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FOREWORD

Through the cosponsorship of the U.S. Army Research Office, the
U.S. Air Force Office of Scientific Research, and SRI International, the
Nitrations Conference '83 was held at SRI over the period July 27-29,
1983. The 2-1/2-day meeting was structured to include both invited and

submitted papers, and the topics dealt with both the fundamentals of the
mechanism of aromatic nitration and new synthetic procedures for
aromatic and aliphatic nitration. The registered attendance numbered 77
and included visitors from Canada, England, Sweden, and Switzerland.

This report contains a list of all the attendees and abstracts of
all the papers presented at the meeting. Most of the material presented
is current research and will be part of detailed publications in the
near future. In some cases full manuscripts currently under

consideration for publication were provided by the authors.

The chairmen of the meeting would like to acknowledge the actions
of the authors in submitting their material in timely fashion. Their
cooperation and sincere interest in the meeting aided in the development
of the format and were significant factors contributing to the success

of the conference.

We especially acknowledge ARO and AFOSR, and Dr. G. Ronald Husk and
Dr. A. J. Matuszko specifically, for their generous support. This
meeting would not have been possible without the assistance of these
agencies, and the moral support afforded by Dr. Husk and Dr. Matuszko is
particularly appreciated.

AIR PORCE OFFICE OF SCIENTIFIC RESEARCH (AFSC:
‘NOTICE OF TRANSNITTAL TO DTIC
ThistechnthIreporthasbeenraviequandls
approvedforpuhlicreleaseIAWAFRIQO-lz.
Distribution is unlimited,

MATTHEW J. KERPER i
Chief, Teohnical Informatien Divistem v
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T RECENT ASPECTS OF NITRATION:
~ NEW PREPARATIVE METHODS AND MECHANISTIC STUDIES

George A. 0Nlah
Hydrocarbon Research Institute and Department of Chemistry
University of Southern California, Los Angeles, CA 90007

New preparative methods of electrophilic nitration and transfer nitration
are reviewed, including reactions relating to the ambident reactivity of the
nitronium ion. Recent aspects of the mechanism of electrophilic aromaric

substitution are discussed.

I. PREPARATIVE ASPECTS

Nitrations with Nitronium Salts

Nitronium tetrafluoroborate and related nitronium salts are extremely
active nitrating agents for aromatics. The nitrations are carried out under
anhvdrous conditions and therefore substrates which undergo hydrolvsis or
oxidations in strong acid solutions can be easilv nitrated. Arvl nitriles,
which could not be dinitrated without hydrolvsis, are readily dinitrated with
nitronium tetrafluoroborate. Nitronium salts are also effective in nitrating

such deactivated substrates as dinitrobhenzene.

Alkanes and cycloalkanes give high yields of nitrated products with
nitronium salts. Olefins react with nitronium salts in the presence of
pyridinium hydrogen fluoride to give vicinal fluoronitroalkanes which can be

dehydrofluorinated to give nitroolefins.

+
NO, BF,

2 - HF
= N = v
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Nitrations with Alkyl Nitrates

In the presence of BF4 as catalyst, alkyl nitrates provide a particularly
mild and selective nitration method,1 for example, allowing mononitration of
durene and other highly alkylated aromatics. Acetone cvanohydrin nitrate has

been found to be particularly useful for such nitrations.

Nitrations with Silver Nitrate

AgNO3/BF3 has been used to nitrate aromatics under heterogeneous con-
ditions. Because of excellent solubility of silver nitrate in acetonitrile,
we investigated the nitration of aromatics with AgNO3/BF3 in acetontrile uvnder
homogeneous conditions and found it a useful preparative method. Silver can

be recovered from the reaction mixture as the tetrafluoroborate salt.

Nitrations with Solid Superacid Catalysts

Preparative nitrations carried out with butyl nitrate or acetone
cyanohydrin nitrate using a perfluorinated resin-sulfonic acid (Mafion-H)
provide the cleanest method yet known for aromatic nitrations. All of the
byproducts are volatile organic materials and the nitroaromatics can therefore
be isolated simply by filtration, without the need for anv aqueous basic
washing or work-up.2 Solid superacids can also be used in conjunction with
fuming or concentrated nitric acids under conditions of azeotropic removal of
water. When the Nafion-H catalyst is modified by impregnating Hg(NO3)2, the
isomer ratio of the product nitroalkylbenzenes show significant differences
from conventional acid-catalyzed nitrations, yielding larger amounts of the

less hindered isomers.3

Transfer Nitrations

Nitrations are usually carried out with acid svstems, and an equivalent
amount of acid is produced even in nitrations with nitronium salts. When it
is required that nitrations be carried out under essentially neutral con-
ditions the acid product must be tied up with a suitable base. This led to

the development of transfer nitrations with N-nitropyridinium and N-nitro-

quinolinium salts. The heterocyclic base, besides binding the acid, also
4,5

modifies the reactivity of nitronium salts.

™
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Ambident Reactivity of Nitronium Salts

Nitronium salts were found to react rapidly at -78°C with diarvl,
arylalkyl, and dialkyl sulfides affording sulfoxides as the major products.
Selenides, phosphines, arsines, and stibines react equally readily giving
the oxygenated products. In the case of diphenyl sulfide less than 57 of
the ring C-nitro product was formed. These observations suggest the inter-
mediate nitrito onium ion (X+-0N0) is in equilibrium with the related nitro
onium ion (X+¥N02). The ambident reactivity of nitronium ion, which was
confirmed by a number of spectroscopic studies,6 has implications in the
industrial nitration of aromatics in which phenolic products would arise by

attack through the oxygen of the nitronium ion.

Reversibility of Aromatic Nitrations

Nitration is generally considered to be an irreversible reaction, and
nitroaromatics, in general, do not undergo rearrangement or isomerization
under the reaction conditions; however, some isomerization of the nitro-
arenfum ion has been observed.7 We have recently obtained unequivocal
evidence for the reversibility of electrophilic aromatic nitration by
observing superacid-catalyzed transfer nitration of mesitylene and toluene
by 9-nitroanthracene and pentamethylnitrobenzene, respectively, and isolating

the product nitromesitylene and nitrotoluens.8

+

NOy NOy

seollecNiscel P s ool

MECHANISTIC ASPECTS

Electrophilic aromatic nitration has been shown by Ingold's classical
studies to proceed via the formation of nitronium ion. Reaction of the elec-
trophile with aromatic substrates results in the formation of nitroarenium
ions (0-complex; Wheland intermediate) which, upon proton abstraction, vield
the nitro products. A consequence of the two-step one-intermediate mechanism
is that substrate and positional selectivities are determined in one and the

same step, i.e., the formatfon of the o-complex.

3

N §

e N e G T T




e n G —— e

We found that nitrations with highly reactive nitronium salts under homo-
geneous conditions results in loss of substrate selectivity (kT/kB = 1,7 vs.
ca. 20 under normal acidic solutfons) with maintenance of positional selec-
tivity (meta substitution <4%). Accordingly, we proposed a three step
mechanism in which the first step determines the substrate selectivity (if
rate controlling) and the second step, the positional selectivity. Schofield
and co-workers similarly found that in nitric acid nitrations in strong acids,
substrate selectivity only may be lost, and they also postulated the formation

of an intermediate prior to the c-complex.9

The nature of the first intermediate has been discussed bv us in terms
of n-complex.10 The fast nitric acid nitrations were interpreted hy Schofield
and co-workers to be a result of microscopic diffusion control with formation
of the first intermediate at the encounter rate, accordingly the name "encounter
pair”, in which there 1s no interaction between the reactants. Nitronium salt
nitrations have been discussed in terms of macroscopic diffusion control. How-
ever, we consider this inadequate to explain many of the experimental ohser-

vations.

Formulation of the first intermediate in terms of m-complex is stronely
supported by the recent observation of a nitronfium ion charge transfer com-
plex, reported by Fukuzumi and Kochi between m—tolunitrile and nitronium

11

tetrafluoroborate. The proposal of initial one-electron transfer between

the nitronium ion and the aromatic substrate, recently reemphasized by

Perrin,12

ctesulting in a radical-radical cation pair prior to the formation
of the O-complex is in fact only an extreme of the T-complex formulation. A
full one-electron transfer can occur if the lonization potential and electron
affinity for the reactants are compatible prior to electronic interactions,

and it {s named "outer sphere mechanism” in molecular complex terminologv.

Our results on the nitration of naphthalene with various nitrating acents
in different solvents, as well as other literature data show that the af
ratio may vary between 9 and 29. Eberson!3 examined the diffusion-controlled
radical cation coupling, by reacting solid naphthalene radical cation hexa-
fluorophosphate salt with N0y and found an a/f ratio of about 40, whereas a

ratio of 10-12 was found for the reaction of naphthalene with NO,RF,. This

addresses the question as to what extent the isomer distribution varies on

4




changing the rate limiting step. It is anticipated that the reactivity of

the nitrating agent is reflected in the energetics of the first intermedfate,

e

affecting the nature and position of the transition state on the reaction

corrdinate for o-complex formation.
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Charge Transfer and Electrophilic Aromatic Substitution

W. Lau, J. M. Masnovi, C. Amatore, and J. K. Kochi
Department of Chemistry, Indiana University, Bloomington, Indiana 47405

The transient colors which are often observed during electrophilic
aromatic substitutions are attributed to electron donor-acceptor (EDA)
complexes of the arenes with a variety of electrophiles. The spectral
characteristics of these EDA complexes and others observed in more
conventional organic systems will be described, and the electronic
transitions presented within the framework of Mulliken charge trans-
fer (CT) theory. Experimental support for the Mulliken formulation
based on time-resolved (picosecond) spectroscopic experiments car-
ried out with Hilinski and Rentzepis and with Mataga will be presented.

The relationship between the charge transfer transition energy
h\)c.r and the second-order rate constants (log k) for electrophilic
aromatic substitution found earlier by Fukuzumi will be summarized.
The mechanistic implications of the CT formulation will be presented
in the context of inner-sphere electron transfer with a clear distinc-
tion made from outer-sphere electron transfer mechanisms.

The kinetics of electrophilic aromatic thallation and mercuration
will be described in connection with the associated transient CT spec-
tral changes. The photochemistry of the charge transfer excited states
in these systems will be presented, and the ambiguities encountered
in directly relating the CT excited state to the activated complex for

electrophilic aromatic substitution will be discussed.
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Studies of Aromatic Nitration bv "N n.m.r Spectroscopy

J H Ridd, Chemistry Department, University Callege, 20 Gordon Street,

London WC1H OAJ.

-
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Nitration and a number of related reactions have been followed by N on.m.r

15 ISN labelled substrates. The wide

spectroscopy using Hls.\JO3 (95% "°N) or
range of chemical shifts given by 1SN n.m.r spectroscopy makes it easy to
distinguish the different products formed and the relatively long relaxaticn
time of the ISN nucleus facilitates the observation of nuclear polarisation

and thus provides evidence on radical intermediates.

The reactions have been carried out using acetic acid, trifluorcacetic acid
or aqueous sulphuric acid as solvents and the conditions have been adjusted
to give half-lives of ca. 5-10 minutes. The ISN n.m.r spectrum of the
nitrocompounds formed in a number of these nitration reactions then show a
strong emission signai during the course of reaction but this changes o a
conventional absorption signal when reaction is complete. Such observations
are characteristic of nuclear polarisation and point to the formation of

radical pairs at some stage during the reaction.

The substrates giving such spectra include aromatic hvdrocarbons with 2 or
more methyl groups, N,N-dimethylaniline (para-nitration only)l. and
p-nitrophenol. The emission signals appear to derive mainly or completelv
frem the nitrous acid catalysed component of the reaction., All of these
reactions are susceptible to nitrous acid catalyvsis and small amounts of
nitrous acid are formed in the course of nitration. For the nitration of
mesitylene, the nitrous acid catalysis and the emission signals are both
absent when a sufficient concentration of nitrous acid scavenger (Xaxs) is
added to the nitric acid before reaction., The reactions of p-nitrorhenol
include an interesting intramoleccular rearrangement of the initial nitro-

group frcm the para to the ortho-nosition during the course of reaction to

)




form 2,3-dinitrophenol. This rearrangement forms about 11% of the total
reaction and is presumably initiated by ipso-attack at the para-position.

It gives rise to marked nuclear polarisation in the migrating group.

A related reaction showing nuclear polarisation is the nitration of para-

methyl-N,N-dimethylaniline by ipso-attack at the C-Me position followed by !
rearrangement. The two stages of this reaction can be followed separately l
!

by 1H n.m.r spectroscopy: the first is catalysed by nitrous acid but the

15,
N n.m.r spectroscopy,

second is notz. When the reaction is followed by
the formation of the ipso-intermediate is accompanied by a large emission
signa. in the ISN nmr specirum but nuclear polarisation is not observed
during the rearrangement stage. Other reactions showing nuclear polarisation

include the rearrangement of 15

NO, labelled 2,6-dibromo-N-nitroaniline and
N-methyl-N-nitroaniline but these reactions show enhanced absorption in the

15 . . . 3
N n.m.r spectrum for both the starting material and the product’.

The classical mechanism of nitrous acid catalvsed nitration involves
electrophilic nitrosation followed by oxidaticen. On this reaction path,
only the oxidation step could give rise to nuclear polarisation and the
possibility that this occurs is being investigated. In recent vears, there
has been increasing evidence for radical intermediates in nitrous acid

+ -
catalysed nitration and a reaction path involving the radical pair ArH NO.

-
has also been suggested™. The partition of this radical pair between
combination and Jissociation could then give rise to the nuclear polarisation.
Both the emission spectra observed in direct nitration and the enhanced

absorption observed in the nitramine rearrangement would then follow from

the g-values of the radicals and Kaptein's rulesl’J

The above work has been carried out in collaboration with Dr J P B Sandal:
at Bedford and Roval i{lolloway Colleges in the University of London and much
of the work on mesitylene and p-nitrophenol has been carried out by

Dr A H Clemens at University Collegce London.
)
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A Test for Radical Cation-Radical Pairs in Aromatic Nitration?

P. C. Myhre
Harvey Mudd College

The objective of this study is a characterization of the reaction
intermediates in nitration of <very reactive aromatics. The
approach selected was to prepare substaaces that <contained the
necessary atoms with nearly the correct comstitution and then to
allow these substances to undergo molecular reorganization under
reaction conditions that would 1lead to "normal™ nitration
products., Product, kinetic, and 1isotopic tracer studies were
projected as the means of characterization of the reaction
intermediates. Analogous studies have been used earlier to study
nitrations of less reactive aromatics.

The present investigation 1is concerned with formation of
nitrophenols. The logical candidates for studies of nitration of
phenols by molecular reorganization are

4-alkyl-4-nitrocyclohexadienones, the major first-formed products
of nitrationm of wmany 4-alkylphenols or 4~-alkylphenyl acetates.
Previous work by several groups has shown that these
nitrodienones undergo rearrangement under a variety of reaction
conditions to yield the corresponding 2-nitrophenol.

The nitrodienomes shown in Figure 1 have been prepared in
connection with this study. In all cases the method of
preparation involved low temperature reaction of the ophenol or
the corresponding phenyl acetate with preformed acetyl nitrate in
acetic anhydride solution. Yields range from 40 to 907 dependiag
upon the substitution pattern. The nitrodienomes <could be
-purified by low temperature crystallizations, and their
structures were deduced from spectral properties.

It has been shown previously that the nitrodiemones with a carbon
bearing hydrogen adjacent to the ketone function will rearrange
in any solvent to yield the 2-nitrophenol derivative, eq 1.

o,

(1)

v

H NO,
o] H

Evidence accumulated previously has lead to the assignment of a
radical dissociation recombination pathway for this rearrangement
in weakly acidic protic and organic solvents. It has also been
shown that this rearrangement is strongly acid <catalysed, and it
has been inferred from this acid «catalysis that the species
undergoing rearrangement in strong acid solution is the conjugate
acid of the nitrodienone. For wmany of the nitrodienones shown in




Figure 1, the product(s) remain the same under "thermal” or acid
catalyzed modes of reaction

In addition to a possible concerted rearrangement of the nitro
group, at least two modes of reaction involving 1intermediates
could be <considered for the acid catalyzed reaction. These are
paths that involve dissociation to a paired oeutral ©phenol and
nitronium 1ion, or dissociatiom into a paired phenol radical
cation and nitrogen dioxide. The path to a 2-nitrophenol could
then involve <collapse of weither of <these pairs to give the
enolizable dienone precursor of the product directly, or
separation of the pair followed by subsequent recombination to
yield the nitration product.

These two paths involving charged intermediates them represent
variants of the path propecsed earlier for the rearrangement of
nitrodienones in weakly acidic media, a path which has been
characterized as one involving formation of a radical pair. It
was useful to <characterize the thermal reaction by measuring the
degree of intramolecularity that attends the rearrangement, and
analogous studies have been <carried out 1in acidic solutions.
Several kinds of crossover studies have been conducted with the
use of labeled samples of 4-methyl-4-nitrocylohexadienone under
conditions that favor the the thermal reaction and wunder
conditions of acid <catalysis, In all of these studies  under
thermal <conditions (organic or weakly acidic solvents) a
substantial intermolecular componment is readily detected. The
degree of intermolecularity decreases with solvent wviscosity,
going from approximately 66Z in heptine to about 10X in mineral
oil. The rate of prcduct formation was only wmodestly affected by
this change in the viscosity of the hydrocarbon solvent.

Corresponding crossover studies with labeled
4-methy-4-nitrocyclohexadienones in the 56 to 962 sulfuric acid
range showed less that 2 to 47 of an intramolecular component.
These values are considerably lower than those that have been
estimated on the basis of deviations of the rate of nitration of
phenol from the encounter rate.

While the results of the crossover studies show that the acid
catalysed rearrangement of nitrodienones 1involves a different set
of intermediates than the thermal reaction, it is not possible to
use the high degree of intramolecularity observed as a means of
discriminating <clearly among ©possible concerted, ion/molecule
pair, or radical ion/radical pair pathways. In order to pursue
this question further, the reaction chemistry of some blocked
nitrodienones has been studied. The motivation for this was the
thought that with the facile rearrangement of a nitro group to a
2-nitrophenol blocked by methyl subtituents at both the 2-and
6-positions, the product that would eventually form would more
effectively report the nature of the key intermediates in the
rection.

In chloroform at 25 €, 4-nitro-2,4,6-trimethylcylohexadienone

12




reacts slowly (half-life = 5.5 hr) to yield
3,5-dimethylnitromethane as the ma jor product together with
l-hydroxy-2,4,6~-trimethylcyclohexadienone and a number of more
minor side chain substitution products and coupling products.
Although the rate of formation of products from this nitrodienone
is slow by comparison with structurally related nitrodienones (see
rate data shown in Figure 1), the rate at which
4-nitro=-2,4,6~-trimethylcyclohexadieonone quenches galvanoxyl
(taken in excess) is about 1.5 times faster thanm the rate that
4-methyl-4-nitrocyclohexadienone quenches the same stable
radical. The latter rate corresponds well to the rate of
formation of 4-methyl-2-nitrophenol from the nitrodienone. The
phenylnitromethane product that results from the reaction of an
equimolar wmixture of nitrogen-l5 labeled and carbon-13 labeled
4-nitro-2,4,6-trimethylcyclohexadienone shows <complete scrambling
of the labels. The conclusion 1is that this blocked nitrodienone
exhibits the <characteristics of related nitrodienones in organic
solvents, and the rate of product formation is retarded because
the radical intermediate in this reaction must find higher
barrier reaction channels.

In 85%Z sulfuric acid, the nitrodienone derived from mesitol
yields 2,6-dimethylbenzoquinone, 3-nitro-2,4,6-trimethylphenol
and 4-nitro-2,6-dimethylphenol in modest total yield. When the
same mixture of nitrogen-15 and carbon-13 labeled nitrodienones
(the carbon-13 was at the 4-methyl ©position) was subjected to
reaction in 852 sulfuric acid, no scrambling of label was found
in the formal 1,2-shift product, 3-nitro-2,4,6-trimethylphenol.
This nitro group migration appears to be entirely intramolecular.

When this blocked nitrodienone was decomposed in 85X sulturic acid
together with a ten-fold excess of mesitylene, the major product
was bis~2,4,6~trimethylphenylmethane (40%) together with the
abovementioned nitrophenols and benzoquinone plus some
uncharacterized high molecular weight products that are believed
to be biphenyl derivatives., The use of labeled nitrodienones again
revealed no scrambling of 1labels in the nitration product that
forms by a formal 1,2-shift of the nitro group. It is noteworthy
that the diphenylmethane derivative contains all of the
carbon-13, originally sited at the 4-methyl <carbon of the
nitrodienone at the methylene carbon.

Possible interpretations of these data and related results will
be discussed.

13
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Possible Electron Trans{er Steps in tlectropnilic ~rtmatic Hlitrazizn

Lennart Eberson, Sven Ericson, and Finn Raaner

Division of Organic Chemistry 3, Chemical Center, University of

Lund, P.0. Box 740, S-220 07 Lund, Sweden

The hypothesis that nitronium 10n can act as in elec:tron
transfer oxidant toward aromatic substrates in the initial step
of electrophilic aromatic substitution has been discussea repeatec’y

since 1945 (eqn 1). The oroduct of such a procass wculd e 3

P

NO," + ArH =2 N0, + Ard {1

radical-radical cation pair, the components of wnich woula either

undergo recombination to form the usual Whelana intermediate or

diffuse a part to produce products originating frcm the reaction i
between ArH'  and other species nresent (ArH, solvent) (ean 2).

—_— +
ArH"" NO,"

o T Ar(H)N02

1T 8
Ard™ + O,
2
The frequent detection of side-nroducts in aromatic nitration:
which formally are products of oxidative substituticn (2.3. size-
chain alkoxylation, acyloxylation, acetamidation, ang nitrcoxylazizn
of alkylaromatics, biaryl and diphenyimethane couzling, zng svvrro-i=---

indicates great similarity to analcgous reactions n ancaic” ina-
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metal jon megiated chemistry;lmany of wnich must orcceec 1l3
radical cations.

A modification of this mechanism nas been sugges:ed Dy RiccE
for the nitrous acid catalyzed nitration 5y X 2* (in zriflucro-
acetic acid) and involves as the crucial electron transfer step

eqn (3), which is then followed by {4) ana .3). This intercretaticn

Ard + NOT == 0"+ ardT (3

- + ant . . I

NOT o+ NO,T &0+ 0, ()
+ *

NO2 + ArH = Ar(H)H02 =y

was strongly supported by the observation of C.Z.M.7. effects
when H15NO3 was used.
[t is the purpose of this paper to discuss the feasibility
of electron transfer steps in aromatic electrophilic nitration,
using the Marcus theoryeas a starting point, and examine suggestac

mechanisms in the light of these results.
RESULTS

The feasibility of electron transfer steps of the tyoces shown
in eqns (1) and (3) can in principle be assessed by the 'larcus
theory for non-bonded (a term that for organic systems7 replaces
the termn "outer-sphere" of inorganic chemistry) electren transfert

- . . x ~
(ET). According to this treatment, &G  for electron <ransfer Hetween
o]

Z

. . + * . . AN s
the two species ArH and N0, (or NO ! is given by 2an {5).” rere
[




E

.0
AG* - 60,2 (

(1 + =

\
a \

[e}]

A is the reorganization energy (see below) and 62 :ne free energy

change for ET. The underlying paysical model is that of two
spherical species, embedded in a continuous medium of dielectric
constant D, which diffuse together and form a collision complex
within which an electron is exchanged when the transition state
has been reached. For the transition state to be reachea from the
original collision complex, the two reaching species must undergo
bond reorganization (bond and/or angle deformations; with a bond
reorganization of Ay and the immediately surrounding solvent
molecules must undergo solvent reorganization {with solvent
reorganization energy \O) to accommodate electrostatic changes

in the transition state upon ET. The reorganization energy of

eqn (6), ), is then the sum of li and 10. The need for pona/solvent

reorganization to occur before reaching the transiticn state is a

consequence of the Franck-Condon nrincipie, which teils us that

transfer of an electron must take place cn a time-scale (ca 1377 s

'3

.
|

nT \

which is much faster than that of nuclear movements (' s,
For any electron transfer reaction Marcus' theory demands

that 1 can be expressed as the mean value of the . vaiues of the

two corresponding self-exchange reactions. For the I7 procass of

egn (1), the self-exchange reactions are shown in 2gns (7

~—
o
3
Q.
—
o
~—

ArHY T+ ArH = ArH + AryT (7

NO,T e MOy = N0 o+ e,

+
<
B)
is
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Values of \ for self-exchange reactions can be experimentally
determined (for a list, see Ref. 8).

In order to estimate 4G° of eqn (1), one needs E° of ArH™ /ArH
and NOZ*/NOZ'. The latter value was obtained from Bontempelli et _1.13
(1.56 V),11 whereas E° for oxidation of aromatic hydrocarbons have
been determined by Parker.12 Values of A for ArH+'/ArH self-
exchange reactions are not known, but from available generalizations
about A and a consideration of the corresponding ArH/ArH
processes,8 it can be safely concluded that they are < 10 kcal mol'1.
For the N02+/N02 reaction a value of < 20 kcal mol'1 was estimated;
the cyclic voltammogram of the N02+/N02 couple is nearly r-ever"sib]e.'lC
indicating a fast self-exchange process.

The other species of interest, N0+, has an E° of 1.51 V10
and on the same ground as above the )\ value of the NOT/NO salf-
exchange reaction can be estimated to be < 20 kcal o1,

With these starting parameters, \ of egns (1) and (3) will be
< 1/2 (10 + 20) = 15 kcal mol™', and this value was used in the
calculation to be described below. A variation of & 1 kcal mol’1 in
A at a6° ~ 20 kcal mol'1 corresponds to a change in the calculated
log k value of £ 0.2 log units, showing that this parameter is not
the crucial one in determining the rate constant.

Calculations according to egn (6) were performed for a :G°
interval between ~15 and +25 kcal mo1'1. Instead of reporting AG*,
log k values were calculated by the Eyring eguation (log k =

12

<

1011 exp (-aG¥/RT) for the simple kinetic scheme of egn (9)

k k
d + el .

Ar + NO, ‘___——-\k [ArH N0O,"] —=5 ArdT + NO, (9)
-d
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where k, was taken to be 1010 Mt gt

These results are given in Table 1, together with those far
some real cases of interest for the discussion {benzene, toluene,
naphthalene, mesitylene, hexamethylbenzene, dibtsnzo-1,34-dioxin,

anthracene, perylene, Zn(lI)tetraphenylporphyrin, ferrocene).

Looking first at the lower part of Table 1, rate constants
are seen to approach the diffusion controlled value at 62 < -5
kcal mol-1. In terms of the real cases listed in the upper part
of the Table, this means that compounds with £° values equal to
or lower than that of perylene (1.30 V) are predicted to reac:
with electron transfer with NO¥ or NOZ+ at diffusion controlled
rates (these reagents are so similar in oxidation potential that
for all practical purposes they can be considered equivalent in
this respect). This does however not tell us that such reactions
do proceed via ET; they may follow the usual type of heterolytic
mechanism and only experimental studies will decide between these
mechanistic alternative,

On the other hand, for reactions with 6% > 5 kcal mol'i,
electron transfer can be ruled out in the case of nitronium ion,
since reactions have experimentally been shown to proceed at
diffusion controlled rates. Suggested ET steps in nitration and
nitrosation reactions will be discussed from this point of view.

Financial support from the Swedish Natural Science Research
Council is gratefully acknowledqed. 'Je have greatly benefitted
from stimulating discussions with Professor J.H. Ridd, University

College, London during the preparation of this work.
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Table 1. Calculated log k (M'1 5'1) for ET reactions between ArH and NO’(HOZ’).

Compound (E%/v)& 26%/kcal mo1”! 2 log k (P/I"I 5'1) for reaction with
Ne* N0, "
2
Benzene (3.03) 35.0, 33.8 -19.9 -18.3
Toluene (2.61) 25.4, 24.2 -9.2 -8.1
Mesitylene (2.43) 21.2, 20.0 -5.5 -4.3
Naphthalene (2.08) 13.1, 11.9 1.1 1.9
Hexamethylbenzene (1.856) 7.8, 6.6 4.3 5.0
Dibenzo-1,4-dioxin (1.7) 4.4, 3.2 6.1 6.7
Anthracene (1.61) 2.3, 1.1 7.0 7.5
Peryiene (1.30) -4.8, -6.0 9.3 9.5
Zn{1I1) TPP (0.95) -12.9, -14.1 8.9 9.9
Ferrocene (0.60) -21.0, -22.2 9.8 9.7 '
25 -8.9 ;
23 -6.9 i
21 -5.1
19 -3.4 |
17 -1.8 E
15 -3 i
13 .1 i
" 2.4 !
9 3.7 !
7 4.8 I
5 5.8 }
3 6.7 i
1 7.6
} -1 3.3
\ -3 8.3
| -5 3.4
; -7 9.7 [
| -9 9.8
-1 9.9 :
-13 9.9 §
-15 9.9 i
- )

30 values were taken from Ref, 8 or 14, b The first number refers to the
vo* reaction, the second one to the NOZ+ reaction.
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ELECTRON TRANSFER AND LOWER NITROGEN OXIDES
IN AROMATIC NITRATION
David S. Ross. Ripudaman Malhotra, Robert J. Schmitt,

Georgina P. Hum and Chee—-lLiang Gu

SRI International
Menlo Park. CA 94025

The accepted mechanism for aromatic nitration i1n mineral
acid media i1ncludes the acid promoted. rapid and reversible
formation of nitronium ion from nitric acid., followed by
electrophilic attack of the i1on on the aromatic substrate. This
scheme 1s considered to be operative over a very wide acidity,
covering the range 40-9267% sulfuric acid.

Our studies have been concerned with a number of aspects of
nitration mechanism, including the possible roles of electron
transfer and lower nitrogen oxide chemistry in the process. In
particular we have focused on the question of the chemistry
taking place in the SS5-73% H-S0. range, where reactive
substrates such as phencol and naphthalene undergo a catalyzed
nitration brought about by the accumulation of lower nitrogen
oxides. Considerable work has been reported on the nature of the
catalysis, and we shall present some of our own work in that area
below. However we have focused on the very 1nitial chemistry.
that responsible for the generation aof the lower oxides, as well
as i1dentification of the spec:ific lower axides present. The
research performed on our program has included ion molecule
studies in a high pressure mass spectrometer, and a detailed look
at the effects of N(III) (nitrite, nitrous acid. and nitrosonium
ion) 1n nitration under conditions where no prior nitrosation
takes place.

N/Q Species in Sulfuric Acid. Initially it was of
interest to determine what N/0 species are dominant over various
anidity ranges. The species we are dealing with cover the common
nitrogen oxidation states: N(II)/NOs N(IlI)/noted above;’
N{IV) /NO-2, N:20a3 and N(V)/nitrate, nitric acid.
nitronium i1on. The prevalent species are of course a function of
acidity, and even at 23°C, any one oxidation state can vield
several others. The rate of disproportionation of N{(IV) 1s rapid
at room temperature, and we have found it convenient to use this
reaction as an entry into the equilibrium positions of several of

22

C o — e




the N/0O species over the full range of sulfuric acid acidities.
Experiments were conducted in which both the condensed and vapor
phase species were determined quantitatively. The study was
carried out both in the presence and absence of oxygen, in a
reactor containing SO ml of liquid phase and 170 ml vapor phase,
and with an initial charge of 100 torr of NO- in each case.

It is recognized that N(IV) as N:0a. rapidly
proceeds to NO- and NO-=~ in sul furic acid at |
acidities greater than about 93%. We began our study there. and
proceeded systematically to lower acidities. As expected from
the literature (Deno, et al., 1961)., N(V) became fully nitric
acid at about 835Y% sulfuric acid. and its itonization to nitrate
began at 60% acid. In 20% sulfuric acid, nitrate was virtually
fully formed.

Nitrosonium ion also behaved as expected from literature
accounts (Bavyliss, et al.. 1963), and was converted to nitrous
acid., beginning at 70%Z acid. Nitrous acid is a relatively weak
acid (pK.=3.4), and sa nitrite appeared in the pH range.

Nitrous acid itself dispraoportionates, however, and so from 607
H-50a. down, gquantities of NO appeared in the gas phase.

The system becomes rather complicated below 60. acid, so that for
example at 30%Z sulfuric acid for the O-—-free case. the

prevalent species and their mole percents were HNOx, 7%; NO.

20%s HONO, 2B%; nitrate, 45%.

The most complex region in the study for the Ox-free
case was 1n S5-485% acid. where not only were several of the
condensed phase species present {(HNO~, NO-—,
NO*, HONQ), but both NO and NO: were prominent in the
vapor phase. The presence of NO: was suprising. since its
full disproportionation would be expected at any acidity. While
the concentrations of these gas phase species in the acid phase
could be very low under nitration conditions., their possible
roles in nitration must be considered.

Ion Molecule Study. The potential presence of NO-:

in reaction media suggested that an electron transfer route to
nitration could be considered, and accordingly an ion molecule
study at 10 torr in a high pressure mass spectrometer was carried
out. The findings for aromatic substrates including benzene.
toluene and p—-xvlene were

[
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NO- + ArH" —e ArHNO-" 1)
NO-" + ArH ArHO- + NO (2)
NO= + Ar-*-

Thus the odd electron svystem in eq. 1. involving the radical
cation of the aromatic substrate., leads to the Wheland
intermediate for aromatic substitution. The even electron system
in eq. 2. isoelectronic to the system i1n eq. 1 and representing
the caonventional nitration scheme, leads only toc oxvgen or
electron transfer. No evidence for the sigma-bonded Wheland
intermediate was found for this case.

The direct application of this finding to chemistry in the
condensed phase may be suspect, but clearly the conventional
nitronium i1on scheme can be questioned on the basis of the fact
that the direct reaction of an aromatic substrate with nitronium
ion at least initially leads to 0- rather thanm N-attachment.

Electron Transfer. Once the possibility of radical
cation intermediates in nitration arises, the oxidant i1n the
system must be considered. It is recognized of course that
nitric acid is a good oxidants it is also known that the
oxidizing power of nitric acid increases with increasing acidity
(Latimer., 1952). However less well known i1s the finding by
Vetter (175Q) that the electron acceptor in nitric acid 1is
NG-., via an acid catalyzed process. With this chemistry we
can suggest the following nitration sequence., a proposed
alternative to the nitronium ion scheme.

H" + NO- + ArH — ArH-- + HONO (3)
ArHT- + NO-= —— A HNO - (4)
HDND + HN01 ———- ZND P H.—*D ( 5)

This sequence provides the net st ichiometry, and at least
qualitatively the acid catalysis, observed for nitration in acid
media. Additionally. it predicts that nitration should be
promoted by the lower nitrogen oxides through chemistry not




1involving prior nitrosation of the aroumatic substrate.

Lower Nitrogen Oxides and Nitraticon. The accepted view
aof lower nitrogen oxi1de promoted nitration 1s one i1ncluding prior
nitrosation of the substrate. followed by osxidation of the
ni1trosoc group. Recently however, work by Giffney and Ridd
{1979). Main. Moodie and Schofield (1982)., and our group (1980)
showed that nitrosation 1s not necessary. at least for some
substrates. Qur work dealt with the nitration of phenol 1n S6%
sul furic acid. and showed that while nitrosation/oxidation of
phenol was a part of the nitration, a significant nitration
component was operative involving lower nitrogen oxides
catalvysis, but no prior nitrosation. The specific nature aof the
catalvsis was not developed i1n our account.

Present work with hydrocarbon substrates in place ot phencl
has advanced the understanding. and has shown that naphthalene
undergoes lower oxide catalysis of nitration under conditions
where no nitrosation takes place. The research includes a
kFinetic study in S6% sulfuric acid. 1n which the i1nitial rates or
nitration are determined. Noc lower nitrogen oxide scavangers
such as urea are used. and each run is performed 1n fresh ac:i1d,
to which aliquotes of the substrate and then agueous sodium
nitrate and sodium nitrite solutions are added. We have
established that at the spectrophotometric concentrati:on levels
of the study. the substrate 15 fully soluble in the medium. The
use af nitrate and nitrite salts insures that at least i1nitiallvy,.
no lower nitrogen oxides are present. Alsoc. 1n recording the
initial rates. we are able to cover in the study any chemistrv
dealing with the initial oxidation. reduction processes i1mportant
to the nitration.

We have found that the nitration i1s cleanly 3/2 order 1in
naphthalene, a result 1n mixed acid nitration without precedent
to our knowledge. This finding extends to other runs carried out
for which the kinetics were followed bevond the initial rates to
3 half-lives. The orders in N(VY) and added N(Ill1) are uv-1.
depending on the N(V) concentration. and ©.8 respectivelyv.

The electron transfer schemes discussed by both Giffnev and
Ridd. and Main. Moodie and Schofield. include l-electron
oxi1dation of the aromatic substrate by NO-. And the scheme
we have suggested above includes NO- as the oxidant.

However none of these schemes are consistent with a Z/2 order 1in
aromatic substrate. We have considered that the fractional order
mi1ght be explained by a chain process. but we presently have no
fully suitable model for the finding. We feel that this lower
oxi1de catalyzed nitration i1s important to mixed acid nitration 1n
general. and our i1nvestigations are continuing.
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A COMPUTATIONAL STUDY OF INTERMEDIATE STACES IN THE INTERACTION OF

0. WITH BEUZINE AND TOLUENE.

Peter Politzer and Per Sicberg
Department of Chemistrv
University of New ’rleans

New Jrleans, Lcuisiana, ;0143

ABSTRACT

we have investigated intermediate stages in the interaction of N0:
with benzene and with toluene, using an ab initio seli-comsistent-field
molecular orbital procedure. 1In each case, we found evidence of a weaxlv-
bound comnlex in which the ion is located above the aromatic svstem, as
well as a relativelv stronglv-bound product which can be described as a

sigma complex:

The structures, energzies, and atomic charge distributions in these systems
will be discussed.

This worx was surrorted bv the U.S. Army Research JOffice.




Ticle: Can mixing processes influence the regioselectivity

/

in aromatic nitrations ?

Dept. of Industrial and Engineering Che
Swiss Federal Institute of Technclcegy ETH
CH-8092 Zirich, Switzerland

Abstract: It is well established that the substrate selectivity
in nitrations can be influenced by mixing. Ccnditicns
shall be discussed under which mixing processes can

also disguise the intrinsic positional selactivity.




THERMAL HAZARDS EVALUATION
OF AROMATIC NITRATION WITH NITRIC ACID

Abstract

Both isothermal and adiabatic aromatic nitrations with aqueous nitric
acid have been practiced industrially with mixed success. The thermal hazards
posed by these processes are formidable. Through the use of adiabatic calori-
metry, the thermal hazards of nitric acid nitration may be better defined. 1In
addition, valuable information regarding the thermodynamics and kinetics of

the aromatic nitration may also be obtained.

The conditions of nitrobenzene process which suffered a major explosion
were simulated in an accelerating rate calorimeter (CSI-ARC). Under the feed
ratios employed in this process, the adiabatic temperature rise during the
benzene nitration was sufficient to effect subsequent dinitration even though
the molar concentration of nitric acid was quite low. The heat release during
dinitration was then found to be sufficient to raise the temperature of the

system to the deflagration point.

Richard V. C. Carr
Alr Products and Chemicals, Inc.
Allentown, PA 18105




LASER POWERED HOMOGENEQOUS PYROLYSIS OF NITROAROMATICS
THE MECHANISM OF HOMOGENEOQOUS, GAS-PHASE DECOMPOSITION OF NITROTOLUENES
by: Donald F. McMillen, C. W. Larson and David M. Golden

SRI International
Menlo Park, CA

Laser Powered Homogeneous Pyrolysis (LPHP) has been used to characterize
the initial step(s) in the homogenerus thermal decomposition of ortho-nitro-
toluene. 1In this technique an absorbing, but unreactive, gas (eg. SF6) is
heated by a pulsed infrared laser. The hot SFg then transfers its thermal
energy by collision to the substrate. The heat transfer and reaction take
place on a time scale which {s very short compared to diffusion times. There-
fore, reaction takes place remote from the walls and only within the region
swept by the laser beam. This technique thus provides conditions in which
ortho-substituted nitro~toluenes have no opportunity to undergo wall-catalyzed
reactions. If, under these conditions, the "abnormal” rate parameters and
products commonly reported for gas phase decomposition of the ortho isomers
are not observed, then we will begin to have a baseline for understanding
the interactions between the methyl group and adjacent nitrogroups that are

evidently important in condensed phase decomposition.

“NORMAL" DECOMPOSITION
Q= — O =
log k = 17.1 - 6972.3 RT

ABNORMAL DECOMPOSITION

H, _— 2
NO
d_ 2 log k = 12.4 - 49.5,/2.3 RT

Matveev et al., Izv. Akad. Nauk.,
Ser. Khim., 2, 479 (1978}
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In fact, preliminary measurements of o-nitrotoluene decomposition rates indi-

cate an activation energy 66 kcal/mele, in line with the ca. 70 kcal/mole

“normally” expected for Ph-NO, bond scission. Similarly, the principal
decomposition product of ortho-nitrotoluene (>95%) under these conditions was
toluene, as expected if phenyl-NOZ bond scission was the initial decomposition
step, and the methyl-phenyl radical was effectively scavenged. The implica-
tions that these "normal” rate parameters and products have for the origin of

the commonly observed "abnormal” decomposition will be discussed.




Anisoles, and Trichlorcdini<robenzene

Mechanisms of Two Jitration Reactions: p-Substituted {
I
+

R.B. Moodie, K. Schofield, C. Bloomfield, A.J. Manglik and M.A. Payne

Introduction

This paper is concerned with the importarnce of ipso—attackl in
nitration in two cases, coming from opposite-ends of the spectrum of
arometic reactivity. Nitration of p-substituted arnisoles, reacticns which
occur at or close %o the encounter rate betwean aromatic and NO2*, give
rise to nitrophenols as well as nitroanisoles.2 Thus (la) gives a mixture
of (2a) and (La),3 and (lc) behaves similarl".h The phenolic products
arise from ipso-attack, demethoxylation to give the diencne intermediate (3)
in equilibrium with its conjugate acid, and rearrangement (Scheme 1). Iz
order to gain more information about this reaction, and particularly about

the rearrangement step (3) + (4), we studied the kinetics and products of

el

nitration in aqueocus sulphuric acid of %he anisoles (la-f) and of the

corresponding phencls (Sa-f).

The diznone (2a) nas been shown to rearrange to the nitropherol (ue;

5

in a number of solvents by a radical mechanism. A change in mechaniszm

with i{ncreasing acidisy is indicated by the onset of acid catalysis at the
€,7
acidity represented by 8607 HZSOQ. ’ This acid-catalysed reacticn might

occur as in Scheme 2 through dissociation of the conjugate acid of <he
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dienohe inpo a solvent-caged pair (e.p.) of the pnenol (5) ard nitronium ioz.
It is possible tc estimate approximately the extent of leaskage from such
pair (which is tre same as the encounter pair formed in the nitration of (5))
because it is related to the closeness of the rate coefficient for nitratiecn
of (5) to the rate ccefficiert for an encounter controlled nitration in the

8,9

same medium. The extent of leakage is measurable because it leads to

the formation of (5) in the nitration of (1), either as an intermediate (when
nitric acid is taken in excess) or as a procduct (when the anisole (1) is taken
in excess and can act as a scavenger for nitronium ion formed through leakacge).
Taken togetkher, these observations can therefore lead to an estimate of the
fraction of the rearrangement of the dienone (3) which takes place via

the nitronium ion/phenol encounter pair. Such studies are described in

this pager.

The nitiration of trichlorodinitrobernzene, which requires oleum at
150 °C, géves tetrachlorodinitrobenzene along with the expected trichlorc-
trinitrobenzene. The former is thought to arise following tpso-attack
at nitro, capture, decomposition of the diemne, and literation of chloriz

which is in, or is oxidised to, a form suitavle for chlorination of starting

material.

Results

Kinetics.- Second order rate constants for nitration of the reactive
aromatics are compared with theose for nitration of mesitylerne, an encounter
controlled reaction, in the Table. In the nitration of (lab) and (5ab) dierncne
intermediates were detectable spectroscopically. Rate coefficients for
further reaction of these intermediates are compared in the figure.

Products.- These were determined for each substrate under a range o7

conditions, and will be reported.
32
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Discussion

We discuss first the evidence concerairg che mechanism for tkhe
rearrangement of the diezome (3). In Scheme ¢ a mechanism is put forward
in which the dienonme proceeds viq its conjugate acid 4o the eaccunter pair

(e.p.) of substituted pnerol (5) and nitronium ica. The encounter pair =2y

"leak" to give (5), or produce the nitrophenol (4). Kiretic analysis permits

an estimate to be made of the extent of the leakage.
The conventional experimental second-order rate ccefficient for tkhe
Zobs. = Rate/[S][HXOB]. A similer
lcbs. ané kMobs., relating

definition applies for each of the coefficierts k2 5

“0 the enisole (1) and to mesitylene, respectively. The nitreticn of

nitration of phenol (5) is defined by k

mesitylere is thought to be entirely encounter-controlled.

The fraction, f, of the encounter pair which leeks is related to %he
closeress of the rate constant for the nitraticn of (5) %o the rate constans
for encounter-controlled nitraticn in the same mediux. If +tke nicraticn of
(5) were v?olly encounter-controlled then there would be no leakage (£=0),
Otherwise, and assuming that the rate constants for the diffusion steps, (3)
meets nitrcnium ion and mesitylene meets nitronium ion, are equal, then £ is

given by equation (1).
£f=1- (kZobs./kgobs.) (1)

Applicaticn of the steady-state approxizction to [3] and {e.z.] in

oo

Scheme 2 shows that £ is defired by equation (2}.
g2k [k, +k, + Kk fer+ 500 (2)

In Scheme 2 “he fraction of {3) which gives (5) is the product fg, in whizh

) 1,

f is the quantity definzé atove, and g = x__/(k' + k_z) is the fraczion of !

.

it
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' taking the encounter gathway. The product fg can be evaluated frcnm

equations (3) and (4) which again follow from application of the steady-

state approximation.
] © ]
fg = Yo/(13 + 1}) (3)

-1
t 5 1 1 0
g = (y )(kecbs. kzobs.) . k2obs.[E{NO3]t kJobs . (5210 ]

-e 3 (%)

=)
Yh k;obs.

y; and Y: are yields of (%) and (4) at the end of the reaction, and Y
the yield of (5) at time t. Equation (3) applies when aromatic is %taken
in excess over nitric acid (preventirg the freed phenol frem being niizated!,
and equation (%) applies when nitric acid is taken in excess.

If it be acknowledged that diffusionfrate constants for differant
aromatics meeting nitronium Ion vary over a cmall range, and if a facter cf &
2 be adopted to cover the range of values, we can modify equation (1) to

give e minimum value of f, as in equation (5). ‘

- 5 .M
£ iq =1~ 2(kiobs./kobs.) (s)
Values of fg, £, end fmin’ with the comsequent values of g and g___ ars iz
table, That g is most often less thar unity justifies the inclusicn

of the step with rate constant X' in Scheme 2,

Thbe significant points, as they relate <o the individuval stacies,
are these., For (3a) Erpy is 1, which suggests that (3a) zar proceed %o
(4a) entirely by the sencounter peir route. Such leekage 2s cthere is may

arise tecause p-cresol is net quicte reactive 2ncugh te reuct entirely urcz
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encounter, & surprising conclusior which has teen discussed

. . L .
before and attributed to hydrcgen bending. 6 The same can be said of
dienone {3b) rearranging in 76.43 B,S0),, because g is 1. Eowever iz

€9.2% E,S0ys 8y fOT (3b) is only 0.26: thus not more than ca. a quarter

of the reection of (3b) takes place through the encounter rair; the alternazi-

k' pathway precdominates. FRefererce to the rate profile fcr this rearrangemen<
(Fig. 1) suggests that the results could be explained satisfactorily i# the
k' pathway is the non-acid catalysed reaction observed at low acidi%ies,
and the acid catalysed decomposition takes place, largely though not
pnecessarily completely, through the encounter pair route. If the above
conclusions apply also to the dienone (3c¢) formed from b-chleroanisole (1c),
an increase in g with increasing acidity zight be expected. There is socze
indicction that this happens (Tzble but the uncertainties arising frem
smali yields and long reaction times preclude firm cenclusions. It is
clear however that the encounter pair pathway accounts for less than half <he
rearrangement at all acidities studied.

Dienones formed from (1d) end (le) give no detectable yields of phenols;
less than 2% of each of these reacticns proceeds viQ the eaccunter pair.

The effects of medium and substituents on the fracticn g (Z.e.
on the relative importance of the encounter pair, as oprosed %o the k'
pathway) can now be summarised. g Increases with acidity; 2-chloro
substisuents reduce g (ccmpare {la) with (1bv), and (ic¢) with (14), in
Table 10). Z Decreases 2s the lL-substituent is changed from methyl <o
chloro to fluoro (compare (la), (lc) and (le) iz Table),

Our results give little informaticn orn the nature of the X' pathway,
but by analogy with the conclusions of pravious workers on similar reacticns,s';

a radical mechanism seems likely. Tie cbservation zhat aitraticn of (Se!

(a reactica which proceeds entirely by the X' pathway, lesds to the forma=ion

e
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of a small emouat of 2-(L-fluorophencxy)~u-flucrovhezol is in accord

with such & cornclusicr, for the "dizer" could arise frcm the reacticn |
of the L-fluorophenoxy radicel with 4-fluorophencl. An alterzative

source of 2-(4-rfluorophenoxy)-4-fluorovhencl would bSe the reaction
with 4-fluorophenol of Y-fluoropheroxenium ion, formed by loss of
nitrite ion from (3e). However such a reaction would be expected :o
give also the products af C-C coupling.ll Heterolysis of (3) in this
way would be favoured by electron releasing substituents, yet ihe
reverse is true for x'. These two observations argue ageainst the
alterrative view that the X' pathway proceeds by aitrite loss rem
(3). Our view is theu that the k' pathway probably involves
formation of a solvernt caged, aryloxyradical-nitrogen dioxide zair,
from which there can be scme leakage. The possibility arises that

the free aryloxy radical can then be reduced %o the phenci. There is
no evidence for this, and in any case it would not alter the status

of 8ax in the forgoing discussion.

. . . . ~y 10
Unlike the similar rearrargecent (6) = (7),

(3e) + (Le) is not
rate limited by proton loss, as product isotope effects

. e ., .12 .
testify. This is in accord wita the suggesticn that steric aindrance

from the NMe2 group is to some externt resronsible for proton lcss

being rate determining in (6) -+ (7).

The rearrangement of (5d) gives no lezkage and thsrercre srcceeds

by the k' patiway. The products frem reacticn ¢f (14) include

2)h-dichloro-f-nitrc;henol {(the yield of whish increases with increasing

acidity) but no 2,4t-dichloro-S-nitropnexn-i, Scherwe 4 accourzs
| for these observations. The 2,i-dichlorc-S5-nitroanisole is seern %o

; arise from the :ipso-wheland interzediete (3) fcrmed at C-4, by 1,2-




. . R . . oA
migration o the nitro-group .gpath o

wizh Jemethoxylaticn zediated by water (path £) as the acidizy increases.
(The very lLow yield of Z,s-dichlorc-5~zitroaniscle 2t low acidities sugges=s

that direct nitraticn at C-5 (path d) is insigmifizant). It is rotewor=hy
that (8) gives the products of both formal 1,2- and 1,2-migration, but

(3d) gives only *hat of 1l,2-zmigraticn. This cornirass suggests tha:t <h

k' pathway is not acid catalysed, for protcrated (2d) is closely similar

in structure to (8). g

Nitraticn of (9) irn oleum at 150 C follicws 2 rate law which is

first-order iz the concentraticn of zitric acid and cf (9). It gives =
. ] [ i N N i
mixture of (10) and (11). The initizl ratic of yieids (1C) : (11) imcreasas

from 50:50 im &% stoh to 90:10 in oleum ccntaining 297 excess 803 oy

weight (29% oleum). The products, particularliy {11), are unstable at tize
lower acidities but in > 11% oleum their starili<ties are sufficient o
establish that the overall yield tased on chlorine in *he starting material:
and products is quantitative wizhin experimenzal error.

These and the following cbservations cast 1igh% on the mechanism oy
which the unexpected product (1l) is formed.

A. Addition of (10) at the start of the reaczicn nas nc =ffect on zhe
kinetics or products of reacticn of (9). This excludes (10) as either ihe
donor or recipient of the transferred chlorine; =he latiter nust ccme from
(9) and react with (8).

B. Addition of m-dinitrotenzene markedly diminishes the relative yiell
of (3), and chlorodinitrobenzenes can be detected amongst the products.
This indicates that there is formed from (9) an electrophilic chlorinating
agent. Since there is a "chlorine balance” at the ené of the reacticn,

eech molecwle of (9) which decomrcses must give up all of its chlorine in

this way.
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. . . . 5. . .
C. I nitration of (9) is effected wizh 7710, toth (1) 2nd
remaining (9), extracted after ca. 2 half~lives for nizraticn, are fauni <:
. 15 . - . -
contain 7. Zurichments cf (3) were 3.3% {2.87 cleum) 2.3% (13.77 claum:
5.8% (28.0% oleum).
Cn the basis of all this infcrmatiorn we advance the inccomplete
. . . . . + .
mechanish shown iz Scheme S, {5) Reacts with HOZ , either at <k

unsubstituted -csition to give (10) or Zpso <o the nitr> group to give,

reversibly, an 7rso-wheland intermediate. This cen be captured Ty az

'ty

unidentifiagd o give a dlene, The

. - - h -~ - - - - . <~ h - - -
ani n J.eCcTnLlals zagiure, rCcves Ln Javeur ol The latter as aClLilTy Jdecgreacgecs,
5
- - oo, - - - Vv - ST - - e s e
thus ITLI2851ng Tne 2XxTent oI v _:CP}0333132 arnd Lnoresasin tne re_allve 3
ta -~ -
yield =& Ll..

Tre way in which <he 2iene Jeccmpeoses 1s unclear, but 1t Is suggestel

perhars after oxidaticn Ty nitric acid, I moles per mecle ¢f an elacircphilic

chlorinating agent which we loosely identified 2s "C1 " in the scheme.

These *then react wizh (9) to form (11,.

. . .15, . . . \ps .
The experiments with E ’JCS crovide the first 1dentificaticn of

ipso-attack at a c-xc, rositicn, and of the oroeess of nitro~denitraticrn.
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Tacle
E ————
Partiticning in “<he rearranzerens in Schema 2
t
. c
Aroma+ic H.S5O, (3) by kZobs./kX cbs b4 .
2578 (%) g 2 fain g 82nx

._J
[ ]
[#2N
&=
w
o
o O
o
o
.
=
(@]
n
}.‘
&=
[o 4]
._J

d
67.1 0.20 56 LL (0.20) 43 b
{ 1b 69.2 o.lhd 0.23 0.77 0.54 0.13 0.2%
76.% 2 lii ea.ls ea. O (0.15) ca. 1 b
lc 61.5 0.17° 0.19 0.81 0.62 0.21 0.27
63.7 o.2sd 0.19 0.81 0.62 0.21 0.%0
63.7 0.20% 0.19 0.81 0.52 0.25 0.32 ,
66.1 O.Zld 9.21 0.79 0.55 0.27 c.35
66.2 0.23° 0.21 0.79 c.59 0.28 0.39
67.3 0.24° 0.21 0.79 0.5% 0.30 c.51
7C¢.0 0.23d 0.24 Q.76 0.52 0.20 J.k%
1d 645 «w0.01%7 0.02 0.98 0.96 <0.21 0.31 ‘
d.+
le 67.1 <0.01 ** -0.22 0.78 0.56 <Q.CL 0.2z
Pad
73.7 <o.01d’* 0.26 Q.74 0.47 <0.01 c.c:t
. . i b e e s
Tor definitions of £ and g, see <ext for definiiicns see tex=:.
c?igures in parenthesas result from the comstraint g £ 1. Otherwise valuszs are
cbtained as described irn the text. d?rcm equatiorn 3 errem equation
féased on the astimate that >0.2% of [3) would have beesn deteczed gEy exTragolaticon

of rete datz far (o).
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The Xinetics and Reactions in Sulshuric Acid of 2-Cyeno-2,4-dimetnyl-i-

pitrocyclochexa-2,5-dienyl Acetate and 5-Chlorc=-2-methyl-2-nitrccvclchexa-

3,5-dienyl Acet.:ce, and their respective Relationships %o the Nitrations

of 2,3~Dimethylbenzonitrile and 4~Chlorotoluene

By C. Bloomfield, R.B. Moodie, and XK. Schofield

The occurrence of iIpso-attack in aromatic nitration has several
consequences which complicate the outcome of the reaction, and in particular
sbscure the nature of the primary processes involved. A valuable method
for elucidating these cdmplications is that introduced by Mynre,l which
consists in generating ipso-Wheland intermediates, (Wi'S)’ independently
of nitrations, by acid sclvolysis ol the nitro-acetates isolable from
nitrations in acetic anhydride. These nitro-acetates react in several ways
in addition to the A,.l solvolysis which generates the W;, and these are

AL
themselves, as reactions of a prcduct of nitration, relevant to nitratica

r/‘ N

processes in general.
. . . . 2 3
This paper is concermed with the two nitrc-acetates (1) and (2).

O,N Me o,V Me o.M Me ON Me
Me H . Me
ORAe
CN e
ct . ce

H ORAc
(1) (2) (3) (&)

The generation from (1) of 2,3-dimethyl-5-nitrobenzonitrile has teen

<

2 . .. , . -
regarded” as an intramolecular 1,3-rearrangement proceeding via the . (3.
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Such a reaction would have important implicaticns, and was difficult to accers.
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Accordingly, the reactions of (1) in 61.8 - 79.5% sulphuric acid have teern

studied quantitatively; it proved possible tc study not only the products,

but alsc the kinetics of the reactions. Con.current elimination of nitrous
acid and the AALl generation of (3) occur. (3) Reacts by intermolecular
rearrangement (as shown by the isolation of 2,3-dimethylbenzonitrile and the
trapping of altronium iomn by reaction with 4-fluorophenol), oy nucleophilic
capture by water, and by intramolecular l,2-rearrangement to 2,3-dimethyl-i-

h nitrobenzonitrile. The results permit the demonstration tkhat the solvolysis

of {1) which generates (3) is indeed an AALl reaction, as is proved by <he
dependence of its rate upon acidity, and alsc that the elimination of aitrous
acid from (1) is acid-catalysed; The solvolytic reactions of (1) do not
lead to inptramolecular 1,3-rearrangement of the nitro-group, and the formatiorn
of 2,3-dimethyl-S-nitrobenzenitrile from (1) under non-solvolytic conditionms
appears to be a thermal reaction of (l).h

Combination of the solvolysis results with those for the nitration of
2,3-dimethylbenzonitrile in 70.4 - 82.5% sulphuric acid show that the major
primary c;nsequence of the nitration is Ypso-attack.

For (2) the kinetics of reaction in water and in 6.5 - L3.6% sulphuriz

acid at 25.0 oC (higher acidities could be reached at 5.0 °C), and products

formed in vater and 6.5 - 92.L% sulphuric acid, were measured. (2) Reacts

by three mechanisms, all acid-catalysed; nitrous acid elimirnaticn, and
AAcz and AALl solvolyses. With increasing acidity the solvolyses gaiz in

importance, and above about ULS% sulphuric acid the AALl is increasingly

!
dominant . The Wi (4) reacts by nucleophilic 1,2-capture by water, by !
reversion'to b-chlorotoluene, and by l,2~rearrangement to 4-chleore-2- ;

oitrotoluene; these fates, as they depend on acidity, have been juantitativel:

evaluated.

Combination of the sclvolysis rgﬁylts with these for the nisraticn =7




-3-
h-c‘nlorotoluene5 rermit the evaluation of the externt of prizary attack
by nitronium ion at the C-Me positiom. It is higher <han the minizxm \
extent previously suggested,S and more in lirze with the implicaticn froz
the high yield of (2) obtained by nitrating 4-~chlorctoluene in acetic
anhydride.s In fact, it is likely that overall ipso-attack is tkhe major
primary reaction of anitronium ion with L-chlorotoluene, but the extent cf it

occwrring at C-Cl is nct known.

References
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Nitration in Acetic Anhvdride: roo-Nitration and its Conseguences

A. Fischer
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Aromatic nitration involves in its initial step the addition of a
nitronium ion to a nuclear carbon to generate a nitrocvclohexadienvl caticnm.
In the past decade it has become evident that the nitronium ion readily adds
to a substituted nuclear carton, a process described as Irsc addition.
Generally, the resulting cyclohexadienyl cation does not lose the original
substituent and it is constrained to undergo reactions other than that
resulting in substitution. The most conspicuous of these is the addition
of a nucleopnile to form a cvclohexadiene derivative, which occurs in the
course of nitration in acetic anhvdride.

Me
'} e NO-~
+
NO-~ AcUH
-y

Competition between <rio-nitration and nitracion at an unsudbstituted
position, and therefore between addition ia substituticn, is conmtrollocd
the relative reactivity of the substituted aad unsubstituted rositios
In the case of toluene onlv a few percent of the adduct is obtilned
indicating that the Ipsc position i« less reactive thaa the »- =~ or &
position. In :rzno- or rara-xylene introduction of the second methwl zroud
yreatly increases the reactivity of the r2° position relative to the unsub-
stituted positions (in addition to the statistical factor) and idduct

hecomes the major product. As illustrated. 1,i-3dducts are normalle oabtained.

tlowever, some substrates give 1,2-adducts, ¢.x.,

18




Me

Me NO- Me N0-
H
NO+
- AcUH
’ __..H OAC
-H
t-8u t-3u

t—Bu

The nitrocyclohexadienyl acetate adducts are reactive species. An
adduct readily reverts to the nitrocvclohexadienvl cation bv acid-catalvsed
loss of the acetate. The cation can reform the same or a different adduct
by capture of a nucleophile. In strongly acid conditions it is less sus-
ceptible to such reaction and it can then undergo migration of the nitro
group and formation of a nitroarene.

Me Me
H !
Me NO- i
NQO-
N r//f§i>{// z
N No. —— | ; {
2 ! |
K\\\;C;/ |
This reaction occurs when nitration is carried out in the usual stronglv
acidic conditions and thus the products of Iroro-addicicn are not observed.
A competing reaction of the adduct which is favoured in less acidic L |
and more strongly ionizing conditicons is solvolvsis of the nitro zroup to

form an acetoxveyclohexadienvl cation, e.g.,




i sigma-
tropic nitro-shifc, e.z., -
Me Y j
Me NO- H !
- l
H y
= OAc base (//<:t?\ ‘
OA¢ ————> . —> ' ’ I
R -HOAC i
J~ k\\\.;j’/\\ \
nO- k
NO- ! i

t-Bu t-Bu

As indicated the rearranged adduct readily eliminates acetic acid on treat-
ment with a base¢ and forms, in the illustrated case, 3-nitro-4-t-~butvltoluene.
Direct nitration of 4-t-butvltoluene did not give this nitroarene. A non-
stereospecific pathwayv for the rearrangement also exists and provides a

route to the enantiomer of the original 1,2-adduct as well as beth enantiomers
of the rearranged adduct.
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fleaunitration of toluene with aitric acid in sulfuric 2cid between . and 1UU
jeg. C is widelv documented to yield approximately 60% 2=, 3% @m~ and 33%
p-aitrotoluenes. For practical reasons these results repraseat only a narrow
range of sulfuric acid concentration. Below 30 mole’ sulfuric, reaction :s
extremely slow, and above 33-35 mole¥ sulfuric, reacticn is so fast that
significant if not comp;ete dinitration occurs. To circumvent the problem of
overnitration the variation of isomer distribution obtained upon dinitration
9f o= and m=-nitrotoluenes has been measured from 30 molel, to 20 mole’ sulfur:ic
at various levels of nitric acid. These results permit tne Jdistribut:ions of
dinitrotoluenes obtained as higher acid concentrations to be corrected to give
the i1somer compositions of the intermediate mononitrotoluenes. At high acid
strengths the content of m-nitro-toluene drops as low as 1.53% and the o/p

ratio as low as l.l. The problem of slow reaction at low acid strength has

been solved for a few poiats by the application of patience.

The assumptions involved in this treatment will be discussad.

Since selectivity has ilncreased as the palpable measures of reactivity have
increased, the usual selectivity-reactivity relatioaships clearly do not
apply. The rates of mixed acid toluene mononitrations have been shown by
Strachan to be mass transfer limited, and additional data demoastrating this
phenonmenoa will be presented. The variations of selectivity with acid

strength are proposed to result from mass Cransfer affect(s).




POLYMERIC NITRATING AGENTS
By

Subhash C. Narang
Polytechnic Institute of New
333 Jay Street
Brooklvn, New York 11291
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Merrifieid pioneered the fiecld o

!

more than two decades ago. Since then, a large number of
polvmeric reagents have been prepared for numerocus synthetic
applications. Polymeric nitrating agents, however, have not
received much attention from both preparativs and mechanis-

tic points of view. The following berefits can be expected

when polymeric supports are used as reagents Zor ai:tration.

(1) Ease of Processing. This as the most important con-

sideration as work-up and purification orf resulting nitro
compound is reduced to simple filtration followed uv

evaporation of the sol-rent.

This advantage alone is sufficient to justify.the

ol

use of polymeric reagents in nitrations. Zut thers are

other advantages to their use. (ii) Tol-mer Recoverv

Regeneration: A properly designed polymeric nitrating

agent will allow one to reccver the spent polvmer quantita-

tively. Furthermore, such a rcagent could be regenerated

o
)

activity,

in a simple manner without any appreciable loss o

[
()




(1i1).

ase of Handling: "2dorless polvmeric reagents

of reduced toxicity can be prepared whose monomeric analogs
are associated with significant toxicity and/or noxious odors.

(IV). Influence of Polvmer Backbone and Microenvironment.

The reactivity cf the polvmeric reagent mav be medified

considerably compared to the monomeric svstem because of the

rt,

+h
C

1z
150, ne

P

steric z2lectronic 1niluence of the backben

]

local environment around the polvmer bound reagent mav be
different tecause of possible differences in solvation.
The reaction kinetics would thus e affected.

(V). Mechanistic Probes: Use of polvmeric analogs of

monomeric nitrating agents mav help to answer some of the

questions about the mechanism of nitration with these rsagents.

Based on these possible advantages, the following

polymeric nitrating agents have bteen synthesized.

— —
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~—CH-CH= —CH—CHT |
!
/‘\‘& ‘
O o
/ !
" |

L No, 7  —'n L - =0

I II
53
) - . ]




]
('_ ——CH,-(%H--* i
- I
C = |
| |
O-NO2
n
| EO— ——
VIII




Polvmer I and II have been svnthesized by reaction of

poly(4-vinylpyridine) and poly(l-vinylpyridine) with

nitronium salts.

-CH-CH, -

N

—_—
n

—

NO,PF

Polvmer III was prepared via the following sequence:

i SnC1, Gl N-CH, -
CH;CX ©=0
CH.
2
n
L —
r i [ -cHy-N-cHy- |
| ~CH,-N-CH,- | . ' 2 l
~)\\W - | nNO, X7 . |
O\
/
~ - |
N
— N ? — Yo &

Polymers V and VI were prepared bv reacting butvlated

polyethylene glycol and polyalkylylene sulfide with ni-

tronium salts at -78°C.

Polymers VII and VIII were prcpared

from the corresponding acid halides by reacticn with

silver nitrate. -




Polymer Il has been used as a reagent extensively

during our initial studies because of the ease of 1its

preparation. Aromatic substrates are nitrated rather clearly

by this reagent in nitroethane solution.

r o T “CH-CH,- |

i Hoity . =

| -?.. CH,- ] !

| - i / f

| Q g T — (Q \WIg earNo,

NSNS
‘ -1 \__/ .
j :(- i | X 1
i i n
L_ __ln - -

The nitrations therefore proceed under neutral condi-
tions. With the linear polvmer, the nitrations proceed
under homogeneous conditions. With the cross linked
(divinylbenzene) pcoclvmer, the heterogenecus nitrations pro-
vide rather interesting substrate selectivities. These are
dependent upon the degrec of crosslinking, the substrate
selectivity being partially determined by the ability of
the substrate to diffuse to the reaction site. This has
been shown most dramatically by nitrating a mixture ot
benzene and anthracene. The relatively unrective benzene
is nitrated preferentially in the presence of anthracene.
The effect of polymer structure on substrate and positional
selectivities allows one to design specific polymers in
the form of microporous gels, macroporous beads, and mem-

branes for sejective nitrations.




The Three Phase Test has been applied to settle the

question of mechanism of nitration by N-nitropyridinium
salts. It has been suggested that the nitrations might
proceed through predissociation followed by nitration of
the substrate by the free nitronium ion. Cur experiments

with cross linked polymers indicate that the #ree nitronium

ion is not involved 1in nitrations with N-nitropyridinium
salts.,

A column reactor has been constructed to
carry out nitrations on a continuous basis. A solution of
the nitronium salt.through the column is followed by the
passage of the aromatic substrate. The pyridinium polyvmer
is then deprotonated with triethylamine and the cycle is
repeated.

Interesting polymeric system have thus been developed
to study mechanistic questions and to achieve substrate

selectivities not obtainable under conventional conditions.

~1
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Polyethers as Complexing Agents for Reactive Cations.
The Crown Ether Complexed Nitronium Ion Nitratio of Toluene.
| Ronald L. Elsenbaumer and Edel Wasserman
Corporate Research Center

Allied Chemical Corporation
Morristown, NJ 07960

ABSTRACT
The reactivity and selectivity of the nitronium ion in electrophilic
] aromatic substitutions are substantially altered by complexation with

polyethers. Nitration of toluene with N028F4 complexed with 18-crown-6,

15-crown-5, 12-crown-4, and polyethylene oxide in several solvents at

room temperature resulted in a reduction in meta substitution (0.6 -1.6%
meta-nitrotoluene) over nitration without polyethers (2.5% meta-nitrotoluene).
The ortho to para substitution ratios ranged from 1.45 to 2.44 depending

on the solvent and polyether used. In competitive studies, crown ether -
complexed NO,BF, nitrated toluene 45-59 times faster than it nitrated benzene.
This is the first reported case where ground state stabilization of the
nitronium ion results in a substantial increase in both substrate and

positional selectivity in toluene nitrations.




Dear Sir: '
We wish to report that polyether complexaticn of reactive cations

can substantially alter their reactivity. Specifically, we find that

nitronium ions compliexed with crown ethers show high substrate selectivity

and substantially increased positional selectivity in the nitration of

toluene compared to nitration with uncomplexed ions.2’7’8
Continued interest in nitrations stems not only from a theoretical

1-5 but from its considerable importance in industrial processes.2

standpoint
The first stage in the commercial production of toluene diisocyanates,
a component of polyurethanes, is the two step dinitration of toluene.
Only the 2,4- and the 2,6- dinitrotoluenes are needed; the 2,3- and
3,4~ isomers, wiich are usually 4% of the total product, are wastes.
The yield of unwanted isomers is controlled by the meta nitrotoluene
generated in the first nitration step. Methods for altering positional
selectivity in the mononitration of toluene has been the focus of

substantial effort.]'s’8

While some procedures are quite effective in
changing the ratio of ortho to para substitution, reduction of meta
substitution has been accomplished primarily by lowering the reaction
temperature.6’7’8 We sought a means to mimick "chemically" this temperature
effect.

We envisioned that prior complexation of the nitronium ion, the
active agent in most nitrations, would increase the effective activation
energy and thus positional and substrate selectivity. A similar |

approach had been expiored by Olah and co-workers9

10

Person = where alcohols, ethers, sulfides and substituted pyridines were

used as complexing agents with N028F4. These increased substrate '

and by Cupas and ¥
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but they exerted only a marginal effect
12

selectivity substantially,

upon positional selectivity in toluene nitrations. Crown ethers

appeared attractive for complexation of the nitronium jon. Rod-like

13 the nitronium ion is well suited to the

14

with a diameter of ca. 0.27 nm,
cavity of 18-crown-6 (0.26-0.32 nm). While crown ether complexation
of metallic cations and their use in activation of nucleophiles is well
documented,15 there has been little investigation of the complexation
and modification of reactivity of non-metallic, electrophilic cations.16
Table 1 summarizes the nitration of toluene with NOZBF4 in the
presence of polyethers. These experiments were performed by the addition
of toluene in the indicated solvent to a solution of the preformed
po]yether.NOZ complex (0.2-0.5 M) under dry N2. With 18-crown-6 in
CH2C12 the formation of the soluble nitronium ion complex was quite

rapid (1-2 min at 20°C). Without the crown ether N028F4 is essentially

insoluble in this solvent. Complex formation with 12-crown-4 was slower,

requiring 10 min for complete solublization, while with 15-crown-5 hours

were required for complete solublization. These complexes rapidly
nitrated toluene at room temperature with the liberation of HBF4.20
The 18-crown-6 and 15-crown-5-nitronium complexes appeared to be gquite
stable in solution and generally suffered very little decomposition
during the reaction.21 Crystalline 1B-crown-6 could be recovered
in 85% yield after nitration. The yields of mononitrotoluenes ranged
from 40-93%.%2

Inspection of the results in Table 1 leads to several observations:

1. a substantial reduction in the amount of meta isomer was usually

produced in comparison with the corresponding control reaction without

60




added polyether; 2. both the open chain and the cyclic polyethers show
this effect; 3. the ortho to para ratios change substantially with
polyether and solvent; 4. when less polyether was used than required
to completely solublize the NOZBF4, a substantial reduction in meta

substitution still occurred,z5 and 5. CH2C12 is the best of the tested

solvents for these nitrations.
If we assume Arrhenjus behavior, then nitration with N028F4 in
CH2C12 without added polyether (entry 1, Table 1) would have to be

performed at -37°C, -50°C, and -65°C to achieve the reduction in meta

isomer observed in the reactions at room temperature with added 15-

crown-5 (entry 4), 18-crown-6 (entry 2) and 12-crown-4 (entry 5),

respective]y.26 This represents a very rare occurrence where the reactivity
of the nitronium is reduced substantially enough via a complexation
(solvation) phenomena to show this magnitude of decreased meta substitution
in toluene nitrations at room temperature.

Apparently, the rigid structure of the crown ethers is not necessary
to obtain reasonable complexation and modified reactivity of nitronium
jons. The use of polyethylene oxide (entry 9) and diglyme (entry 10)
as complexing agents gave results similar to the crowns. The ability of

polyethylene oxide to assume a crown-like conformation27

in the complex
probably results in a larger binding constant and accounts for thé greater
reduction in meta substitution compared to the digyme complex.

The factors influencing the isomer ratios are complex. The effect
of the polyethers on the ortho/para substitution ratios are small compared
to solvent effects (see entries, 1, 11 and 14, in Table 1). This is

surprising in light of the presumably bulky nature of the po]yether-NOZ
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complexes. However, the stability constants and the topology of the
complexes undoubtedly play a role in determining the extent of meta
substitution. The 18-crown-6 and 12-crown-4 complexes, with larger

stability constants3] (vide infra), showed reduced meta substitution

compared to the 15-crown-5 complex. The dicotomy between steric and
electronic effects is exemplified by the two dicyclohexyl-18-crown-6
complexes (entries 7 and 8). Isomer A exhibits larger binding constants
than isomer B with sodium, potassium, and cesium 1‘ons.”"]5 Here,
isomer B shows the greater reduction in meta substitution.
To test the substrate selectivity of polyether complexed NOZBF4, a
tenfold excess of a 1:1 mixture of benzene and toluene was nitrated with
the soluble crown complexes in CHZCIZ.28 These complexes showed substantially

29 (

increased substrate selectivity over non-complexed N028F4 Table 2).

This increased substrate selectivity, coupled with the increased positional

selectivity for the polyether complexed nitronium ions, is in accord
with the reactivity-selectivity hypothesis of Stock and Brown.30
The calculated ortho and para partial rate factors (Table 2) for the
crown ether complexed NOZBF4 nitrationsvare the highest ever obtained
for the nitration of toluene with any nitrating system at room temperature.

Conductometric titrations3]’32

of NOZBF4 with the crown ethers in
CH2C72 showed the stoichiometry in the soluble complexes to be 0.92 + 0.04
moles of 18-crown-6 per mole N02+, and 3.0 + 0.2 moles of 12-crown-4 per
mole of N02+. No well defined stoichiometry for the 15-crown-5 compliex

in CH2C12 was detected but our results indicate a minimum of 1.7 moles 3

of 15-crown-5 are needed to solublize NO,BF, in CH2C12.33




This nearly 1:1 stoichiometry of 18-crown-6 to N02+ suggests that

the nitronium ion might be symmetrically complexed in the cavity of the

1

crown. A new highly polarized band appeared at 880 cm  in the Raman

spectrum of the crown ether upon complexation with NOZBF4. This can
been interpreted as arising from the symmetrical "breathing" mode of the
ring in a highly symmetric complex in analogy with the Kt complex of 18-

crown-s.34 Less than a 3 nm shift in the Raman symmetrical stretching

1

frequency of NOZ+ from 1408 cm” was noted upon comp]exation.18 The

35 of the complex with 18-crown-6 showed bands at

1

infrared spectrum

1

3770 cm'], 2383 cm” ', and 540 cm ' all characteristic of a linear nitronium

1

ion.35 The strong asymmetric stretching frecuency at 2383 cm ' of the

L *. In addition,

complexed N02+ is ca. 23 c¢cm ' above that of uncomplexed NO2

1

a band appeared in the spectrum at 1669 cm ' which might be due to

37

another complexed form of the nitronium ion. The infrared spectra of

. the 15-crown-5 and the 12-crown-4 complexes showed nc bands in the 2340-

1 -1

2383 cm” ' region, but did show bands at 1640 cm ' and 1638 cm'], respectively.

In addition, the Raman spectra of the 15-crown-5 and the 12-crown-4

complexes showed no bands at or near 1400 cm']. Thus, a bent or unsymmetrically

complexed form of the nitronium ion probably exists in these complexes.37

This is consistent with the inability of the nitronium ion to fit into
the cavity of these crowns.

The demonstration in this work that polyether complexation of the
nitronium ion can alter its reactivity suggests that polyether complexation
of other reactive electrophiles may prove valuable in changing selectivity
and reactivity in other types of electrophilic processes. Further,

the demonstration in both this work and other528

that open chain polyethers
exhibit complexation phenomena similar to the crown ethers opens the
possibility of designing relatively cheap phase transfer agents for

these reactions. He are currently investigating this possibility.
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A NEW STABLE AMINE NITRATE
Abstract

When the solid crystalline sulfate of 2,2-bis(aminomethyl)-1,3~-

diaminopropane is treated with excess nitric acid, the sulfate ion is
displaced completely and the crystalline nitrate C(CHZNHZ)'AHNO3 can

be isolated in 992 yield. This nitrate has some striking properties:

(1) low solubility in water, {(2) higher density than the more familiar
amine nitrates, and {(3) no melting or other phase changes in the range 25 -
200°C. The attractions of the tetramine C(CHoNH, ), as a precipitant for

sulfuric and nitric acids will be presented.

W. S. Anderson

Chemical Systems Division
United Technologies Corporation
P.0. Box 358

Sunnyvale, CA 94086
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NITRATION VIA DIAZOTIZATION

by

Mary M. Stinecipher
Michael D. Coburn
Kien-Yin Lee

ABSTRACT

Many nitrogen heterocyclic compounds are
easily nitrated by converting the amino deriva-
tive to the diazonium salt and substituting with
nitrite ion with or without copper ion cata-
lyst. The preparation of 3,5-dinitro-1,2,4-tri-
azole, 5-nitrotetrazole, and attempts at prep-
aration of 3,6-dinitro-1,2,4,5-tetrazine will be

discussed.




THE TRINITRATION OF TRICHLOROBENZENE
Abstract

A parametric study of the nitration of trichlorobenzene (TCB) in nitric
acid/oleum has been undertaken, with a view to optimising the production of
1,3,5-trichloro~2,4,6-trinitrobenzene (T3). It has been shown that under the
conditions studied, efficient trinitration of TCB is always accompanied by the
production of around 10% of 1,2,3,5-tetrachloro—4,6-dinitrobenzene (T4), an
unwanted by-product. A mechanistic investigation of T4 formation has shown
that chlorination arises as a result of ipso nitration of the intermediate
trichlorodinitrobenzene. This study has further suggested a method by which
product purity may be enhanced directly and subsequent recrystallisation

avoided.

P. Golding
U. K. Ministry of Defence
P.E.R.M.E,

Waltham Abbey
Essex, EN9 1BP, ENGLAND




Hercules Incorporated
Hercules Aerospace Division '
P. O. Box 1646

Eglin AFB, FL 32542

(904) 882-5745
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NITRATION OF ETHANOLAMINES

A series of nitrato nitramines (alkyl NENA's)

was prepared by the chloride-catalyzed nitration of

alkyl substituted ethanolamines. Included are several
| previously unreported members of this series, as well
as the closely related and well known explosive DINA

{a dinitrato nitramine). Properties of these compounds

will be reported.

New observations on this known and useful nitration
procedure will be discussed. OQur results in terms of

yields, by-~products, catalyst, and other factors will

be presented.

H. L. Young
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HNS from TNT

George C. Corfield

HUMBERSIDE COLLEGE OF HIGHER EDUCATION

HULL, ENGLAND

Abstract

2,2',4,4',6,06' -~ Hexanitrostilbene (HNS) is a heat resistant explosive which
is also important as a crystal growth modifier for melt-cast TNT. This work
has studied the preparation of HNS by catalytic oxidation of TNT, to contribute

to an understanding of the mechanism involved.

A typical reaction is marked by several colour changes, from brown to purple
to red-brown then blue. Visible and lHNMR spectroscopy, hydrogen-deuterium

exchange experiments and electrochemical methods have been used to identify

intermediates involved in the reaction. The colours have been assigned to

a 3- o -complex of TNT, the trinitrobenzyl anion, 3- ¢ - and 1- o -complexes
of 2,2".4,4',6,6'-hexanitrobibenzyl (HNBB) and the HNS radical anion respec-
tively.

A pathway for the oxidation reaction has been proposed which involves a

radical mechanism with electron transfer from the trinitrobenzyl anion to

an electron acceptor.
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Slectrucnemical Generation of NZOS

J. L. narrar and R. K. Pearson

cihemistry and Materials Science Department
Lawrence Livermore National Laboratory, University of California

Livermore, California 94550

Abstract

The anodic oxigation of N204 in aqueous and annydrous HNO3 has been
investigated by controlled-potential techniques and found to be an excellent
method for tne preparation of solutions of N205 in annydrous HNO3. The
product solutions can be used directly for the nitrolysis ang nitration of
organic compounds. In this paper the details of the construction of the
electrolytic cell and the electrolysis procedure, some aspects of the
analytical methods, ana the major characteristics of the reaction are

presentea.

Introdguction

Solutions of dinitrogen pentoxide in various solvents have found use in a
variety of nitration and nitrolysis reactions (1,2). Tragitional metnods for
the preparation of NZOS are based on the dehydration of HN03 using phospharous
pentoxide (3), trifluoroacetic anhydride (4), or sulfur trioxide (5).
Jinitrogen pentoxide can also be made by oxidation of N204 with ozone (b).
However, a much older, and patentially more convenient method is the synthesis
of the N,O. by electrolytic oxidation of N204.

275

The electrochemical synthesis of N by anoaic oxidation of N204 was first

0
reported in a 1910 German patent (7) agdsthen investigated again in 1948 by
Zawadski and Bankowski (8). We have reexamined the reaction by means of
modern controlled-potential techniques and found the process to be an
unusually convenient method for tnhe preparation of solutions of NZOS u
anhydrous HNO3 (9). Among other characteristics, the desirable features of
an electrosynthesis are (a) easy control of the electrolysis, including an
ingication of when the reaction is complete; (b) ease of separation of the
product from the starting materials or side-reaction proaucts, if any; and (c)
preparation of the product in a solvent suitable for further reactions. The
electrosynthesis of NZOS meets all of these criteria.

-~
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decause the electrolysis is carried out at contrclled potential using a

potentiostat, and because the principal reaction occurs in a region of
electrode potential where the solvent background current is low, the
electrolysis current decays to a low value when the reaction is complete. The
N204 is completely consumed, NZOS is the only product, and no other

species are introduced into the solution. The solutions of N205 in

annydrous HN03, which can be prepared with up to 25-30 wt.2% N205, can be

used directly in nitrolysis and nitration reactions. The anhydrous HNU3, to
which liquid N204 is added to prepare the starting solutions, can also be
producad by electrolysis of reagent-grade red-fuming nitric acia. In this
Faper we outline the important aspects of the experimental procedure and
gescribe some of the characteristics of tne syntheses of NZOS’ Adaitional
details can be found in our earlier publication (9) and are available from the

authors on reguest.

Experimental Procedures
Reagents. The initial solution for the electrolysis is a sclution of
N,O, in anhydrous HNO3 of about the same molarity as the desired final

24
solution of N,0 Anhydrous nitric acid can be prepared by distillation

of a mixture §f590% HNO3 (white fuming) and oleum at reduced pressure.
Alternatively, the desired solution of NZOS in anhydrous HNO3 can be
"bootstrapped" by first electrolyzing a sample of red fuming nitric acid.

This acid, available as a reagent-grade chemical from MCB, consists of ~15%
N204, 2% HZO’ and the remainder HN03. The NZOS formea by the electrolysis is
consumed by the HZO until an excess of N205 is present. By carrying the
electrolysis to completion (low current), the resulting solution can be
assayed accurately by NMR (see below) to- determine the exact concentration of
NZUS' Then N204 is added to the solution and cxidized to produce the desired
final concentration of NZOS' N204 is available as a C.P. liquia in cylingers
from Matheson and Air Products & Chemicals. [ts boiling point is 21°C;
transfer containers should be cooled in an ice bath, and solutions prepared on

a weight basis.

Electrolysis Cell. For laboratory-scale batch preparations of NZOS’

the cylindrical cell shown in Figure 1 is best because the cuntrol potential
can be applied to the anode uniformiy. Provision for cooling the cell
solution to <20°C is desirable to avoid excessive loss of N204 from the
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ingiyte :ng cisruptive gas evclution from the catholyte. Stirring 1s

SrLortent to easure icequate neat transfer; ncwever, solution mass transfer is
"ot tne rice-controlling step in tne overall anodic reaction. Because of the

ct

=

(18

ctrocatalytic nature of tne oxiaation of N204 to NZOS, only certain anoce

naterials are active, and the surface area of the ancde aetermines the rate of
tnae reaction. Thus the ratio of the area of the anode to the volume of the
solution snould be as large as possible.

For preparation of 125 mL volumes of NZOS/HN03 solution, we have

2 planar area, folded in a double

.sea dS-mesh platinum gauze of ~125 cm
tnicsaness and into the shape of a cylinder. The reference electrode
salt-priage tube, which proviges an additional liquid junction between the
anolyte ana the reference-electrode KC1 solution, is an asoestos-fiper-tipped
tube available from Perkin-Elmer (Coleman Instruments Div., Cat. No. 3-702
reference electrode reservior). The reference electrode is a miniature
saturated-calomel electrode (SCE) available from Fisher Scientific Co. (Cat.
No. 13-639-210). The various cell components are fitted into the holes in the
cell cap by drilling the holes to exact size or by using Teflon tape.

One of the most important experimental aspects of this electrosynthesis is
the choice of membrane to separate the anolyte from the catholyte. Our choice
for the cylindrical cell is porous Vycor glass (Corning.Glass No. 7930)
because it is conveniently available in a cylindrical configuration, it is
totally inert in the nitr wcia/nitrogen-oxide media, and it maintains a low
resistance to current flow. Teflon-based jon-exchange membranes have also
Seen tested successfully, but are not as easily assembled witn the proper
gecmetry in the cylindrical cell.

We nave used the porous Vycor in two forms: as a rounc-pottom tupe, in
which the upper section is orainary Vycor (Fig. 1); or as a section of tubing
mounted in a Kel-F holder. The latter design is shown scnematically in
Fig. 2; detailed dimensions and assemply instructions are availabie on
request. Tne round-bottcm tube must be fabricated by Corning glass. Tne tupe
shown in Fig. 2 is generally more convenient because it can be constructec in
the user's laboratory from relatively inexpensive porous Vycor tubing obtained
from Corning. Moreover, this porous section is easily replaced if broken or
contaminated. Before use, new porous VYycor should be soaked in
N,N-dimethyiformamide, then water, and then dried in a desiccator. The
cathode is a spiral of ~l-mm-aiam. platinum wire (»5 cm2 exposed to
catholyte). Both the cathode and anode gauze should be boiled in 7Cs HNU3
before initial use; subsequently, no clcaning is necessary.
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Kel-F

or Catholyte
Teflon reservoir

T Porous
Cap / Vycor
cylinder

Figure 2. Catholyte compartment for NZOS electrosyntnesis cell.

Instrumentation. For preparations of ~100 mL of 20% solutions of NZUS’

the initial electrolysis current should be ~4 A in order to complete the
electrolysis in <8 h. Cell voltages (anode to cathode voltages) will be

<20 V when the membrane separator is functioning properly. Thus the output
capability of the potentiostat that is used for this electrolysis should be
about 5 A and 20 V. The anode-to-cathode voltage should be measured during
the first electrolysis wich a new cell assembly. A current integrator is not
necessary, but provides an additional direct indication of the total guantity
of electricity (and N204) consumed in the electrc'ysis. An electronic
digital thermometer is very useful for monitoriiu the temperature of the
anolyte. A circulating, constant-temperature cold 5ath or ice bath is used to
coel the c21l solution. If possible, this apparatus shoula be wired to
reqgulate the temperature at the cell, rather than in the bath.

Electrolysis Procedure. If the electrolyses are carried out in a humid

atmosphere, it is advisable not to circulate the cold coolant to the cell
until after the anolyte solution is placed in the cell. Ctnerwise, moisture
will condense on the inside of the ceil, contaminate the anolyte, ana decreic~
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the yield of NZOS' The ¢ells we have used are open to the atmosphere
during the electrolyses only through a small annulus where the anode
connection passes through the cell cap. The cell is completely assembled
prior o addition of the solutions; the anolyte is placed in the cell with a
funnel 3. “ipet through a port in the cell cap, then the port is immediately
plugged with a piece of Teflon rod.

To conserve anhydrous HN03, the catholyte and the reference-electrode
salt-bridge solutions may be aqueous HN03. The former solution may be 90%
HNO3 and the latter 70 or 90% HN03. Water is produced in the cathode
reaction, thus the catholyte need not be anhyarous initially, ana diffusion of
water from the reference electrode assembly to the anolyte is negligible
during the period of the electrolysis.

After placing the appropriate solutions in the cell compartments, closing
the cell, inserting the reference electrode in the salt-bridge tube, starting
the flow of coolant, making the electrical connections to the potentiostat,
and starting the magnetic stirrer, the electrolysis is commenced. The control
potential on the potentiostat is set initially to about +1.60 V vs. SCE to
start the electrolysis at a lower current. If the electrolysis proceeds
smoothly, the potential is then raised to the range of +1.85 to +1.95 V to
effect the maximum current. If the anolyte temperature is not regulated at
the cell, care must be taken that the temperature and electrolysis current do
not “run away". This can occur because increasing solution temperature
increases the current and this in turn increases the power dissipation and
solution heating.

Because the current is limited primarily by the anode surface area, it
will remain practically constant until a major fraction of the N204 has
been electrolyzed. Then the current will decay rapidly to the background
level. Typical electrolysis current behavior is shown in Fig. 6 of Reference
9. Electrolyses of 125-mL solutions of ~20 wt.% NZU4 with the cell of
Fig. 1 will result in initial currents in the range of 3-4 A and background
currents of 10-50 mA.

At the end of the electrolysis, after switching off the potentiostat, the
Nzos-containing anolyte solution is removed from the cell and placed
immediately in cold storage. The solutions are stable indefinitely at -80°C;
they are also reasonably stable at ordinary refrigerator temperatures of
+5°C. In a recent experiment in our laboratory, it was found that, starting
with a 21 wt.% N205 solution, 98% of the original N205 remained after
6 days, and 94% after 21 days.
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Solutions of NZOS decompose with the evolution of 0,, thus they
should not be storeg in tigntly-stoppered bottles. We have used

glass-stoppered Erlenmeyer flasks sealed with Teflon sleeves or Kel-F grease.

Analytical Methods. Two different analytical methods have been
investigated for the determination of N0 in anhydrous HNO; (9), and
each has certain advantages and disadvantages. Raman spectroscopy has the
advantage that most of the species present in these solutions can be seen in
the spectra, particularly those from both N204 and N205. Dinitrogen
tetroxide and dinitrogen pentoxide dissociate as follows (10):

-— gt -
N0y === NO" + NO, (1)

—— + -
Nzos._.mo2 + NO3 {2)

Instrumental variations require that the no* and N02+ peak heights_be
ratioed to that of HNO3; preparation and maintenance of calibration
standaras is difficult; and the overall accuracy that can be achieved is
probably about 5% (relative).

NMR spectrometry of the N205, based on a method developed by
Happe and Whittaker (11), is capable of much better accuracy (1-2%
relative). However, the NMR method involves measurement of the proton
chemical shift resulting from the presence of N03' jons in the anhydrous
HNO 5, thus, as can be seen from equations (1) and (2), it is sensitive to both
N204 and N2°5‘ The presence of 2 wt.% N204 in a mixture of N,0, and N0
causes an error of ~] wt.X in the measurement of the N205. Nevertheless,
for the relatively pure solutions of NZOS resulting from complete
electrolyses, NMR is the preferred analytical method. The NMR analysis is
calibrated using solutions of KNO3 in anhydrous HN03. Because the
electrolysis is quite predictable and reproducible after a few shakedown runs, J
NMR assays of the product solutions are not always necessary.

Characteristics of the N205 Synthesis
The preparation of N205 by electrooxidation of N2°4 has some interesting
features that are not completely understood. Zawadski and Bankowski (7)
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proposed for this process the overall reaction:

NO, + 2N, —= 2N,0. + 2e” | (3)
- However, in our measurements of the N205 yiela and product current efficiency,
this stoichiometry has not actually been verified. When the porous Vycor
membrane is used as a cell separator, the quantity of electricity consumed
corresponds to 1.5 Faradays/mol N204 [vs. 2 in Eqgn. 3)]), the quantity of NZOS
produced corresponds to ~1.0 mol NZOS/mol N204 (vs. 2 in Eqn. (3)], and the
product current efficiency is at best 67%.

It is known that several factors contribute to (1) the lower consumption
of electricity than expected on the basis of the quantity of N204 taken, and
(2) the lower than expected yield of NZOS' First of all, during the
electrolysis, there is a flow of solution from the anode compartment to the
cathode compartment by the process of electroosmosis. This amounts to 1-15%
of the total volume of anolyte. Secondly, the cationic species that are
present from the dissociation of N204 and N205, namely, no”* and N02+, respec-
tively (see Eqns, 1 and 2), migrate through the porous Vycor membrane toward
the cathode and thus are lost as far as the synthesis is concerned. Recent
experiments with ion-exchange membranes rather than porous Vycor as the cell
separator indicate that these materials alter these transport effects in the
electrolysis but do not significantly improve the yield of NZOS'

Another interesting aspect of the electrolysis is that if the control
potential is changed or allowed to drift to more positive values, NZOS
will also be produced by oxidation of the solvent, HN03, via the reaction:

1

- + M -
NO, — N0, + 702 + 2e (4)

The product current yield is reduced, but the existence of this process
relaxes the requirement for stringent potential control.




Conclusions
Although specialized equipment is required for the electrosynthesis of
N205, once it is implemented, the electrolyses are quite straightforward
to carry out. The N205/HN03 solutions produced are free from
dehydrating reagents, are relatively stable at refrigerator temperatures, and
are easy to handle in reactions with organic compounds.
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SYNTHESIS OF POLYNITRO AROMATICS
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INTERNATIONAL CONFERENCE ON NITRATION
at SRI International
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27-29 July 1983
Arnold T. Nielsen
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Naval Weapons Center, China Lake, California 93555

ABSTRACT
For some time we have been studying new methods of synthesizing

polynitroaromatics. It is known that direct nitration of aromatics
fatroduces a limited number of nitro groups iato an aromatic ring. A
new method of oxidation of an amino group to nitro, which employs a sul-
furic acid solution of peroxydisulfuric acid, has enabled us to synthe-
size many new polynitroaromatic compounds, including hexanitrobenzene.
Our recent efforts directed towards synthesis of various new polynitro-

aromatics will be discussed.

Our interest in polynitroaromatics is a part of our larger effort
to syunthesize new nitrocarbons. Nitrocarbons may be described as
compounds composed only of nitro groups attached to carbon at the
nitrogen atom. They represent a rather small group of substances. The
first to be prepared was tetranitromethane obtained by Shiskov in 1861.
Not uatil 53 years later was the second nitrocarbon described—
hexanitroethane synthesized by Will and reported in 1914, About another
50 years later, in 1966, the third nitrocarbon, hexanitrobenzene was the
subject of an X-ray crystallographic study by Akopyan and coworkers and

Other physical data, including 3¢

reported in the Soviet literature.
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NMR, were subsequently reported, but nothing on its method of prepara~
tion until our report which first appeared in 1979, Recently Baum and
Griffin described experiments whereby tetranitroethylene could be
generated in situ and trapped as its anthracene adduct. This adduct on
heating loses nitrogen tetroxide to form the dinitroacetylene adduct.
Also, recently we have synthesized decanitrobiphenyl which will be

described in this report.

The first nitrocarbon of the aromatic series to be prepared was
hexanitrobenzene. Our method of synthesis involves a simple peroxydi-
sulfuric acid oxidation of pentanitroaniline in oleum or 100% H,SO,.
The method 1s a general one for synthesis of polynitroaromatics and was
used by us for the first reported synthesis of pentanitrobenzene. Hexa-
nitrobenzene is a powerful explosive. It melts near 250° and may be
sublimed under reduced pressure. Hexanitrobenzene is quite reactive
toward nucleophiles. Heating with aqueous sodium hydroxide at 75° for
25 minutes, followed by acidification, produces trinitrophloroglucinol
in quantitative yield. Similarly, reaction of hexanitrobenzene in
benzene solution with ammonia gas gives triaminotrinitrobenzene in 95%

yield.

Hexanitrobenzene undergoes an interesting reaction with hydrogen
halides, either anhydrous in benzene solvents or concentrated aqueous
solution. Only one nitro group is displaced leading to pentanitro-
chloro=, bromo~-, or iodobenzene usually in high yield. Reaction condi~
tions could not be found whereby more than one halogen could be intro-

duced without decomposition of reactants. Hydrogen fluoride failed to

undergo the reaction. Pentanitrobenzene ;;so undergoes the reaction
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leading to a tetranitrohalobenzene with meta substitution., 1,2,3,5-

Tetranitrobenzene reacts, but more slowly. Soviet workers have recently
reported similar reactions of pentanitroaniline and tetranitrophenol,

again with mono halogen substitution.

A second aromatic nitrocarbon has been prepared in our laboratory—
decanitrobiphenyl. Its properties are similar to those of hexanitro-
benzene, although decanitrobipﬁenyl is somewhat less stable on storage
at room temperature. It may be prepared in 7 steps from 4-chlorobenzoic
acid. Nitration provides 4-chloro-3,5-dinitrobenzoic acid in high
yield. Methyl 4-chloro-3,5-dinitrobenzoate was employed in the Ullman
coupling to the desired biphenyl diester. The required 2,2',6,6'-tetra~
nitrobenzidine was synthesized by Schmidt conversion of the precursor
diacid to the diamine, a very efficient, nearly quantitative reaction
which is much superior to the Curtius or Hofmann reactions which give

lower yields.

The nitration of 2,2',6,6'-tetranitrobenzidine to octanitrobenzi-
dinene is conducted in mixed acid at about 70° using 15-20 mole-
equivalents of nitric acid. The total acid concentration is quite
critical in this nitr;tion. The maximum yields of around 70% were
obtained at total acid concentration of 98-99%. The yield drops sharply
outside this acid concentration range. The oxidation of the diamine to
decanitrobiphenyl was performed using peroxydisulfﬁric acid in oleum;
the best yields of 35-407% were obtained in 30% oleum. The oxidation is
quite slow relative to other oxidations of this type. The compound is

{solated as yellow prisms melting at 245°C. It is difficult to purify
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owing to its reactivity towards solvents which results in its decomposi-
tion. It reacts with sodium hydroxide or ammonia as does hexanitro-

benzene, but the products are not crystalline.

We have initiated studies of the synthesis of polynitronaphthal-
enes, including octanitronaphthalene. Of the many possible polynitro-
naphthalenes, none have been synthesized containing more than four nitro
groups. One important precursor is 3,7-diamino-l,5-dinitronaphthalene.
Oxidation of 2,6-dimethylnaphthalene with aqueous dichromate at 250°C
provides an excellent yield of naphthalene-2,6-dicarboxylic acid. The
diacid may be nitrated with concentrated nitric acid to the 4,8-di-
nitrodiacid in 65% yield. The Schmidt reaction very efficiently con-
verts the dinitrodiacid to the desired 3,7-diamino-1,5-dinitro-

naphthalene in quantitative yield.

The conversion of 3,7-diamino~l,S5-dinitronaphthalene to the corre-
sponding tetranitro derivative could not be achieved by direct nitra-
tion. The bistrifluoroacetamido derivative, however, was readily
nitrated at the remaining peri positions to form a tetranitro deriva-
tive. Deacylation occurred cleanly in methanolic HCl to provide the
desired 2,6-diamino-1,4,5,8-tetranitronaphthalene. This reaction
sequence was not successful with the acetyl derivative, however; the
principal nitration product was the trinitro derivative. The tetra-
nitrodiamine or its bistrifluoroacetamide could not be further nitrated
without destruction of the naphthalene ring. To obtain polynitro-

naphthalene derivatives requires a very carefully controlled

substitution sequence.




2,6-Diamino-1,4,5,8-tetranitronaphthalene was designed for further
aitration to 2,6-diamino-1,3,4,5,7,8-hexanitronaphthalene, Nitrations
of aromatic amines of this type often proceed via nitramine intermedi-
ates. We have isolated the bisnitramine, 2,6-diamino-N,N',1,4,5,8-hexa-
nitronaphthalene, using 80Z H,S0,/1002 HNOj (100 equivalents) at 3°C.
Rearrangement of the nitramino groups would ordinarily occur into the
ortho positions leading to the desired hexanitrodiaminonaphthalene;
oxidation of the latter would produce octanitronaphthalene. However, it
13 known that nitramine rearrangements to C-nitro products become slow
in aromatic rings containing many electronegative substituents. Instead
of formation of a hexanitrodiaminonaphthalene in acid medium we observed
a differen£-rearrangement leading to a product believed to be a diazo
oxide, a sengsitive energetic explosive compound. We frequently find

rearrangements of this type to occur in aitration of other polynitro

aromatic amines which we have investigated.

Our expefimencs in the area of polynitroaromatic synthesis have
resulted in some new synthetic methods and some new chemistry unique to

these substances.
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POLYNITROPOLYHEDRANES

EVERETT E. GILBERT
US ARMY ARMAMENT RESEARCH
AND"

DEVELOPMENT COMMAND
DOVER, NJ 07801

ABSTRACT

The objective of this program is the preparation of stable polynitro compounds
of high density. Calculations of bond strength, and a review of the literature, sug-
gested that nitrated three-dimensional polyhedranes would be of interest. Accordingly,
compounds of this type have been prepared on a preliminary basis, as follows: 1,4-di-
nitrocubane (P.E. Eat@n et al, in press); 1,3,5,7-tetranitroadamantane (G. P. Sollott,
E. B, Gilbert, J. Org. Chem. 45, 5405 (1980); 1,3,5,7-tetranitratoadamantane (E. E.
Gilbert, unpublished). Their properties are encouraging, and further work is in
progress toward more highly nitrated derivatives of these and other materials. Sev-
eral synthetic approaches are being considered, including variations of established

multistep syntheses and direce nitration of rhe hydrocarboms.
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