﬁounds but at the
same time it. is the most imporfapt from an industrial
point of view2. Nitrobenzene is used as an intermediate
in a Wide range of processes,including the manufacture of
azo dyes,rubber,photographic chemicals and drugs. |
bolynitroaromatic'compounds are used commercially as
non-initiating high exploéives,tﬁe most important'being
2,4,6-trinitrotoluene (a-TNT)3 which has replaced picric
aéid as the major military explosive. An interesting
aspeét of explosives technology in recent years has been
the development of explosives which are thermally stable

and of low volatility. Such explosives are required for

space applications where materials are frequently subjected

to conditions of high temperature and low pressure. ' The
most commonly used explosive for space research to date
has been 2,2',4,4',6,6'-hexanitrostilbene (HNS)"*,S.S.
This compound may be prepared from a-TNT by treatment

with base'.

1.1.2 The Synthesis of Nitroaromatic Combounds

(A) Methods of Nitration

Nitroaromatic compounds do not exist in nature,
and must therefore be prepared by synthetic methods. The
first nuclear substituted nitroaromatic compound to be
recorded was nitrobenzene,prepared by Mitscherlich in 1834

by the action of fuming ‘nitric acid on benzene?. Shortly



afterwards, this preparation was repeated using a mixture
of nitric and sulphuric acids®,and this latter method has
since become the single most important method of effecting
aromatic nitration on an industrial scale.

The various means of carryiﬁg out the synthesis
of nitroaromatic compounds may be broadly classified into
direct and indirect methods. A direct method of synthgsis
may be defined as one in which the precursor is reacted
directly with the nitrating agent,and the products obfained
in a singie step.' The vast majérity of industrial
syntheses of nitroaromatié compoﬁnds involve direét
nitration methods. Some compounds cannot be synthesised
iﬁ appreciable yields by direct methodé,e.g.the yield ‘of -
m-diﬁitrotoluene from the nitration of toluene is only
4%9 ., Indirect‘methods,involving more than one step,must
therefore be used in such cases. Thus the synthesis of
m—dihitrotoluene may be achieved in good yield via the

intermediacy of the readily obtained p-nitrotoluenel0:-

CHs  CHs CHs

NO, ~ NH, ~ NHAc

| \lIHNO3
c:H3 .(:+{3 (:P43
~NH; Hydrolysis
ez
NO, NO, NO,
T NR ~ NAAc

Fig.1.1.1 -
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Indirect methods have also been used for the synthesis

of compounds which can be prepared by direct methqu,but
only with difficulty. For example 1,3,5-trinitrobenéene
has been preparéd by the nitration of m-dinitrobenzene!ll,
but because the latter compound is deactivated towards
electrophilic substitution, fuming mixed acid was required
for the synthesis. The most coﬁmonly used method for the
synthesis of 1,3,5-trinitrobenzene is the oxidation of the
more ;eadily‘obtained 2,4,6-trinitrotoluene fo;lowed by
decarboxylation to give the required productl?. |

(B) Nitration Media

(a2) Anhydrous Nitric Acid
' Ahhydrous nitric acid acts as a fairly powerful
nitration agent,and may be used, for example, for the
conversion of nitrobenzene to 1,3-dinitrobenzene‘3. The
kinetics of this reaction have been thoroughly.investigated
and the rate found to be dependent oﬁly upon the
concentration of the substrate,a result which is consistent'
with reaction via molecular nitric acidl“. However,
Ingold and his co-workers have demonstréted that it is the
nitronium ion that is the active speqies in the nitration
of aromatic compounds in anhydrous nitric acid!S. These
workers showed that self-dehydration occurred in nitric
acid thus :;

2HNO; = NO,* + NO,~ + H,0
Raman studies!® have confirmed a 1:1 ratio of nitrate and
nitronium ions in anhydrous nitric acid,and this tends to
rule out auto-protolysis as an alternative dissociation,as

this would produce nitrate'ionS'only:-



2HNO; = H,NO3* + NO,~
Anhydrous nitric acid is not as powerful a nitrating
agent as nitric acid in sulphuric acid because at room
temperature onlj 3% dissociation to the nitronium ion
actually takes place17. 'Studies of tﬁe infrared spectra
of nitric acid in the liquid!® and vapourl!?® phases suggest
that this smgll dissociation is due to-the formation of
hydrogen-bonded dimers t-

_ E;,)'CJ—-++.....'()\\F:___

Fig.1.1.2

(b) Aqueous Nitric Acid

| The presence of water in nitric acid causes
a reduction in.the rate of nitration as compared to
anhydrous conditions,the reduction in rate being
considerably greéter than would bé expected from a simple
dilution of the acti&e nitrating species. For example,
the rate of nitration of nitrobenzene using anhydrous
nitric acid is reduced to one-sixth on addition of 5%
waterl*, Raman spectroscopy has indicated that the
concentration of nitrohium ions in nitric acid falls below
the level of.spectroscopic detection when'more than 5%
water has been added??. It has been shown‘from the
freezing-point curve of the H,0-HNOj system?! and from
Raman studies?? that a monohydrate is formed which is in
equilibrium with hydroxoniﬁm and nitrate ions :-

0,N-O-H.....0H, & NO;~ + H;0*

The formation of the hydrate'suppresses self;dehédration



and thus leads to a decrease in the nitronium ion
concentration. Considerable doubts existed about the actual
nitrating species present in aqueous nitric acid,as the
formation of the.nitronium ion had been shown to be slight?20,
Ingold and his co-workers studied the'nitration of'sodium
benzylsulphonate using aqueous nitric acid,and concluded
that the nitracidium ion (H2N03+) was the active hitrating
agent,though they could not exclude reaction via a small
concentration of nitronium ions present in the_systemi3»?“.
Banton and his co-workers?5,26 later demonstrated that the
nitronium ion was the active nitréting species by studies
on the nitration of the 2-phenylethanesulphonate anion.
'They observed initial zeroth-order rate constants which
were similar to the zeroth-order rate constant of the 180
exchange between labelled water and nitric acid .

HNO; + H' & NO,* + H,0

H,2% + NO,* < H 80.NO, + H'
The rate of incorporatidn of 180 into nitric acid must be
dependent upon the rate of production of the nitronium ion,
and as this rate was the same as the rate of nitration of
the aromatic substrate (under zeroth-order conditions),the
nitronium ion must.be the active nitrating species. Had
the effective nitrating species been the ﬁitracidium ion,
there would have been no connection befween‘the two rates
- of reaction.

(c) Nitric Acid in Inert Organic Solvents

With regard to nitration,an"inert solvent system"
may be defined as one in which no chemical reaction occurs

between the solvent and nitric acid. Examples of such



solvents are acetic acid,chloroform;ﬁitromethane and

diethyl ether. The infrared and Raman spectra of systems
composed of nitric acid and either chloroform or carbon
tetrachloride wefe found to consist of a simple
superimposition of the spectra of the two components,

with no evidence for the presence of nitronium or nitrate
ions 27,28, Similar results weré obtained from studies of
solutions of nitric acid in acetic acid??. Such nitrafion
media may be regafded simply as diluted anhydrqus nitfic.
acid. Kinetic studies of nitrations in inert organic |
solvents such as nitromethane3°,ﬁitrobenzene31 and acetic
acid32 have been made. The result of these studies was

that kinetic order is dependent upon the reactivity of the
subsfrate. For example,reactive compounds such as toluene,
nitrated in nitromethane,gave zerpth—érder kinetics with
respect to the'concentration of the aromatic cbmpound,the
rate;controlling'step being the formation of the nitronium
ion30, First order—kinétics were observed when less reactive
compounds,e.g.1,2,4-trichlorobenzene,were nitrated in either
nitromethane or acetic acid,the rate-coﬂtrolling step being
the attack of the nitronium ion uponlfhe aromatic |
compound 33, TFor a single aromatic compound,the rate of
nitration decreases as the basicity of the solvent increases,
e.g.the zero£h-order raté constant for the nitration of
toluene in nitromethane at 20° is thirty times that for

the nitration of toluene in acetic acid at 20°. This

effect must be due to the more basic solvents forming
addition complexes with nitric acid,thereby reducing the

concentration of nitric acid-available for reaction.



(d) Nitric Acid in Acetic Anhydride

~Unlike"inert"organic solvents,acetic anhydride
reacts with nitric acid with the resultant formation of
acetyl nitrate. .However,other species are found to be
present,dependent upon the relative céncentrations of nitric
acid and acetic anhydride in the.solution3“. Thus when
acetic anhydride is the major constituent,only acetic acid
and acgtyl nitrate are found to be present,but when nitric
acid is the major constituent,acetic acid,acetyl nitrafe
and dinitrogen pentoxide are present. At nitric acid
concentrations greater thén 90%,dinitrogen pentoxiae is
the principal species present,with only minute amounts of
aéetyl nitrate. Acetyl nitrate has also been synthesised
from acetic anhydride and dinitrogen pentoxide33. These
observations have led to the postulate that the following
equilibria are present in nitric acid/acetic anhydride
systehs (- |

Ac,0 + 2HNO3 & N705 + 2AcOH
N,05 + Ac,0 = 2AcONO, |

It is because of these equilibria that doubt has always
existed as to:the nature of the electrophilic species
responsible for nifration in this medium. The first
systematic study of nitration by acyl nitfates was made by

Ingold and his co-workers,who proposed'that.dinitrogen

" pentoxide was the species that effected substitution3® .

More recently,however,Paul3’ found that the kinetics of
nitration of benzene by nitric acid in acetic anhydride
were inconsistent with attack by dinitrogen pentoxide,and

obtained evidenceAfof the nitronium ion being'the'species



responsible for nitration. It has also been suggested,froﬁ
the observation of the stereoselective reaction of acetyl
nitrate with butenes,that protonated acetyl nitréte is the
active electrophile present in acetic anhydride/nitric acid
mixtures3®, Kuhn and 0lah3? have reporfed that acetyl
nitrate can he obtained from the reaction of acetic acid
| with nitronium salts. This evidence suggests that the
nitronium ion,as a solvated 'species,does play a part in
acetyl nitrate nitfations. '
Nitrations in acetic anhydride have long been
associated with the formafion froﬁ some aromatic cémpounds
of higher proportions of ortho-nitro products than are
fdrmed under other conditions. For example,the nitration
of acétanilide using acetic anhydride as the solvent yields
ortho-nitroacetanilide as the major product,whereas when
acetic acid is used as the solvent the major product is
para-hitroacetaniiide“°. Although various theories have
been put forward to explain this phenomenon, there appears
to be no single postulate that can be applied to all the
compounds exhibiting this effect. This subject has been
discussed in detail®!l.

(e) Nitric Acid in Sulphuric Acid

The nitric acid/sulphuric acid system,referred to
as "mixed acid'",has been the subject'of a cdnsiderable
‘number of investigations. It was established at an early
stage that the function of sulphuric acid in the mixtures
could not simply be that of removing water formed during
the nitration of an aromatic compound,and thereby preventing

the reverse reaction,since nitration is irreversible anyway 2.
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ArH + HNO3 — ArNO, + H,0
Hantzsch *3 studied the effect of added nitric acid upon the
freezing point of sulphuric acid,and obtained a van't’Hoff
factor (Z) of 3 for the system,indicating the presence of
three ions. He therefore suggested tﬁat because sulphuric
acid is stronger than nitric acid,a di-protonated nitric
acid species is formed,according to.the.following'eQui;ibrium:—

HNO3 + 2H,S0, & HaNO3* Y + 2mHSO,”
This conclusion was supported by ultfaviolet absorptioh
spectra ** and electrical conductance values“S of nitric
acid/sulphuric acid mixtures. Lafer,lngold and his
co-workers"*® repeated Hantzsch's cryoscopic work on mixed
aéid systems,and obtained an ¢ value of 4.4. They
conciuded that the nitronium ion is fo;med in accordance
with the following equilibrium :- |

HNO; + 2H,S0, & NO,* + H30" + 2HSO,”
The discrepancy bétween the experimental value of 7 of 4.4
and the theoretical value of 7 of 4.0 was attributed to the
association of nitric acid with water formed as a result
of the de-protdnation'of the hydroxonium ions. Thus the
function of sulphuric acid in "mixed acid" is to provide
a strongly acidic medium towards which nitric acid acts
as a base forming the nitronium ion. The.concentration of
nitronium ions in nitric acid may be'eStimafed readily by
" Raman spectroscopy *’7. In this way it was found that the
addition of sulphuric acid to nitric acid markedly
increased the concentration of nitronium ions. In mixtures
containing more than 90% sulphuric acid (by weight) the

conversion of nitric acid to nitronium ions has been shown
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to be complete'8.

1.1.3 Nitro Derivatives of Benzene and Toluene

Nitrobenzene was first prepared in 18347 by the
nitration of beniene using anhydrous nitric acid,and was
first manufactured commercially in 185649, The three
dinitrobenzenes were obtained from the nitration of
nitrobenzene using mixed acidsS?. The principal product
was m-dinitrobenzene with much smaller yields of o- and
p—dinitrobenienes.' The latter two compounds have been'
obtained in better yields by indirect methods 51,52,
1,3,5-trinitrobenzene was‘obtained by the nitration of
m~dinitrobenzene using nitric acid in oleum?!!. 1,2,3- and
1;2,4-trinitfobenzenes were prepared from 2,6- and 2,4-
dinitroanilines respectively by indirect methods 53,5%. Two
tetranitrobenzenes have been synthesiséd; 1,2,3,5-tetra-~-
nitrobenzene wés prepared by the oxidation of picryl
hydroxylaminess,ahd 1,2,4,5-tetranitr§benzene was prepared
by the oxidation of 1,3—dinitro-4,6-dihydroxylaminobenzene55;
There are no polynitrobenzenes recorded in the literature
containing more than four nitro groups. | |

Nitfotoluenes are obtained from the nitration of
toluene using mixed acids to yield mixtures of o~ and p-
nitrotoluenes,with only a minute yield of.m-nitrotoluéneg.

The meta isomer has been obtained in'better'yield by an

~indirect route!?. Many of the dinitrotoluenes can be

prepared by the direct nitration of the mononitrotoluenes.
The nitration of p-nitrotoluene yields 2,4-dinitrotoluene?;
the nitration of o-nitrotoluene yields 2,4- and 2,6-dinitro-

toluenes 57; the nitration of m-nitrotoluene yields 2,3-9,
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2,5~ and 3,4-dinitrotoluenes 38, 3,5-dinitrotoluene has beén_
prepared indirectly from 3,5-dinitro-p-toluidine 59, The
most important trinitrotoluene is 2,4,6-trinitrotoluene
(a-TNT),used as én explosive for military purposes. The
synthesis of a-TNT has been achieved dn,a commercial scale
by the direct nitration of toluene®9. From the crgde
product,2,3,4-61 ,2,3,6-62 and 2,4,5-trinitrotoluenes 63
have also been obtained. 2;3,5-trinitrotoluene may be'
prepared by fhe difect nitration of 2,3—dinitrqtoluene59..
3,4,5-trinitrotoluene may be obtained from 3,5-dinitro- |
p-toluidine by an indirecflmethodbs. Only one tetra-

nitro derivative of toluene,2,3,4,6-tetranitrotoluene,

" has been recorded in the literature®6. This compound

may be prepared via the oxidation of 2,4,6-trinitro-
m-toluidine. There is no recorded pentanitro derivative
of toluene.

1.1.4 Nitro Derivatives of Naphthalene and Alkylnaphthalenes

The nitration of naphthalene to -l-nitronaphthalene
using anhydrous nitric acid was first described by Laurent
in 1835 67,shortly after the nitration of.benzene‘was
reported. This synthesis has been'cafried out on an
industrial scale using mixed acid,which gives a product
comprising 95% l-nitronaphthalene 68. As 2-nitronaphthalene

is formed in such low yield by this method (less than 5%),

" an indirect method has been devised for the synthesis of

this compound 2. All of the ten isomeric dinitro-
naphthalenes have been synthesised. Nitration of 1-nitro-

naphthalene yields 1,5- and 1,8—dinitronaphtha1enes7°.7%

- nitration of 2-nitronaphthalene yields 1,6- and 1,7-dinitro-'
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naphthalenes 72, 1,2-,1,3-,1,4- and 2,3-dinitronaphtha1ene§
have been synthesised from the corresponding dinitro
derivatives of tetrahydronaphthalene’2,73, 2, 6-dinitro-
naphthalene has Been prepared from 2,6-dinitro-i-naphthyl-
amine’%., 2,7-dinitronaphthalene may be obtained from
3,6—dinitronaphthalic acid 75, Seven trinitronaphthalenes
have been recorded in the literature. Nitration of 1,5-
dinitrQnaphthalene yields 1,3,5- and 1,4,5-trinitro- |
naphthalenes 76; nitration of 1,8-dinitronaphthalene yiéldé
1,3,8-trinitronaphthalene?®; nitration of42,7-dinitro-
naphthalene yields 1,3,6-frinitroﬁaphtha1ene78. 1;2,3-79,
1,2,4-80 gnd 1,2,5-trinitronaphthalenes 8! have been
synthesised via the oxidation.of the corresponding dinitro-
naphfhylamines. Five tetranitronaphthalenes have been
reported. 1,3,5,8- and 1,4,5,8-tetranitronaphthalenes have
been obtained from the nitration of 1,5- dinitronaphthalene 82;
1,2,5,8- tetranitronaphthalene has been obtained from the
nitration of 1,2,5-trinitronaphthalene8?; 1,3,6,8-tetra-
nitronaphthalene has been obtained from the nitration of
2,7-dinitronaphthalene 83; 1,3,5,7-tetranitronaphthalene may
be prepared via the nitration of 2,6-dinitronaphtha1ene?“.
No polynitronaphthélenes containing more than four nitro
groups have been recorded to date in the iiterature.

Thé nitration of l-methylnaphthalene85 and 2-methyl-
- naphthalene®® to the mononitro stage has been reported in
some detail8? . Three dinitro derivatives of 1-methyl-
naphthalene have been reported,viz 2,4-,4,5- and 4,8-dinitro-
l1-methylnaphthalenes®®. The most highly nitrated l1-methyl-

naphthalene so far reported is 2,4,5—trinitro;1-méthy1-
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naphthalene89,90,

Of the dialkyl substituted naphthalenes,
acenaphthene and the dimethylnaphthalenes have received
the most attentibn with respect to nitration studies. All
‘three mononitroacenaphthenes have beeﬁ reported; 3-nitro-
and 5-nitroacenaphthene may be prepared by the dipect'
nitration of acenaphthene®! ,but 4-nitroacenaphthene must be .
prepared by an indirect method®2. A number of dinitro,
trinitro,tetranitro and pentanitro derivatives of aceﬂaphthene
have been prepared by the direct nitratibn of the three
mononitroacenaphthenes93.  All of the ten isomerié dimethyl-
napthalenes have been nitrated as fgr as the mononitro
sfageg“. Dinitro derivatives of 1,4-,1,6-,1,7-,2,3-,2,6-
and 2,7—dimethy1naphthalenes have been prepared by the
direct nitration of the respective parent hydrpcarbons95»9ﬂﬁ’.
Only 2,6-dimethylnaphthalene has been nitrated as far as
the tetranitro sfagega.

The synthesis of new nitro derivatives of 1,5-
and 2,3-dimethylnaphthalenes is reported below. Prior to
this work,the'only nitro derivatives of these hydrocarbons
reported in the literature were 2-nitro-1,5-dimethyl- _
naphthalene* ,4-nitro-1,5-dimethylnaphthalene® ,1-nitro-
2,3—dimethy1naphtha1ene9“,5-nitro—2,3—diméthy1naphtha1ene9ﬂ
6-nitro-2,3-dimethylnaphthalene®* and 1;8—dihitro-2,3-

dimethylnaphthalene 93,
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1.2 The Synthesis of Nitro-2,3-Dimethylnaphthalenes

(A) Nitro-2,3-Dimethylnaphthalenes Prepared by Direct Methods

1.2.1 1,4-Dinitro-2,3-Dimethylnaphthalene;1,5-Dinitro-2,3-

Dimethylnaphthalene;and 1,8-Dinitro-2,3-Dimethylnaphthalene

Treatment of 2;3—dimethy1na§htha1ene(1) with a
solution of nitric acid in acetic anhydride using the
calculated amount of nitric acid for mononitration yie}ded
a mixtpre of 1-nitro-2,3-dimethylnaphthalene(2) and 5-nitro-
2,3-dimethylnaphthalene(3). Nitration of 5-nitro-2,3-
dimethylnaphthaleﬁe yielded two dinitro isomers,1,5-dinitro-
2,3—dimethy1naphtha1ene(4i and 1,8-dinitro-2,3~-dimethyl-
naphthalene(S)h The products were separated by a
cémbination of fractional crystallisation and column

chromatography. 1,8-dinitro-2,3-dimethylnaphthalene was

'identified by comparison with an authentic sample prepared

by a literature method 5. 1,5-dinitro-2,3-dimethyl-
naphthalene was identified by NMR spectroscopy. The ratio
of 1,5-dinitro-2,3-dimethylnaphthalene to 1,8-dinitro-2,3-
dimethylnaphthalene in the product mixture was found to be
approximately 40:60,showing that nitration of 5-nitro-2, 3-
dimethylnaphthalene had occurred preferentially at the 4-
position rather thén the 1-position. On steric grounds,

the product ratio would have been.expected to be the reverse

of that observed,due to the hindrance at the 4-position

" by the nitro group at the 5-position. The'explanation is

probably that the 4-position is "meta"” to the nitro group
at the 5-position,and as such is a favoured site for
nitration. A further discussion of this point is given

in Chapter 3.

S
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Nitration of l-nitro-2,3-dimethylnaphthalene
using nitric acid in acetic anhydride yielded 1,5-dinitro-
2,3-dimethylnaphthalene, 1,8-dinitro-2,3-dimethyl-
naphthalene and i,4—dinitro—2,3-dimethy1naphtha1ene(6).
The products were separated by column‘chromatography,and
the product ratio found to be ea 1:1:1. This product
ratio implies that the deactivating effect of the nitro
group in the methyl-substituted ring of 1—nitro—2,3—dimethy1-
naphthalene sountsrbalanced the activating influence of
the methyl groups to some extent,with the overall result'
that the rate of nitratioﬁ in the‘methylated ring.was
similar to that for the non-methylated ring. A further
discussion of this product ratio is given in Chapter 3.

The synthesis of 1,5-dinitro-2,3-dimethyl-
naphthalene, 1,8-dinitro-2,3-dimethy1nsphtha1ene and
1,4—dinitro—2,é—dimethylnaphthalene was also achieved by
the nitration of 2,3-dimethylnaphthalene using the
calculated amount of nitric acid in acetic anhydride4for
conversion to the dinitro stage. The process undoubtedly
proceeds via the intermediacy of 1-nitro-2,3-dimethyl-
naphthalene and 5-nitro-2,3-dimethylnaphthalene (see
fig.1.2.1).

1.2.2 1L4,5-Trinitro-2,3-Dimethy1naphthaiene

Nitration of 1,5-dinitro-2;3-dimethylnaphthalene,

" 1,8-dinitro-2,3-dimethylnaphthalene and 1,4-dinitro—2,3-
dimethylnaphthalene using ths stoichiometric amount of
nitric acid in sulphuric acid for conversion to the trinitro
stage yielded in each case 1,4,5-trinitro-2,3-dimethyl-

naphthalene(7) as thé sole trinitro derivative (fig.1.2.1).
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There was no evidence for the formation of any other
trinitro derivative in any case,e.g.1l,5-dinitro-2, 3~
dimethylnaphthalene might have been expected to yield
1,5,7-trinitro-2,3-dimethylnaphthalene,but no trace was
found of this compound in the product; - The absence of
alternative trinitro products is discussed in Chapter 3.

1.2.3 1,4,5,7-Tetranitro-2,3-Dimethylnaphthalene

The synthe51s of 1,4,5,7-tetranitro-2,3- dimethyl-
naphthalene(8) was achieved by the nitration of 1,4,5-
trinitro-2, 3- d1methy1naphthalene using a mixture of
nitric acid and sulphuric acid. There are two sites
which are activated towards nitratiqn in 1,4,5-trinitro-
2;3-dimethy1naphtha1ene,and hence two products are to be
expeéted upon nitration (see fig.1.2.1). The 7-position
is strongly activated towards nitration by the nitro group
at the 5-position,to which it is metq,and it is at the 7-
posifion that 95% of the substitution takes place. The
8-position,although parad to the 5-position,and therefore
not activated towards nitration by the 5-nitro group,is
however "meta"” to the l-position. Substitution at the 8-
position to give 1,4,5,8-tetranitro—2,3—dime£hy1naphthalene
(9) did occur,but only to the extent of 5% of the total
yield. A further discussion of the produét ratio is given
in Chapter 3. |

1,4,5,7—tetranitr052,3-dimethylnéphthalene,
being the major product,was easily isolated from the
product mixture by fractional crystallisation,but it was
not possible to isolate 1,4,5,8-tetranitro-2,3-dimethyl-

naphthalene in this way. Column chromatography Was not
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possible as rapid decomposition of the product mixture
occurred on all the stationary phases used. 1,4,5,8-
tetranitro-2,3-dimethylnaphthalene(9) was confirmed as
being present in fhe product mixture by comparing the NMR

spectrum of the mixture with the NMR spectrum of a pure

sample of compound 9 obtained by an indirect methoq

(see section 1.2.6).

' 1,4,5,7-tetranitro-2,3-dimethylnaphthalene was
also obtained by the nitration of 1-nitro—2,3-dimethy1;»
naphthalené using an excess of nitric acid in sulphuric
acid. It is fair to conclude thaé the synthetic réute
involved the‘intermediacy of 1,4-,1,§—and 1,8-dinitro-
2;3-dimethy1naphtha1ene,and 1,4,5-trinitro-2,3-dimethyl-
naphthalene,as shown in fig.1.2.1.

Attempts were made to obtain pentanitro
derivatives of 2,3-dimethy1naphtha1ene by the nitration
of 1,4,5,7-tetranitro—2,3-dimethy1naphtha1ene in forcing
conditions. However,it was found that only oxidation
occurred under these conditions.

(B) Nitro-2,3-Dimethylnaphthalenes Prepared by Indirect

Methods

1.2.4 5,8-Dinitro-2,3-Dimethylnaphthalene

The synthesis of 5,8-dinitro-2,3-dimethyl-

naphthalene(11l) could not be carried out by direct

" nitration methods,since this cbmpound has a greater

number of nitro groups in the non-methylated ring than
in the methylated ring. Two synthetic routes were
employed for this synthesis,both involving the intermediacy

of 5-nitro-2,3-dimethylnaphthalene. The first method

.
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(fig.1.2.2 - Route A) involved the treatment of 5-nitro-
2,3-dimethylnaphthalene(3) with alkaline hydroxylamine to
give 5-amino-8-nitro-2,3-dimethylnaphthalene(10).
Diazotisation of fhis latter compound, followed by treatment
‘with sodium nitrite resulted in the reblacementAof the
amino group with a nitro group to give 5,8-dinitrof2,3-
dimethylnaphthalene(11). The second method (fig.1.2.2 -
Route B) involved the reduction of 5-nitro-2,3-dimethyl-
naphthalene to 5-amino-2,3-dimethylnaphthalene(12). This
compound was then acetylated by treatment with acetic |
acid/acetic anhydride to give 5-aéetamido-2,3-dime£hy1;
naphthalene(ls), Nitration of compound 13,using sufficient
nitric acid in acetic anhydride for mononitration only,

' yieldéd a mixture of 5-acetamido-8-nitro-2,3-dimethyl-
naphthalene(14) and 5-acetamido-65nitr6-2,3—dimethy1-
naphthalene(15),the function of the apetamido gfoup in
compound 13 having been not only to '"protect" the S-amino
group,but also to provide ortho/para direction in the
nitration. The yield of the ortho-substituted product (15)
was found to be less than 5%,and was not isolated. The
para-substituted product (14) was obtained in a pure state
by fractional crystélliéation. Compound 14 was then
hydrolysed to 5-amino-8-nitro-2,3—dimethy1haphtha1ene(10),
and converted.to 5,8—dinitro-2,3-dimethy1naﬁhtha1ene by
the method indicated above. '

1.2.5 1,5,8-Trinitro-2,3-Dimethylnaphthalene

5,8-dinitro-2,3-dimethylnaphthalene has two
sites which are highly activated towards nitration,vis the

1- and 4-positions. ‘Consequently,nitration of 5,8-dinitro-
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2,3-dimethylnaphthalene,using the caiculated amount of .
nitric acid in sulphuric acid for nitration to the
trinitro stage,resulted in substitution in the methylated
ring only to givé 1,5,8-trinitro-2,3-dimethylnaphthalene
(16). Only one trinitro product was pbssible,as the 1~

and 4-positions of 5,8—dinitro—2,3—dimethy1naphtha;ene are
| equivalent.

1.2.6 1,4,5,8-Tetranitro-2,3-Dimethylnaphthalene

1,4,5,8-tetranitro-2,3-dimethylnaphthalene(9)
was preparéd as a minor product (less than 5%) when 1,4,5-
trinitro—z,3—dimethy1naphthalene Qas nitrated usiné mixed
acid (see section 1.2.3). The former compound was
synthesised and isolated in a pure state by the nitration
- of 1,5,8—trinitro—2,3—dimethy1naphtha1ene using mixed
acid,and by the nitration of 5,8-dinitfo-2,3—dimethy1-
naphthalene usiﬁg an excess of nitric acid in sﬁlphuric
acid. It may be concluded that 1,5,8-trinitro-2,3-dimethyl-
naphthalene was an intermediate in the latter process
(see fig.1.2.2).

Nitration of‘1,4,5,8-tetranitr6-2,3-dimethy1-
naphthalene in.forcing conditions did_hot produce any
detectable amounts of pentanitro or hexanitro products.

1.2.7 5,7-Dinitro-2,3-Dimethylnaphthalene

5,7-dinitro-2;S-dimethylnaphthaleﬂe(19),like

' 5,8-dinitro-2,3-dimethylnaphthalene,contains a greater
number of nitro groups in thé non-methylated ring than in
the methylated ring,and could not be synthesised by

direct nitration methods. The method employed (fig.1.2.3)

for the synthesis involved the conversion of 5-nitro-2,3-
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dimethylnaphthalene(3) to 5-amino-2,3-dimethylnaphthalene
(12),which was then acetylated to 5-acetamido-2,3-dimethyl
naphthalene(13). Nitration of the latter compound using
nitric acid in aéetic anhydride resulted in substitution
in the non-methylated ring only,to giQe S5-acetamido-6, 8-
dinitro-2,3-dimethylnaphthalene(17) as the sole product.
Hydrolysis of compound 17 yielded 5-amino-6,8—dinitro-_
2,3-di@ethy1naphtha1ene(18);the amino group of which was
removed via diazotisation to give 5,7—dinitro-2,3-dimefhy1-
naphthalene(19). »

1.2.8 1J5,7-Trinitro-2,3-Dimethyinaphthalene and 1,6, 8-

Trinitro-2,3-Dimethylnaphthalene

Nitration of 5,7-dinitro-2,3-dimethylnaphthalene
using the calculated amount of nitric acid in sulphuric
acid for conversion to the trinitro stage gave 1,5,7—
trinitro-2,3-dimethylnaphthalene(20) and 1,6,8-trinitro-
2,3-dimethylnaphthalene(21)(fig.1.2.3). In this particular
case,the structures of the products could not be assigned
from their NMR spectra because each spectrum exhibited
the same numbef of resonances and the same splitting
pattern. The two isomers were distinguished, however,by
consideration of their fespective mass spectra. It is
known that polynitronaphthalenes having nitro groups on
adjacent peri-positions;e.g.1,8-dinitronaphfha1ede,undergo
‘ fragmentation on electron impact to yield é stable (M-NOz)+
ion which gives rise to the base peak in the spectrum 99.
Where only one of an adjacent pair of peri-positions is
occupied,e.g.1,5-dinitronaphthalene, the parent (M+) ion

gives rise to the base peak in the mass spectrum. - These
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effects were clearly demonstrated in the positive ion
mass spectra of 1,6,8-trinitro-2,3-dimethy1naphtha1ene
and 1,5,7-trinitro-2,3-dimethylnaphthalene respectively
(see Chapter 4).
The product ration of 1,5,7—frinitro—2,3-

dimethylnaphthalene and 1,6,8—trinitro-2,3—dimethylf
naphthalene was found to be ca 30:70,showing that nitration
of 5,77dinitro-2,3—dimethy1naphtha1ene occurred
preferentially at fhev4—position rather than at the
sterically less hindered 1-position.’ This 1s probably
because the 4-position is é "metaJ position in relétion
to the nitro groups at the 5- and 7-pdsitions,and as such
'is'favoured for nitration over the l-position,which is
~an "oftho/para" position with respect to the nitro groups.

1.2.9 5,6,8-Trinitro-2,3-Dimethylnaphthalene

Of the trinitro-z,3—dimethy1naphtha1enes prepared
in this work,5,6,8-trinitro-2,3-dimethylnaphthalene(22)
is unique in that all three nitro groups are substituted
in the non-methylated ring,and therefore this.compound
could not be,syhthesised by any direct nitration method.
The synthesis was achieved via the intermediacy of 5-amino-
6,8-dinitro-2,3-diméthy1naphthalene(18),which was
prepared by the method outlined in section.1.2.7 and then
converted to 5,6,8-trinitro—2,3-dimethy1naphfha1ene via
‘diazotisation and treatment with sodium nitrite.

1.2.10 1,5,6,8-Tetranitro-2,3-Dimethylnaphthalene and 1,5,7, 8-

 Tetranitro-2,3-Dimethylnaphthalene

Nitration of 5,6,8-trinitro-2,3-dimethylnaphthalene

using the calculated amount of nitric acid in sulphuric

e e
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acid for conversion to the tetranitro staée gave a mixture
of 1,5,6,8-tetranitro-2,3-dimethylnaphthalene(23) and
1,5,7,8-tetranitro-2,3-dimethylnaphthalene(24) in a ratio
of ca 30:70. Thié indicated that the 4-position in 5,6,8-
trinitro-2,3-dimethylnaphthalene is faQoured over the
l-position with respect to nitration in mixed acidi

1.2.11 1,4,5,6,8-Pentanitro-2,3-Dimethylnaphthalene

Nitration of 5,6,8-trinitro42,3—dimethy1naphtﬁa1ene
using an excess of.nitric acid in sulphuric acid gave -
1,4,5,6,8-pentanitro-2, 3-dimethylnaphthalene(25) as the
sole product. This is the most highly nitrated diﬁethyl—.
naphthalene produced in this work,and it is worthwhile to

Oobserve that the synthesis was achieved using fairly mild

~ nitration conditions,vZz concentrated nitric acid and

Sulphuric acid. 1In contrast,the attempted forced nitration
of 1,4,5,7—tetran1tro-2,3—dimethy1naphtha1ene using fuming
mixed.acids failed to introduce any extra nitro gfoups

into the nucleus. This illustrates the importance of
indirect synthetic methods in the production of nitroaromatic
compounds. |

1.2.12 Experimental Section

Unless otherwise stated,column chromatography
was carried out with Merck silica ge1(0.05;0.2mm) using

400 x 20mm columns,and eluting with 1:1 beniene-petroleum

" spirit(b.p.60-80°). Mass spectral molecular weights

were determined with an AEI MS9 mass spectrometer. NMR
spectra were recorded on a Perkin-Elmer R10 spectrometer
(tetramethylsilane as internal reference). The structures

of the nitration products were assigned from NMR and mass
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spectra.

(1) Synthesis of 1,4-dinitro-2,3~-dimethylnaphthalene

1, 5-dinitro-2, 3-dimethylnaphthalene and 1,8-dinitro-2, 3-

dimethylnaphthalene

(a) WNitration of 5-nitro-2,3-dimethylnaphthalene - Nitric

acid (d1.42;0.5m1) was added dropwise during 0.5h to a

solution 0f 5-nitro-2,3-dimethylnaphthalene(3)(1g) in
acetic.anhydride (10ml), the temperature being maintainea
below 10°in an ice-bath. After standing at 20°for 1h,
the solution was pbured into water (50ml). The precipitafe
was filtered off,washed wifh watef,and dried in vaéuo to
give a pale yellow solid (1.06g). The first crop from
reérystallisation of this solid from petroleum spirit
(b.p.éO—SOo) gave 1,8-dinitro-2,3-dimethylnaphthalene(5)
(0.45g) m.p.243-5° (1195 245°). (Fpund{ C,58.2; H,4.5;
N,11.3. C;2H;gN,0,4 requires C,58.5; 3,4.1; N,11.4%);
r(CDCi3) 2.0-2.5(4H,m),7.54(3H,s) and 7.61(3H,s); m/e 246
(M+). The remaining crops were combined and column '
chromatographed to give two fractions. Evapo}ation of the
first fraction to dryness gave 1,5-dinitro-2,3-dimethyl-
naphthalene(4)(0.39g,32%),m.p.160° (Found: C,58.5; H,4.6;
N,11.3. C,,H;,N,0, requires C,58.5; H,4.1; N,11.4%);
t(CDCl,) 1.5-2.5(4H,m),7.49(3H,s) and 7.65(3H,s,broadened);

m/e 246 (M'). Evaporation of the second fraction to

“dryness gave (5)(0.14g;total 0.59g,48%).

(b) Nitration of 1-nitro-2,3-dimethylnaphthalene - Nitric
acid (d1.42;0.5ml1) was added dropwise during 0.5h to
a2 solution of 1-nitro-2,3-dimethylnaphthalene(2)(1g) in

acetic anhydride (10ml),the temperature being maintained
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below 10°. After standing at 20° for lh,the solution was
poured into cold water (50ml). The precipitate was
filtered off,washed with water,and dried Zn vacuo to give

a pale yellow sqlid (0.97g). The first crop from
recrystallisation of the solid from pétroleum spirit
(b.p.60-80°) gave (5)(0.21g),m.p.245°. The remainipg crops
were combined and column chromatographed to give three
fractiops. Evaporation of the first fraction to dryness
gave 1,4-dinitro-2,3-dimethyinaphthalene(6)(0.28g,23%),
m.p.197°. (Found: C,58.4; H,4.2; N,11:1. CjH;oN,04
requires C,58.5; H,4.1; N,il.4%); }(CDC13) 2.31(4H;s) and
7.58(6H,s); m/e 246 (M+). - Evaporation of the second
fréction to dryness gave (4)(0.30g,25%),m.p.160°.

' Evaporation of the third fraction to dryness gave (5)(0.08g;
total 0.29g,24%). |

(e) Nitration of 2,3-dimethylnaphtha§ene - Nitric acid
(d1.42;1ml1) was added dropwise during 0.5h to a solution
of 2,3-dimethylnaphthalene(1)(1g) in acetic anhydride (10ml)
maintained in an ice-bath at below 10°. The mixture was
then allowed to stand at 20° for 2h,and poﬁred into water
(50ml). The pfecipitated product was filtered off,washed
with water,and dried in vacuo to give a pale yellow solid.
The first crop from recrystallisation of the product from

. petroleum spi£it (b.p.60-80°) and benzene (10:1) gave (5)
(0.3g),m.p.243-5°. The residual solution was evaporated

to small bulk,and column chromatographed to give three
fractions. Evaporation of the first fraction to dryness
gave (6)(0.26g,17%),m.p.197°. Evaporation of the second

fraction to dryness gave (4)(0.35g,22%),m.p.160°. The
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final fraction,upon evaporation to dryness,gave a further
quantity of (5)(0.08g;total 0.38,24%).

(i1) Synthesis of 1,4, 5-trinitro-2,3-dimethylnaphthalene

(a) Nitration of 1,5-dinitro-2,3-dimethylnaphthalene -

‘A solution of 1,5;dinitr042,S—dimethylﬁaphthalene (2g) in
sulphuric acid (d1.84;30ml) was prepared, and nitrip acid
(d1.42;0.5ml) addéd dropwise during 10 min,with stirring.
The migture was allowed to stand at 20° for 2h,and poured
onto crushed ice (50g). The precipitate was filtered.dff;
washed with water,and dried in vacuo to give a white solia
(2.1g). Recrystallisation from giacial acetic aci& gave
1,4,5-trinitro-2,3-dimethylnaphthalene(7)(2.0g,88%),m.p.175°.
(Found: C,49.3; H,3.3; N,14.4. Cy,HoN:Og requires C,49.5;
H,3.1} N,14.4%); t(CDCl3) 1.75-2.30(3H,m),7.50(3H,s) and
7.55(3H,s); m/e 291 (M').

(b) Nitration of'1,8-dinitro-2,3-dimethylnaphthalene -

To a éolution of 1,8-dinitro-2,3-dimethylnaphthalene (2g)
in sulphuric acid ( d1.84;25ml) was added during 15 min
nitric acid (d1.42;0.5ml1),with stirring. The mixture
was stirred for a further 2h,and poured dnto crushed ice
(Sdg). The pfécipitate was filtered qff,washed with water,
and dried in vacuo to give a white solid (1.9g,81%). The
NMR spectrum was found to consist only of that of (7);
there was no évidence for the presence of an& other compound.

(e) Witration of 1,4-dinitro=-2, 3-dimethylnaphthalene -

To a solution of 1,4-dinitro-2,3-dimethylnaphthalene in
sulphuric acid ( d1.84;30ml) was added nitric acid (d1.42;
0.5ml) dropwise,with stirring. The stirring was continued

for 1h,and then the mixture was poured onto crushed ice (50g).
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The precipitate was filtered off,washod with water,and
dried <n vacuo to give a white solid (1.6g,68%). As far
as could be seen from the NMR spectrum of the product, the
only compound preéent was (7),with no evidence for the

presence of any other compound.

(t21) Synthesis of 1,4,5,7-tetranitro-2,3-dimethylnaphthalene
(a) Nitration of 1,4,5-trinitro-2,3-dimethylnaphthalene -
Nitric'acid (d1.42;1.5ml1) was added to a solution of |
1,4,5-trinitro—2,S;dimethylnaphthalene (1g) in sulphurio
acid (d1.84;30ml). The mixture was stirred for 1h,and
then poured onto crushed ice (50§): The precipitafe was
filtered off{washed with water,and dried in vacuo to give
a White solid (1.05g). The NMR spectrum of the product
' showed that it was a ca 95:5 mixture of 1,4,5,7-tetranitro-
2,3-dimethylnaphthalene(8) and 1,4,5,8;tetranitro-2,3-
dimethylnaphthalene(9). Recrystallisation of the product
mixtufe from glacial acetic acid gave pure (8)(0.97g,84%),
m.p.279°. (Found: C,42.9; H,2.5; N,16.2. - C;,HgN,Og requires
C,42.9; H,2.4; N,16.7%); t(CDCl3) 1.07 and 1.22(2H,ABq,Jk82Hz),
7.37(3H,s) and 7.44(3H,s); m/e 336 (M'). Evaporation of
the mother liqoor to dryness gave a reoidue from which
it was not possible'to obtain (9),since all attempts at
column chromatography failed due to heavy decomposition
on the stationary phases ehployed.

(b) Nitration of 1-nitro=-2,3-dimethylnaphthalene - Nitric
acid (d1.42;2ml) was added dropwise,with stirring to a
solution of 1-nitro-2,3-dimethylnaphthalene (1g) in
Sulphuric acid (d1.84;25ml). Stirring was continued for

lh,and the mixture was then poured onto crushed ice (50g).
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Thé precipitate was filtered off,washed with water,and
dried in vacuo to give a white solid (1.3g). The NMR
spectrum of a sample of the solid indicated that the

ratio of (8) to (9) was similar to that obtained by the
nitration of 1,4,5-trinitro—2,3-dimethy1naphtha1ene.
Recrystallisation of the product mixture from glacial
acetic acid yielded (8)(1.15g,69%),m.p.279°.

Attempted further nitration of 1,4,5,7—tetranitro—2,3;
dimethylnaphthalené -.1,4,5,7-tetranitro-2,3-dimethy1-'
naphthalene (0.1g) was dissolved in sulphﬁric acid (d1.90;
5ml),and nitric acid (<11.50;2m1)‘added. The mixtﬁre was
stirred at 35°for 1 month,and then poured onto crushed ice
(iOOg). No éolid product was obtained; ether extraction

" of the aqueous solution yielded an o&l of molecular weight
ca 280,the IR spectrum of which suggesfed that oxidation
to an acid had éccurred. There was no evidence.for the
formafion of any pentanitro- or hexanitro-2,3-dimethyl-
naphthalenes.

(Zv) Preparation of 5,8-dinitro-2,3-dimethylnaphthalene

(a) A solution of 5-nitro—2,3—dimethy1néphtha1ene (1.1g)

in 95% ethanol (10ml) was added to a sblution of |
hydroxylamine hydroéhloride (3g) in 95% ethanol (50ml),

and the mixture maintained at 60°whilst a solution of
potassium hyd;oxide (10g) in methanol (30m1)'was added
‘dropwise,with stirring,during 1h. Heavy deposition of
potassium chloride was obser&ed during the reaction. After
Stirring for 2h,the mixture was poured into water (300ml).
The precipitate was filtered off,washed with water,and dried.

Recrystallisation from 95% ethanol gave S-amino-8-nitro-
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2,3-dimethyilnaphthalene(10)(0.7g,54%),m.p.188°. (Found:
Cc,66.4; H,5.5; N,13.0. C;,H;,N,0 requires C,66.7; H,5.6;
N,13.0%). Diazotisation of (10) was carried out by adding
the solid (1g) td a mixture of sulphuric acid (d1.84;4ml)
and glacial acetic acid (25ml),and cooiing to 5%°in an
ice-bath. The cooled mixture was added slowly to a solution
| of sodium nitrite (5g) in sulphuric acid (d41.84;5ml).

After standing for 0.5h,the red diazonium mixture was poured
into a mixture of sodium nitrite (10g),sodium bicarbonate
(20g) and water (200ml). The brown precipitate (0.7g)

was filtered off,dried,and_chromafographed to give'5,8e
dinitro-z,3-dim¢thylnaphthalene(11)(0.06g,5%),m.p.177°
(Found: C,58.2; H,4.4; N,11.3. C,,H;oN,0, requires C,58.5;

' H,4.1; N,11.4%); t(CDCl;) 1.82(2H,s),2.01(2H,s) and 7.48
(6H,s); m/e 246 (mh). |

(b) A solution of 5-nitro-2,3- dimethylnaphthalene (8.5g)

in 95% ethanol (150ml) was refluxed with hydrazine hydrate
(15ml) in the presence of 10% palladium on charcoal (0.1g)
for 10h. Hot filtration,followed by cooling,gave S-amino-
2,3-dimethyZnaphthalene(IZ)(7.0g,96%),m.p.65°. (Found:
C,84.3; H,7.5;‘N,8.1. Ci2H;3N requires C,84.2; H,7.6; N,8.2%);
(12)(7g) was added to a mixture of glacial acetic acid (25ml)
and acetic anhydride (25ml). Cooling resulted in the
sSeparation of.5-acetamid0—2,3-dimethyZnaphthalene(lB),which
"was filtered off,washed with water,and dried (8.0g,92%),
m.p.162°, (Found: C,77.7; H;6.8; N,6.5. C;,HjsNO requires
C,77.8; H,7.0; N,6.6%). (13)(7g) was dissolved in acetic
anhydride (70ml),and nitric acid (d1.42;1.85ml1) added

dropwise whilst cooling in ice. ' The mixture was poured
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into water (200ml),and the product filtered off and dried
(4.5g). Recrystallisation from 95% ethanol gave 5-ac¢tamido-
8-nitro-2,3-dimethylnaphthalene(14)(4.0g,53%),m.p.182°.
(Found: C,65.0; ﬁ,5.4; N,11.0. C1yH14N2O3 requires C,65.1;
H,5.4; N,10.9%). S-acetamido-G-nitro-é,3-dimethy1naphthalene
(15) could not be obtained from the mother liqubr,gs no
suitable Stationary phase could be found for column"
chroma?ography. (14)(6.25g) was refluxed with 95% ethanol
(100m1) and 70% sulphuric acid (10ml) for 3h. On cooling

and pouring into N sodium hydroxide (300m1),5-amino-8—nifro-
2,3-dimethy1naphtha1ene(10) was pfecipitated,and filtered

off and dried (4.14,79%). (10)(1g) was added to a mixture

of sulphuric acid ( d1.84;5ml) and glacial acetic acid
(25m1),and cooled to 5%in an ice-bath. The cooled mixture
was added to a solution of sodium_nitrite (15g),sodium
bicarbonate (25g) and water (200ml). The precipitate (0.6g)
was filtered off,dried aﬁd column chromatographed to give

5,8-dinitro-2,3-dimethylnaphthalene(11)(0.05g,4%),m.p.177°.

(v) Synthesis of 1,5,8-trinitro-2,3-dimethylnaphthalene

A solution of nitric acid (¢11.42;0.25m1) in sulphuric acid
(d1.84;25ml) was prepared,and a portibn (0.75ml1) added

to a solution of (11)(0.03g) in sulphuric acid (d 1.84;3ml).
The mixture was stirred for 2h,and poured 6nto crushed ice
(20g). The ﬁrecipitate was filtered off,washed with
“water,and dried in vacuo to give 1,5,8-trinitro-2,3-dimethyl-
naphthalene(16)(0.025g,70%),m.p.170° . (Found: C,42.9; H,3.5;
N,14.1.  C);HN3Os requires C,49.5; H,3.1; N,14.4%); t(CDCl;)
1.67(1H,s),1.88(2H,s),7.38(3H,s) and 7.48(3H,s); m/e 291 (M").

(vz) Synthesis of 1,4,5,8-tetranitro-2,3-dimethylnaphthalene
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(a) Nitration of 1,5,8—trinitro-2,3—aimethylnaphthalene -
Nitric acid (d1.42;0.05ml) was added to a solution of
€16)(0.02g) in sulphuric acid (d1.84;5ml). The mixture

was stirred for lh,and poured onto crushed ice (20g). The
'precipitate was filtered off,washed wifh water,and dried

in vacuo to give 1,4,5,8-tetranitro-2,3-dimethylnaphthalene
(9)(0.02g,87%),m.p.160° (dec.). (Found: C,42.3; H,2.1; N,16.1.
C12HgN,Og requires C,42.9; H,2.4; N,16.7%); t(CDClj) 1.86
(2H,s) and 7.42(6H,s); m/e 336 (M'). |

(b) Nitration of &,8-dinitro-2,3-dimethylnaphthalene =
Nitric acid (<11.42;0.1m1):was addéd to a solution'of (11)
((0.03g) in sulphuric acid (d41.84;5ml1). After stirring

fof 1h at 20°,the mixture was poured onto crushed ice (30g).
' The precipitate was filtered off,washed with water,and

dried <n vacuo to give (9)(0.035g,85%);m.p.160°(dec.).
Attempted further nitration of 1,4,5,8-tetranitfo-2,3-
dimetﬁylnaphthalene -

A solution of (9)(0.01g) in a mixture of nitric acid
(d1.50;1m1) and sulphuric acid (d1.90;5ml) was prepared,
and was maintained at 50° for 1 day. The.mixture was poured
onto crushed iée (30g) and the solid pfecipitate removed

as crop 1, The filtrate was neutralised with excess

sodium bicarbonate (20g),and extracted with ether (2 x 50ml).
The extract w;s dried with anhydrouS’magnesiﬁm sulphate
'(ZOg),and the solution evaporated to dryness to yield crop 2.
The NMR spectrum of each crop indicated that only (9) was

present.

(vii) Preparation of 5,7-dinitro-2,3-dimethylnaphthalene

S-acetamido-2,3-dimethylnaphthalene(13)(8g) was dissolved
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in acetic anhydride (100ml),and nitrié acid (d1.50;4ml)
added dropwise,with stirring,over a period of 15 min,

the temperature being maintained below 10°in an ice-bath.

The mixture was pbured into water (500ml) and the product
filtered off and dried. Recrystallisafipn from'95% ethanol
gave S-acetamido-6,8~dinttro-2,3-dimethylnaphthalene(17)
(4.6g,41%),m.p.190°. (Found: C,55.0; H,4.2; N,13.7.
Cth3N305 requires C,55.5; H,4.3; N,13.9%). (17)(4.6g).

was refluxed for léh in 95% ethanol containing 70% sulbhufic
acid (15ml). Cooling and neutralising'thé reaction mixture
with N sodium hydroxide (300m1) résulted in the précipitation
of S5-amino-6,8-dinitro=-2,3-dimethylnaphthalene(18),which

waé filtered off and dried (3.0g,76%),m.p.150°. (Found:

' C,55.0; H,4.2; N,16.0. Cj,H,|N;0, requires C,55.2; H,4.2;
N,16.1%); Diazotisation of (18) was effected by adding

the solid (0.6g) to a mixture of sulphuric acid.(<11.84;2m1)'
and giacial‘acetic acid (15ml),the resulting mixture being
cooled to 5%in an ice-bath,and then added to a solution

of sodium nitrite (1g) in sulphuric acid (d1.84;5ml).

After standing for 0.5h;the~red diazoniuﬁ solution was

poured into a'éolution of ferrous sulphate (10g) and _
ethylene glycol (20m1) in water (30ml). The brown precipitate
was filtered off,dried,and column chromatographed to give
5,7-dinitro-2;3-dimethyZnaphthalene(lQ)(0.08@,14%),m.p.156°.
(Found: C,58.2; H,4.4; N,11.3. C;,H;(N,O, requires C,58.5;
H,4.1; N,11.4%); 1(CDClgy) l.iO(ZH,s),1.60(1H,s),2.08(1H,s),
7.43(3H,s) and 7.47(3H,s).(the singlet at 11.10 was found

to split into an AB quartet on addition of CgDg); m/e 246(M+).

(viig) Nitration of '5,7-dinitro-2, 3-dimethylnaphthalene
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Nitric acid (d41.42;0.12ml1) was added‘to a solution of
(19)(0.5g) in sulphuric acid (d1.84;20ml). The mixture
was stirred at 20° for 2h,and then poured onto crushed ice
(50g)} The precibitate was filtered off,washed with water,
and dried Zn vacuo to give a pale ye116w solid (0.4g).
Column chromatography of the solid yielded two fractions.
.Evaporation of the first fraction to dryness gave 1,5,7~
trinitra—z,S-dimethyZnaphthalene(ZO)(0.095g,16%),m.p.lGéo
(vellow needles). (Found: C,49.3; H,3.5; N,14.6. CyHgN:0g
requires C,49.5; H,3.1; N,14.4%); t(CDCl3) 1.05 and 1.21
(2H,ABq, J,, 2Hz),1.46(1H,s),7.35(3H,s) andv7.54(3H;s);
m/e 291 (M+). Evaporation of the second fraction to dryness
gaQe 1,6,8-t£initro-2,3-dimethylnaphthalene(21)(0.232g,39%),
'm.p.178° (white needles). (Found: C,49.6; H,3.1; N,14.7.
C12HgN3O0¢ requires C,49.5; H,3.1; N,14.4%); 1(CDC1l3) 1.05
and 1.21(2H,ABq;JAB2Hz),1.84(1H,s),7.35(3H,s) ahd 7.46(3H,s);
m/e 201 (M%).

Preparation of §5,6,8=trinitro-2,3-dimethylnaphthalene

5-amino—6,8—dinitro-2;3-dimethy1naphtha1ene(18)(0.9g) was

added to a mixture of sulphuric acid (cii.84;1.5m1) and

glacial acetic;acid (15ml1),and cooled to 5°in an ice-bath.

' The mixture was added to a solution of sodium nitrite (1g)

in sulphuric acid (d1.84;4ml),and allowed to stand for

0.5h. The rea diazonium solution waS‘poured'into a mixture

'of sodium nitrite (7g),sodium bicarbonate (15g) and water
(150ml1) to give a buff—coloufed precipitate,which was

filtered off and dried. The product (0.3g) was chromatographed
Oon a column of silica gel (350 x 20mm) using pure benzene

as eluent to give 5,6,8~-trinitro-2,3~dimethylnaphthalene(22)"
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(0.15g,18%),m.p.152°. (Found: C,50.2; H,3.6; N,13.9.
C;2HgN;0¢ requires C,49.5; H,3.1; N,14.4%); t(CDCl;) 1.22
(1H,s),1.61(1H,s),2.35(1H,s),7.40(3H,s) and 7.45(3H,s);
m/e 2901 (M%),

(tz) WNitration of 5,6,8-trinitro-2,3~dimethylnaphthalene

A solution of, nitric acid (d41.42;2.5ml1) in sulphur§c acid
v( d1.84;25ml) was prepared,and a portion (0.4ml) added to

a solution of (22)(0.2g) in sulphuric acid (cil.84;6m1);
The mixture wés maintained at 35°for l1h,and then poured
onto crushed ice (10g). The resulting-précipitate was
filtered off,washed with wéter,and dried in vacuo fo give

a white solid (0.2g). Elemental analysis showed that the
prbduct was é mixture of tetranitro-2,3-dimethylnaphthalenes.
" (Found: C,42.9; H,2.3; N,16.3. CjoHgN,Os requires C,42.9;
H,2.4; N,16.7%). The NMR spectrum of é sample of the
product in CDClS showed that it was a ca 70:30 mixture of
1,5,6Q8-tetranitro-2,3-dimethylnaphthélene(23) and 1,5,7,8~
tetranitro-2,3-dimethylnaphthalene(24); 1(23) 1.40(1H,s),
1.60(1H,s),7.43(3H,s) and 7.54(3H,s); +t(24) 1.23(1H,s),
2.18(1H,s),7.35(3H,s) and 7.43(3H,s). Aftempts were made
to separate thé mixture by column chro@atography. Howeyer,
the products proved inseparable due to decomposition on

the various stationary phases used.

(x) Synthesis of 1,4,5;6,8—pentanitro-213-dimethylnaphthalene

‘Nitric acid (d1.42;1ml) was added to a solution of (22)(0.13g)
in sulphuric acid (<11.84;1061). The mixture was stirred
at 50°for 2h,and then poured onto crushed ice (50g). The
resulting precipitate was filtered off,washed with water,

and dried Zn vacuo to give 1,4,5;6,8—pentanitrb-2;3-dimethyz;
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naphthalene(25)(0.05g,34%),m.p.175°. (Found: C,37.2;
H,2.4; N,17.8. C,,H;Ns0y9 requires C,37.8; H,1.8; N,18.4%);
t(CDCls) 0.81(1H,s),7.29(3H,s) and 7.36(3H,s); m/e 381 (M').
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1.3 The Synthesis of Nitro-1,5-Dimethylnaphthalenes

(A) Nitro-1,5-Dimethylnaphthalenes Prepared by Direct Methods

1.3.1 4,8-Dinitro-1,5-Dimethylnaphthalene

Nitratien of 1,5-dimethylnaphthalene(26) using
fuming nitric acid/1,2-dichloroethane éave 4—nitro-1,5-
dimethylnaphthalene(27) in greater than 98% yield. Nitration
of the latter compound using an excess of fuming nitric
acid in 1,2-dichloroethane resulted in the substitution'
of a second nitro éroup into the aromatic nucleus and, aé
far as could be determined by NMR spectroscopy, 4, 8 dlnitro-

1,5~ dimethylnaphthalene(ZS) was the sole product.

1.3.2 4,6-Dinitro-1,5-Dimethylnaphthalene

| 4,6-dinitro-1,5-dimethylnaphthalene(29) has one
'nitro'group para to the l-methyl group,and one nitro group
ortho to the 5-methyl group. The synthesis of this compound :-
was therefore aehieved by the nitration of 4-nifro-1,5-
dimethylnaphthalene using nitric acid in acetic anhydride,
a reagent which has the characteristic of inserting nitro
groups ortho as well as para to a methyl group in an
aromatic ring. A mixture of 4,8-dinitro—i,5-dimethy1—
naphthalene and 4,6—dinitro-1,S-dimethylnaphthalene was
obtained in a ratio of ca 3:1. A discussion of the isomer
proportions obtained in this reaction is given in Chapter 3.

1.3.3 2,4,8-Trinitro-1l5-Dimethy1naphtha1ene

Nitration of either 4,6-dinitro-1,5-dimethyl-
naphthalene or 4,8-dinitro-1,5—dimethy1naphtha1ene using
the calculated amount of nitric acid in sulphuric acid for
conversion to the trinitro stage produced 2,4,8-trinitro-

1,5-dimethylnaphthalene(30). Only one trinitro product
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is possible from the nitration of 4,8-dinitro-1,5-d1methy1-.
naphthalene,but in the case of 4,6-dinitro-1,5-dimethyl-
naphthalene it might be expected that 2,4,6-trinitro-1,5-
dimethylnaphthaleﬁe would be formed in addition to 2,4, 8-
trinitro-1,5-dimethylnaphthalene. Howéver,the NMR spectrum
of the product indicated that only the latter compopnd was

present. Obviously nitration at the position ortkho to the

CHs
CHs NOs
/27
NO> CHs CHB
ON
CH; NO, CHz NO>
(28) N\ Y (29
NO, CHj
NO»
CHs NO,
(30)
NO, CH3 - |
NO>
ON
CHs NO,
(31

Fig.1.3.1 Synthetic route for' the preparation of 2,4,6,8-
tetranitro-1,5-dimethylnaphthalene.
i' 3 L .
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l-methyl group in 4,6-dinitro-1,5-dimethylnaphthalene is
much slower than nitration at the position per? to the
l-methyl group,probably partly due to steric effects.

1.3.4 2,4,6,8-Tetranitro-1,5-Dimethylnaphthalene

2,4,6,8-tetranitro-1,5-dimethylnaphthalene(31)
was prepared by the nitration of 2,4,8-trinitro-1,5-dimethyl-
naphthalene using nitric acid in sulphuric acid,and by the
nitration of-4—nitro?l,5-dimethy1naphtha1ene using an encess
of nitric acid'in éulphuric acid. The steps postulated  |
for the latter reaction are shown in fig.1.3.1.

(B) Nitro—l,5—Dimethy1naphtha1enes Prepared by Indirect Methods

1.3.5 3-Nitro-1,5-Dimethylnaphthalene

' Nifro derivatives of 1,5-dimethylnaphthalene
‘containing a nitro group substituted meta to a methyl group
cannot be synthesised by direct nitratinn methods. To date
only ortho and éara nitro derivatives of 1,5-dimethy1-
naphtﬁalene have been reported in thelliteratureg“. The
synthesis of 3—nitro—1,54dimethy1naphtha1ene(36) was
achieved by first reducing 4—nitro—1,5-dimethy1naphthalene
to 4—amino—1,5—dimethy1naphtha1ene(32). lThis laﬁter compound
was formylated to give 4-formamido—1,S}dimethylnaphthalene(335.
The formamido group directs nitro groups ortho to itself |
when nitric acid in acetic anhydride is used as the nitration
- medium,and this effect is stronger than the brtho/para
‘directing effect of fhe methyl group in the same ring. Thus
nitration of 4-formamido-1,S—nimethylnaphthalene yielded
4-formamido-3-nitro-1,5-dimethylnaphthalene(34),hydrolysis
of which gave 4-amino-3-nitro-1,5-dimethylnaphthalene(35).

Removal of the amino group of -the latter compound via
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diazotisation yielded 3-nitro-1,5-dimethylnaphthalene.

1.3.6 2,4,7-Trinitro-1,5-Dimethylnaphthalene

The synthesis of 2,4,7-trinitro-1,5-dimethyl-
naphthalene(38) wés achieved by the nitration of 3-nitro-
1,5-dimethylnaphthalene using the calcﬁlated amount of
nitric acid in sulphuric acid for conversion to thg
trinitro stage. A small quantity of a dinitro product,
identified as 4,7-dinitro-1,5-dimethylnaphthalene(37) wés
also obtained;and Qas.separated from the main product By |
column chrbmatography. There was no trace of the ortho
substituted product,3,6—dihitro—1,5-dimethy1naphthélene,
and it must be concluded that nitration under these conditions
océurs preferentially at the position para to the 5-methyl
' group‘in 3-nitro-1,5-dimethylnaphthalene.

An attempt was made to nitrafe 2,4,7—tr3nitro-
1,5-dimethy1naphtha1ene in forcing conditions uéiﬂg fuming
mixed'acids,in order to obtain tetranitro- and pentanitro-
1,5-dimethylnaphthalenes. However,this was found to result
in the oxidation of the methyl groups.

1.3.7 Experimental Section

(Z) Synthesis of 4,8-dinitro—1,5-dime£hylnaphthalene }
1,5—dimethy1naphthaiene(26)(lg) ﬁas dissolved iin 1,2—dichloro-
ethane (50ml),and nitric acid (111.50;0.8m1) added dropwise,

- with stirring;over a period of 15 min,the reéction being
‘cooled in an ice-bath. After standing at 20° for 1lh, the
reaction mixture was washed Qith water (2 x 50ml),dried

with magnesium sulphate,and the solvent removed to yield
4-nitro-1,5-dimethylnaphthalene(27)(1.2g,93%),m.p.62°

(11t.m.p.§2-3°9").' (27)(0.5g) was dissolved in 1,2-dichloro-
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ethane (50ml),and nitric acid (c11.56;1m1) added dropwise,'
with stirring,over a period of 10 min,the reaction being
cooled in an ice-bath. The mixture was allowed to stand

at 20° for lh,and'then washed with water (2 x 100ml),dried
with magnesium sulphate,and the solvenfvremoved‘to yield

a yellow solid (0.6g). Recrystallisation from benzene
afforded 4,8-dinitro-1,5-dimethylnaphthalene(28)(0.55g,89%), .
" m.p. 171° (long needles). (Found: C,58:2; H,4.3; N,11.3.
ClﬂﬁoNﬂl’ requires C,58.5; H,4.3; N,11.4%); r(CDCl ) 2. 1

and 2.5(4H,ABq,JAB8Hz),7.4(6H,s), m/e 246 (M ).

(i1) Synthesis of 4,6-din£tro-1,5—dimethylnaphthalene

4-nitro-1,5-dimethylnaphthalene (1g) was dissolved in

acetic anhydride(50m1),and nitric acid ( d1.50;2ml) added

' dropwise,with stirring,over a period of 0.5h,the reaction
mixture being cooled in a ice-bath. - After standing at 20°
for 2h,the acetlc anhydride solution was hydrolysed by
pouring into water (200ml),and the solid product (0.6g)
collected. Column chromatography gave two yellow bands,
which were removed as individual fractions. Evaporation

of the first fraction to dryness gave (28)(0 26g,21%).
Evaporation of the second fraction to dryness gave 4,6~ dznttro—
1,5—dzmethylnaphthalene(29)(0.08g,7%),m.p.165 . (Found:
C,58.6; H,4.0; N,11.1. C;,H;,N,0, requires C,58.5; H,4.1;
N,11.4%); t(CDCls) 1.9 and 2.15(2H, ABq, J,,9Hz),2.1 and
2.25(2H,ABq,J, , 7Hz),7.20(3H,s),and 7.50(3K,5); m/e 246 oy,

(iii1) Synthesis of 2,4,8-trinitro-1, 5-dimethylnaphthalene

(a) Nitration of 4,8-dinitro-1,5-dimethylnaphthalene -
(28)(0.4g) was dissolved in sulphuric acid (d1.84;10ml),

and nitric acid (d1.42;0.1ml) added. The mixture was
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stirred at 20°for 0.5h,and then pouréd onto crushed ice

(20g). A white solid was obtained which upon recrystallisation
from glacial acetic acid yielded 2,4,8-trinitro-1,5-dimethyl~
naphthalene(30)(0.32¢g,67%),m.p.220°. (Found: C,49.6; H,3.1;
N,14.7%. C,,HoNsOs requires C,49.5; H,3.1; N,14.4%); t(CDClj)
1.8(1H,s),1.9 and 2.3(2H,ABq,JéB7Hz),and 7.35(6H,s); m/e 291(M+).
(b) Nitration of 4,6-dinitro-1,5-dimethylnaphthalene =
(29)(0.1g) was dissolved in ‘sulphuric acid (cil.84;10m15,

and nitric acid (d1.42;0.025ml) added. After stirring at

20° for 0.5h,the mixture was poured onto crushed ice (20g),

and the product collected (0.09g,76%). The NMR spéctrum

of the product indicated that only 2,4,8-trinitro-1,5-dimethy1-
néphthaleng Qas present; there was no evidence for the

~ formation of 2,4,6-trinitro-1,5-dimethylnaphthalene.

(tv) Synthesis of 2,4,6,8-tetranitro-1,5-dimethylnaphthalene -
(a) Nitration §f 2,4,8-trinitro-1,5-dimethylnabhthalene -
(30)(0.3g) was dissolved in sulphuric acid (d1.84;5ml),

and nitric acid (d1.42;0.4ml) added dropwise. After

stirring at 20° for 1h,the reaction mixture was poured onto

ice (20g),and the solid product collected Recrystallisation
from glacial acetic acid gave 2,4,6,8~tetranitro-1,5-dimethyl-
naphthalene(31)(0.31g,90%),m.p.239 (rhomboidal crystals).
(Found: C,42.9; H,2.5; N,16.2. Cj,HgN,0p requires C,42.9;
H,2.4; N,16.7%); 1(CD3COCD;) 0.8(2H,s) and 7.50(6H,s);

‘m/e 336 (MV). |

(b) Nitration of 4—nitro-1,Sfdimethylnaphthalene - (27)(0.2¢g)
was dissolved in sulphuric acid (d1.84;5ml),and nitric acid
(d1.42;0.5ml) added dropwise. After stirring for 3h at

20°,the mixture was poured onto crushed ice (20g),and the
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solid pfoduct collected. Recrystallisation from glacial
acetic acid gave (31)(0.21g,88%),m;p.239°.

(v) Synéheéis of 3-nitro=-1,5-dimethylnaphthalene

4-nitro-1,5-dimethylnaphthalene (6.2g) was dissolved in
95% ethanol (100ml),and refluxed with Hydrazine‘hydrate
(20ml) in the. presence of 10% palladium on charcoal (0.1lg)
‘for 5h. Hot filtration, followed by cooling,yielded 4-amino- .
1,5-di@ethylnaphthalene(32)(5.1g,90%),m.p.55°. (Found:.
C,83.7; H,7.6;.N,8:2.- C;,H;3N requires C,84.2;_H,7.6;.
N,8.2%). (32)(5.1g) was dissolved in 90%'formic acid (1om1),
and refluxed for 1h. On céoling,4-formamido-1,5-dimethyl-
naphthalene(33) precipitated,and was filtered off,washed
wifh water,and dried, (5.3g,89%)m.p.140°. (Found: C,77.8;
'H,6.1; N,7.4. C,ql,sN0 requires C,78.4; H,6.5; N,7.0%).
(33)(5.3g) was dissolved in acetic_anhfdride (25ml) and
acetic acid (25ml1). To this solution was added‘nitric acid
( d1.42;1.7m1) with stirring and cooling in an ice-bath.
After standing for lh,thé solution was hydrolysed in water,
and the fawn-coloured product collected. Recrystallisation
from 95% ethanol gave 4-formamido—3-nitr5-1,5-diﬁethyl-
naphthalene(34)(3g,46%),m.p.156°. (Fqﬁnd: C,63.5; H,4.8;
N,11.3. C;3H;2N503 fequires C,63.9; H,4.9: N,;11.4%). (34)
(3g) was refluxed in a mixture of methanol'(30m1) and
hydrochloric écid (c11.18;5m1) for 2h. On cooling and
‘neutralising with N sodium hydroxide (300ml), ¢-amino-3-nitro-
1, 5-dimethylnaphthalene(35) was obtained (2.2g;83%),m.p.129°.
(Found: C,66.4; H,5.5; N,13.0. Cj,H;,N,0, requires C,66.7;
H,5.6; N,13.0%). (35)(2.2g) was dissolved in acetic acid

(50ml) to which was added a solution of sodium nitrite (3g)
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in sulphuric acid (d1.84;10ml). Affer standing for 0.5h,

the red diazonium solution was poured into a mixture of
ferrous sulphate (15g),water (200ml) and ethylene glycol
(50ml). A brown solid (0.9g) was obtained which was

column chromatographed to give 3-nitrd—1,5-dimethylnaphthalene
(36)(0.38g,19%),m.p.92°. (Found: C,72.0; H,5.9; N,6.7.
C12H;1NO, requires C,71.6; H,5.5; N,7.0%); T(CCIH)41.3O-2.60,
(5H,m) and 7.20(6H,s); m/e 201 (M"). |

(vt) Syntheszs of 2,4,7-trinitro-1, 5- dzmethylnaphthalene

(36)(0.28g) was dissolved in sulphuric acid (¢11.84;10m1),
and nitric acid (c11.42;0;18m1) added,with stirring. The
reaction mixturg was allowed to stand at 20°for lh,and then
pdured onto érushed ice (20g). The product was filtered

off, washed with water,and dried (O. 22g) Column chromatography
of the product gave two yellow bands one strong and one
weak,which were removed as individual fractlons Evaporation
of the first fraction to dryness gave 2,4,7-trinttro-1,5~-
dimethylnaphthalene(38)(0.17g,42%),m.p.169°. (Found: c,49.3{
H,3.5; N,14.6. C;,HgN30¢ requires C,49.5; H,3.1; N,14.4%);
1(CDC13) 0.8 and 1.55(2H,ABq,JABZHz),1.70(1H,s),6.98(3H,s)
and 7.30(3H,s)} m/e 291 (M ). Evapo;ation of the second
fraction to dryness gave ¢,7-dinitro-1,5-dimethylnaphthalene
(37)(0.008g),m.p.146°. (Found: C,58.0; H,4.2; N,11.3.
CioH;oN,0, Tequires C,58:5; H,4.1; N,11.4%); <(CDCls) 1.55
and 2.30(2H,ABq,J,, 2Hz),2.00 and 2.81(2H,ABq,JAB7Hz),7.18
(3H,s),and 7.40(3H,s); m/e 246 (M%).

Attempted further nitration of 2,4,7-trinitro-1,5-dimethyl-
naphthalene - (38)(0.1g) was dissolved in sulphuric acid
(d1.90;5ml),and nitric acid (d1.50;2ml) added. The mixture
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was maintained at 50°for_1 month,and then poured onto
crushed ice. A small quantity of solid product was obtained,
the infrared spectrum of which suggested that oxidation

to acids or hydroxy-compounds had taken place. .
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Chapter Two. Reactions of Base
‘with Nitro-1,5-Dimethylnaphthalenes

and Nitro -2,3-Dimethylnaphthalenes

2.1 Introductory Survey.
2.2 Reactions of Base with Nitro-2,3-Dimethylnaphthalenes.
2.3 Reactibns of Base with Nitro-1,5-Dimethylnaphthalenes.

2.4 Interactions of Weak Lewis Bases with Nitro-1,5-

Dimethylnaphthalenes and Nitro-2,3-Dimethylnaphthalenes.
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2.1 Introductory Survey

2.1.1 Meisenheimer Complexes

It is well known that nitroaromatic compounds
will react with béses to yield highly coloured solutions,
and indeed investigations into these réactions have been

in progress since the late nineteenth century!00,101, In.
1900, Jackson 192 jsolated solid products.from the reactions
of alkqxides with alkyl picrates,and proposed that the
products possessed ''quinoidal'" structures resulting fram

~addition at the l—bosition,as in I (fig.2.1.1).

R0, ,OR"

R',R" = alkyl

NOSK*

Fig.2.1.1
Such structures were preferred to those resulting from
addition of an'alkoxy'group at a nuclear site occupied
by a nitro grdﬁploior from the abstraction of a nuclear
hydrogen atom10%, Confirmation of Jackson's structure
was obtained in 1902 by Meisenheimerloﬁwho'obtained the
same product from the reaction of ethoxide with methyl
"picrate as from the reaction of methoxide with ethyl picrate.
This class of complex,in which two alkoxy groups are
substituted at a single site in a cyclohexadienate ring,
subsequently became known as '"Meisenheimer complexes",

though this name is now used to describe all anionic sigma-
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complexes. These complexes are of great significance as
they are formally analagous to the "Wheland intermediates"
involved in nucleophilic aromatic substitution.

2.1.2 Methods of Investigating Meisenheimer Complexes

(a) Ultraviolet-Visible Spectroscopy

It is a characteristic of Meisenheimer complexes
that their solutions absorb light strongly in the Visib;e
region: The reactions of 1,3,5-trinitrobenzene and some
l-substituted 2,4,6-trinitrobenzenes with bases have béen
investigated,and the ultraviolet-visible épectra of the
resulting systems comparedi°&“1“. The transitions.which
result in the absorption of light in the visible region
haQe been attributed to charge-transfer between the ring
and the nitro groupsll!sand consequently the forms of the
spectra are dependent upon the extent of delocalisation
in the ring systems. For example,tbe spectrum of the 1:1
compléx of 1,3,5-trinitrobenzene with hydroxide ion (II)
consists of two peaks at Aps, 445 and 485nm !16, On increasing
the concentration of base to yield a 2:1 complex (III),
the spectrum changes to one containing a single peak at
Amax 500nm!16 .  Finally,on increasing the base concentration
.to yield a 3:1 compiex (IV),no visible absorption can be
observed !17, The stages in the addition of hydroxide ion
are shown in fig.2.1.2. The observatiohs wifh regard to
'peak maxima have been shown to be consisteﬁt with H.M.O.
calculations !18, Thus in II,there is extensive delocalisation,
and two visible maxima would be predicted. In III,only one
peak would be expected,the delocalisation being less than

in II. 1In IV theré is no deldpaiisation in the ring,and
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Fig.2.1.2

no visible maxima would be expected as the C=NO, chromophore
only gives rise to absorption in the ultraviolet rggion.

Visible spectroscopy provides a ready means of
indicating that. a Meisenheimer complex is present in a
sélution because the spectra of most 1:1 complexes are very
simiiar,consisting of two distinct maxima in the visible
region,the molar extinction coefficient of the longer
wavelength band being about half that of the shorter wavelength
bandlig. However,the positions of the maxima,and their
molar extinction coefficients,are dependent upon thevsolvent
systems used. Thus the spectrum of the Meisenheimer complex
resulting from'attack'of methoxide ion at the 1l-position
in anisole consists of two peaks at Apay 414 and 487nm,with
molar extinction coéfficients in a ratio of 1.44:1,when
recorded in methanol solution!20, . On changing the solvent
to tetrahydrofuran,the peaks appear at 407 ahd 504nm,with
‘molar extinction coefficients in a ratio of 1.19:1120,
There does not seem to be any simple way of correlating
these effects with any singlé physical property of the

solvent.

- —
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(b) Nuclear Magnetic Resonance Spectroscopy (NMR)

NMR spectroscopy has proved to be of considerable
importance in the investigation of Meisenheimer complexes.
It is fair to sayvthat since 1964,when NMR spectroscop&
was first applied to the study of Meisehheimer cémplexés,
more work has been done on the subject than had been
accomplished in the previous 80 years. This is because
proton NMR spectroscopy gives information about the |
environment of_hydrégen atoms in a complex,and thus pro%idés'
structural information directly,unlike-visible spectroscopy,
which can only indicate thé class of complex presenf,e.g.
1:f,1:2,1:3,and cannot distinguish complexes of the same
tybe.' Thus attack of a nucleophile at a ring position
'occupied by a hydrogen atom or a substituent containing
hydrogen atoms,e.g.methoxy,will result in an upfield shift
in the position'of resonance of the hydrogen atdm or atoms
concerhed. For example,the position of resonance of the
methoxy protons in 2,4,6-trinitroanisole (DMSO solvent)
moves from t5.93 to 16.97 on addition of methoxide ion at
the 1-position!?!, This upfield shift is'due fifstly to
a change in hyﬁridisation of the ring éarbon atom from sp?
to sp3,and secondly'to an increase in electron density
resulting from the addition of an electronédonating species
~at that carboﬂ atom.

Investigations of Meisenheimer complexes by NMR

© spectroscopy are experimentaliy simple, the reactants being
mixed directly in the NMR sample tube. However,the

. concentrations required for NMR measurements are considerably

higher than those required for visible spectroscopy,which
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could result in different types of products being formed

in each case,e.g.n-complexes where the concentrations of

the reactants are low,and o-complexes where the concentrations
of the reactants are high. This was not found to be the
‘case,however ,when the NMR and visible épectra of 1,3,5-
trinitrobenzene/aliphatic amine systems were recorded
simultaneously over a range of concentrations!?2,123 . 1t

was de@uced from the results that the species giving riée

to the spectra weré the same in each case. . |

(c) Infrared Spectroscopy

Unlike NMR spectfoscopy,infrared spectroécopf
does not readily yield structural information about a
cohplex. Infrared spectroscopy is of more use as a means
- of chéracterising a complex,as in the case of visible
spectroscopy. The spectrum of the'product of the reaction
of 2,4,6-trinitroanisole with methoxide ion feafures
strong bands characteristic of a ketal-type compound !2%4,
i.e. one in which two alkoxy groups are substituted at the
same saturated carbon atom. This clearly indicates that
a Meisenheimer complex- is obtained rathef than a charge-
transfer compléx,for whichlno such bands would be observed.
Further evidence for the formation of a Meisenheimer complex
may be obtained from the characteristic abéorptions of the
nitro group. The addition of a nucleophile to the nucleus
of a nitroaromatic'compound results in a paftial transfer
of a negative charge to the nitro groups,which increases
the bond order of the C-N bonds and decreases the bond
order of the N-O bonds !25, Therefore it would be expected

~that the frequenciés of the symmétric and asymmetric stretch’
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modes of the nitro groups would be decreased on formation
of a Meisenheimer complex. This is found to be the case.
Thus for 2,4,6-trinitroanisole,the N-O symmetric stretching
frequency decreased from 1343 to 1291 cm™!,and the N-O
asymmetric stretching freduency decreaéed from 1552 to

1492 cm~! on reaction with methoxide ion!26 ,

2.1.3 Reactions of Base with 1,3,5-Trinitrobenzene and

1-Substituted 2,416-Tfinitrobenzenes
(a) Alkoxides

The isolation of a solid producf by the action
of methanolic potassium hydroxide on 1,3,5-trinitr6benzene
was first described in 1895 127, The visible spectrum of
this product suggested that a 1:1 anionic sigma-complex
had béen produced,and a structure (V) was proposed for

the product (fig.2.1.3).

H OMe
O,N NO,

K,'"
NO5
AYA

Fig.2.1.3
‘The reaction between 1,3,5—tpinitrobenzene and methoxide
ion has also been investigated by NMR spectroscopy!?!,128,
When DMSO is used as the solVent,the spectrum of an
equimolar mixture of the two reactants corresponds exactly

with structure V above 121, When an excess of methoxide is
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present,the spectrum is found to be consistent with the

formation of a di-methoxide adduct28(VI - fig.2.1.4).

H OMe

05N NO2
H
P4()2 OMe

Vi

Fig.2.1.4
When acetone is used as thé solvent,the 1:1 adduct formed
initially (V) undergoes solvolysis to yield an acetonate
adduct128 (VII - fig.2.1.5).

H CH,COCH;
0N~ NOs

NO>
VI

Fig.2.1.5

The reaction of alkoxides with 2,4,6-trinitro-
anisole has rgceived considerable attentioh since
Meisenheimer's pioneering work in the’eérly i900's.
'Meisenheimer proposed that the reaction of.ethoxide ion
with 2,4,6-trinitroanisole produced a C-1 adduct !25(VIII -
fig.2.1.6). Proof of this structure was provided by the
production of a compound haying the same visible spectrum

as VIII from thelréaétion of methoxidg ion with trinitro-
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phenetole 105, However,it was pointed out that products
having either two methoxy groups or two ethoxy groups | ‘
located at the 1-position,which might have been formed by
disproportionation,have almost identical spectra to
Meisenheimer's product,and hence the use of visible spectra
aé proof of structure is meaningless here 129, Although
infréred spectra have tended to confirm the Meisenheimer
structurel30,131 it was not until 1964 that really
conclusive evidence was obtained by the introduction of
NMR spectroscopy. The spectrum of the product of the
reaction of methoxide with 2,4,6-trinitroanisole wasAfound
to consist of only two peaks,in an integral ratio of 1:3,
corresponding to structure X121(fig.2ﬂ1.7). Had attack
of methoxide ion taken place at a ring site occubied by
a hydrogen atom,thén the two ring hydrogen atoms would
have become qon—equivalent and would have.coupled. This

latter species (IX) was later shown to be present as a

" short-lived transient species,which rearranged to the

thermodynamically more stable form (X) !32, At higher
methoxide concentrations,fufther attack appears to take
place to give a 2:1 adduct where methoxy groups have

added at the 1-vaﬁd 3-positions 133,
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Fig.2.1.7 ’

The reactions of alkoxides with 1-amino-2,4,6-
trinitrobenzene (picramide) have been shown to be différent
to the corfespondihg reactions with trinitroanisole.
Rather than attack taking blace at the 1-position,&hich
had been suggested !3% attack of methoxide takes place at
thé 3-position to give XI!33(fig.2.1.8). This is clearly
' indicéted by the NMR spectrum,which shows a doublet of
doublets for the ring protons!33. In addition,proton
abstraction of an amino group proton t#kes place to give

the conjugate base of picramide!33 (XII).

NH, ~NH
0N NO, 0N NO,
~-H
NO> OMe NO,
XT - - XIL
Fig.2.1.8

The proportions of adduct (XI) and conjugate base (XII) in
the product mixture were found to be 80% and 20% respectively,

in DMSO solvent!35, When ethoxide was used,the proportion

of adduct was less than for methbxide,and when tert-butoxide’
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was used,only the conjugate base was formed,suggesting
that the bulkiness of the attacking species governs the
proportion of adduct formed 118,

(b) Aliphatic Amines

It is important to distinguiéh between the
reactions of trinitrobenzene and its derivatives with
aliphatic amines and the reactions with aromatic amines.

The former give rise to direct chemical reactions,whereés
the 1at£er usﬁally éive rise to weakly bonded charge-
transfer complexes 136,137

The actual form 6f the interaction betweeh 1,3,5,~-
trinitrobenzene and aliphatic amines has always been in
doﬁbt. The higher electrical conductivity of these systems
‘was taken to indicate that a single electron-transfer
reaction had taken place to yield a trihitrobenzene radical
anion!37 jand waé supported by the detection of Weak electron
spin resonance signals 138, It was a1s§ suggested that
abstraction of a ring proton could take place in certain
circumstances,e.g.the reaction of 2-amino-ethanol with
1,3,5-trinitrobénzene !3%3, From kinetic ahd calorimetric
measurements of the reaction of diethyiamine with 1,3,5-
trinitrobenzene,it was established that a stoichiometric
ratio of 2 equivalents of amine to 1 equivalent of nitro-
_aromatic was involvedl“O; It was shown that the visible
spectrum of the system,in either polar or non-polar solvents,
was similar to the spectra of‘1:1 alkoxide/1,3,5-trinitro-
benzene systemsl®1:14%2  This indicated that a Meisenheimer
‘ COmplex had been formed via attack at the l-position to

give a zwitterion (XIII) followed by proton abstraction

e
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to give species XIV (fig.2.1.9).

+
H  NHEt,

O,N NO5 O,N NO5

+ 2HNEt> + HNEt,

NO _
NO;
H o New ¥ X

N NO +
> °  +NH.EL,

NO,
XIV

Fig.2.1.9
This conclusion is supported by NMR ‘evidencel"3. 1In protic
solvents such as ethanol the stoichiometry of the 1,3, 5~
trinifrobenzene/amine systems has been found to be 1:1,
but this has been attributed to attack of ethoxide on the
nitroaromatic to give 1:1 ethoxide complexesl108,137  1p
chloroform,3:1'nitroaromatic/amine stoicﬁiometriés have
been observed;#nd have been attributed.to solvation of the
complex formed from'a 2:1 interaction by an extra molecule
of amine 108,1%%  When acetone is used as sdlvent,the
formation of the Meisenheimer complex takes blace as above,
‘but it is then subject to solvolysis,the amine group being
replaced by an acetonate groupl32, However,further reactions
also take place. For examblé,the trinitrobenzene/diethyl-
amine system produces N,N-diethyl-4-nitroaniline as one

of many final products 145,
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2,4,6-trinitroanisole appeafs to react with
diethylamine in DMSO to give an adduct resulting from attack
at the l-position 133, However,these conclusions are open
to doubt,and it has been suggested that a diethylmethyl-
ammonium picrate may be formed insteadile. Picramide does
not appear to.react with aliphatic amines in DMSO to give
amine adducts 133,146,

(c) Sulphite Ion

Although.sulphite ion is a weak nucleqphile,if
will form Meisenheimer complexes with‘1,3,5-trinitrobenzehe
and its derivatives. It was discovered at an early stage
that 1,3,5-trinitrobenzene would dissolve in dilute aqueous
soiutions of sulphite ion to give red-coloured solutions
~from Which the nitroaromatic could be recovered by
acidification,provided the solution was.reasonably freshl%7 .
It was later found that solid crystalline produéts could
be isdlated having a stoichiometry of two equivalents of
sulphite to one equivalent of 1,3,5-trinitrobenzenel“® .,

If aqueous solutions of these solids were allowed to stand
for long periods,phenols were obtained. ‘The visible spectra
of solutions of the complexes were fouﬁd to be consistent
with 1:1 Meisenheimer complexes 149,150 which changed to
spectra consistent with 2:1 compiexes on addition of

further amounés of sulphite ionl5! ., Similar conclusions
‘were obtained from NMR studies!5!, It was suggested that

a range of adducts is formed in aqueous solution as the
concentration of sulphite ion is increased,i.e.1:1,1:2 and
1:31!%8, This may be compared to the reaction of hydroxide

ion with 1,3,5—trihitrobenzene (see above).



- 61 -

Sulphite ion reacts with 2,4,6-trinitroanisole
to give a product resulting from addition at the 3-positionl!S!,
At higher sulphite concentrations,addition of sulphite also
takes place at thé 5-position. These results have been
confirmed by NMR and visible spectroscépy‘SK Similarly,
sulphite ion reacts.with picramide to give adducts of

1:1 and 2:1 stoichiometry!S!,

2.1.4 Reactions of Base with Nitro and Polynitrotoluenes

(a) Nitro and Dinitrotoluenes

The treatment of o- and p-nitrofoluenes with a
variety of strong bases haé been found to produce coupled
products together with other products resulting from
oxidation of the methyl group. As long ago as 188015%fhe
‘reaction of p-nitrotoluene with methanqlic alkali was
observed fo produce insoluble products similar to those
obtained from the attempted reduction'bf p-nitrotoluene
using’sodium in methanol15%3, Eventually,p,p'-dinitro-
bibenzyl and p,p'-dinitrostilbene were isolated from the
product mixture and identified!5*. Green and his co-workers
reacted a number of ortho-substituted p-nitrotoluenes,
including 2,4-dinitrotoluene,with methanolic potassium
hydroxide, and obtaiﬁed the corresponding substituted
p,p'-dinitrobibenzyls and p,p'-dinitrostilﬁenes155-“”:157.

. The synthesis of p,p'-dinitrostilbene'ahd p,b'-dinitro-
bibenzyl from p-nitrotoluene in methanolic élkali has been
well studied,and it has been found that the most efficient
process involves the passage'of oxygen through the reaction
mixture 158, The mechanism for this reaction is believed

to be an oxidative'cohpling,simiiar to Glazer éoupiing of
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alkynes,in which abstraction of a proton from the methyl
group takes place to form an ion stabilised by the para-
nitro group,which can then form a free radical. The

following scheme has been proposed by Tsuruta et aqll%9 ;-

(NO,)RCH3 + KOH ~— (NO;)RCH, K' + OH'

(NO,)RCH, K' — (NO)RCH,' + OK'

(NO)RCH,* + O, — (NO,)RCH,® + O

(NO,)RCH, K* + 0, — (NO,)RCH," + O,K

(NOZ)RCHQ' .— Coupled products
where R represents the (CgH,) species.

Sodamide in piperidine has been used to obtain
p,p'-dinitrobibenzyl from p-nitrotoluene,and o,o'-dinitro-
bibenzyl from.o-nitrotoluene15°. The latter synthesis
"has also been accomplished using diphenylamide in liquid
ammonia €1, Russell and Janzen haye~stﬁdied the reaction
of p—nitrotolueﬁe with a solution of potassium fert-butoxide‘
in teri-butanol in the absence of oxyéen,a process which
gave good yields of p,p'-dinitrobibenzyl rather than
p,p'-dinitrostilbenel®2 ., They found that paramagnetic
species were generated,and obtained evidehce from the ESR
spectra of the species that the reacti§n proceeds via the
disproportionation of the p-nitrotoluene radical :-

4CH3CgH,NO, — 2CH3CéHgN02; +

. p,p'-dinitrobibenzyl
‘This mechanism suggests that it should be possible to
increase the yield of p,p'-dinitrobibenzyl by the addition
of an electron acceptor,e.g.nitrobenzene,and this was

indeed found to be the case 163,
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(b) 2,4,6-Trinitrotoluene

The reaction of 2,4,6-trinitrotoluene with strong
bases,e.g.hydroxide and methoxide,differs from the reactions
of other 1-substifuted 2,4,6-trinitrobenzenes with bases.
Early workers in the field reported thé preparation of a
solid product. from the reaction of potassium methoxide
with 2,4,6-trinitrotoluene which upon acidification yielded
stilbene derivatives18*, This was taken to indicate thé
formation of a C-1 Meisenheimer complex,but this claim-
has not been confirmed due to the synthesis being apparently
unreproduceable. Later wofkers suggested that the'2,4,6-
trinitrobenzyl ion is formed in strong base conditions 165,
and pointed to the visible spectra of such systems,which
" are not entirely consistent with 1:1 Meisenheimer complexes166,
Unfortunately,conclusive spectroscopic'evidence from NMR
has not been forthcoming because addition of mefhoxide
to a éolution of 2,4,6-trinitrotoluene in DMSO results in
the immediate loss of the spectrum; this has been attributed
to the presence of radical anions 133, The formation of
the 2,4,6-trinitrobenzyl anion has been étrongly‘disputed
by Servis133,wﬁo interpreted the available evidence as .
indicating thgt attack at the 3-position had taken place.
The formation of a benzyl-type anion has béen confirmed by
NMR in the case of 4-nitrobenzyl cyanide,in Which reaction
‘with base yields an anion which is stabilised by the
powerfully electron withdrawing cyanide groupl®? . It
is reasonable therefore to assume that a 2,4,6-trinitro-~
benzyl anion could be formed in which the negative charge

is stabilised by the picryl group. The reaction of 2,4,6-
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trinitrotoluene with sodium hypochlorite has been
investigated on a preparative basis,and found to produce
2,2',4,4',6,6'-hexanitrostilbene (HNS) 168, Evidence for
the involvement of the 2,4,6-trinitrobenzyl anion was
obtained by trapping the intermediate 2,4,6-trinitrobenzy1
chloride,from which it was known HNS could be obtained

by reaction with basel®8 ., Further evidence was obtained
by quenching the reaction immediately after commencement
using deuterated acid (DC1),from which it was observed
that one deuterium atom was incorporated in the methyl
group of 2,4,6-trinitrotoluenel!®®. Further research
demonstrated that the 2,4,6—trinitrobenzy1 anion would
fuhction as a nucleophile,in the reaction of nitroaryl‘

" halides with trinitrotoluene in alkali solution 169,

The reaction of 2,4,6-tr1nitr6toluene with weak
" bases appears to result in the formation of Meisenheimer
complekes due to attack at the 3-position. The visible
spectrum of the 2,4,6-trinitrotoluene/sulphite complex,
having maxima at 465 and 485nm,is entirely consistent with
formation of a 1:1 Meisenheimer complex1“715° The
reaction with cyanide has been studied by NMR spectroscopy,
and attack of the ndcleophile at the 3-position confirmed,
although the complex is very short-lived!?’®. The 2,4,6-

. trinitrotolueﬁe/alkali/acetone system' has been studied by
'visible spectroscopy,and the maxima at 462 and 532nm have
suggested the formation of a Meisenheimer complex resulting

from addition of acetonate ion at the 3-position 171,
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2.1.5 Reactions of Base with Polynitronaphthalenes and

Substituted Polynitronaphthalenes

The reactiohs of polynitronaphthalenes with base
have not received.as much attention as the reactions of
polynitrobenzenes with base. The reacfion of 1,3-dinitro-
naphthalene with either methoxide ion,acetonate ion,or
nitromethyl ion results in addition at the 4-position,
which may clearly be observed by NMR spectroscopy 172,173,
The visible spectra of these systems differ from the |
spectra of comparable 1:1 polynitrobenZené/base adducts
in that they feature only one visible maximum rathér than
two 174, There appears to be no evidence for attack of
baée at the 2-position in 1,3-dinitronaphthalene.

| The reactions of l-alkoxy-2,4-dinitronaphthalene
with base results in addition at the 1-position?e.g.
l-methoxy-2,4-dinitronaphthalene reacts with methoxide ion
to giﬁe a C-1 adduct,as confirmed by NMR spectroscopy }!75.
The visible spectrum of this system features two wideiy
separated maxima,similar to the spectra of Meisenheimer
complexes derived from polynitroanisoles!?5. Ho@ever,
the molar extinction coefficient of the lower energy band
is greater than thaf of the higher energy band,unlike in
the case of polynitroanisoles. Addition of methoxide
at the 3-position in l—methoxy-z,4-dinitronabhthalene has
‘been postulated in certain circumstances,buf not confirmed
by NMR spectroscopy!76, Addition at the l-position has
also been observed for the reactions of either methoxide
or ethoxide with l1-ethoxy-2,4-dinitronaphthalene 175.

Few investigations into the reactions of base
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with methyl substituted polynitronaphfhalenes appear to
have been made. The reaction of base with 2,4,5-trinitro-
l-methylnaphthalene has been investigated only on a
qualitative basis;i.e.the colours of solutions obtained
from various bases were noted®?. No fdrther research
appears to have been undertaken on this type of system.

2.1.6 Charge-Transfer Complexes

(a) Introduction

Charge-trénsfer complexes result from the weak
interaction of electron donors and electron acceptors,in
which a partial tfansfer of electronic charge from fhe_
donor to the acceptor takes place. Electron donors take
thé_form of eitﬁer n-donors,which can donate non-bonding
'eleétfons from lone pairs,e.g.amines,or w-donors,which
can donate electrons from their delocalised T-systems,
e.g.aromatic hydrocarbons. Electron acceptors ére
invariébly electron deficient species. The most common
organic acceptors are the n-acceptors,which include
aromatic systems containing electron withdrawing substituents
such as nitro and cyano groups. Many thebries have been
put forward to exp1ain the bonding in charge-transfer
complexes,the most generally acceﬁted theory being the
valence-bond description of Mulliken!??. This subject
~ has been exteﬂsively reviewed 178,179,180

The subject of charge-transfer complexes is
fairly wide-ranging,and for tﬁe purposes of this work,
reference will be restricted to the n-complexes formed

from n-donors and polynitroaromatic compounds.
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(b) Methods For Investigating Charge-Transfer Complexes

The strength of the interaction between electron
donors and acceptors may by determined in a number of
ways. The interaétions are weak,the enthalpy of formation
being of the order of a few Kcals/mole;‘ It is,therefore,
customary_to express the strength of the interactiqn
in terms of the association constant Kc?” for the
equilibrium . :-

D +.A == DA
where D represents the donor,A the acceptdr,and DA the
complex. KcADis therefore.expressed as |
AD)

[a] [D]

" where [AD],[A] and [D] represent the concentrations of

the reacting species at equilibrium.

Electronic Spectroscopy

Generally,a charge-transfer complex gives an
electronic absorption spectrum which still retains the
absorptions of the components,modified to some extent,
together with absorption bands characteristic of the complex
itself. These latter bands are the reéult of intermolecular
charge-transfer transitions involving electron transfer
from the donor to the acceptor. "The intenéity of the
charge—transfér bands can be used as a measufe of the
‘concentration of the complex in a given solution. By
combining the expression for.the association constant kAP
with the expression for Beer's law,i.e.

Abs _ ¢,*.[aD]

l
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where Abs is the absorption of the charge-transfer band,
. the path length,and eAAD the molar extinction coefficient
at wavelength ),the following expression,known as the

Benesi-Hildebrand equation,was formulatedl81,182 ;.

(4], _ 1 . 1
Abs /1 KCAD.EAAD [D], €y

assuming [D], and [A], are small,and [D], » [A], . Under
these conditions,a plot of [A], /(Abs/l) vs [D];! should
‘ ' AD)_l

be linear with slope UQﬁD.eA and intercept (EAADYJ;-

from which K&2 may be readily determined.

NMR Spectroscopy

. The rates of formation and decomposition of
chérge-transfer complexes are rapid compared to the NMR
~ time écale,and thus any particular proton will resonate
at a frequency which is the time-averaéed resultant of the
frequencies at thch it would resonate in the cbmplexed
and uhcomplexed forms. The NMR spectrum of an acceptor
in solution is shifted upfield on addition of a donor.
If a resonance shifts by AHz for a cqncentration of donor
of [D], ,then it can be shown that the foilowing expression
holds for the'formation of a 1:1 compléx t-

1 _ 1 1 1
AD AOAD'[D]O + , AD

A Kc .

where 8,20 is the chemical shift of the proton in the fully
“complexed form. The value of AOADfor individual protons
will be different,and this p£ovides valuable structural
information about the complex,as the higher the value of

A

4, D,the nearer that proton must be to the centre of the

complex. The above equation was derived by Hanna and



- 69 -

Ashbaugh 183 and is formally analagous to the Benesi-
Hildebrand equation,seen above. However,in practice this

equation is often used in a rearranged form18%:.

A - akAD 4+ A 2P kAP

ol

Provided [D],» [A],,a plot of A/[D], ve 4 should be linear

with slope -KcAD and intercept A‘,AD.KcAD.

(c) Charge-Transfer Complexes Derived from Polynitro-

aromatic Compounds and Aromatic Donors

The complexes formed from the interaction of
1,3,5-trinitrobenzene and é number of aromatic hydfocarbons,
e.g.benzene, toluene,p-xylene,have been studied in
defail by NMR spectroscopy,and the values of A, for the
" acceptor protons compared!85. These values decreased as
the size of the donor molecule increaséd,suggesting that
steric effects govern the strength of the interéction
betweén the donor and acceptor. This conclusion has been
supported by the determination of the association constants
of the complexes formed from hexamethylbenzene and the
three isomeric trinitrobenzenes,which have complexing
abilities in the order 1,3,5->1,2,4->1,2,3- trinitrobenzene‘es-
This order correlates with the increase in steric hindrance
of the nitro groups. Complexes formed froh the interaction
of benzene wiih the six ‘isomeric trinitrotoluenes have
‘been investigated,and evidence for the orientations of the
two components in each system obtained from the values of
A, for each proton 187, In each case the benzene molecule
has béen shown to be sited preferentially over the least

sterically crowded part of the molecule.
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Polynitronaphthalenes have not received as much
attention with regard to charge-transfer complex formation
as have the nitrobenzenoid compounds. The interactions
of the ten isomeric dinitronaphthalenes with N,N,N' , N'-
tetramethyl-p-phenylene diamine have been invespigated,
and the strongest acceptors found to be those having the
greatest number of B-nitro groups,viz 2,7- and 2,6<dinitro-
naphthalenes,as B-nitro groups apparently have higher |
electronegativitieélea. The weakest acceptors were fouhd.
to be those having sterically hindered nitro groups or |
not having any B-nitro groﬁps,i.e.l,S-,l,S- and l,é—dinitro—

naphthalenes.
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2.2 Results and Discussions of Reactions of Base with

Nitro-2,3-Dimethylnaphthalenes

2.2.1 Reactions of 1,6,8-Trinitro-2,3-Dimethylnaphthalene

with Methoxide Ion

The reaction of'1,6,8—trinitfo-2,3-dimethyl-
naphthalene with methoxide ion was performed by dissolving
the nitroaromatic in DMSO-dg,and adding.the calculated
equivalent quantity of sodium methoxide-dz in methanol-dy.
This provided a deuterated system which allowed the -
reaction to be followed by NMR spectroscopyf The NMR
spectrum of 1,6,8-trinitro;2,3-dimethy1naphtha1ene.consists
of two singlets,in the 17-8 region (methyl resonances),
anﬂ one singlet and a doublet of doublets in the t1-3
' regioh (aromatic resonances),as shown in fig.2.2.2a. On
addition of one equivalent of methoxide-d3,one of the
low-field doublets was observed to shift'to the mid-field
regioﬁ,as shown in fig.2.2.2b. This would iappear to be
conclusive evidence for the formation of a Meisenheimer
complex,with a methoxy-dz group attacking the nucleus
probably at the 5-position,to give compoﬁnd 39 (fig.2.2.1),

rather than at the more sterically crowded 7-position.

NO> NO, | - NOZ NO,
CH3 ; CH3
O,N CHs OoN CHs
H OCD5
(21) (39)

" Fig.2.2:1
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On addition of a further equivalent of methoxide-dz,the

peaks disappeared slowly,presumably due to the precipitation

of solid materials.

(a)

d -
0 10«
(b)
| | 1 |
0 - - 101

Fig.2.2.2 (a) Normal spectrum of 1,6,8-trinitro-2,3-
dimethylnaphthalene in DMSO-dg. (b) Spectrum after the

addition of one equivalent of sodium methoxide-dz in

‘'methanol-dy.

The reaction of 1,6,8-trinitro-2,3-dimethyl-
naphthalene with methoxide ion was studied on a preparative

basis by mixing the reactants in equimolar proportions in
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an inert solvent (dichloromethane) under an atmosphere

of dried nitrogen,care being taken to exclude all traces
of moisture. 1In this way,a dark red solid was obtained,
the elemental anaiysis of which showed that a 1:1 complex
had been formed. That this compound wés a Meisenheimer
complex and not a charge-transfer complex was demonstrated
by its properties of (a) being water soluble,hydrolysing
to give the starting material,(b) being explosive when
subjected to rapid heating,and (c) not giving a mass
spectrum,indicative of an ionic species. 'Attempts to
obtain an NMR spectrum faiied because of the insolﬁbility
of the compound .in "inert" solvents,e.g.carbon tetrachloride,
and because of decomposition of the compound (accompanied
by evblution of gas) in polar solvents such as DMSO.

2.2.2 Reaction of 1,4,5,7-Tetranitro-2,3-Dimethylnaphthalene -

with Methoxide Ion

The NMR spectrum of 1,4,5,7—tetranitro-2,é-
dimethylnaphthalene in DMSO-dg is shown in fig.2.2.5a}
Upon addition of one equivalent of sodium methoxide-dz in
methanol-dy the spectrum changed to thatlshown in fig.2.2.5b,
where one of the low-field doublets had shifted to the |
mid-field region. This is consistent with the formation
of the anionic sigma-complex 40a;where theimethoxy—ds group
has attacked the 8-position rather than the é-position (to
‘give 40b) for steric reasons (fig.2.2.3). The NMR spectrum
of the reaction system also showed a set of low intensity
peaks analagous to,and adjacent to,each of the main peaks,
indicating that the complex 40b was also formed,but only

to a very small extent.
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F{ _
D5CO NG, O,
O-N CHj O5N CH,
CH3  D5CO CH,

- NO, NO, H NO, NO,

(40a) (40b)

Fig.2.2.3 _
On addition of a further equivalent of methoxide-d; ion, the
NMR spectrum changed to that shown in fig.2.2.5c. The. |
spectrum suggested that two species were present,one giving
rise to the mid-field resonances and the other giving rise
to the low-field resonances. The species giving rise to
the mid-field resonances was probably the di—methoxy-d%
adduet 41a,which can exist in ec¢7s and trans forms. The trans
form,in which the methoxy-dé groups’' are on oppqsite sides ofl‘
the plane of the ring;probably gave rise to the mid-field
doublets; the c¢is form,in which the methoxy- 3 groups are on,
the same side of the plane of the ring,and may therefore
experience similar environments,probablyAgave rise to the
mid-field singiet. Cis=-trans isomeriem in 1,2 sigma-complex_
adducts has been reported recentlyl94,195, The low-field
resonances could heve resulted from the formation of a neutral
compound,e.g:one in which a nitre.group hed been replaced by
a methoxy—dz group. One such compound'is 4ib (fig.2.2.4).
| However, the spectrum (fig.2.2.5c) could ha?e resulted from
species other than 41a and 41b.

The visible spectrum of the 1:1 complex formed
between 1,4,5,7-tetranitro—2,3-dimethy1naphtha1ene and

methoxide ion in DMSO is shown in fig.2.2.6a. The spectrum
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(a)
L h
0 ' - . ‘ ' 10+
(b)

P
g

() | n

6 ‘ } 10+t
Fig.2.2.5 (a) Normal NMR spectrum of 1,4,5,7—tétranitro-
2,3—diméthy1naphthalene in DMSO-dy . (b) Spectrum after
the addition of One‘equivaient’of methoxide-d3z. (c) Spectrum

after the addition of twojequivalents of methoxide-dg3.
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Fig 2 2.6 Visible spectra of the reaction of ‘1 4 ,9,7-tetranitro-2, 3- dlmethylnaphthalene with
(a) methoxide ion (—) (b) sulphite ion (—--)
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D;CO H “ |
- 2 NO,
ON CHs  p,co CHs
D5CO CH; CHs
H NO; NO 'NO, NO»

(410) | (41b)
Fig.2.2.4
features two peaks,at 414 and 549nm,the molar extinction
coefficients of which.are in a ratio of ca 1:2. This ’
is a feature common to the spectra of other Meisenheimer
complexes based on the naphthalene nucleus !18, |
.The reaction of 1,4,5,7-tetranitro-2,3-dimethyl-
naﬁhthalene with methoxide ion in a 1:2 molar ratio in
'tetrahydrofuran solvent gave a red precipitate which had
the properties of an anionic sigma‘compiex,viz it Was
water soluble,hydrolysed to give the sfarting méterial,
exploded on heating,and did not give a mass spectrum.
The elemental analysis of the product suggested that a 2:1
sodium methoxide/1,4,5,7-tetranitro-2,3-dimethylnaphthalene
complex had been formed. However,the combound decomposed
on dissolving in DMSO-dg,and no satisféctory NMR spectrum
could be obtained. 'ConSequently the structrure of the

compound could not be assigned.

~ 2.2.3 Reaction of 1,4,5,7-Tetranitro~2;3-Diﬁethy1naphthalene

‘with Sulphite Ion

. Dissolution of 1,4,5,7-tetranitro-2,3-dimethyl-
‘naphthalene in a 1M aqueous solution of sodium sulphite
gave a strong red coloration. The coloration intensified

on warming,suggesting that it was not due to a charge-
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Fig.2.2.7 Job plot of the reaction of 1,4,5;7¥tetranitro-2,3—dimethy1néphtha1ene with sulphite ion.
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transfer complex. On acidification,sulphur dioxide was
evolved,and the starting material was precipitated. This
indicated that an anionic sigma complex had been formed,

and this was supported by the visible absorption spectrum
which exhibited two bands at JMpax 410 aﬁd 575nm (fig.2.2.6b),
characteristic of anionic sigma complexes formed from

the reaction of sulphite ion with naphthalene derivatives.
The stoichiometry qf the complex was found to be 1:1 by'
Job's method of continuous variation (fig.2.2.7).

The NMR épectrum of the complex formed between
sulphite ion and 1,4,5,7-tetranitro-2,3-dimethylnaphthalene
is shown in fig.2.2.9b. The change in the spectrum of
the nitroaromatic on addition of sulphite ion is analagous
to thét for the addition of methoxide ?on,indicating that
'the complex probably had the structure (42) shqwn in
fig.2.2.8.

H SO03
NO»
C)2rq (:fi3
CHs
- NO> NO, |

(42)

Fig.2.2.8
However,in contrast to the comparable reaction with
methoxide-d; (sec.2.2.2),no further change in the NMR
spectrum was observed on the addition of a further

equivalent of sulphife ion. Thié probably reflecfs the
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lower basicity of sulphite ion compared to methoxide—d3-ion.

(a)
6 10+
(b)
6 ' : , 10+

Fig.2.2.9 (a) Normal spectrum of 1,4,5,7-tetranitro-
'2,3—dimethy1naphthalene in DMSO-dg. (b) Spectrum
after the addition of one equivalent of 1M sodium sulphite

in deuterium oxide.
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2.2.4 Experimental Section

(i) Reaction of 1,6,8=trinitro~2,3-dimethylnaphthalene

with methoxide ion

NMR Spectrum - 1,6,8-trinitro-2,3-dimethylnaphthalene (0.0291g)
‘was dissolved in DMSO-d, (0.4ml),and the NMR spectrum
recorded (fig.2.2.2a); the aromatic resonances were at 10.58
and 1.05(2H,ABq,JA82Hz),and 1.35(1H,s). 2M sodium‘ﬁethoxide-ds
in methanol-dy (50ul) was added,and the NMR spectrum reéorded
(fig.2:2.2b);.the ﬁew,positions of the aromatic resonances v
were 11.20 and 4.25(2H,ABq,JAB 2Hz),and - 2.38(1H,s). Addition
of a further quantity of méthoxide-d3 ion resulted.in the
loss of the spectrum.

Préparative Reaction - 1,6,8-trinitro-2,3-dimethylnaphthalene
'(0.062g) was dissolved in freshly distilled dichloromethane
(50ml) contained in a flask flushe@ with dried nitrogen.

1M sodium metho#ide in dried methanol (0.5ml) wés added, and
the mixture stirred for 0.5h. Evapor#tion of the solvent

to half-volume precipitated a dark red solid (0.035g),

which was filtered off under an atmosphere of nitrogen.
M.p.lGd’(dec,).' Elemental analysis: Fouhd: C,45.0; H,11.8;
N,6.1; Na,6.1." CyoHsN30g.NaOCH; requires C,45.2; H,3.5;
N,12.2; Na,6.7%. No mass spectrum could be obtained.

A portion of the product (0.0lg) was dissolved in water,

~ producing a red coloured solution. After standing for 24h,

‘a white solid precipitated,which was filtered off,dried,

and the mass spectrum recordea. This showed that the

precipitate was 1,6,8-trinitro-2,3-dimethylnaphthalene.

/
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(71) Reaction of 1,4,5,7-tetrantitro=-2,3-dimethylnaphthalene

with methoxide 1on

NMR Spectrum - 1,4,5,7-tetranitro-2,3-dimethylnaphthalene
(0.021g) was dissblved in DMSO—da-(0.4m1),and the NMR
spectrum recorded (fig.2.2.5a); the aromatic resonances
were at 10.90 and 1.35(2H,ABq,JA32Hz). An equivalent
quantity of 2M sodium methoxide-dz in methanol-dy (éoul)
was added,and the spectrum re-reéorded (fig.2.2.5b); thé
new pos&tions of tﬁe aromatic resonances were t1.26 and
4.16. A further quantity of methoxide-dz ion was added
(30ul),and the spectrum reéorded; the positions of.the
resonances (low to mid-field) were 10.25,2.0,3.95,4.43 and 4.70
(fig.2.2.5c). The further addition of methoxide-dj; ion
did not change the spectrum.

Visible Spectrum - A 10™*M solution of i,4,5,7—tetranitro-
2,3-dimethy1naphtha1ene in DMSO was prepared by.dissolving
0.00336g of the compound in 100ml of freshly distilled
DMSO. To a portion (10ml) of this solution was added 0.2M
sodium methoxide in methanol (5u1),and the visible spectrum
recorded (fig.2.2.6a). .

Preparative Réaction - 1,4,5,7—tetranifro-2,3-dimethy1-
naphthalene (0.336g) was dissolved in dried tetrahydrofuraﬁ
(200m1) contained in a flask flushed with dried nitrogen.
~ 2M sodium methoxide in methanol (1ml) was added,producing
‘'initially a red coloration,followed by a red precipitate.
After étirring for 4h,the preéipitate was filtered off
under an atmosphere of nitrogen,and collected (0.11g).
Elemental analysis - Found: C,37.6; H,3.3; N,12.2; Na,10.0.

Cy2HgN,Og.(NaOCH;3 ), requires C,37.8; H,3.2; N,12.6; Na,10.3%.
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A quantity of the solid (0.05g) was dissolved in water,
producing a red coloured solution. After 24h,a white
material was precipitated,and this was filtered off. The
mass spectrum of fhis material showed that it was 1,4,5,7-
tetranitro-2,3-dimethylnaphthalene. .

(227) Reaction of 1,4,5,7-tetranitro~-2,3~-dimethylnaphthalene

with sulphite Zon

Qualita;ive Reaction - 1,4,5,7-tetranitro-2,3-dimethyl-
naphthalene (0.5g) was added to a 1M aqueous solution of
sodium sulphite (200ml). On stirring,the nitroaromatic
dissolved to give a red coioured solution. Upon wérming

to 60° ,the colour of the solution intensified,but weakened
agéin on cooling. Acidification of the solution with

2N hydrochloric acid (50ml) resulted in the precipitation
of a white solid,accompanied by the evoiution of sulphur
dioxide gas. The solid was collected,and the méss spectrum
recorded. This showed that the precipitate was 1,4,5,7-
tetranitro-2,3-dimethylnaphthalene.

Visible Spectrum - 1,4,5,7-tetranitro-2,3-dimethylnaphthalene
(0.00336g) was dissolved in freshly distiiled DMSO (1ml)
and 1M aqueous sodium sulphite solutioﬁ (10ul) added. The
volume was made up fo 100ml with DMSO,and the visible
spectrum recorded (fig.2.2.6b). .

~Job Plot - A series of solutions of conStant'molar
‘concentration was prepared by mixing stock solutions of

(a) adueous sodium sulphite (0.1M) and (b) 1,4,5,7-tetra-
nitro-2,3-dimethylnaphthalene in DMSO (0.1M),and making

up the volumes with DMSO to produce solutions of concentration

2 x 10‘“._ The absorbances of each solution at 575nm were
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recorded using an SP600 spectrophotometer,and the results
plotted as shown in fig.2.2.7.

NMR Spectrum - 1,4,5,7-tetranitro-2,3-dimethylnaphthalene
(0.0336g) was diséolved in DMSO-d, (0.4ml). The NMR
spectrum was recorded (fig.2.2.9a),and'then 1M sodium
sulphite in deuterium oxide (100ul) added. The spectrum
was again recorded (fig.2.2.9b);vthe new aromatic
resonances were at t1.40 and 4.32. The addition of further

amounts of sulphite ion did not change the spectrum.
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2.3 Results and Discussions of Reactions of Base with

Nitro-1,5-Dimethylnaphthalenes

2.3.1 Reaction of 4-Nitro-1,5-Dimethylnaphthalene with

Potassium Hydroxide in Methanol

Reactién of 4-nitro—1,5—dimeth§1naphtha1ene (27)
with methanolic potassium hydroxide led to the precipitation
of trans-5,5'-dimethyl-4,4'-dinitro-bie-1,2(1-naphthyl)
ethene (43) in good yield (>55%) and a low yield (ca 1%)
of 5,5'—dimethy1-4,4;-dinitro—bis-l,2(1-naphthy1)ethane (44).

CH==CH
[eereeleer
CH, NO» CH, NO, NO, CHy .
@n CHy— CH,

+ “ “(u.)

CH; NO, NO, GH,

'Fig.2.3.1
In reporting the reaction of p-nitfotoluene ﬁnder the same
conditions as uged above,Green!56 observed that initially
only the saturated product,dinitrobibenzyl,(éorresponding
to the éaturated compound 44) was produced,but by allowing
the reaction to proceed for longer periods the unsaturated
product,dinitrostilbene, (corresponding to the unsaturated

compound 43) was produced,and that the final product ratio
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approached 1:1. He therefore concluded that the unsaturated
product was derived from the oxidation of the saturated
product. In order to determine if this was true for the
4-nitro-1,5-dimethyinaphtha1ene reaction,the experiment was
repeated,but samples were withdrawn at régular intervals,

and analysed by. NMR spectroscopy. This indicated that one
hour after the commencement of the reaction,a small amount
-of compoqnd 44 was present,togethef with compounds 27 and 43.
After longer times,the samples contained only compounds 27
and 43,the latter being in the majority. If compound 44

had been present in all the éamples,the amounts incréasing
with time,it wquld have been reasonable to conclude that
compbunds 43 and 44 were formed competitively. The results
therefofe suggest that the reaction sequence is probably
27+44+43. Samples taken more than 24-hoﬁrs after the
commencement of the reaction were found_to contain only
.4—methoxy-5-methy1-1—naphthaldehyde (45),a product which
must have been formed by the oxidation of the ethylene bridge
of'compund 43,together with replacement of the nitro group

by a methoxy group.

CHO

CH; OCH,
(45)

Fig.2.3.2
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2.3.2 Reaction of 4-Nitro-1,5-Dimethylnaphthalene with

Potassium Tert-Butoxide in Tert-Butanol

The reaction of 4-nitro-1,5-dimethylnaphthalene
with potassium teri-butoxide in tert-butanol was performed
in a similar manner to Russell and Janzén's reaction of
p-nitrotoluene with this basel®2, . Care was taken to
exclude oxygen by degassing all the solvents used in the
reaction. The product was found fo consist almost entirély
~of the saturatéd diﬁer,(44). The reaction probably |
proceeded via the disproportionatién of ‘the 4-nitro-1,5-
dimethylnaphthalene radical;in an analogous manner tb the
comparable reaction of p-nitrotoluene (sec.2.1.4a).

The reaction was repeated with the reaction vessel
open td the atmosphere. After 24 hours,the yield of the
unsaturated dimer (43) had risen signifiéantly compared
to the reaction performed in the absence of oxygén,though
not to the same extent as in the reaction of 4-nitro-1,5-
dimethylnaphthalene with méthanolic potassium hydroxide.

It is fair to assume that the production of compound 43

occurred via the oxidation of compound 44,as in sec.2.3.1;

2.3.3 Reaction of 2,4,8-Trinitro-1,5-Dimethylnaphthalene

with Methoxide Ion

The NMR spectrum of 2,4,8-trinitro-1,5-dimethyl-
naphthalene in.DMSO—ds is shown in fig.2.3.3a. Addition
of one equivalent of methoxide ion caused the spectrum to
change to that shown in fig.2.é.3b where,as compared to
the original spectrum,one of the methyl resonances (17-8)

had disappeared,two mid-field peaks had appéared,and the

aromatic resonances'had remained unchanged,althbugh'shifted
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Fig.2.3.3 (a) Normal spectrum of 2,4,8-trinitro-1,5-dimethyl-~
naphthalene in DMSO—ds. ‘(b) Spectrum after the addition of
one equivalent of methoxide—d%. (c) Spectrum'afper the

addition of three equivalents of methOxide—@s.

i
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to slightly higher field. The integral ratio of the peaks
(from low to high field) was 1:2(quartet):1:1:3,which implies
a structure in which there is one uncoupled aromatic proton,
two coupled aromafic protons,two uncoupled "olefinic" or
"sigma" type protons,and one methyl grdup. This'accounts
for eight protons,and as there are nine protons in 2,4,8-
trinitro-1,5-dimethylnaphthalene it must. be concluded that
abstraction of a proton from'onebof the two methyl groubs
took place on reacfion with base,the resultant group o
giving rise to the two mid-field resonances. In order toA
confirm that abstraction of a proton had taken plaée,the
contents of the NMR sample tube were poured out into an
exéess of hydrochloric acid-d in deuterium oxide immediately
'after-the spectrum corresponding to fig.2.3.3b had been
recorded. This resulted in the precipifation of a solid
product,the mass spectrum of which showed that fhe major
component was 2,4,8-trinitro-1,5-dimethylnaphthalene-d.

The NMR spectrum of the solid was recorded in deutero-
chloroform,and the ratio of the integrals of the methyl

and arOmatic.reéonances found to be approkimately 5:3,as
compared to 6:3 for 2,4,8-trinitro-1,Sfdimethylnaphthalene,
indicating that incdrporation of deuterium had taken

place at a methyl group position: " This is.clear evidence

. that the species obtained on reaction of 2,4;8—trinitro-
'1,5-dimethylnaphthalene with methoxide-dz ion contains

a "benzyl-type" -CH, group. However,the NMR spectrum

of the reaction product (fig.2.3.3b) contains two single-
proton peaks attributable to this group,and not one

‘two-proton peak which might be expected for a -CH,” group.
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It is postulated therefore that there exists in solution
an equilibrium between a '""quinoidal'" form (46a) and an

"aromatic'" form (46b) of the ion formed on reaction with

-methoxide-dz,in which almost 100% of the species present

is of the "quinoidal" form. However,on addition of D+ions

reaction must take place only via the "aromatic'" form
(to give compound 47),and thus the '""quinoidal" form is
converted to the "aromatic'" ‘form as the lattep species

is removed by reaction.

H\C/.H : .
NO, NO, CHs

NO, _. NO,
<~

chy T, /CHs NO,

(46a) O° 0~ NO, CH,D (46b)
NO,

CH; NO,
Fig.2.3.4
The "olefinic" proténs of species 46a have different
environments,and therefore have different chemical shifts

»

(fig.2.3.3b). It might be expected that these protons

"would couple to give a doublet of doublets,but this was

not found to be the case. This is consistent with the NMR
spectra of compounds containing exocyclic C=CH, groups
where there is 1,3 conjugation between the olefinic group

and another n-bonded group,e.g.itaconic anhydfide'(fig.2.3.5)
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for which the geminal coupling constant of the olefinic

protons is negligibleld0 .,

+Fig.2.3.5 |
When the reaction between 2,4,8¥trinitro-1,5-
dimethylnaphthalene and mefhoxide—dg ion was repeafed
using a molar ratio of greater than 1:1,the spectrum
sﬁown fig.2.3.3c was obtained,in which the resonance
' having the lowest chemical shift,corresponding to the
3-proton,had shifted to mid-field,and the mid-field
resonances which appeared in fig}2.3.3b as singlets were
present as a doublet of doublets. The shift of the
resonance position of the 3-proton indicates that addition
of a methOxy—d3 group had occurred to give a complex with
the following structure (48) :-
H\C,H |
o7
' to_
H
(:F{3 'b4+ ()C:El3
4.‘()_.

Fig.2.3.6

NO,

(48

It would appear that the redué¢tion of conjugafion'between
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the C=CH, group and the ring compared to species 46a was
such that the geminal coupling constant of the olefinic

protons was markedly increased.

2.3.4 Reaction of 2,4,8-Trinitro-1,5-Dimethylnaphthalene

‘with Diethylamine

Addition of one equivalent of diethylamine to
a solution of 2,4,8-trinitro—1,5-dimethy1naphtha1ené in
DMSO-d6 gave the same NMR spectrum as obtained for the |
addition of oﬁe eqﬁivalent of methoxide—ds ion (fig.2.3.3b).
Thus it may be concluded that the same anionic species (46a)
was formed in both cases. 'Further addition of diefhylamine
did not result in a change in the initial spectrum,in

contrast to the reaction with methoxide-dz ion where sigma

" bond formation at the 3-position occurred. This probably

did not occur for diethylamine beqause of the lower
basicity of this species,and because of the steric effects
of the nitro groups at the 2- and 4-positions.

2.3.5 Reaction of 2,4,6,8-Tetranitro-1,5-Dimethylnaphthalene

with Methoxide Ion

~ The NMR spectrum of 2,4,6,8-tefranitro-1,5-
dimethylnaphthélene in DMSO-d;, is shoﬁn in fig.2.3.7a.
Addition of one_equivalent of methoxide-d3 ion caused the
spectrum to change to that shown in fig.2.3.7b,where the

single aromatic proton peak was split into two peaks,both

"at higher field than the original peak,the single methyl

proton peak was halved in intensity,and two new peaks had
appeared in the mid-field region. .The integral ratio of
the peaks (from low to high field) was 1:1:1:1:3,suggesting

that,as for 2,4,8-trinitro-1,5-dimethylnaphthalene,proton
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Fig.2.3.7 (a)  Normal spectrum of 2,4,6,8-tetranitro-1,5-
dimethylnaphthalene in DMSO-d, . (b) Spectrum recorded

immedlately after the addition of one equivalent of methoxide-@s.
(c) Spectrum (b) after 0. 5h,
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"abstraction from the 1l-methyl group had occurred to give

a "benzyl" type ion,existing as an equilibrium between

an "aromatic" form (49a) and a ''quinoidal' form. However,
the NMR spectrum éhown in £fig.2.3.7b was observed to
diminish in intensity slowly,and was réplaced by the
spectrum shown in fig.2.3.7c,consisting of four single-
proton peaks in the low-field region,and one three-broton
peak in the high-field region. In the case of the reacfion
of metﬁoxide ion with‘2,4,5,7—tetranitro-1,8-dimethy1- o
naphthalene,an NMR spectrum similar to-that shown in
£1g.2.3.7b was obtained which did not change with time191.
This latter compound has a methyl group substituted at

the adjacent beri-position to the 1-methyl group,i.e.the
'8-position,whereas 2,4,6,8-tetranitro-1,5-dimethylnaphthalene
has a nitro group substituted at this pbsition. This

could imply thaf a modification of the initially formed
ion,which‘gives rise to the spectrum éhown in £fig.2.3.7b,
takes place due to the proximity of the nitro group at

the 8-position to the olefinic group at the l-position.

A possib}e modified form is species 490,fig.2.3.8,in

which the nitro groups at fhe 2- and 8fpositions participate |
in intramolecular hydrogen-bonding with the hydrogen atoms
of the olefinic group. Due to tﬁe_intramoiecular hydrogen-
_ bbnding,the pésitions of resonance of the olefinic protons
‘'would be expected to shift to lower field. Thus species
49¢ should give rise to an NMR spectrum consisting of

one methyl peak in the high-field region,two aromatic
single-proton peaks in the low-field region,and two single-

proton peaks corresponding to -the olefinic protons,also in
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NO, CH» NO,

0,N , 0,N
~ CH3 NO> 7 CHs
(4Sa) . Q\NOH He  of - (4Sb)

O,N
CH, 1.
0- 0-
(49¢)
Fig.2.3.8
‘the low-field region; this is consisteﬂt with the observed
spectrum (fig.2.3.7c).
Immediately after the s$spectrum corresponding to
fig.2.3.7c was recorded,the contents of the NMR sample
tube were treated with hydrochloric acid-d in deuterium
oxide,and a solid obtained, the mass spectrum of which
showed it to be 2,4,6,8- tetranitro 1,5- dimethylnaphthalene-d
It seems probable,therefore,that as in the case of 2,4,8-
trinitro-l,5—dimethy1naphtha1ene;reaction With D+ ions
took place only via the "aromatic'" form (49a),and that
'species 49c was converted to species 49a as the latter was
removed by reaction.
The reaction between 2,4,6,8~tetranitro-1,5-
dimethylnaphthalene and methoxide-ds ion was repeated

using an excess of methoxide-dz ion. The same spectra as
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those described above were obtained in this way.

The UV-visible spectrum of the 1:1 2,4,6,8-
tetranitro-1,5-dimethylnaphthalene/methoxide ion system
shown in fig.2.3.10a features two peaks at A,,,385 and
'590nm. This may be compared to the UV-visible spectrum
of the postulated 2,4,6-trinitrobenzyl anion,which'exhibits
peaks at Ap,, 370 and 510nm 166,

The reaction of 2,4,6,8-tetranitro-1,5-dimethyl-
naphthalene with methoxide ion was studied on a_preparétive
basis by adding an excess of sodium methokide to a solution
of the nitroaromatic in dried tetrahydrofuran. An‘orange
solid was obtained which possessed similar properties to
thé Meisenheimer compound synthesised from the reaction of
" sodium methoxide with 3,5,6,8-tetranitroacenaphthene 192,
in that it was soluble in water,hydrol&sed to give the
starting material,and detonated violently on touch. No
mass spectrum could be obtained for the product,consistent
with an ionic compound. The NMR spectrum of a saturated
solution of the product in DMSO-dg was too weak in intensity
'to be used in the assignment of the structure of the product.
However,elemental analysis of thé prodﬁct showed that a
2:1 adduct of sodium methoxide and 2,4,6,8-tetranitro-1,5-
dimethylnaphthalene had been formed. Thus‘the reaction
in tetrahydrofuran differed from that in DMSb-d6 where
‘there was no indication from the NMR spectrhm of 2:1 adduct
formation in the presence of excess methoxide ion. Clearly
abstraction of a methyl proton in the tetrahydrofuran
reaction could not have taken place to give species such

as 49a,49b or 49c,as the elemental analysis of the product
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Fig.2.3.10 UV-Visible spectra of the reaction of 2,4,6,8-tetranitro-1,5-dimethylnaphthalene

with (a) methoxide ion (—) (b) diethylamine (---).
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would have corresponded to that of the sodium salts of
these species. Based on the foregoing,and on a knowledge
of the properties of Meisenheimer complexes,it is likely
that the product isolated from the reaction in tetrahydro-

furan had the structure (50) shown in fig.2.3.9.

HONO, CH, o
H3CO No2 NG
OCH3 |
CH3 NO, 'H
(50)

Fig.2.3.9

2.3.6 Reactions of 2,4,6,8-Tetranitro-1,5-Dimethylnaphthalene

with Diethylamine and Triethylamine

The NMR spectrum obtained immediately after the
addition of one mole equivalent of diethylamine to a
solution of 2,4,6,8-tetranitro-1,5-dimethylnaphthalene in
DMSO-dg; 1is shoWn in £fig.2.3.11b. This spectrum is almost
identical to the spectrum obtained from the reaction of
2,4,6,8-tetranitro—i,5—dimethy1naphtha1ene with methoxide-d3
ion (fig.2.3.7b). The spectrum (£ig.2.3.11b) changed with
time'to the spectrum shown in fig.2.3.11c,wﬁich is almost
identical to the spectrum obtained with mefhoxide-d3 ion
shown in fig.2.3.7¢c. It may be assumed, therefore, that
the reaction of 2,4,6,8-tetfanitro-1,5—dimethy1naphtha1ene
with diethylamine in a 1:1 molar ratio produced the same

species as the reaction with methoxide-d, ion (fig.2.3.8).
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Fig.2.3.11 (a) Normal spectrum of 2,4,6,8-tetranitro-1,5-
dimethylnaphthalene in DMSO-d6 (b) Spectrum recorded
immediately after_the addition of one equivalent of diethylamine.
(c) Spectrum (b) after 1h._ (d) -Spectrum after the addition of.

.two equivalents of diethyla@iﬁe.
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Addition of an excess of diethylamine;to give an amine/
nitroaromatic ratio of greater than 1:1,resulted in the

loss of the NMR spectrum shown in fig.2.3.11c,and the
formation of the épectrum shown in fig.2.3.11d,which
consists of six individual peaks in an'integral ratio of
2:1:1:1:1:3 (from low to high field). This spectrum did

not change with time,nor did it change on addition'éf
further amounts of diethylamine. The identical spectra‘
(figs.é.3.11b,c and d) were obtained by the treatment of
2,4,6,8-tetranitro-1,5-dimethylnaphthalene with triethylamine,
although the conversion of'spectrum 2.3.11b to 2.3;11c,and
of spectrum 2.3.11c to 2.3.11d,was considerably slower

than for diefhylamine. As the spectra obtained for the

" reaction with both diethylamine and triethylamine were
identical, the species responsible for fhe spectra could

not have been tﬁe result of sigma addition of amine
molecules,as this would have given riée to different

spectra in each case. This was further confirmed by the
observation that the spectra of the amines in the respective
systems gomitted from the reproduced spedtra for‘reasons
of‘clarity) consisted of only one set of resonances in each
case, Had addition of amine molecules taken place,then

two sets of resonances,corresponding to the amines in the
free and compiexed forms,would have been observed in each
‘case. An interesting feature of the spectrum shown in
fig.2.3.11d (excess amine) ié that it arises from nine
protons,whereas the spectrum shown in fig.2.3.11é (1:1 amine/
nitroaromatic ratio) arises from seven protons. A possible,

though highly speculative,explandation of this phenomenon is
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that addition of excess amine results in abstraction of
H+ ions from water molecules present in the solvent to give
OH~ ions,which then attack the species giving rise to the
spectrum shown in.fig.2.3.llc (49c) to yield species such
as 51a or 51b,as shown in fig.2.3.12.
- H H | H H
02N OH \C/ \C/
H NO> H NO,

O,N H  HoO H

HO CHj N+ CH;

oo 0~ 0-
(S5h) (S1b)
Fig.2.3.12

In species 51a,hydroxyl groups are addéd at two ring
positions occupied by nitro groups; in species Slb,the
hydroxyl groups have displaced the nitro groups completely.
Attack of an electrophile at a ring position occupied by
a nitro group is known to occur,ef trinitrobenzenel8d  and
can result in the complete displacement 6f a nitfo group.
Species 51a and 51b both contain'nine'protons,as required
by the species givihg rise to the spectrum shown in
fig.2.3.11d. Both species contain one methyl group,which
would give a ;esonance'at high field,an exocyclic olefinic
- group,which would give two resonances at mid-field, and
two ring protons which would.give two resonances at low
field. 1In the case of species 5l1a,the hydroxyl protons
might be expected to have the same chemical shifts,and

could resonate at low field due to the de-shielding effect
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of the nitro groups. In the case of 51b,the hydroxyl
protons are of a phenolic type,which would resonate at
low field,and again might be expected to have the same
chemical shifts. .Therefore,eithér of the two species
(51a and 51b) could give an NMR spectrdm consistgnt with
the spectrum shown in fig.2.3.11d.

2.3.7 Reaction of 2,4,6,8-Tetranitro-1,5-Dimethylnaphthalene.

with Sulphite Ion

Reaction of 2,4,6,8-tetranitro-1,5-dimethyl-
naphthalene in DMSO-d; with sulphite ion in a 1:1 molar
ratio initially gave the NMR spectrum shown in figi2.3.14b.
This spectrum is consistent with the formation of a
Meisenheimer complex having the structure (52) shown in

fig.2.3.13.

NO, CHy
NO
()2P¢ H
CH; NO, SO3
(52)
Fig.2.3.13

The initial spectrum (fig.2.3.146)‘gradualiy diminished
~1in intensity ;s a new spectrum (fig.2;3.14c)'appeared,
‘which was the same as the final spectrum obtained from the
reaction of 2,4,6,8;tetranitr§-1,5—dimethy1naphtha1ene
with one equivalent of either methoxide ion,diethylamine
or triethylamine (fig.2.3.7c and 2.3.11c). This suggests

that initially sigma addition of ‘sulphite takes place at
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Fig.2.3.13 (a) Normal spectrum of 2,4,6,8-tetranitro-1,5-
dimethylnaphthalene. (b) Spectrum recorded immediately

after the.addition of one equivalent of sulphite ion.

i

3
H

(¢) Spectrum (b) after 5h.
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the 3-position,but this sulphite adduét reacts to give

a species having a structure corresponding to species 49c
(fig.2.3.8). The addition of further amounts of sulphite
ion to the system‘did not result in a change in the

final spectrum (fig.2.3.14c). |

2.3.8 Experimental Section

(7) Reaction of 4-nitro-1, 5-dimethylnaphthalene with

potassium hydrozide in methanol

Preparative Run - 4-nitro-1,5-dimethylnaphthalene (27)(1g)
was dissolved in methanol (50ml),and 30% potassium

hydroxide in methanol (30mi) added. An immediate fed
coloration was observed. After stirring for 12h,a yellow
soiid was obtained (0.6g). Recrystallisation from

' nitrobenzene gave yellow crystals of trans-5,5'-dimethyl-
'4,4'-dinitro-bie-1,2(1-naphthy1)ethene‘(43)(0.55g,55%),
m.p.282°. (Found: C,66.1; H,4.4; N,771. C,4H,gN,0, - Tequires
C,66.3; H,4.5; N,7.0%); 1(CDCl;) 2.2-2.6(6H,m) and 7.45
(3H,s); m/e 398 (M+),high resolution mass spectrometry

gave the molecular formula as CyyH;gN>O, . The mother liquor
was evaporated'to dryness,and the residué extracted with
benzene. The extract was run on a silica gel TLC plate
(0.3mm;200 x 200mm).usihg 1:1 benzene/petroleum spirit
(b.p.60-80°) as eluent. The band at Rp 0.95 was removed,

and the material extracted from the silica gel with

‘methanol; this was found to be the starting material (27).

The band at Rf 6.89 was removed,extracted with methanol,

and found to be 5,5'-dimethyl-4,4'-dinitro-bi<s-1,2(1-naphthyl)
ethane (44)(0.01g,1%),m.p.220°. (Found: C,65.9; H,5.1; N,6.9.

Co4Hz0N204 requires C,66.0; H,5.0; N,7.0%); 7t(CDCl;) 2.3-2.6'
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(5H,m),6.55(2H,s) and 7.65(3H,s); m/e 400 (M+),high
resolution mass spectrometry gave the molecular formula

as CyHyoN2Oy .

Semi~Kinetice Run.- 4-nitro-1,5~-dimethylnaphthalene (27)(1g)
was dissolved in methanol (50ml),and 30% potassium
hydroxide in methanol (30ml) added. The mixture was
stirred in an open flask at 20°,and samples (5ml) Qithdrawn
at hourly intervals,each being drowned out in dilute |
hydrocﬂloric écid k2N;25m1). The solid products were
collected,and the NMR spectra recorded in'CDCI3. The

first sample was found to bontain compounds 27,43 énd 44,
The second and subsequent samples contained only compounds
27 and 43. The final sample,taken 24h after the
commencement of the run,contained ohly 4-methoxy-5-methyl-
1-naphthaldehyde (45),m.p.73°. (Eoundﬁ C,77.6; H,6.2.
C13H;20; requireé C,78.0; H,6.0%); t(CDCljy) -0.i(1H,s),0.7
(1H,s),2.3-2.6(2H,m),2.10 and 3.10(2H;ABq;&B 9Hz),6.0(3H,s)
and 7.15(3H,s); m/e 200-(M+),high resolution mass
spectrometry gave molecular formula as C;3H;20;.

(27) Reaction of 4-nitro-1,5-dimethylnaphthalene with

potassium tert-butoxide in tert-butanol

A solution of potassium tert-butoxide in tert-
butanol was prepared by adding clean potaséium metal (1.9g)
to dried tert-butanol (50ml). This solution was degassed,
"and added to a solution of 4-nitro-1,5-dimethylnaphthalene
(1g) in degassed tert-butanoi (25ml1) in a flask flushed

with nitrogep.- A deep red coloration was observed. After
stirring at 20° for 8h,the mixture was poured into water

(400ml),and the product collected (0.46g). The NMR spectrum’
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of the product indicated that compounds 44 and 43 had

been produced in a ratio of ca 95:5. Column chromatography
of the product on silica gel (400 x 20mm) using 1:1
benzene/petroleum'spirit(b.p.60-80°) afforded compound 44
(0.40g,40%),m.p.220°,in a pure state. 'The reaction was
repeated in an identical manner,but with the flask‘open

to the atmosphere. After 24h,the solution was drowned

out in water (400ml),and the product collected (0.50g).

The NMR spectrum of the product indicated that the ratio

of compound 44 to compound 43 was ca 80:20.

(727) Reaction of 2,4,8-trinitro-1,5-dimethylnaphthalene

with methoxide ion

2,4,8-trinitro-1,5-dimethylnaphthalene (0.019g)
" was dissolved in DMSO-d6 (0.4ml) and the NMR spectrum
recorded (fig.2.3.3a); 11.24(1H,s);1.f0 and 2.16(2H4,ABq,
JABBHZ),7.46(3H;S) and 7.52(3H,s). 2M sodium méthoxide—d3
in methanol-d4 (30ul) was added,and the spectrum recorded
(fig.2.3.3b); t1.37(1H,s),2.57 and 2.79(2H,ABq,JABSHz),
4,12(1H,s),5.13(1H,s) and 7.85(3H,s). The solution was
poured into deuterium oxide (5ml) contaiﬂing 20%
hydrochloric aéid-d in deuterium oxide.(0.2m1),and the
solid product (0.0Iig) collected. The NMR spectrum of
the solid was recorded in CDC13;°the integfal ratio of the
aromatic peaké to the methyl peaks (including a small
‘multiplet attributed to CH,D) was 1:1.75 (ef 1:2 for the
starting material). This indicated that 75% of the
starting material had been monodeuterated. The mass
spectrum of the product gave the parent peak at m/e 292,

corresponding to 2,4,8-trinitro-1,5-dimethylnaphthalene-d,
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with a smaller peak at m/e 291,corresbonding to 2,4,8-
trinitro-1,5-dimethylnaphthalene (fig.2.3.15a).
2,4,8-trinitro-1,5-dimethylnaphthalene (0.019g)
was dissolved in bMSO-da (0.4m1) and 2M sodium methoxide-@z
in methanol—d4 (90ul) added. The specfrum was recorded
(fig.2.3.3c);. 12.64 and 2.87(2H,-ABq,JAB 8Hz),3.68(1H,s8),
3.27 and 5.00(2H,ABq,J,, 2Hz),and 7.60(3H,s). Addition of
further quantifies of methoxide-ds ion did not change

the spectrum.

(tv) Reaction of 2;4,8-trinitro-l)5-dime£hylnaphthalene

with diethylamine

.2,4,8-trinitro-1,5~dimethylnaphthalene (0.029g)
waé dissolved in DMSO-dé (0.4ml1),and diethylamine (10ul)
' added; The NMR spectrum exhibited the following peaks :-
t1.29(1H,s),2.45 and 2.70(2H,Aqu&B~8Hé),4.07(1H,s),5.10
(1H,s),and 7.82(3H,s)(ef fig.2.3.3b). There waé no
change in the spectrum on the addition of further amounts

of diethylamine.

(v) Reaction of 2,4,6,8-tetranitro-1,5-dimethylnaphthalene

with methoxide ion

NMR Spectrum - 2,4,6,8—tetranitro-1,Sfdimethylnaphthalene
(0.021g) was dissolved in DMSO-d, (0.4ml),and the spectrum
recorded (fig.2.3.7a); t1.00(1H,s) and 7.50(3H,s).

2M sodium methoxide-d% in methanol—d4'(30u1)iwas added,
"and the spectrum recorded immediately (fig{2.3.7b); t1.30
(1H,s),1.79(1H,S),4.05(1H,s);4.98(1H,s) and 7.88(3H,s).
After 0.5h,a new spectrum (fig.2.3.7c) was found to have
completely replaced the previous spectrum; +t1.20(1H,s),

1.36(1H,s),1.79(1H,s),2.16(1H,;s) and 7.83(3H,s). The



- 108 -

solution was poured into a mixture of deuterium oxide (Sml).

and 20% hydrochloric acid-d in deuterium oxide (0.2ml),

and the solid product collected (0.010g). The mass spectrum

of the product indicated that only 2,4,6,8-tetranitro-1, 5~

‘dimethylnaphthalene-d was present (fig;2.3.15b).
2,4,6,8-tetranitro-1,5-dimethylnaphthalene (0.021g)

was dissolved in DMSO—db (0.4ml1) and 2M sodium methoxide-d3

in methanol—d4'(90u1) added.” The NMR spectrum was recorded

immediately,and waé found to be identical with fig.2. 3.7b;

After 0.5h,the spectrum had changed to that shown in |

fig.2.3.7c,and did not change further with time.

UV-Visible Spectrum - 0.2M sodium methoxide in methanol

(5ﬁ1) was added to a 10~ "M solution of 2,4,6,8-tetranitro-

' 1,5-dimethylnaphthalene (10ml),and the UV-visible spectrum

recorded using a 10mm path-length cell'(fig.2.3.10a); peaks -

were observed at Aip,, 385 and 590nm.

Preparative Reaction - 2,4,6,8-tetranitro-1,5-dimethyl-

naphthalene (0.336g) was dissolved in freshly distilled

and dried tetrahydrofuran (200ml) contained in a reaction

vessel flushed with dried nitrogen. On additlon of 2M

sodium methoxide in methanol (1ml) a red coloration

immediately formed. After stirring for 2h,an orange solid

was precipitated,and was filtered off undef an atmosphere

of nitrogen. .The product (0.12g,m.p.130°dec;) became

'brown on exposure to light. This compound was found to

detonate violently if either heated rapidly or scraped

on a glass sinter disc. Elemental analysis :- Found: C,37.1;

H,3.1; N,12.9; Na,10.5. C;,HgNyOg.(2NaOCHj3); requires C,37.8;

H,3.2; N,12.6; Na,10.3%. No mass spectrum could be obtained’
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Fig.2.3.15 Mass spectra of deuterated products obtained
from (a) 2,4,8-trinitro-1,5-dimethylnaphthalene and (b)

2,4,6,8-tetranitro-1,5-dimethylnaphthalene.
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for the product. The NMR spectrum of the solid in DMSO-d%
was weak,apparently due to reaction on dissolution,and
peaks could not be accurately detected. 'On hydrolysis of
the solid in watef a white product was obtained,the mass
spectrum of which showed that it was 2;4,6,8-tetranitro-
1,5-dimethylnaphthalene.

(v) Reaction of 2,4,6,8~tetranitro-1,5-dimethylnaphthalene

with diethylamine

NMR Spéctrum - 2,4;6,8—tetranitro—1,5—dimethy1naphtha1éne.
(0.034g) was dissolved in DMSO—d6 (0.4ml),and diethylamine
(10ul) added. The spectrum was recorded immediateiy
(fig.2.3.11b); +t1.17(1H,s),1.66(1H,s),3.96(1H,s),4.92(1H,s)
and 7.83(3H,é). This spectrum diminished in intensity

' slowly,and after 1h had been completely replaced by a new
spectrum (fig.2.3.11¢c); r1.00(1H,s),1;20(1H,s),1.66(1H,s), _
2.00(1H,s)‘and 7.80(3H,é). A further quantity 6f diethylamine
(10ul) was added,and the spectrum recérded (fig.2.3.114d);
t1.29(2H,s),2.07(1H,s),2.92(1H4H,s),4.03(1H,s),5.14(1H, s)

and 7.81(3H,s). This spectrum did not change on the addition
of further quantities of diethylamine. |

UV-Visible Spectrum - Diethylamine (1ul) was added to a

10~“M solution of 2,4,6,8-tetranitro-1,5-dimethylnaphthalene
in DMSO (100ml),and the UV-visiblevspectrum recorded

(£ig.2.3.10b); Apa, values were 385 and 590nm.

‘(vii) Reaction of 2,4,6,8-tetranitro-1,5-dimethylnaphthalene

with triethylamine

2,4,6,8-tetranitro-1,5-dimethylnaphthalene (0.034g)
was dissolved in DMSO-d6 (0.4ml),and triethylamine (10ul)

added. The spectrum was recorded; 11.17(1H,s),1.66(1H,s),
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3.95(1H,s),4.92(1H,s) and 7.83(3H,s) fcf fig.2.3.11b).

The spectrum was recorded again after lh,and was observed

to be gradually changing to one having the following peaks:-
11.01(1H,s),1.18(iH,s),I.66(1H,s),2.01(1H,s) and 7.81(3H,s)
(ef £fig.2.3.11c). Conversion was found to be complete in
3h. A further quantity of triethylamine (10ul) was added,
and the spectrum was found to'phange to one having the
following peaks:- 11.27(2H,s),2.07(1H,s),2.93(1H,s),4.63(1H,s),
5.14(1H,s) and 7.81(3H,s) (ef fig.2.3.11d),conversion
being complete in 2h. The addition of further quantities

of triethylamine did not change this latter spectrﬁm.

(viii) Reaction of 2,4,6,8-tetrantitro-1,5-dimethylnaphthalene

with sulphite ion

2,4,6,8-tetranitro~1,5-dimethylnaphthalene (0.034g)
was dissolved in.DMSO—dG (0.4m1),and a.solution of sodium
sulphite in deuferium oxide (1M;0.1ml) added. The NMR spectrum
was recorded (fig.2.3.13b); r1.76(1H;s),3.44(1H,s),7.61(3H,s)
and 7.99(3H,s). The spectrum was re-recorded at hourly |
intervals,and after Sh the spectrum was found to have changed
to that shown in fig.2.3.13c; t1.01(1H,s),1.18(1H,s),1.66
(1H,s),1.99(1H;s) and 7.86(3H,s). Th;é spectrum did not
change upon the addition of further quantities of sulphite

ion.
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2.4 Interactions of Weak lLewis Bases with Nitro-1,65-

Dimethylnaphthalenes and Nitro-2,3-Dimethylnaphthalenes

2.4.1 Introduction

The eleétron donor-electron acceptor interactions
between benzene-db as Lewis base and tﬁe polynitroaromaticA
compounds 1,4,5,7-tetranitro-2,3—dimethy1naphtha1ene,
2,4,8-trinitro-1,5-dimethylnaphthalene and 2,4,6,8-tetranitro~
1,5-dimethy1naphtha1ene as Lewis acids were investigated .
by NMR spectroscop§ using the method described in section
2.1.6(b). Application of this method to the systems
studied gave the plots shoWn in figs.2.4.4,2.4.5 aﬂd 2.4.6.
The values derived from these plots for the equilibrium
cohstants (Kc) of the interactions and for the chemical
'shifts (a,) of the protons in the 1:1 donor-acceptor
complexes are summarised in table 2;4.i. It can be seen
from the table that the values of Kc Qerived frém measurements
made on the aliphatic and aromatic proton resonances are
within experimental errof.

2.4.2 1,4,5,7-Tetranitro-2,3-Dimethylnaphthalene

It can be seen from table 2.4.1 that the average
value of Kc fo} the interaction betweeﬁ 1,4,5,7-tetranitro-
2,3-dimethylnaphthalene and benzene-d, is lower than for
the corresponding interactions of the polyhitro-l,s-dimethyl-
naphthalenes,indicating'that the former compbund is a
‘'weaker electron acceptor than the latter compounds. The
value of 4, for a particular broton reflects the proximity
of the proton in the acceptor moiety to the donor molecule
and to the centre of the donor-acceptor complex. It is

noteworthy that for the 1,4,5,7-tetranitro-2,3-dimethyl-



Table 2.4.1 "Equilibrium constants (Kc) and chemical shifts (4A,) observed in the

interactions between benzene-d% and some polynitrodimethylnaphthalenesa at 33.5°.
Aromatic Protons: Aliphatic Protons
Acceptor Kc A, Kc A,
kg.mol-! Hz kg.mol™} Hz
(CH;-2) 0.131+0.010 40.3+2.5

1,4,5,7-tetranitro-2,3-

dimethylnaphthalene
2,4,8-trinitro-1,5-

dimethylnaphthalene

2,4,6,8-tetranitro-1,5-

dimethylnaphthalene'

(H-6) 0.123+0.008 80.4+5.5

(H-8) 0.117+0.009 85.1+6.8 (

(H-3) 0.151+0.008 56.7+3.8

(H-6) 0.142+0.011 75.2+4.5

(H-7) 0.155+0.025. 81.5+5.3

(H-3),
0.112+0.015 78.5+5.1
(H-7) |

(CH3-1) 0.145+0.020 59.3+4.6

CH3-3) 0.129:0.009 42.4:3.0

(CH3-5) 0.141+0.012 69.2+5.7

(CH3-1)
}0.171t0.011 60.5+4.3

(CH3 -5)

a Dichloromethane solvent.

- €IT -
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naphthalene/benzene-@; complex,the A, values for the
aromatic protons are approximately double those for the
aliphatic protons,indicating that the structure of the

complex must approximate to that shown in fig.2.4.1,where

the shape of the benzene—db_molecule is represented by

broken lines.

Fig.2.4.1

The orientatioq of the benzene—d6'donof molecule over the
non-methylated ring as shown above undoubtedly arises
because steric hindrance between the donor molecule and
the steriéally crowded non-planar groups in the methYlated
ring prevents the donor from being sited over this ring

or over the central point of the acceptor molecule.

2.4.3 2,4,8-Trinitro-1,5-Dimethylnaphthalene

The average value of Ke¢ recorded for the 2,4,8-
trinitro—l,5-dimethy1naphthalene]benzene—%? complex is

similar to that reported for the 2,4;6-trinitrotoluene/

' benzene complex recorded in a polar solvent 187 which

would be expected due to the structural similarities of
the two acceptor compounds. From table.2.4.1 it can be
seen that the values of A, for either the aliphatic or

aromatic protons appears to be highest for prétoné nearest
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the 7-position,and it may be assumed that the centre of
the complex is near that position. One possible structure

is shown in fig.2.4.2.

(5) Fig.2.4.2

This would appear to be reasonable from consideration of
tﬁe steric crowding in the molecule. Of the three nitro
grouﬁs in the acceptor molecule, the 2-pitro group is the
most hindered,due to the 1-methyl group,and it may be
twisted out of the plane of the ring by as much as 40°,
whereas the nitro groups at the 4- and 8-positions are
relatively less hindered and may be almost coplanar With
the ring. Consequently, the disubstituted ring is the less
sterically crowded of ‘the two rings and it would be
expected that the centre of the donor-acceptor complex
would be nearest this part of the acceptor molecule.

2.4.4 gi4,6,8-Tetranitro-1,5—Diﬁethy1naphtha1ene

The average value of Kc for fhe 2;4,6,8—tetranitro-
'1,5—dimethylnaphthalene/benzene— o complex.is higher than

for the corresponding complex with 2,4,8-trinitro-1,5-
dimethylnaphthalene (table 2.4.1). This would be expected

as the former compound has four nitro groups and should

therefore be a stfonger acceptor.than the latter éompound,
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which has only three nitro groups. The A values for the
aliphatic and aromatic protons of the 2,4,6,8-tetranitro-
1,S-dimethylnaphthalene/benzene-db complex suggest that

a possible strucfure of the complex is that shown in

fig.2.4.3.

Fig.2.4.3

Due fo the symmetry of the acceptor,the donor molecule
‘must lie over the centre of the acceptor. This would be
expected from steric considerations as the nitro groups
at the 2- and 6-positions are twisted out of the plane of
the ring to a great extent,thus making those regions'of
the acceptor molecule the most sterically crowded.

2.4.5 Experiméntal Section

Saturated solutions of each polynitroaromatic
compound in freshly.distilled dichloromethane were prepared.
A series of mixtures of these soiutions and benzene-d6(99.5%)
was prepared by accurately weighing out the.liquids into
' NMR sample tubes. Chemical shift measurements of the
acceptor compound resonances were made on a Perkin-Elmer R10
NMR spectrometer operating at 60.004MHz,at a temperature of
33.5°. Each measurement,relative to TMS as internal standard,

was made in triplicate and the results averagéd.
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The results were analysed by the computer programme
"ROVERS'" 193 on an Elliot 4120 computer using the Foster
and Fyfe equation 18%, The values of Kc and A, (see table
2.4.1) were evaluated from a least-squares plot drawn

by the computer. These plots are reprﬁduced below in

figs.2.4.4,2.4.5 and 2.4.6.

1, 4, 5, 7-TETPANITRO-2, 3-DIMETHYLNAPHTHALENE. /BENZENE -DE
. ALIPHATIC PROTONS-2

osC
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e

&. 0000 €. 0000 10. 0000 12, 0000 14, 0000 16. 0000

Fig.2.4.4 (a)
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Chapter Three. Rates of Nitration
of Nitro-15-Dimethylnaphthalenes

and Nitro-2,3 -Dimethylnaphthalehes

3.1 Introductory Survey.

3.2  Partial Rate Factors and Reactivity Indices for the
Nitration of Mononitro-l,S—Dimethylnaphthalenes and

Mononitro-z,3—Dimethy1naphthalenes.

3.3 Partial Rate Factors and Reactiyity Indices for the
Nitration of Dinitro-1,5-Dimethylnaphthalenes and

Dinitro-2,3-Dimethylnaphthalenes.
3.4 Partial Rate Factors and Reactivity Indices for the
Nitration of 2,4,8-Trinitro-1,5-Dimethylnaphthalene and

1,4,5-Trinitro-2,3-Dimethylnaphthalene.

3.5 Experimental Section
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3.1 Introductory Survey

3.1.1 Introduction

The effects of substituents in a benzene ring
upon the reactivity of the ring,and upon the position of
further substitution in the ring,have frequently been
investigated by nitration studies. Early work by H_olleman196
led to the classification of substituent groups as either
ortho/para or meta directing,and to the determination of
the relative direcfing powers of different groups. He.
recognised the connection between orientation and activation,
i.e.ortho/para directing sﬁbstituents generally acfivate
the nucleus towards electrophilic substitution,whereas
meia orientating substituents generally deactivate the
'nucleﬁs towards electrophilic substitution. These conclusions
were later confirmed by Ingold and.his'co-workers197ﬂ98.
Nitration studiés have also been used.for investigating
correlations of theoretical reactivities,as calculated from
‘Molecular Orbital theory,with experimentally determined
reaction rates and partial rate factors199,200,

3.1.2 Kinetics of Nitration

(a) Nitric Acid/Acetic Anhydride

The kinetics of nitration of aromatic compounds
by nitric.acid in acetic anhydride‘has beeh the subject of
a number of iﬁvestigations,although the early workers
‘obtained misleading results. For example,Wibaut 20! studied
the nitration of benzene in ﬁitric acid/acetic anhydride
and obtained evidence for second order (overall) kinetics,
but this was later disproved by Cohen 292 who proposed fourth

order (overall) kinetics,first order in the concentration
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of benzene and third order in the concentration of acet&l
nitrate 203, More recently,Paul?®% investigated this system
and obtained rates obeying a third order kinetic law,
first order in the concentration of benzene and second
order in the concentration of acetyl nitrate. Confusion
undoubtedly arose because the early workers had failed to
take into account certain factors affecting the reactiop
rates.. For exémple,the kinetic order of nitration can
vary between zero and one with respect to the concentretion
of the aromatic. Consider the following eystem ‘-
HNOj3 + Ac,0 % lAcONOZ -5 ArNO, + 2AcOH
+ ArH
AcOH
If‘the concentration of the aromatic compound ArH were
'high,er if the compound was highly reaetive,then the acetyl
‘nitrate would be removed by reaction as soon asvit was
formed,i.e.process ¢ would be the most important process.
In this case the kinetic order of nitration would be zero,
as the rate would not be dependent upon the concentrafion
of the aromatic compound,but would be dependent upon the
rate of production of acetyl nitrate (process a). If the
concentration of the aromatic compound was low,or its
reactivity was low,fhen proeess b,i.e.the rate of decomposition_
of acetyl nitrate,would predominéte over pfocess c,and in
this case the kinetic order would be bne,as fhe rate would
‘be entirely dependent upon the concentratien of the
aromatic compound. Therefore,unless precautions were to
be .taken, the observed‘kinetie order for the nitration of
& particular compound could change from zero,at the start

of the reaction,to.oﬁe towards'the end of the'reaetion as
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the concentration of the compound decreased. In the case

of zero order reactions,the dependence of the rate constants
upon the concentration of acetyl nitrate varies according

to the concentration of acetic acid present. It will be
seen from the scheme above that the addition of acetic acid
to the system should repress the formation of acetyl nitrate,
and thereby reduce the rate of the reaction. This is found
to be the case:°5’295. Thus for the nitration of anisole

or mesitylene (conc.>0.1 mol.17!) using acetyl nitrate in
acetic anhydride (éonc.0.006-0.22 mol.1-!) the rate of
reaction in the absence of added acetic acid was found to
vary according to the third power of the concentration of
acétyl nitrate,whereas in the presence of added acetic acid
" the rﬁte was found to depend upon the second power of the
concentration of-acetyl nitrate207

(b) Nitric Acid/Sulphuric Acid

The kinetic study of nitration of aromatic
compounds by nitric acid in sulphuric acid was first
successfully undertaken by Martinsen in 1904208, He showed
that the nitration of nitrobenzene and of several other
compounds is sécond order,the rate being proportional to
the concentration of the aromatic compound and to that of
the nitric acid. In his investiéations,Martinsen showed
that as the concentration of sulphuric écid in an aqueous
'sulphuric acid solvent increases,the rate of nitration
first increases to a maximum at about 90% sulphuric acid,
and then decreases 299, It is clear that the increase in
the acidity of the solvent as the proportion of sulphuric

acid is increaséd gives rise to two opposing effeéts.
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Firstly,at concentrations of sulphurié acid over 80%,the
increase of acidity causes a.rapid increase in the
nitronium ion concentration210,21l a5 shown in the following
scheme :-

HNO; + 2H,SO0, =& NO," + H;0" + 2HSO,”
Hence a rapid, increase in the rate of nitration will result.
Secondly,the increased acidity causes conversion of ‘the
aromatic compound into a hydrogen-bonded complex with
sulphuric acid,and.then into a cation. Thus the first'
effect is predominant in governing the'rate of nitration
in solvents containing up fo 90% sulphuric acid,at'which
point the concentration of nitronium ions has become almost
cohstant. Af higher concentrations of sulphuric acid, the
~ second effect becomes kinetically important and gives rise
to an overall decrease in the rate of ﬂitration as the
acidity is furtﬁer increased,due to the formatibn of
positive ions from the aromatic substrate which tends to
resist the attack of electrophiles?1?,

3.1.3 Partial Rate Factors

Partial rate-factors,originall& called
"coefficients’éf activatioﬁ" by Ingoldél3,have been
introduced as a means of expressing the reactivity of a
particular reaction site in a molecule in ferms of the
reactivity of.a reaction site in a standard holecule,
‘commonly one position in the benzene nucleus. Thus if a
reagent reacts with a carbon.atom at position r in a molecule
with a rate constant kr,and with any position in benzene
with a rate constant kp,then the ratio k,/kp is termed

the "partial rate factor". 1In order to calculate the
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partial rate factors for various reaétion sites in a compouﬁd,
three quantities must be known :-
(1) The overall rate of reaction of the compound with
respect to the standard.
(2) The percentage of total substitution at each site.
(3) A statistical factor relating to the number of
equivalent sites in the compound under investigation.
A suitable example may be provided by the nitration of
toluené using.nitric acid/acetic anhydride. The partiéul#r‘
factor for substitution at the ortho position is given
by the following expressithI“:- |

' Mo kg 6

100 kp 2

 where Mo is the percentage of ortho substitution,kqp/kg the

relative rate of nitration of toluene Qith respect to
benzene,and 6/2'a statistical factor inserted bécause there
are six equivalent sites in the benzene nucleus and two
equivalent ortho sites in the toluene nucleus.

Relative rates of reaction of compounds may be
obtained”by comparing their absolute ratés of reaction
determined kinetically or,more commonl&,they may be obtained
by the "competitive'method". The competitive method was
introduced by Wibaut20! jalbeit unsuccessfully,and was later

used with great success by Ingold et ul2l3for the

"determination of the relative reactivities of a number

of polycyclic aromatic compounds. The method used
consisted of nitrating together two compounds in homogeneous
solution,having concentrations in excess of that of the

nitrating agent. The reaction was allowed to proceed to
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completion and the product mixture analysed. The results
were treated in the following way. Firstly,an assumption
was made that the reactions were carried out in unit

volume which does not change appreciably during the
process. If x, and y, are the initiai concentrations

of the two cpmpounds,and z, the initial concentration of
nitric acid,then,if the concentrations of the two compounds
at time t are x and y,the following relationships may |

be derived :-

-_g_i = kyx {x+y-(xo+y°)+zo}
'%% = k¥ {x+y-(x,+y, )+2, }

where k, and k; are the reaction rates of each compound.
These equations assume that the reactions are bimolecular
and irreversible. On simultaneous integration,these

equations give the following expression :-

k, (logye-logyy)
k, (logx,-logxy)

where x, and y. are the final values of x and y respéctively,
1.e.X0tyo = Xo+Y0=Zo. - This is a useful form of the
expression of fhe relative rate,and requires only a
knowledge of fhe initial and final concentrations of the

reactants. Dewar 290 has written the expression in the form :-

ky log¥o -log(yo-Ny)

ky  logxo=-log(X%,-N,)

- where N, and Ny represent the total concentrations of the
products from each compound. This form of the expression
is of use where it is not possible to determine the final

concentrations of the reactants.
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3.1.4 Theoretical Approach to Reactivity: Use of Molecular

Orbital Theory

The prediction of relative reactivities of

organic compounds by the use of reactivity indices is a
subject which has received considerable attention over
the past fifty years. There are two basic approaches

to this problem,(a) the "static" or '"isolated moleéule"
method,in which the molecule is considered in its |
unperfurbed state;and (b) the "dynamic' method,in which
the molecule is considered in its theoretical transition

state,

(a) The Statiq Method

The "static" or '"isolated molecule" method
originated from the pioneering work of Wheland and Pauling 199
in 1935 on the orientation effects of éubstituents in
benzene derivafives,and was later extended by Coulson 215
and Longuet-Higgins?2!®, The method fequires the assumption
that electrophiles attack preferentially at positions of |
high electron density,and nucleophiles attack preferentially
at positions of low electron density. Wheland and Pauling
proposea that there should be a correiation between
reaction rates and the value of the electron density at
any site in molecule. Unfortundtely,moleéular orbital
theory indicates that the electron density is unity for
- all positions of attack on an alternate hydrocarbon,e.g.
naphthalene,and that all positions should be equally
reactive,which experimentally is generally not the case.
Wheland and Pauling!®?therefore considered the molecule

in its polarized state, the ﬁolarization being caused by
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the field of the approaching reagent holecule. Thus the
approach of the charged reagent molecule towards the position
r in the substrate,having an electron density qp,was
considered to result in a change 6a, in the Coulomb
integral at that site,so that the new electron density,qy,
was given by the expression :-
qr = qr * mr, rbor .
where Tr,r Was termed the "self-polarizability'" of atom r.
This p;rametef is é measure of the ease with which an |
incoming reagent molecule changes the electron density at
a particular position. In-1947,Coulson and Longuef-Higgin3217
derived expressions for self-polarizabilites and for the
cdrrespondiné changes 6E in the wn-electron energy of a
'system i-
8E = qrbop + #mp réo,

It can be seen fhat electron densities and self;polarizabilities
are related,and when used as reactivity indices they must
frequently be considered in combination,in order to avoid
misleading results (see (c¢) below).

' The "frontier orbital" or "froﬁtier electron"
theory was inffoduced by Fuku121&219in.1952. This theory
is based on the postulate that the least tightly bound
electron in a molecule would react preferentially with an
. eiectrophile.. For electrophilic reactibns,the "frontier
‘orbital" is the highest occupied orbital of the unperturbed
ground state of the molecule ﬁnder attack,and the '"frontier
electron density" at any sité is the contribution to the
electron density at that site arising from the pair of

electrons‘occupying that orbital. The positions having
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the highest density of these electrons is assumed to be

the most reactive. For nucleophilic reactions,the "frontier
orbital" is defined as the lowest empty orbital of the

same system,and the frontier electron density at a site

‘is the contribution to the electron dénsity at that site
that would result from double occupancy of this vacant
orbital. This method has had considerable success in
predigting'the position of 'attack in alternant hydrocaerns
by electrophilic reagents. |

(b) The Dynamic Approach

The "dynamic'" approach to reactivities is
illustrated by.the Wheland localisation theory22% proposed
ih 1942, This theory considers the transition state in
an afomatic substitution reaction to bave a pair of electrons
localised at the site of substitution and thereby isolated
from the conjugated system. Such an example is provided
by the electrophilic substitution of benzene,in which
attack of the electrophile x" at a nuclear site resﬁlts in
a change in hybridisation of the carbon'atom at that site
from sp? to sp3,and also results in the loss of two
electrons from the delocalised n-system to form the bond

with the electrophile.‘

H X

+ X' ——
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The w-eiectron energy difference between the unperturbed
molecule and the transition state is then referred to as
the "localisation energy'" for that reaction and,in effect,
approximates to the energy of activation for that reaction.
In the above case,the n-electron energ& of the ground
state is 6a+88,and for the transition state it may be
calculated to be 6a+5.4648;therefore the localisation energy -
for the reaction is -2.5368. In the case of non-symmetrical'
systems the localisation energies for attack at every |
reaction site may be calculated,and the position having
the lowest localisation energy will therefore be pfedicted
to be the most reactive. This method has the difficulty
tﬁat localisation energy is only one component of the
energ& of activation for a particular ;eaction,and does not
include, for example,the contribution from the fprmation of
the o-bond between the aromatic compound and the attacking
species. However,satisfactory correlations of partial
rate factors and localisation energies have been obtéined
for the nitration of a series of polynuclear hydrocarbons 22!,
suggesting thaf localisation energieslcan be taken as
indices of reactivity.

Locaiisation energies may be calculated by the
Hiickel approximation,although thé calculations are lengthy
and are best performed by computer. 'Longuef-Higginszzzand
‘Dewa?223devised a method for obtaining appfoximate
localisation energies from the coefficients of the non-
bonding molecular orbitals of the atoms adjacent to the
site of attack. These values were termed "reactivity

numbers", and as‘with"localisatjoh energies,gaﬁe sétisfactory’
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correlations with partial rate factors 200,

(c) Comparison of Reactivity Indices

In order to compare the performance of the
reactivity indices described above in predicting the
preferred sites of substitution,it is.worthwhile to examine
some examples. Naphthalene is a typical alternate
hydrocarbon,and undergoes electrophilic aromatic substitution
predominantly at the l-position. The reactivity indicés
are given invtablé 3.1.1. ' o

Table 3.1.1 Reactivity indices for~naphtha1ene from

H.M.O.calculations?18,22h4,

Static Dynamic Preferred
Position site of
1 1.000 0.362 0.443 2.299 1
2 1.000 0.138 0.405 2.480 2

(a) Hﬁckel electron density.

(b) Froutiér electron density.

(c) Self-polarizability in units of 1/8.

(d) Localisation energy in units of -8.

(e) Order.of substitution.

" The values of the electron densities,being unity for both
the 1 and 2 positions,should.1ndicate that both positions
are equally reactive;which is not true experimentally.
However,as electron densities should be considered in

conjunction with Self—polarizabilities,the values of the
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latter (0.443 for the l-position,0.405 for the 2-position)
indicate‘that the 1l-position should be more favoured
towards electrophilic substitution. 1In the case of
naphthalene,the predictions of the localisation energies
‘and the frontier electron densities afe consistent with
the experimental findings.

Fluoranthene is an example of a non-altérnant
hydrogarbon in which the electron density is uneven. The

reactivity indices are presented in table 3.1.2.

3

Table 3.1.2 Reactivity indices for fluoranthene from

H.M.O.calculations?26,

Static | Dynamic
Position
€r fr .“r,r I;‘r

1 0.947 | 0.092 | 0.440 2.466
2 1.005 | 0.092 | 0.400 2.503
3 10.959 | 0.241 | 0.462 2.341
7 0.997 | 0.241 | 0.427 2.371
8 1.008 | 0.0902 | 0.410 2.435
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It was found experimentally that position 3 was the most
reactive site towards electrophilic substitution. This is
in agreement with the predictions of the localisation
energies,l, ,and of the frontier electron densities,fr;

the latter also predicting that positién 7 should be
equally reactive. However,the electron density values,e,,
predict that the 2 and 8 positions should be the most
reactiye sites,whigh directly contradicts the experimental
findings. The problem was resolved by Greenwood and |
McWeeny 225 who performed calculations which took into
aécount the polarization of the molecule in the presence
of the attacking electrophile. Using the formula q} =

q? + 7w, 8oy for éap = 2.08,the largest electron density

of 1.655 was found to be at position Sgwith the smallest
.value of 1.623 at position 2. These workers therefore
stated that they considered the electron densities of the
ground staté to be a poor reflection of the availability
of electrons produced by:the polarizing effect of an'

incoming electrophile.
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3.2 Partial Rate Factors and Reactivity Indices for the

Nitration of Mononitro-1,5-Dimethylnaphthalenes and

Mononitro-2,3-Dimethylnaphthalenes in Acetic Anhydride

3.2.1 Introduction

The relative reactivities of l-nitro-2,3-dimethyl-
naphthalene, 5-nitro-2,3-dimethylnaphthalene and 4-nitro-
1,5-dimethylnaphthalene were investigated by competitive
nitration against naphthalene using fuming nitric acid/
acetic anhydfide és the nitration medium. The.kinetid
orders of the various reactions were not investigated; the
reactions were performed under conditions which wduld result
in first kinetic orders with respect to the concentration
of the nitrdaromatic compound. The relative rates of
nitrétion of the three mononitrodimethylnaphthalenes with
respect to the overall rate of reactioh of naphthalene are
given in table‘3.2.1 together with thé isomer broportions
of the dinitrodimethy}naphthalenes produced in the reactions.

Table 3.2.1 Relative rates of nitration and isomer

proportions of products for mononitrodimethylnaphthalenes (25°).

Isomer Prop@rtions(%)a
Compound ' kraf
123}456-78(:
d .
l-nitro-2,3-DMN |0.70{- - - 38 30 * * 32
5-nitro-2,3-DMN |0.86 42.- - 58 - * x X
4-nitro-1,5-DMN |0.96| - * * - - 26 * 74

(a) Estimated error +3%.
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(b) With respect to the overall réte of nitration of
naphthalene (+5%).

(c) Positions of substitution.

(d) DMN = dimethylnaphthalene.

* Product arising from substitution at this site not
observed (a yield,if any,below the limit of analytical
detection).

The partial rate factors for each mononitro-.
dimetﬁylnaphfhaleﬁe were calculated with respect to a'siﬁgle
position in benzene,and are presented<in'the following
tables together with the appropriate reactivity iﬁdices
derived from H.M.O.calculations.

3.2.2 1-Nitro-2,3-Dimethylnaphthalene

The experimental results (table 3.2.1) show that
the 4-position is the most favoured site with respect to
nitration,and fhis finding is in agreement with the
predictions of both the "static'" and '"dynamic" reactivity
indices presented in table 3.2.2. The second most reactive
site was found to be the 8—position,margina11y»favoured
over the 5-position. - The ldcalisation énergy (Lr) values
for the two a?positions (5 and 8) are.practically equal,as
are the valueé for the two g-positions (6 and 7),and are
similar torthe localisation energies for the o and B positions
in naphthaleﬁe itself,vis o = 2.209,8 = 2.480. This indicates
that the substituents in the methylated ring do not markedly
affect the localisation enefgies of the positions in the
unsubstituted ring. However,of the two a-positions in
that ring,the 8-position has the higher electron density

(er), because it is "meta” to ‘the nitro group at the l-position,
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8 NO» |
7 CHs

6 CHs
5 4

Table 3.2.2 Partial rate factors (PRF) and reactivity
indices for the nitration of 1-nitro-2,3-dimethylnaphthalene

in acetic anhydride at 25°.

Static Dynamic

Position_ PRF

Er fr Tr,r Ly

1.045 0.389 .456 2.177 415

1.006 0.336 .443 2,278 328
.012 0.113 . 405 2.436 *

1.006 0.134 . 407 2.443 *

0 N e g b
[
©O © o o o©

1.011 0.335 .439 2.279 349

' = 226,
(a) Calculated using knaphthalene/kbenzene 260 H

estimated error i1o%.

and it must be assumed that this effect is bredominant in
directing the position of substitution in the unsubstituted
ring. The 6-position,being "meta” to the 8-position,also
has a'high electron density value but,as can be seen from
table 3.2.1,substitution did not occur at this site due

- presumably to the high localisation energy value.
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3.2.3 5-Nitro-2,3-Dimethylnaphthalene

7 CH;
6 CHs5
NO, 4

Table 3.2.3 Partial rate factors and reactivity indices
for the nitration of 5-nitro-2,3-dimethylnaphthalene in

acetic anhydride at 25°.

Static Dynamic
Pdsition . PRF
Er fr "r,r’ Ly

1 1.059 | 0.419 | 0.450 | 2.165 | 563

4 1.072 | 0.418 | 0.438 | 2.167 | 778

6 0.951 | 0.100 | 0.436 | 2.451 *

7 1.015 | 0.129 | 0.401 | 2.450 *

8 '0.961 | 0.282 | 0.456 | 2.339 *

Nitration was found toltake plaée only at the
1 and 4 positions in 5-nitro-2,3-dimethylnaphthalene
 (table 3.2.1). This finding.is consistent.with’predictions
based on the localisation energy calculations,which give
the lowest values for electfophilic attack at the 1 and
4 positions (table 3.2.3). However,these calculations do

not predict whiqh'of'these two sites should be more favoured
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towards nitration,as the localisation energy values are
almost equal. The self-polarizability values indicate
that the l1-position might be favoured over the 4-position,
and this would also be predicted from consideration of

the steric factors. The electron denéity at the 4-position
is higher than at the l1-position,because the former is
"meta" to a nitrd group. This activating effect at the
4-position is quite powerful because the 5-nitro group is
relatively uﬁhindéred and can therefore lie almost in‘the
plane of the ring,thereby activating thoée positions

meta to that nitro group to the maximum extent. ﬁitration
therefore takes place preferentially at the 4-position.
The 7-position,which is also "meta” to the 5-nitro group,
also.has a high electron density,but the high localisation
energy precludes attack at this site.

3.2.4 4-Nitro-1,5-Dimethylnaphthalene

Nitration of 4-nitro-1,5-dimethylnaphthalene
was found to take place:only in the non-methylated ring,
and only at the positions ortko and para to the 5-methyl
group (table 3.2.1). - Attempts to prediét the preferred
site of attack from the reactivity indices (table 3.2.4)
can give misléading results in this case. The localisation
energy values correctly indicate that theA8-position should
be most favoﬁred towards nitration,but'also.suggest that
the 2 and 6 positions should be equally favoured as the
second most reactive site. Similar predictions are
obtained from the frontier electron density and self-
polarizability calculations. The electron density

calculations indicate that the 2-position should be the most
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8 CH3
7 2
6 3
CH; NO,

Table 3.2.4 Partial rate factors and reactivity indices
for the nitration of 4-nitro-1,5-dimethylnaphthalene in

acetic anhydride at 25°.

Static Dynamic

Position . PRF

€r fr Tr,r Ly

1.068 | 0.175 | 0.409 | 2.284 *

2
3 0.975 | 0.104 | 0.417 | 2.455 | =
6 '1.062 | 0.173 | 0.414 | 2.284 | 359
7 1.006 | 0.126 | 0.404 | 2.439 | =«
'8 1.033 | 0.349 | 0.445 | 2.189 | 1108

favoured site:of electrophilic attack,as this position is
ortho to a‘methyl group and meta to a nitro group,and that
nitration should take place preferentiall& at the 6-position
rather than éhe 8-position. In cases of diéagreement

- between reactivity indices,particularly those based. on the
""'static" model,earlier discussion has shown that it is
necessary to consider the complementary role of electron
density and self-polarizabiity values in determining the

most probable site of attack of ‘an electrophile. It will
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be seen from table 3.2.4 that for positions 2,6 and 8 the
respective electron density values of 1.068,1.062 and 1.033
are effectively counteracted by the self-polarizability
values of 0.409,0.414 and 0.445. Other factors must
therefore be taken into account. In tﬁis particular case
there is a specific peri-activating effect of the 8-position
by the l1-methyl group. This effect has been observed ip

the ni@ration‘of lfmethylnaphthalene,Which gives an .
unexpectedly high yield of 8-nitro-1-methylnaphthalene57.
However,no explanafion for this latter effect has been given.

3.2.5 Comparison of the Reactivities of Mononitro-1,5-

Dimethylnaphthalenes and Mononitro-2,3-Dimethylnaphthalenes
The overall rates of nitration of the three
' mononitrodimethylnaphthalenes were fouqd to approximate
closely to the overall rate of nitration of naphthalene
itself. This clearly illustrates the powerful deactivating
effect of the nitro group on an aromatic system,since in
the above cases the activating effect of two methyl gfoups
was almost exactly neutralised by the presence of one nitro
group.
The order of reactivity of the three compounds
is 4-nitro-1,5-dimefhylnaphthalene>5-nitro-2;B-dimethyl-
naphthalene>17nitro-2,3-dimethylﬁaphtha1ene. 5-nitro-2,3-
dimethylnaphthalene might be expected to reaet faster than
’1-nitro-2,3—dimethy1naphtha1ene as the forﬁer compound
has two highly activated a-positions (1 and 4) whereas the
latter compound has only one'(the 4-position),plus two
naphthalene-type a—positione (5 and 8) which have similar

localisation energieé to the dfpbsitions in nephtﬁalene.
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2.20 - 2.30 2.40

Localisation Energy (units of -8)

AFig.3.2.1 Graph of log(partial rate factor) vs localisation
energy for positions of substitution in mononitrodimethyl-
naphthalenes. (a) 1-nitro-2,3-dimethylnaphthalene; (b) S5-nitro-
2,3-dimethylnaphthalene; (c) 4-nitro-1,5-dimethylnaphthalene;

(d) naphthalene.
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The reactivity of 4-nitro-1,5-dimethylnaphthalene is greatef
than eithef of the mononitro-2,3-dimethylnaphthalenes probably
because the former compound possesses a highly activated
a-position (the 8-position) which is readily accessible to
an incoming electrophile. |

A plot of log(partial rate factor) vs loqalisation
energy for each position of substitution in the three
mononitrodimethylnaphthalenes is presented in fig.3.2.1;
Points represéntiné the o and B-positions of naphthaleﬁe
have also been includeéd on the graph for purposes of
comparison. The graph is hot entirely satisfactor& due
to the localisation energy values falling into two groups,
at‘ca 2.18 aﬁd 2.28 (units of -g). However,it can be seen
" that an empirical relationship does exist between log(partial

‘rate factor) and localisation energy values.
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3.3 Partial Rate Factors and Reactivity Indices for the

Nitration of Dinitro-1,5-Dimethylnaphthalenes and Dinitro-

2,3-Dimethylnaphthalenes in Sulphuric Acid

3.3.1 Introduction

The relative reactivities of 1,4-dinitro-2,3-
dimethylnaphthalene, 1,5-dinitro-2,3-dimethy1naphtha1ene,
1,8-dinitro-2,3-dimethylnaphthalene and 4,8—dinitro-1,5-
dimethylnaphthalene with respect to nitration in fuming
nitric acid/98% sulphuric acid were investigated by
competitive nitration against p-nitrotoluene. The kinetic
order of each nitration wés not investigated,the feactions
being assumed to be first order with respect to the
cbncentratiﬁns of the nitroaromatics,or second order with

respéct to the overall reaction. The relative rates of

" nitration of the four dinitrodimethylnaphthalenes at 25°

with respect to the overall rate of reaction of p-nitro-
toluene are given in table 3.3.1. 1In each case only one
reaction product was obtained,the proportions of any other
products (if formed) being below the limit of analytical
detection (ea 0.3%). |

Tabie 3.3.1 Relative rates of nitration and

positions of substitution for dinitrodimethyl-

naphthalenes.
a,b |Position of
Compound k
: rel substitution

1,4-dinitro-2,3-DMN 1.38 5
1,8-dinitro-2, 3-DMN 1.89 4

1,5- dinitro 2,3- DMN 2,01 4

4,8- dinitro 1 5~ DMN 1.26 2
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(a) With respect to the overall rate of nitration
of p-nitrotoluene.
(b) Estimated error *15%.
The partial rate factors for each dinitrodimethylnaphthalene
: Were calculated relative to benzene using a value?26of
Ky nitrotoluene /Kbenzene ©f 2.64 x 1075. The calculated values
are given in the following tables together with the'reactivify

indices derived from H.M.O.calculations.

3.3.2 1,4-Dinitro-2,3-Dimethylnaphthalene

NO,
CH;
6 (:P43
5 NO.

Table 3.3.2 Partial rate factors and reactivity indices
for the nitration of 1,4-dinitro-2,3-dimethylnaphthalene

in fuming nitric acid/98% sulphuric acid at 25°,

Static Dynamic
Position ' PRF
€r fr "r,r Ly
5 1.008 0;339 0.439 l2.291 1.09x10%
6 1.007 0.133 0.406 2.447 *

Subsfitution was found to have taken place only
at the 5-position,with no evidence for any substitution at

the'efposition. ~The extreme ﬁredominance of a-substitution

L
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in this case is consistent with the substitution pattern
observed‘for the nitration of naphthalene under the same
conditions where the a/B substitution ratio was found to
be 35.3 226, The experimental results are consistent with
the predictions of both the '"static" Qnd "dynamic"
reactivity indices. The electron density values for the

o and B8-positions are very close,but the a-positions are
favou?ed over the B-positions with respect to electrophilic
substitution because the former are "meta” to the nitfo
groups at the 1 and 4-positions. |

3.3.3 1,5-Dinitro-2,3-Dimethylnaphthalene

8 NO2
7 CHs
6 . (:F+3
4
NO,
Table 3.3.3 Partial rate factors and reactivity indices

for the nitration of 1,5-dinitro-2,3-dimethylnaphthalene

in fuming nitric acid/98% sulphuric acid at 25°.

Static Dynamic

Position . PRF

Er fr Te,r | Ly

1.009 0.129 0.402 2.513 *

4 1.051 | 0.396 | 0.447 | 2.200 | 3.18x10~"
6 0.978 | 0.118 | 0.435 | 2.452 *

7

8 .

0.964 | 0.286 | 0.453 | 2.352 | =
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The experimental results sﬁow that substitution
took place only at the 4-position,a site ortho to the
3-methyl group,and therefore highly activated. The
predominance of substitution at the 4-position was also
observed in the nitration of 1-nitro-2}3-dimethynaphtha1ene
(sec.3.2.2) which also contains a nitro group at the
l-position. This experimental finding is consistent with
the predictions of the '"static'" and "dynamic" reactivify
indices,with the e#ception of the self-polarizabilty |
values,which marginally favour the 8-position over the
4-position as the most reéctive site. This might 5e
expected as the 8-position is "meta” to the 1-nitro group.
Sﬁbstitution might also have been expected at the 7-position,
which is meta to the 5-nitro group,and indeed the electron
density at the 7-position is high. -Ho@ever,as in the case
of the nitratién of 5-nitro—2,3-dimethy1naphth#1ene,the
presence of a nitro group in the non-methylated ring
deactivates that ring towards electrophilic substitution,
and no substitution takes place at any of the sites in that
ring. v |
3.3.4 1,8-Diﬁitro-2,3-Dimethy1naphthalene

It wés fdund that substitution only takes place
at the 4-position in 1,8-din1tr6-2,3-d1mefhy1naphtha1ene.
The orientation of attack here is comparablé to that
~ observed with 1,5-dinitro-2,3—dimethy1naphfhalene in that
substitution occurred at a position ortho to a methyl group.
These results are in agreement with the predictions of all
the reactivity indices. Although substitution might also

have been expected at the 5—p¢sition,as this is ah a-positidn
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NO, NO,
7 CHs
6 (:F43
5 4

Table 3.3.4 Partial rate factors and reactivity indices
for the nitratiqn of 1,8—dinitro—2;3-dimethy1naphtha1ene

in fuming nitric acid/98% sulphuric acid at 25°.

Static Dynamic

Position PRF

€r Ir Tr,r Ly

4 1.041 | 0.393 | 0.457 | 2.187 | 2.99x107"*
5 0.983 | 0.312 | 0.450 | 2.312 *

6 1.013 | 0.130 | 0.403 | 2.445 *

7 0.952 | 0.009 | 0.422 | 2.456 *

having a low 16calisation energy,or at the 6-position,
which is meta to the 8-nitro group and has a high electron
" density, the presenée of the nitro group in the non-
methylated r;ng deactivates.thaf ring towards nitration in
a2 similar manner to the 5-nitro group in 1,5—dinitro-2,3-
dimethylnaphthalene. |

3.3.5 4,8-Dinitro-1,5-Dimethylnaphthalene

4,8—dinitro-1,5-dimethy1naphtha1ene is
structurally similar to 4-nitrotoluene in that methyl

© groups are substitutéd para to each other,and in that



fr—

- 151 -

NO, CHs
2
3

CH, NO,

Table 3.3.5 Partial rate factors and reactivity indices
for the nitration of 4,8-dinitro-1,5-dimethylnaphthalene

in nitric acid/98% sulphuric acid at 25°.

Static Dynamic
Position : PRF
€r Ir "r,r Ly
2 1.063 | 0.170 | 0.410- | 2.299 | 1.00x10~"
3 0.976 | 0.106 | 0.417 | 2.459 *

substitution may take place at two sites only,either ortho
to a methyl group or ortho to a nitro group. Nitration
was found to have taken place only at the 2-position in

4,8-dinitro-1,5-dimethylnaphthalene,the site of attack

- being ortho to a méthyl group. This result is in accordance

with the predictions of the readtivity indices with the

exception of the self—polarizability'values'which marginally

“ favour the 3-position as being the most reactive site.

3.3.6 Comparison of the Reactivities of the Dinitro-1,5-

Dimethylnaphthalenes and Dinitro-2,3-Dimethylnaphthalenes

The order of reactivity of the four dinitro-

- dimethylnaphthalenes was found to be 1,5-dinitro-2,3-dimethyl-
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Fig.3.3.1 Graph of log(partial rate factor) vs localisation

énergy for positions of substitution in dinitrodimethyl-
naphthalenes. (a) 1,5-dinitro-2,3-dimethylnaphthalene;
(b) 1,8-dinitro—2,3-dimethylnéphtha1ene; (c) 1,4-dinitro-2,3-

dimethylnaphthalene; (d) 4,8-dinitro-1,5-dimethylnaphthalene;

(e) p—nitrotoluene.'
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naphthalene>1,8-dinitro-2,3-dimethylnaphthalene>1,4-dinitro-
2,3-dimethylnaphthalene>4,8-dinitro-1,5-dimethylnaphthalene.
In the case of 1,5-dinitro-2,3-dimethylnaphthalene and 1,8-
dinitro-2,3-dimethylnaphthalene,substitution takes place
at the 4-position for each compound,buf the reactivity of
the former compound is greater than that of the latter
because of the extra activation of the 4-position by the
nitro group at the 5-position,to which it is "meta”. Of
the three dinitro-2,3-dimethylnaphthalenes, 1,4edinitr6-2,3-
dimethylnaphthalené was found to have the lowest reactivity
due to there being no a-poéitions activated by metﬁyl
groups,unlike the other two dinitro-2,3-dimethylnaphthalenes.
4,8-dinitro—1,5—dimethy1naphtha1ene was found to have the
' lowesf reactivity of the four dinitro qompounds under
investigation. ~There are no activated a-positions available  °
for substitution in this compound,and attack of the
electrophile takes place only at the B-positions ortho to
the methyl groups. |

A plot of log(partial rate factor) ve localisation
energy for each compund 1is presented in fig.3.3.1. As in
fig.3.2.l,the.points are in two groups,but again there
could well be a corfelation between partial rate factors

and localisation energy values.
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3.4 Partial Rate Factors and Reactivity Indices for the

Nitration of 2,4,8-Trinitro-1,5-Dimethylnaphthalene and

1,4,5-Trinitro-2,3-Dimethylnaphthalene in Sulphuric Acid

3.4.1 Introduction

The relative reactivities of 1,4,5-trinitro-2,3-
dimethylnaphthalene and 2,4,8-trinitro-1,5—dimethy1-
naphthalene were investigated by competitive nitration
against 2,4-dinitrotoluene,using fuming nitric acid/

98% sulphuric acia as the nitration medium. The‘relafive
rates of nitration of the two trinitrodimethylnaphthalenes
at 25°with respect to the.overall rate of reactioﬁ of
2,4-dinitrotoluene are given in table 3.4.1 together with
the isomer proportions of the tetranitrodimethylnaphthalenes
prodﬁced in the reactions.

Table 3.4.1 Relative rates of nitration and positions of

substitution in trinitrodimethylnaphthalenes.

, b
a | Isomer Proportions (%)
Compound Kre:
3 6 7 8
1,4,5-trinitro-2,3-DMN | 0.51 - * 95 5
2,4,8-trinitro-1,5-DMN | 10.3 | 100 * * -

(a) Relative to the overall rate of'nitrétion of
2,4-dinitrotoluene; +25%.
(b) Estimated by NMR spectroscopy; error *1%.
The partial rate factors for each trinitrodimethylnaphthalene
were calculated relative to benzene,using a value of

k2,4-dinitrotoluene/kbenéene'2260f"8-'34 x 10~%,and are presented



- 155 -

in the following tables together with the reactivity
indices derived from H.M.O.calculations.

3.4.2 1,4,5-Trinitro-2,3-Dimethylnaphthalene

3 NO,
7 CHj
6 . (:}+3
NO, NO,
Table 3.4.2 Partial rate factors and reacti?ity indicés

. for the nitration of 1,4,5-trinitro-2,3-dimethy1naphtha1ene

in fuming nitric acid/98% sulphuric acid at 25°.

Static Dynamic
Position —_— ' PRF :
€r fr Tr,r | Ly
6 0.979 | 0.117 | 0.421 | 2.456 *
7 1.009 | 0.130 | 0.403 | 2.456 | 2.42x10-8
8 | o0.986 | 0.316 | 0.446 | 2.324 | 1.28x10"9

(a) Estimated error +30%.
Nitration of 1,4,5-trinitro-2,3-dimethylnaphthalene
was found to.have taken plaée largely at the 7-position,
with only ca 5% of the substitution taking place at the
8-position. The experimentél results are in contradiction
of the predictions of all the reactivity indices,with the
exception of the electron density values which correctly

predict that the 7-position should be the most favoured with
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respect to electrophilic substitutioh. However, the
self-polarizability values tend to complement the electron
density values in a similar way to that observed with
4-nitro-1,5-dimethylnaphthalene (sec.3.2.4). 1In the case
-of 1,4,5-trinitro—2,3-dimethy1naphthaiene,it would appear
that the powgrful mesomeric effect of the nitro group at
the 5-position is the predominant factor directiné-the
orientation of substitution,attack taking place at the‘

7—position which is meta to the 5-position.

3.4.3 2,4,8-Trinitro-1,5-Dimethylnaphthalene

NO, CH,
7 NO,
6 3
CH; NO, -

Table 3.4.3 Partial rate factors and reactivity indices
for the nitration of 2,4,8-trinitro-1,5-dimethylnaphthalene

in fuming nitric acid/98% sulphuric acid at 25°.

Static pynamic
Position : ' PRF :
€r fr "i,r Li
3 0.964 | 0.121 | 0.428 | 2.425 *
6 1.057 | 0.162 | 0.412 | 2.312 | 5.15x10"7
7 0.976 | 0.110°| 0.417 | 2.460 *

(a) Estimated error tSO%L
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Substitution was found to h#ve taken place only
at the 6-position in 2,4,8-trinitro-1,5-dimethylnaphthalene.
This result is in accordance with the predictions of all
the reactivity indices with the exception of the self-
polarizability values,which favour the‘S-position as the
most likely position of substitution. This may,however,h be
ruled out as the 3-position is sterically hindered,and is
highly de-activated towards electrophilic.substitution |
by being orthé to fwo nitro groups.

3.4.4 Comparison of the Reactivities of 1,4,5-Trinitro-2,3-

Dimethylnaphthalene and 2,4,8-Trinitro-1,5-Dimethyinaphtha1ene

.Despite the large errors in the experimentally
obtained parfial rate factors,it is clear that the reactivity
" of 2,4,8—trinitro-1,5—dimethy1naphthalene is greater than
‘that of 1,4,5-trinitro-2,3-dimethy1napﬁtha1ene. This is to
be expected as in the former case the ring in wﬁich
substitution takes place contains one methyl and one nitro
group,whereas in the latter case substitution takes place
in a ring containing one nitro group.

It would not- be meaningful to éonstruct a graph
of Zog(partiallrate factor) vs localisétion energy for just
two compounds. Howéver;the partial rate factor for
substitution at the 6-position in 2,4,8-trinitro-1,5-dimethy1-
naphthalene of 5.15 x 107 (felative‘to'a single position in
"benzene) for which the localisation energy is -2.3128,1is
greater than the partial raté factor of 2.42 x 10”8 for
substitution at the 7-position in 1,4,5-trinitro-2,3-dimethyl-
naphthalene for which the localisation energy is -2.4568.

These results are in ‘accordance with the general relationship
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between partial rate factors and localisation energies

(see sec.3.1.4).
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3.5 Experimental Section

3.5.1 Competitive Nitration

(t) Mononitrodimethylnaphthalenes - The following general
method was used. A mixture of a mononitrodimethylnaphthalene
(0.5g),naphthalene (1g) and 2,4-dinitrotoluene (0.25g)
(internal standard) was prepared,and dissolved in acetic
anhydride (50ml). The solution was maintained at'25°,with
tempergture control #5°, A portion (25ml) of this solution
was withdrawn,and hydrolysed in water (300ml). To the‘
remainder of the solution was added during 0.5h a portion
(1ml) of a solution of nifric acia (d1.50;0.1ml) in

acetic anhydride (2Qm1) which had been equilibrated in a
thermostat at 25°., The reaction mixture was allowed to stand
at 2§)for 2h,and was then hydrolysed in water (300ml). The
products from the hydrolysis of both the reacted and unreacted
portions of the mixture were worked up in the following way{
The suspensions wére neutralised with sodium carbonate,and
extracted with ether (4 x 50ml)., The ether extracts were
washed -with water (2 x 100ml),and the washinés extracted

with ether (50ml). The total ether soiutions were dried

over calcium chloride (20g),filtered,and the calcium
chloride residue washed with ether (30ml). The dried ether
extracts were evaporated on a water bath fo dryness.

(iz) Dinitr;dimethylnaphthalenes - Thé foliowing general
“method was used. A mixture of a dinitrodimethylnaphthalene
(0.5g),p-nitrotoluene (0.5g) and 1,3,5-trinitrobenzene
(internal standard) was prepared,and dissolved in sulphuric
acid (d 1.84;50ml). The solution was thermostatted at 25° .

(10-50),apd a portion (25ml) withdrawn and drowned out in
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ice-water (300ml). To the remainder of the solution was
added during 0.5h a portion (1ml) of a solution of nitric
acid (d41.50;1ml) in sulphuric acid (d1.84;25ml) which

had also been thermostatted at 25°. The reaction mixture
was allowed to stand at 25 for 2h,and &as then drowned out
in ice-water (300ml). The products from the reacted and

" unreacted portions of the original mixture were worked up

as follows. - The suspensions  were neutralised with sodiﬁm
carbonate,andvextr;cted with ether (5 x 50ml). The ethér‘
extracts were washed with water (2 X 100ml),and the washihgs
extracted with ether (2 X SOml). The combined ethér
solutions were dried over magnesium sulphate (50g),filtered,
and the magnesium sulphate residue washed with ether (50ml).
" The dfied ether extracts were evaporated to dryness on a
water bath. |

(227) Trinitrodimethylnaphthalenes - The folloﬁing general
method was 'used. A mixture of a trinitrodi%ethylnaphthalene
(0.5g), 2,4-dinitrotoluene (lg) and 1,3,5-trinitrobenzene
(internal standard) was prepared,and dissolved in sulphuric
acid (d1.84;50ml). The solution was maintained at 25°in

a thermostat,and a portion (25ml) withdrawn and drowned out
in ice-water (300m1). A solution of nitric acid (d1.50;1iml)
in sulphuric acid (d1.84;25ml) was preparéd,and maintained
at 25°. A po;tion (1ml) of this solution was added during
'0.5h to the remainder of the nitroaromatic Solution,and the
mixture allowed to stand for.2h,after which it was drowned
out in ice-water (300ml). The products from the reacted

and unreacted portions of the original nitroaromatic mixture

were worked up in the following way. The suspensions were
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neutralised with sodium carbonate,and extracted with ether

(5 x 50ml). The ether extracts were washed with water

(3 x 100ml),and the washings extracted with ether (100ml).
The combined ether solutions were dried over calcium
chloride (50g),filtered,and the calciuhvchloride residue
residue washed'with ether (50ml). The dried ether_extracts‘
were evaporated to dryness on a water bath. The experiments.
were performed in triplicate.

3.5.2 Analytical Method

(1) Mononitrodimethylnaphthalenes and diﬁitrodimethyl-‘
naphthalenes - The analysis of the product mixtureé was
carried out by high pressure liquid chromatography,using

a Pye-Unicam LCM2 Liquid Chromatograph fitted with a UV
detecfor operating at 254nm. The stationary phase employed
was Corasil II packed in a stainless steel column of
internal diameter 2mm and length 2m. 'The eluent was
cyclohexane (spectroscopic grade),and the elution rate was
0.4 ml/min. Samples weré prepared for analysis by
aissolving small quantities (ea 50mg) of product in
chloroform (1ml),and making the volume up to 50ml with
cyclohexane (Sbectroscopic grade). Samples (10pl) of this
solution were injecfed onto the column,and the chromatogram
recorded. The concentrations of the reactﬁnts in the
mixture were évaluated frdm calibration curves obtained
"from the chromatograms of standard mixtures of the reactants
containing an internal standard. The ratios of the
concentrations of the products in the reaction mixtures
were obtained by comparison of their chromatograms with

the chromatograms of ‘standard mixtures of the relevant
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products. The relative rates of reaction were calculated
by the fqrmula given in sec.3.1.3. The partial rate factors:
were calculated from the product ratios,as described in
sec.3.1.3,

(1) Trinitrodimethylnaphthalenes - The relative
concentrations of the starting materials in each p;oduct
mixture were determined by the high pressure liquid-
chromatography method described above. Due to the very
high retention times of the tetranitrodimethylnaphthalene
products on the column,their relative concentrations

could not be obtained by fhe HPLC method. Instead;the
products werg analysed by NMR spectroscopy using DMSO—d6
as solvent,and the relative concentrations of the products
detefmined by comparison of the spectra of standard
mixtures of the products. |

3.5.3 Theoretical Calculations

The values of localisation energy (L,),electron
density (er),frontier eléctron density (fr) and self-
bolarizability (np,r) for each possible site of attack
on eachvsubstrate were»evaluated by Hﬁckél Molecular Orbital
calculations.; The calculations were Qerformed on an |
ICL 1900 computer uéing the programme '"MCAN',based on
the McLachlan approximate confighration iﬂteraction
method.zzﬁtaking into accéunt hyperconjugation between
" the methyl substituents and the ring systems. The values
of the parameters h, and k ﬂlln the Coulombic integral
ax = a + hyp and the resonance integral Byy = ky-yB respectively

are given in table 3.5.1 below.
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Table 3.5.1 Parameters used in the H.M.O.
calculations for the nitro-1,5-dimethyl-

naphthalenes and nitro-2,3-dimethylnaphthalenes.

Atom h, Bond Ky-y

H(methyl) -0.5 |C-H(methyl) 3.0
H(aromatic) 0.0 |C-H(aromatic) 0.0
C | , 0.0 Cc-C 1.0

N 2.2 c-N? 1.8

0 1.2 c-N? 1.2

N-O 2.4

(a) For nitro groups lying in the plane of

the ring,e.g.5-nitro-2,3-diméthy1naphtha1ene.
(b) 4For hindered nitro groups lyingvout of the
plane of the ring,e.g.l-nitfo-z,B—dimethyl-

naphthalene,
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| Chapter Four. Spectroscopic Properties
of Nitro-1 5-Dimethylnaphthalenes

and Nitro-2,3-Dimethylnaphthalenes

4.1 Positive and Negative Ion Mass Spectrometry.
4.2 Electronic Spectroscopy.
4.3 Nuclear Magnetic Resonance Spectroscopy.

4.4 Electron Spin'Resonance Spectroscopy.
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4.1 Positive and Negative Ion Mass Spectrometry

4.1.1 Introductory Survey

(A) Positive Ion Mass Spectra of Nitroaromatic Compounds

The positive ion mass spectra of the simpler
nitroaromatic compounds have been invéstigated in some
detail,and their characteristic fragmentation patterns
are now well understood 228, The spectrum of nitrobenzene,
the simplest nitroaromatic compound,was investigated in
1956,and it was found that the base peak corresponded to'
the phenyl cation;ng ,produced via a simple bond fission
giving rise to the loss of the nitro group as NOéézg.
However,a process involving loss of NO',to yield the
phenoxy cation,followed by the ejection of CO was also
observed. It was proposed by Beynon et al 230 that the
key step in this process was the isomorisation of the nitro

group to the nitrito form,as shown in fig.4.1.1.

O.+ O '*NO

,. Py 3
‘"“O 5)
< —Q=> —>
| | 0 0

‘“f—-< "(:() [if%%%%i

-<— 45—-—'

NS

Fig.4.1.1

Simple derivatives of nitrobenzene,e.g.m- and p-nitrotoluene,

also undorgo primary elimination of NO',presumably via the



- 166 -

nitro+nitrito rearrangement,although;as with nitrobenzene,
the loss of NO; is of more significance?3!, This is
probably because loss of NO; requires only the breaking of
one bond whereas fhe loss of NO' requires the formation

of a new bond before elimination can fake place. The

latter process is therefore less energetically favoured

than the former. For o-nitrotoluene the major fragmentation
process is the elimination of OH®' followed by the |
sequential loss of CO and HCN. This process was thordughly
investigated by Meyerson et al23l who used isotopically
labelled carbon and hydrogen in the methyl group 6f
o-nitrotoluene. They established conclusively that the
molecule of‘carbon monoxide which was eliminated from the
[M—OH?]+ ion originated from the methyl group,and they
proposed the following scheme for_the.sequential elimination.-

of OH',CO and HCN :-

\ "C”4
\/ 0 ——> - H—> H}SO
CCH c
H, H

+ - H +
~-H NH 8 NH
<5ljgly < zﬁ$}4<5- 2

~-CO
H GSor 0

Fig.4.1.2

These wogkers considered that loss of OH' occurred as a
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single step,rather than via a discrefe intermediate. For
2,6-dinitrotoluene 23%and 2,4,6-trinitrotoluene?32in which
a methyl group is substituted adjacent to two nitro groups
in eachbcase,the primary elimination of two hydroxyl
‘radicals is observed. '

The positive ion spectra of the nitro derivatives
of naphthalene have received much attention in the literature.
1-nitronaphtha1ene is of particular interest as the |
molecular ion undergoes successive loss of CO and NO® the
opposite to that observed for nitrobenzene 233, It has been
proposed that an interaction between the nitro greup at
the 1-position and the carbon atom at the 8-position takes
plaee,and th possible schemes have been postulated?33,23%

(fig.4.1.3).

0 H-O., O
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Fig.4.1,3 - Route A
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/ O‘N”O P 0 'KJ”O

Fig.4.1.3 - Route B
‘The key step in both of these meqhaniéms is the bonding
of the oxygen'atom of the nitro group to the éarbon atom
at the 8-position. The proposed mechanisms are justified
by the observation that for the dinitronaphthalenes the
‘relative intensities of the [M-CO]? peaks decrease with
decreasing electron density at the 8-poéition,being least
for 1,7-dinifronaphtha1ene and greatést for 1,3-dinitro-
naphthalene 9, waever,the loss of CO from the molecular
ion is a minor fragmentation process for the dinitro-
haphthaleneslthe more imporfant route being the sequential
loss of two nitrogen dioxide radicals. For 1,8-dinitro-
naphthalene,the [M-NO3]™* fon gives rise to the base peak
in ‘the spectrum,suggesting that loss of NO; is a particularly
facile process in this case. The [M-NO3]" ion then fragments

via loss of NO' and CO. A mechanism for this process has
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been proposed 2?9 (fig.4.1.4).

0, oo o O.. O 0

\*’/ N\ +<ﬁ
O
g Ny oF
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Fig.4.1.4

Primary elimihation of NO; from the 1-position is followed
by attack on that position by the oxygen atom of the 8-nitro
‘group,the latter step being favoured by the electron
deficiency of the l-carbon atom. After.loss of NO',the
daughter ion’has a structure resembling tﬁe phenoxy cation,
as derived from nitrobenzene (fig.4.1.1),and loss of CO
can then occur. For 1,3-dinitr6naphtha1ehe the major
fragmentatioﬁ processes are.the loss of OH' and HONO from
the molecular‘ion. This has been explained as being due
to a primary rearrangement,és in fig.4.1.3A,in which an
ONOH group is formed at the 1-position. Sequential loss
of OH' and NO',or the loss of HONO as a complete fragment,

can then occur readily.
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Of the alkyl substituted nitronaphthalenes,the
nitroacenaphthenes have been particularly comprehensively
studied with regard to mass spectrometry236. The molecular
ions of these compounds,in particular those containing
‘nitro groups which can interact with the aliphatic bridge,
fragment via a loss of OH' and HONO,and this is probably
due to the formation of discrete intermediates coﬁtaining

the ONOH group,as shown in fig.4.1.5.
H ~H
{0 CH
SUTYe
-
-HONQ/”  |-OH
H

“III.E?

D
>
N

0

+ 77—
+ Z7—0

Fig.4.1.5
Those polynitroacenaphthenes containing nitro groups
substituted 6n adjacent pérf positions,e.g.5,6-dinitro-
acenaphthene,undergo séquential loss of NO; and NO* from
the molecular ion. This is.analogous to the fragmentation

process observed for'1,8—dinitronaphtha1ene.
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(B) Negative Ion Mass Spectra of Nitroaromatic Compounds’

The negative ion mass spectra of nitroaromatic
compounds have received considerably less attention fhan
the positive ion spectra of these compounds. The negative
ion spectrum of nitrobenzene has been well studied?37 ,and
the main features of the spectrum found to be an intense
peak at m/e 46,due to the nitrite ion [NO,]”,and a weal
peak at m/e 93 corresponding to [M-NO*]~. Bowie and his
co-wox.'kersz‘”."»239:2.‘*o have studied the negative ion speétré
of a number of substituted nitrobenzenes,and have concluded
that the intensify of the'[M-NO']' peak increases with the
increasing elegtron withdrawing character of the substituents.
Thus the DMQNO']' peaks in the negative ion speéctra of the
dinitrobenzenes are quite intense,whereas for the nitro-
anilines they are virtually non-existent. Brown and Weber 241
have studied the negative ion spectra of m- and p-dinitro-
benzenes obtained with 2-20eV electrbns,and have determined
that the energy change for the loss of NO' from the "
‘molecular ipn is greater for p—dinitrobenzene than for
m~-dinitrobenzene. This is to be expectéd as a meta nitro
group can stabilise a phenoxide ion qnly by inductive
electron withdrawal,whereas a para nitro group can also
stabilise a negative charge by d;rect resonance interaction,
as shown in fig.4.1.6.- Theiloss of NO' is presumably
preceded by a'nitro+nitrito rearrangement, The negative
ion spectrum of 2,4,6-trinifrotoluene has been obtained
with 2-8eV electrons,and peaks corresponding to losses of
OH® ,NO' ,HONO and NO; observed?32, The loss of OH' from

the molecular ion undoubtedly proceeds via abstraction of
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Fig.4.1.6
a hydrogen atom from a methyl group by an adjacent nitro
group. Unlike the positi&e ion spectrum, the sequéntial
loss of two hydroxyl radicals from the molecular ion was
not‘observed in the negative ion spectrum.

Of the compounds based on the naphthalene
nucleus,only the nitroacenaphthenes héve received attention -
with regard to.negative ion mass specfrometryzgs. Those
nitroacenaphthenes having nitro groups substituted ortho
to the aliphatic bridge undergo elimination of OH' and
'HONO from their negative molecular ions by an analogous
mechanism to that proposed for the compérable eliminations
from the poéifive molecular ions (fig;4.1.5). Primary'
loss of NO' is favoured for the polynitroacenaphthenes
by the presence of a nitro group at an effectively
ortho/para pésition with respect to the nitro group from
which the 1os§ occurs,e.g.4,6-dinitroacenaphthene. The
phenoxide ion that is formed can then be stabilised by

resonance interaction,as shown in fig.4.1.7.
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Fig.4.1.7
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4.1.2 Positive Ion Mass Spectra of Nitro-2,3-Dimethyl-

naphthalenes

The positive ion mass spectra of twelve nitro-
2,3-dimethylnaphthalenes are presented as computer-processed
bar diagrams in figs.4.1.19-30. The mbst abundant ions
in the spectra are listed in table 4.1.1,together with the
percentage total ion current carried by each ion:' Proposed
major fragmentation pathways for each of the twelve compounds,
supported whefe pogsible by metastable ion evidence,aré |
presented in figs.4.1.35-46. In each casé the fragmentafion
routes have been followed as far as the formation of
hydrocarbon species,after which the fragmentation patterns
are characteristic of the naphthalene nucleus and are
therefore similar ;n all cases. The fragments giving rise
to the base peaks are indicated by douSle underlining in
the diagrams. | |

The main primary fragmentations were found to be
those resulting from the loss of nitrogen dioxide,nitric
6xide and hydroxyl radicals. These fragmentations,and the
secondary fragmentations associated withlthem,are discussed
below. | |

(a) Loss of Nitrogén Dioxide and Nitric Oxide

Loss of NO; from the molecular ibn occurred in
the spectra of all the compounds studied. Loss of NO' from
" the molecular ion was also observed to .take place,proﬁably
via the nitro-nitrito rearraﬁgement,but,as in the case of

simple nitroaromatic compounds,e.g.nitrobenzene 23! the
loss was relatively insignificant compared to other primary

fragmentations,and the resulting ion was almost always of



Table 4.1.1 Percentage total ion currents (IZi) for primary and secondary fragmentations in the

——— positive ion mass épectra of nitro—z,3-dimethy1naphthalenes.

Compound v et ko]t pear]t Mo]t (N0t o , Mo [M-CH [M-NO;_
- -]t " No]t T -o0]” NO]'
1-nitro-2,3-DMN 14.0 1.4 % 0.4 2.0 2.0 * 4.2 1.9 % 2.7 % 5.7
5-nitro-2,3-DMN 14.3 0.4 0.2 0.2 1.2 5.6 1.7 + 2.4 * 2.4
1,8-dinitro-2,3-IMN 4.8 0 0.1 0.1 0.1  14.5 0 0.2 1.9 8.8 *
1,5-dinitro-2,3-IMN 4.2 0 0.2 0.5 0.1 0.1 0 0.2 0.2 1.0
.|1,4-dinitro-2,3-IMN 8.0 0 0;3 1.1 0.7 * 0.5 0.1 0.6 0.7 * 1.5
5,7-dinitro-2,3-0MN 7.5 0.4 0.2 0.4 0.1 1.0 0.2 0.3 * 0.5 1.1
5,8-dinitro-2,3-DMN '10.7 0.1 0.2 0.7 * 0.3 0.9 0.1 0.6 0.7 0.8
1,4,5-trinitro-2,3-DiN. 1.4 0 0.1 0.1 0.1  10.0 0 0 1.7 1.0 *
1,5,7-trinitro-2,3-DMN | 9.8 0.1 0.8 3.7 0.5 0.2 o 0.3 0.3 0.5
1,6,8-trinitro-2,3-MN | 4.0 0.1 0.2 0.1 0.1  14.2 0 0.2 2.1 7.1 %
5,6,8-trinitro-2,3-IMN 1.0 0 0.1 0.3 0.1 0.1 0 0.1 0 0.1(%)
1,4,5,7-tetranitro-2,3-DMN| 0.1 0 0.1 0.1 0.4 2.4 0 0.2  0.5(%)

* indicates metastable peak observed for that fragmentation,

ta) The [M- O‘}‘{A'—CO]*' percentage total ion current figures are artificially enhanced by C!2 isotope
effects from the Dﬂ-NOzj

(b) (*) indicates metastable peak correspondlng to [(M—NO )-N02]

ions.

- GLl1 -
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lesser abundance than the ion corresﬁonding to loss of NOQ;

Loss of NO; occurred as the major primary
fragmentation process in the spectra of both of the mono-
nitro-2,3-dimethylnaphthalenes. However,loss of NO; from
"the molecular ions of the polynitro-z,ﬁ-dimethylnaphthalenes
was found to be predominant only in those compounds where
nitro groups are substituted on adjacent peri-positions,viz
1,8-dinitro-2,3-dimethylnaphthalene, 1,4,5—trinitro-2,3;
dimeth&lnaphthalené, 1,6,8-trinitro-2,3-dimethy1naphthélenev
and 1,4,5,7-tetranitro-2,3-dimethylnaphthalene. The
elimination of NO; from the molecular ion is clearly a
facile process because it relieves the severe steric strain
resulting frém the interaction of the pert nitro groups.
" The mechanism of this primary elimination is presumably
similar to that postulated for the fraémentation of the
molecular ion of 1,8-dinitronaphthalene (sec.4.i.1A). In
the latter case,a secondary fragmentation due to loss of
NO® also takes place,and this same loss was also observed
to take place in the spectra of the four polynitro-2,3-
dimethylnaphthalenes named above. Metasfable ion evidence
was obtained for both the primary and secondary processes
in the above cases.

Primary loss of NO° followed by elimination of
CO,as in the Ease of nitrdbenzenezzg;was observed only for
"1l-nitro-2,3-dimethylnaphthalene and 5-nitro-2,3-dimethyl-
naphthalene (table 4.1.1). in the case of the polynitro-
2,3-dimethylnaphthalenes this process was found to be
insignificant,the loss of NO° being followed usually by the

loss of NO;. This might be expected as the loss of NO;
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from the DM—NO']+ ion requires the breaking of one bond,
whereas the loss of CO requires the breaking of two bonds,
and could therefore be less energetically favoured.

(b) Loss of Hydroxyl Radical

Primary elimination of OH’ Qas observed in the
spectra of both of the mononitro—z,3—dimethy1naphtha1enes.
In the case of the polynitro-2,3-dimethylnaphthalenes the
loss of OH' and NO; from the molecular ion were competing
processes. It is.interesting to note that the_occurrénce
of metastable ions for the two processes is mutually
exclusive (see table 4.1.1). Loss of OH' from the molecular
ion of 1-nitro-2,3-dimethylnaphthalene was of particular
significance as it was followed by the sequential loss of
Cco aﬁd HCN, as confirmed by metastable ion evidence (fig.4.1.35).
This process must follow an analogous route to that
proposed for the fragmentation of thg structurally related
o-nitrotoluene,where the molecule of CO eliminated is
derived from the carbon atom in the methyl group (se¢.4.1.1A).
This fragmentation route was also observed for 1,4-dinitro-
2,3-dimethylnaphthalene in which both the nitro groups are
substituted o}tho to methyl groups. Sequential loss of OH°
and CO from the molecular ion was also observed for 1,5-
dinitro-z,3-dimethy1naphtha1ene‘and 1,5,7;trinitro—2,3-
dimethylnaphthalene,both of these compdunds'containing one
" nitro group substituted ortho to a methyl group,but the
subsequent loss of HCN was not observed,probably due to
competing processes which render the loss of HCN from
the [M—OH'-CO]+ ion an insignificant fragmentation route.

Metastable ion evidence showed that sequential
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loss of OH' and NO® from the molecular ion,i.e.overall loss
of nitrous acid (HONO) occurred for all the nitro-2,3-
dimethylnaphthalenes in which primary loss of OH' was a
significant process. There was no metastable ion evidence,
however,for direct loss of HONO. 1In the case of 1l-nitro-
2,3-dimethylnaphthalene,in which a nitro group is substituted
ortho to a methyl group,the fragmentation route leading to
loss of HONO (fig.4.1.8A) must be regarded as being
competitive with the sequential loss of OH'and CO (fig.4.1.8B).
A F{' I

N N+

}12 -0OH (:Piz

CH, B CHs

Fig.4.1.8

In the case éf those compounds not having nitro groups
substituted ortho to methyl groups,but having one nitro
group substituted at a peri'position,e.g.5-nitro—2,3—
dimethylnaphthalene,the loss of HONO probably proceeds
via an interaction with a hydrogen atom on an adjacent

peri position to thdat of the 'nitro group,as shown in fig.4.1.9.
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CH; -OH_ CH,
CH, g CHs

-NO : .
N an
O O - 0
CHs
CHs

+ L]
Fig.4:1.9

(c) Loss of Carbon Monoxide

Although elimination of CO'from the molecular
ion is an important fragﬁentation process for nitro-
naphthalenes substituted at the 1-position and unsubstituted
at the 8-position °? ,no such primary loss was observed for
any‘bf the structurally similar nitro-2,3-dimethylnaphthalenes,
although losses of CO were frequently observed as secondary
eliminations. As an example,the primary fragmentation
of l-nitronaphthalene may be compared to the primary
fragmentations of 1-nitro-2,3-dimethylnaphthalene and
5-nitro-2,3-dimethylnaphthalene,all of which contain a-nitro
groups. The key step in the primary elimination of CO
from 1-nitronaphthalene is the transfér of an oxygen atom
from the nitro group at the 1-position to the carbon atom
at the 8-position (fig.4.1.3). In the case of 5-nitro-2,3-
dimethylnaphihalene however,the loss of OH‘.takes preference
(fig.4.1.9),probably because transfer of the oxygen atom
to the 4-position is prevenfed because of the high electron
density at this site (see table 3.2.3) arising from the
electron-donating methyl group at the 3-position. 1In the

case of }-nitro—z;34dimethy1naphtha1ene,the nitro group is
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twisted out of the plane of the ring by the methyl group
at the 2-position,and thus transfer of an oxygen atom to

the 8-position is inhibited.
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4.1.3 Positive Ion Mass Spectra of Nitro-1,5-Dimethyl-

naphthalenes

The positive ion mass spectra of four nitro-1,5-
dimethylnaphthalenes are presented in figs.4.1.31-34,and
the proposed major fragmentation path&ays for each compound
are given in.figs.4.1.47-50: The more important iens are
listed in table 4.1.2 together with the percentage total
ion cu?rent carried by each ' ion.

(a) Loss of Nitrogen Dioxide and Nitric Oxide

Unlike the polynitro—z,3—dimethylnaphtha1enes,-
none of the polynitro-l,Sedimethylnaphthalenes contain
nitro groups.substituted on adjacent peri positions,and
consequently the primary elimination of NO, was not observed
as a.major process for the latter compounds. The total
ion current capried by the [M-NO§]+'ion decreased sharply
with the increased substitution of nitro groups. Loss of
NO® from the molecular ion was of lesser significance than
the loss of NO, for the mononitro and polynitro—1,5-'
dimethylnaphthalenes. The sequential loss of NO° and CO
was observed ohly for-4-nitro-1,5-dimethylnaphthalene, the
process involved probably being similar to that postulated
for the comparable'loss from nitrobenzene (fig.4.1.1).

(b) Loss of Hydroxyl Radical add Nitrous Acid

Loss of the hydroxyl radical was found to be

" the most important primary fragmentation pfocess in the
spectra of all the nitro-1,5-dimethylnaphthalenes investigated.
The elimination of OH' must proceed via a route analogous

to that postulated for the primary elimination of OH" from

o-nitrotoluene,as in all the compounds studied each nitro



Table 4.1.2 Percentage total ion currents for primary and secondary fragmentations

in the positive ion mass spectra of nitro-1,5-dimethylnaphthalenes.

. A -
Compound Mt M-0]* M)t o]t enoy]t eow, [0, [M-oH .
-00) 0] -NO°]
4-nitro-1,5-DMN 6.4 2.6 15.6 0.9 2.8 * 2.3 * 0.4 2.9 *
4,8-dinitro-1,5-DMN 5.7 1.3 12.0 0.2 0.5 0.5 0 1.9 *
2,4,8-trinitro-1,5-DMN 8.3 1.2 6.9 0 0.1 0.2 0 0.4 *
2,4,6,8-tetranitro-1,5-IMN | 1.7 0.4 2.0 0 0.2 0.2 0 0.4
% jndicates metastable peak observed for that fragmentation.
intense

(a) The [M—O]t figures are artificially enhanced by Cl3 isotope effects from the

[M-oH']" peaks.

- 281 -
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group can interact sterically with é methyl group. Thus
4—nitro-1,5-dimethy1naphtha1ene was observed to undergo
loss of one OH radical from the molecular ion,whereés
4,8-dinitro-1,5-dimethylnaphthalene and 2,4,8-trinitro-
1,5-dimethylnaphthalene were observed'to undergo sequential
loss of two .and three OH radicals respectively. In the
case of 2,4,6,8-tetranitro-1,5-dimethylnaphthalene, the
sequential loss of only three OH radicals was observed.

Thé inifial fragmentation of 4-nitrof1,5-diﬁethy1-
naphthalene was found to be similar to that of l-nitro-
2,3-dimethylnaphthalene ih that loss of OH" was followed
by either the loss of NO' or by the sequential loss of CO
and HCN,and it is likely that the processes involved were
similar for both pompounds (cf fig.4.1.8). Loss of CO
from the DM-OH’]+ ion of 4,8—dinitro-i,5-dimethy1naphtha1ene'
was of much leés significance than fpf 4-nitro-1,5-dimethy1¥
naphthalene. This is presumably because the key step in
the process,i.e.the conversion of the methylene group at
thé 5-position to a carbonyl group (e¢f fig.4.1.2),was
inhibited by the nitro group at the 8—pésition stabilising
the methylene group by resonance intefaction (fig.4.1.10).

0., 0 0.0 0.0

\+/

WY cHy - NJ CH
-—

N CHy
—_—

+42£: Pq+ (:;11 .PJ+ C{Z 'PJ+
it AN | 2 7\ Il
H\O) O{ | 'Fig.4.1.'10..0 HH0
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In this case loss of loss of NO' from the [M-0H']" ion
predominated over the loss of CO from the same ion.

For the polynitro-1,5-dimethylnaphthalenes loss
of nitrous acid was the most important feature of the
fragmentation processes. The loss of hitrous acid always
occurred as a combination of losses of OH' and NO',the loss
of OH® being the primary process. In no case was ioss of
OH' preceded by the loss of '‘NO°. Thus 2,4,8-trinitro-1,5-
dimethylnaphthalené was found to undergo the loss of threé
molecules of nitrous acid by the sequential loss of three
hydroxyl radicals followed'by the loss of three nitric
oxide radicals. There was no metastable ion evidence for

the loss of HONO as a complete fragment in any case.
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4.1.4 Negative Ion Mass Spectra of Nitro-2,3-Dimethyl-

naphthalenes

The negative ion mass spectra of twelve nitro-
2,3-dimethylnaphthalenes are presented.in figs.4.1.19-30,
and the proposes major fragmentation bathways for each
compound given in figs.4.1.51-62. The more important
primary and secondary fragmentations are listed in-
table 4.1.3 together with the percentage total ion current
carried by ench ion.. The basic characteristic of the.
negative ion mass spectra of nitroaromatic compounds is
that stable,high molecular weight ions tend to be formed,
and therefore the intensities of the peaks for the lower
molecular weight daughter ions tend to be small.
Consequently,it has not been possible to propose fragmentation.
pathways as extensive as those proposed for the positive
ion spectra.

The most important primary fragmentations
involve loss of hydroxyl radical,nitrous acid,nitric oxide
and nitrogen dioxide. 1In addition,an intense peak
corresponding to the nitrite ion was observed in the
spectra of all the compounds under investigation.

(a) Loss of Nitric Oxide

The elimination of NO* from the negative molecular
ion was an important process for the nitro-2,3-dimethy1-
naphthalenes. However,table 4.1.3 shows up interesting
variations in the percentage total ion current,Zi,carried
by the [M-NO']~ ion. For the purposes of comparison,the
values for the dinitro and trinitro derivatives of 2,3-

dimethylnaphthalene ‘are given below,along with the



Table 4.1.3 Perce'ntage total ion currents for primary and secondary fragmentations in the

negative ion mass spectra of nitro-2,3-dimethylnaphthalenes.

Compoﬁnd M™  [M-H]T [M-O]7[M-0H']™ [M-NO"]” [M-NO3] T [M-OH" ]__M—CéH’ _ Mo _[M—EI!\DQ _NOy”
-No]T © -c0]”  -No]T -NO7]T

1-nitro-2,3-DMN 20.6 0.8 1.3 2.0 10.9 0.8 0.7 * 1.4 * - - 46.8
5-nitro-2,3-IMN ~ |s0.6 0.9 0.9 0.5 3.4 0.1 0.1 0.2 - - 30.7
1,8-dinitro-2,3-IMN 13.1 0.3 -0 0.1 1.0 9.1* 0.1 1.4 0.1 4.8 * 60.3
1,5-dinitro-2,3-IMN  |32.8 0.2 0.3 0.9 % 8.5* 0.6 0.2% 0.2 1.1 %* 0.2  45.0
1,4-dinitro-2,3-DMN 210 0 0.6 2.0% 17.8* 1.4 0.1 % 0.4% 0.4 0.2  43.0
5,7-dini tro-2,3-DMN 23.8 0.2 0.2 0.1  16.5 * 0.4 0 0.1 1.8 * 0.5  47.7
5,8-dinitro-2,3-IMN 48.7 0.6 0.4 0.1 19.5* 1.0 0.1 0.5 0.2 0.4 14.6
1,4,5-trinitro-2,3-IMN 1.4 0 0.6 0.2 2.4 9.4% 0.2 1.7 0.5 1.0 * 45.1
1,5,7-trinitro-2,3-IMN 18.4 1.4 0.6 2.2 % 30.6 * 3.2 % 1.9 % 0.8 3.6+ 2.9(%) 9.6
11,6,8-trinitro-2,3-D\MN 3.6 1.5 0 0 1.5 9.4% 0.2 1.9 0.5 8.5 * 50.9
5,6,8-trinitro-2,3-IMN 5.3 1.6 0.4 0 16.9 * 9.0 * 0.2 1.6 0.1  5.1(*%) 14.6
1,4,5,7-tetranitro-2,3-BMN| 0.1 0 0.1 .0 1.7 14.3 * 0.1 2.0 0.2 26.5(¥) 14.3

(a) Corresponding to [(M-NO')-OH']%. (b) Corresponding to [(M-OH')-NO']". (c) Corresponding to

[M-HONO] ™. (d) The [M-OH'-CO]~ are artificially enhanced by isotope effects from the [M-NO;]~ ion.

(e) (*) indicates metastable peak observed corresponding to |(M-NO' )—NOéI",

- 981 -
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appropriate molecular framework.(X=NO,).

T X X

zi(%) ;2 5 19.5 o >>§ 17.8
QC( X O
£1(%) X 0 X 30.6

)( 1. .
>< | .

Li(%) 16.9 2.4 1
' Fig.4.1.11
It is of some significance that the compounds which have
the lowest value of i for the [M-NO']” ion,viz 1,8-dinitro-
2,3-dimethylnaphthalene and 1,6,8-trinifro—2,3—dimethy1-
naphthalene,also have the highest values of Ii for the NO,"~
ion (see table 4.1.3). Thus it would appear that steric
interaction between peri-substituted nitrb groups enhances
the loss of NO,” and hence inhibits -the loss of NO'. 1,4,5-
trinitro-2,3-dimethylnaphthalene also possesses peri-
substituted nitro groups which can sterically interact,and
although it too exhibits a very low Ii value for the NO,~

species,this latter value is not as great as in the cases

of 1,8-dinitro-2,3-dimethylnaphthalene and 1,6,8-trinitro- *
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2,3-dimethylnaphthalene.

The values of Ii for the [M-NO']~ ions of 1,4-
dinitro-2,3-dimethylnaphthalene (17.8%) and 1,5-dinitro-
2,3-dimethylnaphthalene (8.5%) were relatively high. Thus
for 1-substituted compounds in which fhere is no steric
‘interaction with an adjacent peri-nitro group,the loss
of NO' is a relatively facile process.. The mechanism for
loss of NO' most probably involves an initial nitro+nifrito
rearrangement foliowed by bond cleavage,as shown in fig.4.1.6.
However,for 1,5,7-trinitro-2,3-dimethylnaphthalene,which
also falls into the aboveAclass,the i value for the DM—NO']-
ion was found to be abnormally high (30.6%). This must be
attributed fo the fact that the phenoxide-type ion formed
on loss of NO° from the molecular ion can possess structures
which are stabililised by resonance intéraction. Thus for
elimination frbm the 7-position,the resultant ion would be
stabilised by resonance with the nitro group at the 1-position,

as shown in fig.4.1.12.:

0
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Also,loss of NO' from the 1-positioﬁ would yield an ion
stabilised by resonance interaction with the 7-nitro group,
and lossAof NO* from the 5~position would yield an ion
stabilised by resonance interaction with the 1-nitro group.
Brown and Weber?2*l have repofted that for meta
and para-dinitrobenzene,loss of NO' from the negative
molecular ion leads to the formation of a more stable
[M-NO']~ ion for the para isomer than for the meta isoﬁer.
This &as attfibutéd to the ability of the parafnitro groﬁpk
to stabilise the negative charge of the phenoxide ion by
direct resonance interaction,whereas the meta-nitro group
can only provide stabilisation by inductive effects.
Therefore,fér 5,7-dinitro-2,3-dimethylnaphthalene and
5,8—dinitro—2,34dimethy1naphthalene,in which the nitro
groups are orientated respectively-meéa and para,it would
be expected thét the [M-NO']~ ion would be more stable,
i.e.carry a greater percentage total ion current,in the
latter rather than the former case. This was in fact found
to be the case,the fi values for 5,7-dinitro-2,3-dimethyl-
naphthalene and 5,8-dinitro—2,3—dimethyinaphtha1ene being
16.5 and 19;5% respectively. Furthep.evidence for the~
greater stability of the [M-NO']~ ion of 5,8-dinitro-2,3-
dimethylnaphthalene was given by the observation that the
subsequent ffagmentations of that ion were felatively
insignificant (fig.4.1.57),whereas for 5,7-dinitro-2,3-
dimethylnaphthalene, the DM—ﬁO']_ ion was found to undergo
a fairly facile fragmentation process (fig.4.i.56).
(b) Loss of Nitrogen Dioxide |

Elimination of NO; was the most important primary’
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fragmentation for 1,8-dinitro-2,3—dimethy1naphthalene,
1,4,5-trinitro-2,3-dimethylnaphthalene, 1,6,8-trinitro-
2,3-dimethylnaphthalene and 1,4,5,7-tetranitro-2,3-dimethyl-
naphthalene,i.e.compounds having nitro groups substituted
on adjacent peri-positions. Thus it Would appear that
steric crowding at the peri-positions favours loss of the
NO; radical,probably because interaction prevents the
nitro+nitr1to rearrangement which is the precursor to the
loss of NO',a process which would be in competltlon with
the loss of NOj;. 5,6,8-trinitro—2,3-dimethy1naphtha1ene
also possesses sterically hindered nitro groups,and here
again the loss of NO; is much more significant than for
those compoﬁnds not possessing adjacent nitro groups.

For each of the above compounds there was
metastable ion evidence for the loss ef NO®' after the loss
of NO,. The following scheme is proposed for 1,8-dinitro-
2,3-dimethylnaphthalene,where loss of NO; is followed by

a nitro+nitrito rearrangement and subsequent loss of NO°,

0,00 0 @ 0‘

50
= . A

CH, ~NO; CH3
CHs CH,
N

CH; . —NO CHs
CH, CH3

Fig.4.1.13
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(c) Loss of Hydroxyl Radical and Nitrous Acid

Loss of hydroxyl radical from the molecular ion
was only found to be of significance for 1-nitro-2,3-
dimethylnaphthalene, 1,4-dinitro-2,3-dimethylnaphthalene
and 1,5,7-trinitro-2,3—dimethy1naphthélene. As all these
compounds haye structures with a nitro group substituted
ortho to a methyl group,it must be concluded that primary
elimination of OH' in these cases proceeded via an
interaction betweén the nitro and methyl groups simildr
to that postulated for the loss of OH’ from the positive
molecular ions (sec.4.1.2b).

Metastable ion evidence for the loss of CO from
the [M-OH’]; ion was only observed for 1-nitro-2,3-dimethyl-
naphihalene and 1,4-dinitro-2,3-dimethylnaphthalene. A
similar process was observed in the pasitive ion spectra
of these two cémpounds. However,there was n6 evidence for
the loss of HCN from the [(M-OH')-CO]~ ions in the negative
ion spectra. For these two compounds,the primary
fragmentation processes must have involved the formation
of intermediate ions containing the HONO group,as metastable
ion evidence was obtained for the diréct loss of HONO |
from the molecular ions. The proposed process is
illustrated for 1—n1tro—2,3—dimethy1naphtﬁa1ene in fig.4.1.14.
Direct loss of HONO from the molecular ion was also
observed for 1,5-dinitro-2,3-dimethylnaphthalene and 1,5,7-
trinitro-z,3-dimethy1naphth;1ene. However, for these
compounds,and also for 1,4-dinitro-2,3-dimethylnaphthalene,
there was definite metastable ion evidence for the formation

of [M-HONO]™ ions via elimination of OH® from the [M-NO']~
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CH,
CHs o CH

Fig.4.1.14

ions. This suggests that for these three compounds, the
[M—HONOJ' ions could exist in two different forms,one
derived by loss of HONO as above,and the other derived by
the elimination of NO' from one nitro gfoup followed by
elimination of OH' via an interactioﬁ between another
nitro group and a methyl group.

(d) Formation of the Nitrite Ion

Intense peaks corresponding to the nitrite ion,
NO, ,were observed in the negative ion spectra of all the
nitro-2,3-dimethy1naphtha1eﬁes. There appeared to be no
simple correlation between the structure of the parent ions
and the percentage total ion current carried by the nitrite

ion. In.no case was any metastable ion observed for the
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formation of the nitrite ion,which suggests that the
process involved must be exceedingly rapid,e.g.dissociative

electron capture.
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4.1.5 Negative Ion Mass Spectra of Nitro-1,5-Dimethyl-

naphthalenes

The negative ion mass spectra of four nitro-1,5-
dimethylnaphthalenes are shown in figs.4.1.31-34,and the
proposed major fragmentation pathwayslfor each compound
are given in figs.4.1.63-66. The more important primary
and secondary fragmentations are listed. in table 4.1.4,
together with the percentage total ion current carried.by
each ion. | | A o

The fragmentation patterns of the nitro-1,5-
dimethylnaphthalenes werelfound to be more complex than
those of the nitro-2,3-dimethylnaphthalenes,as in addition
to the primary elimination of hydroxyl radical,nitrous acid,
nitrié oxide and nitrogen dioxide,the primary elimination
‘of methyl radical was also observed: fhese are discussed
below. |

(a) lLoss of Nitric Oxide

As was found for the nitro—z,3-dimethy1naphthalene§,
the loss of NO' was a major process in the primary
fragmentation of the negative molecular ions of the nitro-
1,S-dimethylnéphthalenes. The percentage total ion current
‘carried by the [M-NO']~ ions of the four compounds was
least for 2,4,6,8-tetranitro—1,5-dimethy1néphtha1ene where
there was considerable competition from thelprimary losses
"of OH' and NO;. It is interesting that for the two
structurally similar compoun&s 4-nitro-1,5-dimethy1naphtha1ene
and 4,8-dinitro-1,5-dimethylnaphthalene,the Ii value for
the [M-NO']” ion of the former compound (3.2%) is much lower

than that for the latter compound (14.7%). This difference '



Table 4.1.4 Peréentage total ion currents for primary and secondary fragmentations in

the negative ion mass spectra of nitro-1,5-dimethylnaphthalenes.

Compound M°  [M-CH3] [M-O] T [M-OH] T [M-NOT~ [M-Noﬂ ~ [M-BONO] T [M-ogr_ M-NO_[M-NO; (M-NOT . NO,”
, : ' -00]~ -NO]” ~NOJ T -OH,)

4-nitro-1,5-IMN 18.3 0.2 0.6 0.3 3.2« 0.8 0.1 0.4 - - 0.1 70.0
. ' £
4,8-dinitro-1,5-IAN 30.9 2.7* 0.1 0.2*% 14.7%* 0.6* 1.0% 0.3 1.0% 0.2% 2.0% 32.3 '
. , o
’ . abc e ()]
|2,4,8-trinitro-1,5-D\MN 3.9 6.0% 0.7 3.0% 9.6% 3.6% 1.6% 2.5% 0.9% 0.4 1.7+ 21.0 ,
abc e

2,4,6,8-tetranitro-1,5-DMN | 1.5 1.9% 0.4 2.6* 2.6 2.1* 0.7 1.7* 0.4 0.3 0.4 15.0

* jndicates metastable ion peak for that fragmentation.

(a) Metastable ion corresponding to [M-HONO]~. (b) Corresponding to [(M-NO")-OH']~. (c) Corresponding
to [(M-OH')-NO']~. (d) M/e values of [(M-OH®)-CO]~ are also numerically equal to [(M-CH3)-NO']~.

(e) Metastable ion corresponding to [(M-CH3)-NO"]7. (f) Corresponding to [(M;NO‘)-NOQJ?.
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is even more marked when one considers that the molecular'ion
of the latter compound is much more stable than that of the
former compound. A possible reason for the low Ii value

for the [M-NO']~™ ion of 4-nitro-1,5-dimethylnaphthalene

is that the phenoxide ion formed as a‘result of the NO°

loss is unstable on account of the electron donating effect

of the methyl group at the position para to the O ‘entity :-

CH3 L CH3

~-NO
>

CH; N CHy O~

d g |

Fig.4.1.15

IA the case of 4,8-dinitro-1,5-dimethylnaphthalene there
will be a nitro group peri to the methyl group which is
para to the O entity,and steric interaction between the
two groups may reduce the electron donating effect of the
methyl group. Hence the [M-NO']™ ion for 4,8-dinitro-1,5-
dimethylnaphthalené will be the more stable.

For the polynitro-l,5-dimethy1néphtha1enes,the
primary loss of NO° was followed by the further loss of NO°,
a similar fragmentation pattern to that observed in the
negative ion spectrum of 2,4,6-trinitrotoluene?3Z For
those compounds containing nitro groups substituted ortho
to methyl groups,there was metastable ion evidence for the

loss of OH' from the [M-NO']~ ion,i.e.loss of nitrous acid °
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from the molecular ion. However,the two fragmentations
involved in this process probably took place from
different parts of the molecule,cf sec.4.1.3(c).

For 4,8-dinitro-1,5-dimethylnaphthalene and
2,4,8—trinitro-1,5-dimethy1naphtha1ené,loss of water from
the [M—NO']—,ion was observed,and confirmed by metastable
ion evidence. Loss of water as part of a fragmenfation
process is unusual for nitroaromatic compounds,and whefe it
is observed fhere.is usually a specific driving force
favouring the loss 242,243, In the cases observed here,the
loss of water probably ocburred as a synchronous loss of
OH' and H' rather than as a complete H,0 fragment,the
driving forée for the process possibly being the achievement
of a.stable quinoidal structure. This process is

illustrated for 4,8-dinitro-1,5-dimethy1naphtha1ene in

fig.4.1.16. 0. 0

\+/

CH,

< |

Fig.4.1.16
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(b) Loss of Hydroxyl Radical and Nitrous Acid

Loss of OH' from the molecular ion was observed
for all the nitro-1,5-dimethylnaphthalenes. As each of the
compounds contain nitro groups which can interact with
methyl groups,the process by which OH‘.is eliminated is
probably similar to the process postulated for the elimination
of OH' from the negative molecular ion of 1-nitro-2,3-
dimethylnaphthalene (sec.4.1.4c). The elimination of dH'
was more facile fo? those compounds containing nitro gfoubs_
substituted ortho to methyl groups than fbr those compounds
in which nitro groups are‘substituted on adjacent peri-
positions to methyl groups.

For 4-nitro-1,5-dimethylnaphthalene, peaks were
obsefved corresponding to the sequential loss of OH®' and CO,
‘although no metastable ion evidence-coﬁld be obtained owing
to the general weakness of the spectrum. For the polynitro-
1,5-dimethylnaphthalenes,the primary loss of OH' was
followed by loss of NO',i.e.loss of nitrous acid. This
process probably involved the intermediate formation of an
ONOH group,as metastable ion evidence waé obtaihed for the
loss of HONO as a complete fragment.  The sequential loss
of two hydroxyl radicals from the molecular ion,which was
observed in the positive ion spectra of tﬁe polynitro-1,5-
dimethylnaphthalenes,was hot observed in thé negative ion
'~ spectra of these compounds.

(c) Loss of Nitrogen Dioxide

As in the case of the positive ion spectra,loss
of NO; was not the major fragmentation process’ in the

negative ion spectra of any of the nitro-1,5-dimethyl=
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naphthalenes. Loss of NO; was however of much greater
significance for 2,4,8-trinitro-1,5-dimethylnaphthalene

and for 2,4,6,8-trinitro-1,5~-dimethylnaphthalene than for
4-nitro-1,5-dimethylnaphthalene and 4,8-dinitro-1,5-dimethyl-
naphthalene,a similar phenomenon to tﬁat observed for the
primary loss.of OH',

(d) Loss of Methyl Radical

The loss of methyl radical from the molecular
ion was observed ohly in the negative ion spectra of tﬁe
nitro-1,5-dimethylnaphthalenes. It was not observed in
the negative ion spectra of the nitro-2,3-dimethylnaphthalenes.
A possible explanation is that the spin densities at nuclear
sites substituted by methyl groups in the radical anions
of nitro—l,5-dimethy1naphtha1ene are higher than in the
radical anions of nitro-2,3-dimethylnaphthalenes. For
example,the H.M.O.spin density at the‘l—position in the
radical anion of 4-nitro-1,5-dimethylnaphthalene is 0.139,
whereas the H.M.O.spin density at the 2-position in the
radical anion of 1-nitro-2,3-dimethylnaphthalene is only
0.040. Thus the greater repulsion between the methyl group
and the naphthalene nucleus in the case of the nitro-1,5-
dimethylnaphthalenes probably facilitates the breaking of
the C-CH3; bond for these compounds.

The primary loss of CH3 was of leés significance
" for 4-nitro-1,5-dimethylnaphthalene than for 4,8-dinitro-
1,5-dimethylnaphthalene and é,4,8—trinitro-1,5—dimethy1;
naphthalene. As in the latter two compounds all four per:
positions are occupied,a possible driving force for the

elimination of CHj could be the relief of the strain on
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the naphthalene skeleton caused by tﬁe steric crowding
"at the peri sites.

For the polynitro-1,5-dimethylnaphthalenes,
there was metastable ion evidence for the loss of NO°*
from the DM—CHQ]- ion. This process Qas possibly favoured
by the formation of a semiquinone-type ion which could
be stabilised by resonance interaction. This process is
illustrated for 4,8-dinitro-1,5-dimethylnaphthalene in.

fig.4.1.17.

SHs NO,
~CH;
>

NO,

CHy 0<

Fig.4.1.17

(e) Formation of the Nitrite Ion

As in the case of.the negative ion spectra of
the nitro—z,3-dimethy1naphtha1enes,the nitrite ion gave
rise to an intense peak in the spectra of all the nitro-

1,S—dimephylnaphthalenes. The only correlation between
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the structure of the parent ion and fhe percentage total
ion current carried by the nitrite ion was that the latter
decreased with increasing substitution of nitro groups,
changing from 70.0% for 4-nitro-1,5-dimethylnaphthalene

to 15.0% for 2,4,6,8-tetranitro-1,5—dimethy1naphtha1ene.
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4,1.6 Comparison of the Positive and Negative Ion Mass

Spectra

In comparing the two types of spectra,the first
observation that must be made is that the molecular anions
are more stable than the molecular cafions (see tables
4.1.1,4.1.2,4.1.3,4.1.4). This is consistent with the
electron deficient character of nitroaromatic compounds,
in that they can more easily stabilise a negative charge
than a positive cﬁarge. |

In general,the positive and negative mass spectra
show marked similarities in the types of species lost from
the molecular ion,e.g.OH",NO°,NO;. Certain losses were

favoured by the same structural factors in each type of

o specfrum. Thus for the positive and negative ion spectra

of the polynitro-z,3-dimethy1naphtha1énes,the loss of NO;
was favoured b& the compounds having nitro groups substituted
on adjacent peri-positions. However,the tendency to lose
one type of species rather than another was different,e.g.
the loss of OH' from the molecular ion was more significant
than the loss of NO' in the positive ion spectra,but in

the negative'ion spectra the reverse.éituation was observed;
In some cases the difference in the tendency to lose a
particular species can be extreme. The lbss of CH3 was
observed as a prominent primary process in the negative

ion spectra of the nitro-1,5-dimethylnaphthalenes,but not

at all in the positive ion épectra of the same compounds.

A possible explanation is that in the negative molecular
ions of nitro-1,5-dimethylnaphthalenes,the naphthalene

n-system contains eleven electrons,and therefore elimination
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of a methyl radical would leave an "aromatic" system of
ten n-electrons. This is illustrated for 4-nitro-1,5-

dimethylnaphthalene in fig.4.1.18.

CH; NO, CH; NO,

Fig.4.1.18
However,for‘the corresponding positive molecular ion,
there would be nine electrons in the naphthalene n-systen,
and the loss of a methyl radical would leave a "non-aromatiq“
system of eighf n-electrons. Thus elimination of a methyl

radical is unlikely in the latter case.
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4.1.7 Experimental Section

The positive ion mass spectra were recorded on
an AEI MS9 mass spectrometer,using a source pressure of
eca 10-6 Torr and temperature of ca 200°. The negative
ion mass spectra were recorded on an AEI MS902 mass
spectrometer,using a source pressure of ca 10~% Torr and
temperature of ca 150-220° . Assignment.of the negative
ion peaks was assisted by the use of an AEI "Massmaster"

modified for use with negative ion mass spectra,
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1, 5—DINITRO-2, 3-DIMETHYLNAPHTHALENE, NEGATIVE 10N

100. O,

-

RELATIVE ABUNDANCE
8
lO

£0. 0|
0. 0 . L T e — 1 1
20 : 70 120 170 220 270
MASS«CHARGE RATIO ™M/B)
1, 5-DINITRO-2, 3—-DIMETHYLNAPHTHALENE, POSITIVE ION.

RELATIVE ABUNDANCE
8
o

20 70 120 170 280 270
MASSs CHARGE RATIO M™/B)

‘Fig.4.1.21 -



RELATIVE ABUNDANCE

- 208 -
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[C1.H1,0] " 2.0 [C1oH oN0] * 2.0 [CioHy]" 4.2
~Q0* —N()'*\b* ‘ 'Csz*
. V
[c1H11]" 1.9 [CioH1o]t 2.7 [C;1H10N3+ 57
\l-/-cp_nz* | -HE’\
v .
[C1oHg] T 8.3 o [CioHq]* 4.4

Fig.4.1.35 1-nitro-2,3-dimethylnaphthalene,positive ion.

-NOj*
Y
[C12H;080) ¥ 0.2 [C1.H,,]" 5.6 [C12H),0]* 1.2
\l/_m‘* —C2H2* =00+
| v | |
[CioHy0)* 2.4 " [C10Hq]" 3.1 Cumglt 1.7

J/—CZH?_

[ oﬂejt 6.3

. Fig.4.1.36 5-nitro-2,3-dimethylnaphthalene,positive ion.
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[Cl oH, oNzoL;] t 4.2

i * -NO*
Y .
+ +
[C12H9N203] 0.5 [C12H10m3] 0.3 [012H10N02]+ 0.1
-NO* -0 -NO; *
V
[C12HeNO,]F 0.2 [C12H10]t 1.0 [C12Hg]" 1.8
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\ |

[C12H0]" 1.2 [CroHg)? 1.8

-0 [Cl 1H

[Ci1Hg]* 4.6 —————> [CoHy]" 4.2
—————— :
Fig.4.1.37 1,5-dinitro-2,3—dimethy1naphtha1ene,positive ion.
I tasg
C12H)oN204] " 4.

*
~NO;

[CleloNO;] 14.5

I:ClemOJ 8.8 | [C);)_Hlo] 0.6
\l/-oo* ~C,Hy*
[C1iHy0] T 4.8 | [CroHg)T 1.1

~CoHp* . e
[01139]+ 10.8 —22> [cgn'7]+' 7.7

; Fig.4.1.38 1,8-dinitro-2,S-dimethylnaphthalene,positive ion.
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Fig.4.1.39 1,4-dinitro-2,3-dimethylnaphthalene,positive ion.
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Fig.4.1.40 5,7-dinitro-2,3-dimethylnaphthalene,positive ion.
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Fig.4.1.41 5,8-dinitro-2,3-dimethylnaphthalene,positive ion.
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Fig.4.1.42 1,4,5-trinitro-2,3-dimethylnaphthalene,
positive ion.
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" Fig.4.1.43 1,5,7-trinitro-2,3-dimethylnaphthalene,

positive ion.
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Fig.4.1.44 1,6,8-trinitro-2,3-dimethylnaphthalene,
positive ion.
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[C1.HoN;06) T 1.0
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Fig.4.1.45 5,6,8-trinitro-2,3-dimethylnaphthalene,

positive ion.
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[C2HgN,0g] * 0.1
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[C12HgN0,] " 0.2

[c11HeN0,]" 0.2 [C12Hg0,]T 0.2

Fig.4.1.46 1,4,5,7-tetranitro-2,3-dimethylnaphthalene,
positive ion. |
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1, | | | VY
[C1oHs]* 4.5 [C1oHg]?t 5.0 ' C1H " 0.4

Fig.4.1.47 4-nitro-1,5-dimethylnaphthalene,positive ion.

[C] oH) ONZOLJ ¥ 5..7

~Ol" *

(o) 2H9N203] 12.0

/\

[CIZH8N202J 5.0 [C1,HgNO,] ¥ 1.8
o | ' Aérf:fgg:f”””””’— -NO*
[C12HgNO] * 3.7 [CiHg)* 5.1 © [C12H0) " 0.8
. -NO* ~CoH ¥ -Q0*

Vv
CiHg)t 7.3 Cil7]* 2.8 [C11Hg] " 2.1
Jl-csz"‘
[CoH;]* 2.9

’Fig.4.1.48 4,8-dinitro-1,5-dimethylnaphthalene,positive ion.
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[Cl 2HgN305] * 8.3

[C1oHgN,0,)F 0.4 [C12H,N305]* 2.6
—NO3* | o -NO" *

'['_'CIZHBNOZ]+ 0.3 [clzﬂf,Nsoa,]+ 1.1 [C12H7N203]+ 0.5
-NO3* -NO' * . -NO" *
[C1oHe] T 1.7 [CyHeN,0,) 7 0.4. [C,.H,N0,]T 0.3

=NO " * . '_m.z*
[C1206M0]* 0.2 187" 1.1
=NO* *

[c12H6] " 0.6

Fig.4.1.49 2,4,8-trinitro-1,5-dimethylnaphthalene,

positive ion.
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[C1HeN,0g) Y 1.7

~CH " *

/ |
[C12HeN0g) ¥ 1.0 [C1,H/N5O¢]Y 0.4
_m'z
Vv
[C12H/N,0.]" 0.3
~NO -NO* -NO2
] Y ),
[C12HeN0,]F 0.4 [C12H:N50,]F 0.7 [C12H7N0,)Y 0.6
-NO3 -~ -NO3*
\' \'s ),
[C12HeNO] ™t 0.3 [C12HN,04]" 0.4 [C12H7]" 1.6
-NO* -NO
v v
+ , t 0.2
1 . .
[Ci2Hg]" 0.8 [C1.HeNO,]* 0.2

Fig.4.1.50 2,4,6,8-tetranitro-1,5-dimethylnaphthalene,
positive ion. |
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[C12H 1 NO,]T 20.6 ——eee—m=» [NO, ] 46.8

\

[C12H;oNO]) ™ 2.0 [C,2H;,0]” 10.9 [C12H11]™ 0.8

\

[C11H1oN] ™ 1.4 | [C12M0)™ ©7

Fig.4.1.51 1l-nitro-2,3-dimethylnaphthalene,negative ion.

[C12H11NO,]™ 50.6 ~———3> [NO, ] 30.7

/

[C12H,oNO] ™ 0.5 '[Clzﬂuo]- 3.4 - [CiH3])” 0.1

Fig.4.1.52 5-nitro-2,3-dimethylnaphthalene,negative ion.
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[C12H;oN20,] " 32.8 ———=> [NO,7] 45.0

~NO" * -NOé*
[C12H)oNO3] ™ 8.5 [C12HoNO,) ™ 0.6
Nors
[C12HgNO,] 0-'2_ ' [C12H 0] T [C12H100]7 0.2

-NO°

[C12Hq0]™ 0.1

Fig.4.1.53 1,5-dinitro—2,3—dimethy1néphtha1ene,negative ion.

[C12H)oN20,4]7 13.1 ———> [NO,7] 60.3

(o3} 2HH,NOZ]‘ 9.1 . ' [CIZHIONO::_)' 1.3

[C12Ho0]7 4.8

Fig.4.1.54 1,8-dinitro-2,3-dimethylnaphthalene,negative ion.
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[C12H10N204)7 21.0 ~———>= [NO,7] 43.0

-’ ~NO\ * NO,*
[C12H1oN203]~ 2.0 —HONO [Cy,H oNO3]™ 17.8  [CyoH;NOZ]™ 1.4
-Q0* -NO*
'/ Y
[C1:HoN,0,]” 0.4 ‘ [c12H4N0;])7 0.1
-NO*
v
[C11HNO] T 0.2 [C12H1002]7 0.4

Fig.4.1.55 1,4-dinitro-2,3-dimethylnaphthalene,negative ion.

[C12H)oN20,]7 23.8 ———>> [NO,"] 47.7

[C12H;oNO3] ™ 16.5 B , [C12H,NO,]™ 0.4

[C11H;0Q) T 1.8 [C12H10]7 0.5 -

-C0*

[€11H100]7 0.2

Fig.4.1.56 5,7-dinitro-2,3-dimethylnaphthalene,negative ion.
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[_CleloNzO.J’ 48.7 ———>> (N0, 14.6

[C12H;oNO3] ™ 19.5 [C12H10NO,] ™ 1.0
-NO* -NOj
[C12H1002] " 0.2 | [C12H100]™ 0.4

Fig.4.1.57 5,8-dinitro-2,3-dimethylnaphthalene,negative ion.

[C12HeN30g] ™ 0.3 —>> [NO, ] 45.1

—NOﬁ*

[C1,HgN,0,]™ 9.4

-NO*
[C12HgNO5]T 1.0 (C,2HgNO]T 0.5

-NO*
@121{90]_ 0.4 ‘ [ClegOzj- 3.5 [C12H903]- 1.0

Fig.4.1.58 1,4,5-trinitro-2,3-dimethylnaphthalene,
negative ion.
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[C12HoN306) ™ 18.4 ——> [NO, | 9.6

-NO' * ~NO*

[C12HaN04]™ 3.2

-NO*  [C),HgNO,]™ 3.6

\4

v

-NO°  [C12Hq03] 0.3 [C12Hq0,] ™ 1.2
[C12Hg0,] ™ 0.3 | -CO* : | -Q0*.
v s
[C11Hy0,] ™ 1.7 [€11Hs0] ™ 0.7

Fig.4.1.59 1,5,7-trinitro-2,3-dimethylnaphthalene,
negative ion. o
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[Cy,HgN;0g]™ 3.6 —————>> [NO,7] 50.9

-NO; *
[C12HgN,0s5] ™ 1.5 [C12HgN20,]™ 9.4
\ ~\\\\\\\\\\\\E§; ‘2/////,,,////’
[C12HgNOL] T 0.5 [Ci1.HoNO3]T 8.5 - [C12HgNO,] ™ 0.7 -
Y .
[C12H03] ™ 1.0 [C1:Hs05]™ 4.0 [C1-He0] ™ 1.1

\l'
[C11H0]™ 0.7

Fig.4.1.60 1,6,8-trinitro-2,3-dimethylnaphthalene,

negative ion.

[C12H9N30] 5 3 ———9 f_NOz 14.6

[C},HgN,05] ™ 16.9 € 2H9N20.a 9.0
J/ ~\\\\\\\\\\\\\S§ ‘é”;jfl:,/”//ffff
[C12HgNO,] T 0.1 [C12HgNO;] ™ 5.1 "
-NO* ' ~C0 * ' '05*
[C12H903]- 1.7 [CIIHQNOZ]? 20.8 [:C12H90]- 0.9
\L—oo* | \L.No-*
[C11H907]” 0.6 - [enHg0)” 2.4 —-———> [C1oHa]™ 1.5

Fig.4.1.61 5, 6 8- trinitro—z 3 dimethylnaphthalene,
, hegative ion.
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[C12HgNLOg] ™ 0.1 > [N0,7]14.3

B:12H3N205]? 26.5

[C12Hg02)T 1.2 - [Cy,HgNO,]™ 0.8

‘[Cl 1H80]T 0.6

Fig.4.1.62 1,4,5,7-tetranitro-2,3-dimethylnaphthalene,
negative ion.



- 241 -

(Cy,H;1NO,]™ 18.3 —= [NO,7] 70.0
L ]

—CH" _NO" *

[C12H;0NO] ™ 0.3 [C12H110)” 3.2 [C12H11]” 0.8
-0
[C11H1oN] ™ 0.4

Fig.4:1.63 4-nitro-1,5-dimethylnaphthalene,negative ion.

[C12H) gN20y] ™ > [NO, ] 32.3
-

[clzﬁgNzo;_]‘ 0.2 ~[C1,H1oNO3)” 14.7 [Cy,HyoNO;]” 0.6 [Cy,H,N,0,] 2.7

iy

[ClegNOz]f 1.0 [C12H1002]’ 1. [Cleloo-JT 0.2 [011H7N02]T 0.3
Qi * _ -NO3*
-~NO© ~ [Ci.HgNO,]™ 2.0 [C12H10)” 0.4 |[-NO"*
V v
[C12Hy0]™ 0.1 [C1.HgNO]™ 0.2 [C11H705])” 0.2

Fig.4.1.64 4,8-dinitro-1,5-dimethylnaphthalene,negative ion.
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[C12HgN306]) ™ 3.9 > [NO,~ } 21.0

S

[C12HgN;05] 3.0 [C1,HgN,05]™ 9.6 [CyoHgN,04]” 3.6 [C11H5N306] 6.0

¢?NO. \\\\<QE£:\\\SR
*

[012H7N20“]T 1.7 ' ~NO* *
\4
-NO'*  [Cy,H¢N,0]" 2.5
v

[C1,H/NO5]” 0.3 -NO;
v o v |
[C12H/N203]” 2 -NO' [C1.HgO;)” 1.3 oo+ [C11HeNO3)™ 0.4

-OH’

v v

L NO* [012}1802]? 2.0 -0 [CnH7NOzj- 1.3 <NO* *
v | \4 | Y
[C12H/NO,] ™ 2.1 -0 [Cy1H0]” 0.3 A [C11Hg07]" 1.4
\)
-Q0* [C1:HgO]™ 1.4
s
|C11H7NO| T 1.

Fig. 4.1.65 2,4, 8 trinitro-l 5= dimethylnaphthalene,
negative ion.
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[C, HgNLOg]™ 1.5 ————> [N0,7] 15.0

/

[C1H,N:0¢] ™ 0;7 [C12HeN206]T 0.4 [C1oHgN,05)T 0.3 [C) HNJO/]7 1.7

-OH"

~NO2 ~-NO*

NO* *

[C12HeNO3]™ 0.6 [C12Hg0]™ 1.3 [C11He0]™ 1.0 [C11Hs03)™ 1.1 |

=NO* *

[C12He0,]7 0.5

Fig.4.1.66 2,4,6,8-tetranitro-1,5-dimethylnaphthalene,
negative ion. . '
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4.2 Electronic Spectroscopy

4.2.1 Introductory Survey

The electronic spectra of the simpler nitro-
aromatic compounds have been studied in some detailzmhz“&z“s.
The characteristic features may be iliustrated by
considering the spectrum of the simplest nitroaromatic
compound,nitrobenzene. This consists of three bands in
the accessible UV region,at’ Ap,,250,280 and 330nm2%7
(saturated hydroc;rbon solvent). The shortest‘waveleﬁgth
band has a high intensity (logepa, 3-94),and corresponds to
the 1La<-1A transition of benzene (using the Platt notation?%§),
This band has been described by Nagakura?“’as an "intra-
molecular charge-transfer band'". The medium intensity
band.at 280nm (loge,, 2.81) corresponds to the Hi;lA band
of benzene,and consists primarily of a transition from the
bonding to the anti-bonding w—orbitals of the ring system,
with a smaller '"charge-transfer" contribution. The low
intensity band at 330nm'(Zogemax2.15) is due to the localised
n-n* transition of the nitro group. The bands which appear
in the spectra'of nitroaromatic compounds are subject to
variation in position and intensity dependent on the steric
hindrance to the cbplaharity of the nitro group and the
ring. The 250nm band of nitrobenzene undérgoes a
considerable hypochromic effect when bulky groups are
substituted ortho to the nitro group,e.g.nitrobenzene has a

loge of 3.94 at 250nm,whereas o-nitrotoluene has a anﬁax

max
of 3.78 and 2-nitro-m-xylene has a loge,  0f 3.18 243,250,
This is because the twisting of the nitro group out of the

plane of the ring'réduces the n-n overlap between the nitro’
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group and the ring system,thereby inhibiting the transfer
of cﬁarge. The 280nm band,having only a low charge-
transfer character,does not fall in intensity with the
increase of the interplanar angle between the nitro group
and the ring to the same extent as the 250nm band 25!,
although a hypsochromic effect does occur. This is probably
because a reduction in the extent of conjugation réises
the energy of the excited state relative to the ground
state: The h—n* Eand at 330nm is subject to bathochromié
and hypsochromic eéffects as the nitro group is twisted out
of the plane of the ring. Thus for nitrobenzene,the 330nm
band hasAa.Zogemaxof 2.15,and for nitromesitylene the band
has a h@tma¥of 2.60,X,,,335nm. This may be attributed

to the energy of the excited state being lowered by the
n-electrons of the nitro group being iocalised rather than
delocalised info the ring n-system.

The electronic spectra of i-nitronaphthalene and
2-nitronaphthalene have been investigated?5% As in the
case of nitrobenzene,the spectra feature three bands in
the accessible UV region; Apa, l-nitronaphthalene 213,243
and 327nm; A, 2-nitronaphthalene 210,259 and 303nm. The
most significant difference between the spectra of the
two compbunds is the molar extinction coefficients of the
bands,being a factor of two greater for 2—nitronaphtha1ene
than for 1-nitronaphthalene. In the case of 2-nitro-
naphthalene,the substituent hitro group is coplanar with
the ring,and there is a more extended conjugated system
in this case than in the case of l1-nitronaphthalene where

there is a degree of steric interaction between the nitro
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group and the hydrogen atom at the 8-position.
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4.2.2 The Electronic Spectra of the Nitro-1,5-Dimethyl-

naphthalenes and Nitro-2,3-Dimethylnaphthalenes

The electronic spectra of the nitro-1,5-dimethyl-
naphthalenes and nitro-2,3-dimethylnaphthalenes were found
to consist of three bands in the 210—370nm region. The
wavelengths and molar extinction coefficients of these
bands are listed in table 4.2.1. For convenience,these
bands will be referred to as Band I,Band II and Band IiI,

corresponding to the low,medium and high wavelength bands

respectively.
(i) Band I

- With respect to their electronic spectra,the
nitro-z,3-dimethy1naphtha1enes may be divided iﬁto two
classes. The first class includes those compounds in which
all the nitro groups are peri-substitufed,i.e.l-nitro-2,3-
dimethylnaphthélene, 5-nitro-2,3-dimethylnaphthalene,
1,8—dinitro—2,3-dimethy1naphtha1ene,'1,5-dinitro—2,3-dimethyl-
naphthalene, 1,4-dinitro-2,3-dimethylnaphthalene and 1,4, 5-
trinitro-2,3-dimethylnaphthalene. The second class includes
all those compounds containing 8-substifuted nitro groups,
i.e.5,7-dinitro—2,3—dimethy1naphtha1eﬁe, 1,5,7-trinitro-
2,3-dimethylnaphthalene, 1,6,8-trinitro-2,3-dimethyl-
naphthalene, 5,6,8—trinitro-2,3-dimethy1néphtha1ene and
1,4,5,7—tetranitro—2,S-dimethylnaphthalene.' For the first
group,a general hypsochromic shift of the Band I maximum
was observed with increasiné substitution by nitro groups.
For the mononitro isomers,the extinction coefficient at
the Band I maximum of 5-nitro-2,3-dimethylnaphthalene was

found to be greater ‘than that of 1-nitro-2,3-dimethyl-
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Table 4.2.1 Main bands and molar extinction coefficients-
(1.mol"lcm~!) of the electronic spectra of nitro-1,5-

dimethylnaphthalenes and nitro-2,3-dimethylnaphthalenes.

Compound Band I Band II Band III
2,3-DMN 268 (3.77) 306 (3.08) ~-
1-nitro-2,3-IMN 268 (3.97) 307 (3.42) 340 (3.18)
5-nitro-2,3-IMN 259 (4.13) 315 (3.78) 335 (3.65)
1,8-dinitro-2,3-DMN 236 a 308 (3.70) b
1,5-dinitro-2,3-DMN 239 a 330 (3.85) b
1,4-dinitro-2,3-DMN 257 (4.30) 307 (3.70) 342 (3.48)
5,7-dinitro-2, 3-DMN 259 (4.62) 280 (4.48) 320 (3.40)
1,4,5-trinitro-2,3-DMN 233 a 297 (4.00) b
1,5,7-trinitro-2,3-DMN 257 (4.70). 286 (4.45) 345 (3.85)
1,6,8-trinitro-2,3-DMN 262 (4.59) 275 (4.38) 354 (3.95)
5,6,8-trinitro-2,3-DIMN 255 (4.68) 277 (4.54) 255 (3.90)

1,4,5,7-tetranitro-2,3-IMN. | 258 (4.74) 276 (4.30) 353 (4.04)

1,5-IMN . 297 (3.78) v316'(3.15) -

4-nitro-1,5-IMN 248 (4.23) 289 (3.86) 345 (3.40)
4,8-dinitro-1,5-IMN 240 (4.68) 303 (4.14) 345 (3.95)
2,4,8-trinitro-1,5DMN  [248 (4.75) 310 (4.23) 340 (4.08)

2,4,6,8-tetranitro-1,5-IMN | 250 (4.80) 311 (4.34) 325 (4.01)

(a) Peak appeared as small shoulder on the tail of the
H%;JA peak. (b) Peak obscured by broad Band II peak.
{c) Wavelengths in nm; molar extinction coefficients

expressed as log € .
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naphthalene. This result is not unexpected as this band

has a high charge-transfer character (corresponding to the
250nm band of nitrobenzene),and the nitro group in S5-nitro-
2,3-dimethylnaphthalene is less hinderéd than in l-nitro-
2,3-dimethylnaphthalene,with the effeét that a greater
degree of n-nm overlap can take place. However,whereas

for nitrobenzene derivatives in which the. nitro group

is unhindered there is a hypsochromic shift of the Band I
maximum relative £o nitrobenzene derivatives in which the
nitro group is unhindered, the opposite effedt was observed
for the mononitro-2,3-dimethylnaphthalenes (see table 4.2.1).
This appears to be a specific effect for l-nitronaphthalene
derivatives in which the nitro group is ortho to a methyl
group25% This effect also appears to have operated for
1,4—dinitro—2,3-dimethy1naphthalene,fér which the Band 1
maximum exhibits only a small hypsochromic shift with
respect to 1-nitro-2,3-dimethylnaphthalene,in marked
contrast to the large hypsochromic shift observed for the
relatively less hindered 1,5-dinitro-2,3-dimethylnaphthalene
(see table 4.2.1). For 1,8-dinitro-2,S;dimethylnaphthalene
there was a hypsochromic shift of 32nh with respect to |
l-nitro-z,3-dimethy1naphtha1ene. A similar hypsochromic
shift (30nm) was observed for»1,8—dinitrohaphtha1ene
relative to l-nitronaphthalene?53 Clearly the high degree
of steric hindrance between the adjacent peri substituted
nitro groups resulted in the energy of the excited (charge-
transfer) state being increased to a greater extent than

the ground state. This effect was also observed for

1,4,5-trinitro-2,3-dimethylnaphthalene,in which all the
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nitro groups are hindered (see table 4.2.1). For the
second class of nitro-2,3-dimethylnaphthalenes,in which
there is a B-nitro group,the position and intensity of
the Band I maxima did not vary greatly (Ap,, 252-262nm;
logepa, 4.59-4.74). It is known that fhe extinction
coefficient at the Band I maximum of 2-nitronaphthalene is
three times greater than that of 1-nitronaphthalene25% due
to the unhindered B-nitro group being able to lie in tﬁe
plane of the ring.system,thereby facilitating the transfer
of charge in the Band I transition. Clearly,for the
nitro-2,3-dimethylnaphthalenes under consideration, the
enhancement to the Band I transition afforded by the g-nitro
group was so great that the presence of hindered a-nitro
groubs had relatively little effect on the intensity
of the Band I maxima. |

For fhe nitro-1,5-dimethylnaphthalenes,a hyper-
chromic effect effect was observed with increasing
substitution of nitro groups. For 4-nitro-1,5-dimethyl-
naphthalene,the Band I maximum occurred at 248nm. Addition
of an a-nitro group to give 4,8-dinitro-1,5-dimethyl-
naphthalene resulted in a hypsochromic shift of the band
to 240nm. The addition of g-nitro groups to 4,8-dinitro-
1,5-dimethylnaphthalene,to give 2,4,8-trinitro-1,5-dimethyl-
naphthalene and 2,4,6,8-tetranitro-1,5-dimethylnaphthalene,
resulted in bathochromic shifts of the Band I maxima to
248 and 250nm respectively. .This bathochromic shift is
probably a characteristic effect of B-nitro groups in

naphthalene systems,cf l-nitronaphthalene and 2-nitro-

naphthalgne for which the Band I maximum occurs at longer
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wavelength in the latter case?53,
(ii) Band II

For the purposes of discussion,the nitro-2,3-
dimethylnaphthalenes may again be divided into the two
classes detailed above. For the first class,in which all
the nitro groups are substituted on peri-positions, there
was a general hypsochromic effect with.increasing'ﬁubstitution
of nitro groups. As Band II results from a n-n*transifion
assocfated with tﬁe naphthalene n-system,the energy
requirement of this transition should be reduced,i.e.the
band maxima shifted to lohger wavelength,with increasing
éonjugation of'the n-system. Thus the molar extinction
coefficient.and Apax Value for the Band II transitions were
found to be higher for 5-nitro-2,3-dimethylnaphthalene
than for 1-nitro-2,3-dimethy1naphtha1ehe,the extent of
conjugation being greater in the former compound on account
of the nitro group being closer to cdplanarity with the
ring than in the latter compound. For 1,4-dinitro-2,3-
dimethylnaphthalene and 1,8-dinitro~-2,3-dimethylnaphthalene,
in which the nitro groﬁps are severely hindered and
cannot achievé coplanarity with the ring system,the Band 11
maxima were found to occur at practically the same Amax.
value as 1-nitro—2,3—dimethy1naphtha1ene,Whereas for 1,5-
dinitro-2,3-dimethylnaphthalene,which has one relatively
unhindered nitro group,the Band II maximum exhibited a
marked bathochromic shift wifh respect to l-nitro-2,3-
dimethylnaphthalene. For 1,4,5-trinitro-2,3-dimethyl-
" naphthalene,in which all three nitro groups are hindered,

the Band II maximum occurred.at'slightly shorter wavelength -
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than for 1-nitro-2,3-dimethylnaphthalene.

For the second class of nitro-2,3-dimethyl-
naphthalenes,the effect of the B-nitro group on the Band 1I
maxima was similar to the effect on the Band I maxima,in
that variations in the position and intensity of the band
were markedly reduced. Thus the Band II maximum of the
relatively planar 1,5,7-trinitro-2,3-dimethy1naphfha1ene
exhibited only small bathoehromic and hypérchromic effects
with ;especf to fhe relatively non-planar 1,6,8-trinitro-
2,3-dimethylnaphthalene (see table 4.2.1).

For the nitro-1,5-dimethylnaphthalenes,there is
a bathochromiq shift and hyperchromic effect on increasing
the extent bf substitution of nitro groups. This would
appear to be consistent with a hyperconjugative effect
operating,which would increase with ihcreasing substitution .
of nitro groubs. Thus the extent of conjugation of 4,8-
dinitro-1,5-dimethylnaphthalene shoﬁld be greater than for

4-nitro-1,5-dimethylnaphthalene (fig.4.2.2).

CHH. . CHyH'
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\+/ \+/
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Fig.4.2.2b

The introduction of g-nitro groups,to giVe 2,4,8-trinitro-
1,5-dimethylnaphthalene énd 2,4,6,8~tetranitro-1,5-dimethyl-
naphthalene was found to produce smaller bathochromic
and hyperchromic effects. This would be expected as
B-nitro groups would be hindered by a-methyl groups,and
could not provide an increase in conjﬁgation as great as
for peri-substituted nitro groups.
(ii) Band 111

The Band III transitions exhibited the lowest
molar extinction coefficients of the three bands studied.
Band III corresponds ‘to localised n-w*tfansitions of the
nitro group,i.e.transfer of an electfon from the non-
bonding orbitals on the oxygen atoms to the antibonding
n-orbitals of the nitro group n-system. 'Consequently,the
Band III maxima will exhibit a hypsochromié shift where
the nitro group wn-electrons are delocalised into the
naphthalene n-system,and a Sathochromic shift where the
nitro group is sferically hindered,and its nw-electrons
are localised. Thus the wavelength of the Band III

maximum for 1-nitro-2,3-dimethylnaphthalene was found to
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be greater than that for 5-nitro-2,3-dimethylnaphthalene,

the nitro group of the former being more hindered than the
latter. The wavelength of the Band III maximum is also
dependent upon the stability of the ground state,which

.can be enhanced where resonance stabiiisation is possible,
e.g.by nitro groups being orientated meta to each other.

Thus in the nitro-2,3-dimethylnaphthalene series,the Band III
maximum‘occurs at shortest wavelength for 5,7-dinitro-2,3-
dimetﬁylnaphthaleﬁe. In the nitro—l,5—dimethy1naphthélehe
series,the Band III maxima of 2,4,8-trinitro—1,5—dimethyl-
naphthalene and 2,4,6,8-tetranitro-1,5-dimethylnaphthalene,
which both contain meta-orientated pairs of nitro groups,
were found fo exhibit a hypsochromic shift with respect to
4-nifro—1,5—dimethy1naphtha1ene and 4,8-dinitro-1,5-dimethyl-
naphthalene. |

4,2.3 Experimental Section

The spectra were recorded in cyclohexane
(spectroscopic grade) at room temperature using a Pye-
Unicam SP8000 UV Spectrophotometer with 10mm path length
silica cells. The wavelengths of the peak maxima and the
corresponding;molar extinction coefficients are given

in table 4.2.1.
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4.3 Nuclear Magnetic Resonance Spectroscopy

4.3.1 Introductory Survey

NMR spectroscopy is a powerful tool in the
investigation of substitution patterns in nitroaromatic
compounds. However,interest has receﬁtly centred on the
quantitative effect of the nitro group upon the chemical
shifts of protons in a nitroaromatic compoundlgo. The
chemical shift of a proton is largely dependent upon ifs
local.diamagnetic.shielding,which is in turn dependent‘upon
the electron density at its site of substitution. A nitro
group affects the chemical shift of a proton in a number of
ways. Firstly,an electrostatic effect 2°°due to the dipole
of the nitré group causes a polarization of the electrons
in a C-H bond,with consequent deshielding of the proton
concerned. Secondly,an inductive_efféct deshields protons
substituted clbse to the nitro group by inductive withdrawal
of electrons along the sigma-bonds. VThirdly,a mesomeric
effect strongly deshields protons substituted ortko and para
to a nitro group by resonance interaction via the aromatic
t-system. Lastly,a diamagnetic anisotropic effect strongly
shields a proton sited above or below‘the plane of the |
nitro group. Little published information is available
regarding theoretical estimates of the diamagnetic
anisotropy of the nitro group256. However,fig.4.3.1
may be taken to be a fair representation of the shielding
zones of the nitro group. |

A number of quantitative studies of proton
chemical shifts in nitroaromatic compounds have been made.

Yamaguchi?6has investigated -the NMR spectra of nitrotoluenes
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+
Fig.4.3.1

and nitroxylenes,and has estimated the effect on the
chemical shifts of the methyl group by ortho,meta and para
nitro.groupé to Se -0.25,-0.13 and -0.12 ppm :espectiVel&.
The shift due to the ortho-interaction is large because

the diamagnetic anisotropic effect can operate very strongly
in this case. However,this effect is dependent upon the
orientation‘of the nitro group,and this has been
demonstrated by investigations of the methyl derivatives

of 1- and 2-nitronaphthalenes?57, -Thﬁs for l-methyl-2-
nitronaphthaléne,the chemical shift.of the methyl group

was lowered by 0.16 ppm with respect to l-methylnaphthalene.
This is comparable to the ortho-nitro group effect
experienced in nitroxylenes (see above). For 2-methyl-1-
nitronaphthalene,there was no alteratioh of the chemical
shift of the methyl group with respeét to 2-methyl-
naphthalene. This may be attributed to steric hindrance

of the 1-nitro group by the 8-proton,whidh orientates the
nitro group such that the 2-methyl group lies in a shielding
zone, thus neutralising the other deshielding effects of the
nitro group,i.e.inductive,mésomeric and electrostatic. 1In
the case of 8-methyl-l-nitronaphthalene,the steric
hindrance of the nitro group by the methyl group is such

that the methyl group is situated within the strongest
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region of the nitro group shielding ''cone',and its chemicai
shift is raised by'0.15 ppm with respect to l-methyl-
naphthalene.

The effect of nitro group anisotropy is gréater
for aromatic protons. Thus the 8—profon of l-nitro-
naphthalene is shifted by 0.79 ppm to lower field by the
presence of the 1-nitro group,but this is reduced fo 0.025 ppm
by the substitution of a methyl group at the 2-position,
which‘markedly affecfs the orientation of the 1-nitro'group.
The steric hindrance to the l-nitro group also affects
the "quinoidal" or para résonance interaction with the
4-proton,the chemical shift of which is lowered by 0.33 ppm
with respecf to.naphthalene,but this is reduced to 0.14 ppm
by the presence of a methyl group at the 2-position.

Clearly a number of factors have to bé taken into account
when considerihg the quantitative effect of a nitro group
upon the chemical shifts of protons in a nitroaromatic

compound.
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4.3.2 ﬁMR Spectra of Nitro-2,3-Diethylnaphthalenes

| The chemical shifts of the aromatic and methyl
protons of fourteen nitro-2,3-dimethylnaphthalenes,recorded
in deuterochloroform solvent,are presented in table 4.3.1.
In the case of three and four proton interactions,it has
not been possible to obtain the chemical shifts of the
protons involved. |

Table 4.3.1 Chemical shifts for nitro-2,3-dimethyl-
naphthaleneéArecofded in deuterochloroform (ppm; with

respect to TMS as 10.00).

Aromatic Methyl
Compound

. 1 4 5 6 7 8 2 3
1-nitro-2,3-DMN - % (2.20 -2.60,m,5H) 7.67 7.54
5-nitro-2,3-DMN * % - (1.60-2.60,m,5H)| 7.55 7.54
1,8-dinitro-2,3-IMN - 1.80 (2.0-2.50,m,dH) - | 7.51 7.45
1,5-dinitro-2,3-DMN - 1.50 - (1.50-2.50,m,4i)| 7.60 7.45
1,4-dinitro-2,3-DMN - - 2,31 2.31 2.31 2.31 | 7.58 7.58
5,7-dinitro-2,3-IMN 2.08 1.60 - 1.10 1.10 | 7.43 7.47
5,8-dinitro-2,3-IMN .. ]12.00 2,01 - 1.821.82 =~ 7.48 7.48
1,4,5-trinitro-2,3-DMN - - - (1.75-2.30,m,3H)| 7.55 7.50
1,5,7-trinitro-2,3-DMN - 1.46 - 1.05% - 1.22% 7.54'7.35
1,5,8-trinitro-2,3-IMN - 1.88 - 1.671.67 - | 7.487.38
1,6,8-trinitro-2,3-IMN .| - 1.841.22%® - 1.05® - | 7.46 7.35
5,6,8-trinitro-2,3-DMN 1.61 2.35 - - 1.22 - | 7.457.40
1,4,5,7-tetranitro-2,3-MN| - . - - 1.07% 1.222| 7.37 7.44
1,4,5,8-tetranitro-2,3-IMN| - - - 1.801.80 - | 7.42 7.42

* Singlet - could not be resolved from complex multiplet.
fa) AB qﬁartet,JﬁB2Hz. '
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(A) Methyl Protons

In general,it may be seen that the chemical shifts
of the methyl protons vary with variation in the substitution
pattern of nitro groups,but to a far smaller extent than
the chemical shifts of the aromatic pfotons. This is
undoubtedly bhecause the methyl protons are effectively
"insulated'" from the aromatic system,and thus the mesomeric .
effects of the nitro group are reduced to a minimum. For
the purposes of discussion the fourteen nitro-2,3- d1methy1—
.naphthalenes may be divided into three classes,viz those
in which the 1- and 4-positions are unsubstituted,those in
which the l1-position is substituted,and those in which both
the 1- and 4;positions are substituted.

The first class of compounds comprises 5-nitro-
2,3-dimethylnaphthalene, 5,7—dinitro—2;3~dimethy1naphtha1ene,'
5,8—dinitro-2,3-dimethy1naphtha1ene and 5,6,8-trinitro-2,3-
dimethylnaphthalene. Due to the different dilutions used
in each case,the estimated accuracy of the chemical shifts
is only ca $0.04 ppm. However,a general decrease in the
chemical shifts of the methyl protons with increased
substitution of nitro groups is apparsnt. The difference
in chemical shift of the two methyl groups in any compound
is only 0.05 ppm at maximum, indicating that the direct
effect of nitro groups in the non—methylated ring on the
" methyl groups is very slight.

The second class of compounds,i,e.those in which
the 1-position is substituted,may be divided into two
groups, (A) those in which the 8-position is unsubstituted

and (B) those in which the 8-position is substituted.
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Group A comprises 1—nitro—2,3—dimethylnaphtha1ene, 1,5~
dinitro-2,3~dimethylnaphthalene and 1,5,7-trinitro-2,3-
dimethylnaphthalene. Group B comprises 1,8-dinitro-2,3-
2,3-dimethylnaphthalene, 1,5,8-trinitro-2,3-dimethyl-
naphthalene and 1,6,8-trinitro—2,3-dimethy1naphtha1ene.

These are i}lustrated in fig.4.3.2,together with the chemical

shift differences of the methyl groups (X=NO,).

X X X.
- (X s T
- 0.13 0.15 0.19
X X

(A)

X X X X
0.06 O:Io.m E:Oio.u.
. X |

Fig.4.3.2

(B)

The most interesting feature of this class of compound is
that the 2-methyl group has a higher chemical shift than

the 3-methy15group. This phenomenon'has been reported by
Wells?257 for 1-nitro-2,3-dimethylnaphthalene,and is confirmed
in the present work by the observation that the 3-methyl
group resonance,which is broadened due to coupling with

the 4-proton,is at lower field than the 2-methyl group
‘resonance,which appears as é sharp peak. However, for

group A,the separation between the methyl resonances
(average 0.16 ppm) is greater than for group B (average

0.09 ppm). The most imporiant~effect of the 1l-nitro group -
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upon the chemical shift of the 2-methyl group is that of
diamagnetic anisotropy. 1In the case of group A,the 1l-nitro
'group is.hindered by the 8-proton,and is therefore twisted
out of the plane of the ring to such an extent that the
2-methyl group lies within the shielding "cone'" of the
nitro group (¢f l-nitro-2-methylnaphthalene above). This
therefore raises the chemical shift of the 2-methyi~group
with respect to the 3-methyl group. In the case of grdup B,
the l-hitro group.is severely hindered by the 8-nitro
group,and the plane of the l-+nitro group may be almost -
perpendicular to the planévof the ring. The fact that the
chemical shift gifference of the 2- and 3-methyl groups

is lower in fhese cases appears to indicate that the change
in orientation of the 1-nitro group results in the 2-methyl
group being in a weaker region of the hitro group's
shielding ”coné",and therefore its chemical shift would be
raised less with respect to the 3-methyl group than in the

case of group A.

The third class of compounds,in which both the
1- and 4-positions are substituted,comprises 1,4-dinitro-
2,3-dimethylnaphthalene, 1,4,5-trinit?o—2,3—dimethy1naphtha1éne,
1,4,5,7-tetranitro-2,3-dimethylnaphthalene and 1,4,5,8-'
tetranitro-2,3-dimethylnaphthalene. It is interesting to
observe that the chemical shifts of the methyl protons of
- 1,4-dinitro-2,3-dimethylnaphthalene are higher than those
of 5,8—dinitro-2,3—dimethy1néphthalene. As the former
compound has nitro groups substituted ortho to both methyl
groups,whereas the latter does not,this confirms the

observation made above that'a~methy1 group at the 2-position
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lies in a shielded region of the shielding '"cone'" of the
nitro group at the l-position. The addition of a nitro
group at the 5-position in 1,4-dinitro-2,3-dimethyl-
naphthalene to give 1,4,5-trinitro-2,3~-dimethylnaphthalene
causes the chemical shift of the 3-methyl group to be
lowered by 0.05 ppm with respect to the 2-methyl group. A
similar change in chemical shifts of the methyl grbups
(0.07 ppm) is observed for 1,4,5,7-tetranitro-2,3-dimethyl-
naphtﬂalene. _For.both these compounds the 4-nitro group

is more hindered than the l-nitro group,and thus the
nitro-group shielding effect is less for the 3-methyl group
than for the 2fmethy1 group, for the reasons given in

the precediﬁg paragraph. For 1,4,5,8-tetranitro-2,3-dimethyl-
naphthalene,both the 1- and 4-nitro groups are severely
hindered,and it is interesting to noté that the chemical
shift of the single methyl resonance is of intermediate
value between the chemical shifts of‘the methyl resonances
of the isomer 1,4,5,7-tetranitro-2,3-dimethylnaphthalene.

(B) Aromatic Protons

The chemical shifts of thé ardmatic protons of
the nitro-2,3-dimethylnaphthalenes vary considerably with
the pattern of substitution of nitro groups. This is |
undoubtedly because the aromatic protons,being bonded to
the aromatic nucleus,are particularly susceptible to
mesomeric effects via the aromatic n-system. This effect
is illustrated by reference.to the chemical shifts of the
4—protoné in those compounds substituted at the l-position,
i.e.the compounds shown in fig.4.3.2. For 1,5-dinitro-

2,3-dimethy1naphthalene‘and 1,5,7-trinitro-2,3-dimethyl-
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naphthalene (group A),the chemical Shift of the 4-proton

is 1.50 and 1.46 respectively. For 1,8-dinitro-2,3-
dimethylnaphthalene, 1,5,8-trinitro-2,3-dimethylnaphthalene
and 1,6,8-trinitro-2,3-dimethylnaphthalene,the chemical
shift of the 4-proton is 1.80,1.88 aﬁd 1.84 respectively.
This is clearly due to a variation in the '"quinoidal" or
para resonance interaction of the l-nitro group with the

4- proton which is illustrated in fig.4.3.3 for 1,5,7-

trinitro-2, 3 dlmethylnaphthalene and 1,5, 8- tr1nitro-2 3-

dimethylnaphthalene.
Clv*/()
NO,
ON 02N CHs
CH3 5 CH3
NG, | N02 + M
PJ()Q IQ()2 PQ()Q Pﬂ
CHs Hs
<> _
~7 ~CH; 3 Ch
NO, H NO
Fig.4.3.3

In these two cases,the-4§proton is subject'to the same
diamagnetic anisotropic effect from the 5-nitro group,and

S0 the difference in chemicél shift of the 4-proton (0.42 ppm)
must be attributed to the hindrance of the l-nitro group
being greater for 1,5,8-trinitro-2,3-dimethylnaphthalene

than for 1,5,7-trinitro-2,3-dimethylnaphthalene,resulting
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in the ''quinoidal" interaction being greater in the formér
than in the latter case,

In the case of unhindered B-nitro groups,the
diamagnetic anisotropic effect is very powerful. Thus the
lowest chemical shifts of aromatic protons are observed
for protoﬁs ortho to B-nitro groups,e.g.in 1,5,7-trinitro-
2,3—dimethyinaphthalene, 1,6,8-trinitro-2,3-dimethylnaphthalene
and 1,4,5,7-tetranitro-2,3—dimethyinaphthalene (see table
4,3.1), This is clearly because the B-nitro group is
almost coplahar with the ring (see sec.4.2.1),and the
protons ortho to it lie within the strongest region of
the nitro group's '"deshielding zone" (fig.4.3.1). All
a-nitro groups are hindered,and the strength of their
interactions with,peri-protons will be dependent upoh the
degree of hindrance. This may be illustrated by comparing
the chemical shifts of the peri-protons in 5,8—dinitro—
2,3-dimethylnaphthalene and 1,4-dinitro-2,3-dimethyl-
naphthalene,which are 2.01 and 2.31 respectively. The nitro
groups in the latter compound will pe forced out of the
plane of thé ring to a greater extent than in the former
compound,with the expected result that the peri-protons ink
the_latter compound will be '"deeper'" into the shielding
"cone" of the nitro groups and hence be more strongly

shielded than the peri-protons in the former compound.
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4.3.3 NMR Spectra of Nitro-1,5-Dimethylnaphthalenes

The chemical shifts of the aromatic and methyl
protons of seven nitro-1,5-dimethylnaphthalenes,recorded

in deuterochloroform,are presented in table 4.3.2

Aromatic Methyl
Compound

‘ 2 3 4 6 7 8| 1 s
4-nitro-1,5-IMN (2.10-2.90,m, 5H) 7.33 7.52
4,6-dinitro-1,5-IMN 2.25%2.10° - - 2.191.9¢°] 7.20 7.50
4,7-dinitro-1,5-IMN 2.51°2.2% - 1.7° - 1.10°| 7.18 7.40
4,8-dinitro-1,5-DMN 2.5072.107 - 2.50%2.17 - | 7.40 7.40
2,4,7-trinitro-1,5-DMN - 1.70 - 1.55° - 0.80°} 6.98 7.30
2,4,8-trinitro-1,5-DMN - 1.80 - 2.30°1.90° - |7.357.35
2,4,6,8-tetranitro-1,5-DMN| - 1.65 - - 1.65 - | 7.307.30

(a) AB quartet,J,; 9Hz. (b) AB quartet,J, 7Hz.

(c) AB quartet,J,, 2Hz. (d) AB quartet,J,,8Hz.

(A) Methyl Protons

The4methyl_groups in nitfo—l,5-dimethy1naphtha1enes
are substifuted on peri-positions,and are therefore subject
to three main types of interaction with nitro groups :-

(1) resonance or "quinoidal'" interaction with para-nitro
groups, (2) ortho-interaction,and (3) peri-interaction.
-The ""quinoidal" effect,which is powerful for aromatic
protons (see sec.4.3.2B),is a relatively weak deshielding
effect for methyl groups. The ortho-interaction,which
raises the chemical shift of g-methyl groups in naphthalene

systems, tends to. lower the chemical shift of a-methyl
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groups25i The peri-interaétion,whiéh is the most powerfﬁl
effect,raises the chemical shift of a methyl group

substituted on an adjacent peri-position to a nitro group.
These three effects are demonstrated by the chemical shift’

values for 4,6—dinitro-1,5-dim¢thylnaphtha1ene,shown in.

fig.4.3.4.

- (7.20)

CHs

0,N
CHy NO,

(7.50)

" Fig.4.3.4
Analysis of the NMR spectrum of this compound revealed
that the 5-methyl group,being adjacent to two nitro groups,
and therefore providing a sharp resonance,had a higher
chemical shift value than the l-methyl group which,being
ortho to an aromatic proton;had a broadened resonance.
The chemical'shift of the l-methyl group is lowered by the
'"quinoidal" effept of the 4-nitro gfoup.' The chemical
shift of the 5-methyl group is reduced by being ortho to
the 6-nitro group,but this was more than .counterbalanced
by the enhancing effect of the peri-interaction of the
4-nitro group. ‘That the peri-interaction is more
powerful than the ortho-interaction is demonstrated by
comparing the chemical shifts of the methyl protons in
the isomers 2,4,7-trinitro-1,5-dimethylnaphthalene and

2,4,8-trinitro-1,5-dimethylnaphthalene,as shown in fig.4.3.5.
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(6.98) (7.35)
(:*43 ' chxa (:+43
()2PJ Pq()z 'QC)2

CHy NO,  CH; NO,

(7;30) ' (7.35)

Fig.4.3.5
In the case of 2,4,8-trinitro-1,5-diméthy1naphtha1ene,
-the methyl groups are both substituted peri to nitro
‘groups,and although the 1l-methyl group is ortho to the
2-nitro group,the effect upon the chemical shift is so
slight with respect to the enhancing per<-interaction of
the 8-nitro group that the resonances appear as a
slightly broadened singlet. 1In the case of 2,4;7-trinitro-
1,5-dimethylnaphthalene, the 5-methyl group is peri to
the 4-nitro group,and has a similar chemical shift to
tﬁe S5-methyl group of 2,4,S-trinitro-l,5—dimethy1naphtha1ene.
The l;methyi group,however,has a nitro group substituted
ortho to it,but_does not have a nitro group substituted
per? to it,and the loss of the peri-interaction causes
the chemical shift of the 1-methyl group to be lowered by
0.32 ppm with respect to the 5-methyl group.

(B) Aromatic Protons

The effect of nitro group substitution upon the
chemical shifts of aromatic protons for the nitro-1,5-
dimethylnaphthalenes is similar to that found for the

nitro-2,3-dimethylnaphthalenes,with the exception that
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there are no examples of ''"quinoidal" interactions or
peri-interactions between the nitro groups and aromatic
protons for the nitro-1,5-dimethylnaphthalenes. Thus the
lowest chemical shifts were observed for protons ortho to
unhindered g-nitro groups,i.e.the 6- ahd 8-protons of
4,7-dinitro-1,5-dimethylnaphthalene and 2,4,7~-dinitro-1,5-
dimethylnaphthalene,for similar reasons .to those gi?en in
section 4.3.2B. The chemical shifts of other protons |
ortho eo nitre groﬁps were found to be dependent upon the
degree of steric hindrance of the nitro group. Thus the
3-proton in 4,6-dinitro-~1,5-dimethylnaphthalene,which is
ortho to a perifnitro group hindered by a peri-methyl
group,has a iower chemical shift than the 7-proton in the
' same eompound,which is ortho to a nitro group hindered by
an ortho-methyl group. |

4.3.4 Experimental Section

The NMR spectra of the compounds were recorded
on a Perkin-Elmer R10 NMR spectrometer operating at
60.004MHz,with a probe temperature of 33.5°. The solvent
used was deuterochloroform (99.5%). Solﬁtions were
prepared having concentrations of ca ;0%; where the
solubilities of the samples were too low to permit this;
saturated solutions were used. Tetramethylsilane was

used as an internal reference (10.00 ppm).
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4,4 Electron Spin Resonance Spectroscopy

4.4.1 Introductory Survey

The electron-deficient n-system in polynitro-
aromatic compounds results in the ready acceptance of an
electron to form a radical anion. Such radical anions
give rise.to ESR spectra which on analysis can allow
the determihation of the mn-electron spin densities at the
magnetically active sites in the radical anion2°8,259,

The ESR spectra of the radical anions of
nitrobenzene,the dinitrobenzenes and trinitrobenzenes have
been investigated 260,261,262 1p the case of nitrobenzene,
fhe magnetically active nuclei are N'* (nitro group) and
and H!(aromatic protons). The coupling constant of the ﬁl“
nucleus was found to be much greater than that of the
aromatic protoné,and thus the spectrum consists of a triplet
split by coupling with other nuclei?63, The coupling
constant of the N!* nuclei was also found to be greater than
the H! nuclei in the dinitrobenzenes. For the nitrotoluenes,
the coupling constant of the N!% nucleus is larger,and that
of the methyl protons smaller,for ortho-nitrotoluene than
for para-nitrotoluene?®%.  Thus for ortho-nitrotoluene,

aN=11.00, =3.12g; for para—nitrotoluene,aN=10.79,

eny
aCH5=3.989. It appears that the twisting of the nitro group
out of the plane of the ring by steric hindrance generally
increases the cdupling constant of the N!*nucleus with
respect to the coplanar case. The dinitronaphthalenes have
attracted some interest,as for 1,8-dinitronaphthalene the

coupling constants of the N!* nuclei are higher than for the

other dinitronaphthalenes?359%,265, As in this case there is
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considerable steric interaction between the nitro groups;
the effect upon the N!"coupling constants must be the

same as that observed in the case of ortho-nitrotoluene.
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4.4.2 ESH Spectra of Nitro;l,5-Dimethy1naphtha1enes and .

Nitro-2,3-Dimethylnaphthalenes

The ESR spectra of 2,4,6,8-tetranitro-1,5-
dimethylnaphthalene and 1,4-dinitro-2,3-dimethylnaphthalene
are shown in figs.4.4.1 and 4.4.2 respectively. Due to -
the high mﬁltiplicities involved,i.e.525 for the former
and 315 for fhe latter compound, it was not possible to
" obtain fully resolved spectra in eifher case,and hence it
was not possible to obtain the coupling constants for the
nitrogén atoms and aromatic protons in either compound.
However,it can be seen that the two spectra exhibit a
septet pattern,which implies that the largest coupling
constants are those of the methyl protons. This may be
contrasted to the case of the nitrotoluenes 28% in which
the coupling constants of the nitrogen atoms are
considerably higher those of the methyl protons.

4.4.3 Experimental Section

The radical anions of the two nitrodimethyl-
naphthalenes were prepared by chemical reduction with
sodium metal,using the method described by Wells and
Wilson258, The solvent used was tetrahydrofuran,which
‘was thoroughly degassed,and dried by being allowed to
stand in the presence of sodium/potassium-.-alloy. The
sample tube was prepared at a pressure of ca 10~¢ Torr,
and was maintained in liquid nitrogen until required. The
spectra were recorded on a Varian E-3 ESR Spectrometer,
using a field strength of 3000g,a frequency of 9GHz,and

a temperature of -50°,
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Fig.4.4.1 ESR spectrum of the radical anion of 2,4,6,8-tetranitro-1,5-dimethylnaphthalene.

- z1Z -



Fig.4.4.2 ESR spectrum of the radical anion
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Appendices

A.1 Miscellaneous Reactions.

A.2 Courses attended during the period of this study.
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A.1 Miscellaneous Reactions

A.1.1 Nitration of Trans-5,5'-Dimethyl-4,4'-Dinitro-

Bis-1,2(1-Naphthyl)Ethene

In an attempt to synthesise compounds with
structures analogous to that of the thermally stable
explosive’2,2',4,4',6,6'-hexanitrostilbene,the nitration
of trans—S,S'—dimethyl-4,4'—dinitro—bis-l,2(1—naphthy1)
ethene (see sec.2.3.1),using nitrié acid in acetic
anhydride,was investigated. It appeared,however,that
nitration occurred preferentially at the ethylenic bridge,
as opposed to the aromatic ring system,and that the

structure of the product was best described by that

shown in fig.A.1.

(;Fi====C;P4()2

CH; NO, NO, CH,

Fig.A.1

A.1.2 Reduction of Trans-5,5'-Dimethyl-4,4'-Dinitro-

Bis-1,2(1-Naphthyl)Ethene

In an attempt to bring about a nitro-to-amino
group reduction in trans-5,5'-dimethyl-4,4'-dinitro-bis~
1,2(1-naphthyl)ethene, the compound was treated with
hydrazine hydrate in the presence of palladium catalyst.
However,the product was found to be 4,4'-diamino-5,5'-

dimethyl-bis-1,2(1-naphthyl)ethane (fig.A.2),resulting
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from reduction of both the nitro groups and the ethylenic

linkage.
' (:F+2"'(:}42

CHy NH» NH, CH;

Fig.A.2

A.1.3 Experimental Section

(7) Nitration of trans-5,5'-dimethyl-4,4'-dinttro-bis-

1,2=(1-naphthyl)ethene (43)

(43)(0.1g) was dissolved in acetic anhydride (7ml) and
nitric acid (d1.42;1ml) added dropwise,with stirring,
whilst cooling in an ice-bath. After standing at 20° for
2h,the solution was poured into water (Zobml). A solid
was obtained (0.09g) which was chromatographed on a
silica gel column (340 x 20mm),using chloroform as eluent,
~to yieid trinittro-5,56"'-dimethyl-bis-1,2(1-naphthyl)ethene
(0.054g,48%),mp 202°. (Found: C,64.8; H,3.8; N,9.7.
C24H, 7N30¢ requires C,65.0; H,3.8; N,9.5%); t(CDClj3) 0.8
(lﬁ,s),2.0-2.8(10H,m),7.39(3H,s) and 7.45(3H,s);

m/e 443 (M1).

(i2) Reduction of trans-5,5'-dimethyl-4,4'-dinitro-bis-

1,2=(1-naphthyl)ethene (43)

(43)(0.5g) was dissolved in 95% ethanol (50ml),10% palladium
on charcoal catalyst added,and the mixture refluxed with

hydrazine hydrate (7ml) for 5h. Hot filtration,followed
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by cooling,produced lime green crystals of 4,4'—diamino—'
5,5'-dimethyl-bis—l,2(1-nqphthyl)ethane (0.25g,59%),mp 196°,
(Found: C,84.6; H,6;9; N,8.5. CpyHpyN, requires C,84.7;
H,7.1; N,8.2%); 1(CDCl;) 2.1-2.7(3h,m),2.9 and 3.4(2H,ABq,
JAB7HZ),5.80(2H,broad singlet),6.75(2H,s) and 7.00(3H,s);
m/e 340 (M+),high resolution mass spectrometry gave the

molecular formula as C, HoyN3.
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A.2 Courses attended during the period of this study

in fulfilment of C.N.A.A.regulations

1970-1971

Quantum Theory (6 lectures).

Intoduction to Chromatography (6 lectures).
K.P.Computer Course (Algol Programming) (10 lectures).
1971-1972

Practical Mass Spectrometry (6 lectures).‘

Chemical Instrumentation (6 lectures).

1972-1973

NMR and ESR Spectroscopy (36 lectures).

1974 - Symposium on Liquid-Liquid Chromatography

(Kingston Polytechnic),1 day.

During the period of this study'I have given
a research colloquium and have attended various research
colloquia given.by internal and external lecturers at

Kingston Polytechnic.
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