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INTRODUCT ION

Reactlons lnvolving substitution in the benzene ring
have long been of psrticular interest to the organic chemist.
It was early recognized that the position taken by an in-
coming group wae directly dependent on the nature of the
substituent already in the ring. Thus the different sub-
gtituent groups were divided into ortho~ and para- or meta-
directing groupe derending on whether they caused further
subatitution to occur in the ortho and para or in the meta
poeition, On the basis of rough work it was possible to
make this distinction for many of the common substituent
groups and to set up tables of groups depending on thelr
directing influence, As the llisted groups 1incressed and
the electronic intervretatlions of organic chemistry began
to take ehape, i1t was pointed out that the ortho- and para-
directing groups were electron repelling groups and that
they asctivated the ring; that 1s, they increszsed the ease
of entrance of the incoming group. The meta-directing
groupse, on the other hand, were classified &s electron
withdrawing or attracting groups and deactivating groups
for they were found to render the substitution of the

incoming group more difficult.



The trezditional substitution reactions all involve the
entrance into the ring of an electrophilic group. In eome
cases thie group has been shown to be actuslly a positive
ion. Thus if the group already present could incresse the
electron deneity of the ring further substitution would be
made easier and the ring would be "activated", Likewise
any group that tended to decrease the electron denslty of
the ring would cause "deactivation® of the ring. In this
type of claseification little attention was pald to other
than electronic factors and steric factors were largely
neglected,

In a consideration of the ratlio of ortho- to para-sub-
stitution both in the resctiones of ortho- and para-directing
compounds &and of predominantly mete-directing compounds the
finer pointe of influence must be coneldered., The steric
effects as well as electronic effects muest be coneldered and
the nature of the incoming group can no longer be neglected.,

The most widely studled of the asromatic substitution
reactiones and that one most frequently emnloyed in investi-
gating isomer ratios obtained in substitution reactions 1is
the nitrstion reaction. This reaction is particularly well
sulted to these studles for it 1s an irreversible reaction
and, even under widely different conditions, can be made to

give mono-substitution only.



The present investigation wae undertaken in order to
obtain data which would help clarify the general problem of
the ortho to para-retio obtailned in the nitration of com-
pounds contalning a meta-directing group. Many of the meta-
directing groups have been found to be to some extent
ortho-directors. These groups are the non-linear, unsaturated
groupg such ae -NOp, ~COpH, -COpR, -COR and ~503H. Only one
experiment has been reported in which an attempt was made
to determine the isomer ratio of nitrobenzonitriles obtalned
on the mono~-nitration of benzonitrile, Because of the dif-
Terence in geometry and steric requirements of the nitrile
group and of the non-linear groups which are supposed to
have the same electronic influences, it seemed important to
determine very carefully the ortho to para-ratio obtained
in the mono-nitration of sromatic nitriles. This hasg been
done in the caee of benzonitrile., The isomer ratlo hes been
obtained by an infrared anelytical method.

It wae aleo desired to obtaln similar data from the
mono-nitration of 2,5-dichlorobenzonitrile so that the
resulte might be compared to those obtained from the mono-
nitration of 2,5-dichloronitrobenzene. This was not ac-
complished, however, due to the difficulty encountered in
attempting to obtain a pure sample of 2,5-dichloro-3-

nitrobenzonitrile. Qualitative evidence that was obtalned



implied that thie nitration would glve resulte similar to
those obtalned from the nitration of benzonitrile and the
isomer ratio, while not beino guantitetively the same, would

follow the trend establiched by benzonitrile,



HISTORICAL REVIEW

The Mechanlem of Aromatic Nitratlon

There has been much epeculation concerning the mechan-
ism of aromatic nitration. For a long time the most wldely
sccepted theory was the "addlition-elimination® theory,
according to which the elements of nitric acid were added
acrosse & double bond of the Kekule structure and then the
elemente of water were eliminatedl. Nitretion 1s now be-
lieved to be an electrophilic displacement reaction and 1t
has recently been shown that in moet caseeg the nitreting
agent 1s the nitronium ilon, N02+.

That the nitronium lon wae actually the attacking epe-
cles was first suggested by Euler?. It wee not until rels-
tively recently, however, that the existence of thle specles
wae actually demonetrated. The presence of the nitronium
ion in solutions identical or very similar to those used in
aromatic nitration has now been proved in four waye which

are not dependent on the nitration resction. The existence

lFor a review of thie and the more modern theory see
R. J. Giilesple and D, J. Millen, Quart, Rev., 2, 277 (1948).

ZH. Euler, Ann., 0, 280 (1903); Z. angew., Chem., 35,
580 (1922).



of this species has greatly clarified the mechaniem of the
nitration reaction.

The first type of evidence is obtained from cryoscoplc
3

messurements. Hantzech” wae a ploneer in this fileld and
found the value of the Van't Hoff i1 factor to be three for
golutione of nitric acild in sulfuric acid. By meane of
imoroved cryoscoplc techniques 1t has been found that the
depreesion of the freezing point is not three timee dbut
four times that of an 1ldeal soluteu. From thie informstion
1t 18 concluded that nitric acld lonizes in sulfurlc acld

in accordance with the following equation:
HNO, + 2H,80, —> NO + B0V + 2HSO,”
3 2% 2 3 y

In no other way could a four-fold depression of the freezing
point of sulfurlc acid be produced. Cryosecopic work with
oxides of nitrogen in sulfuric acild has shown that these

gsolutes give s8ix-fold depressions of the freezing point5 and

34. Hantzsoh, Z. physik. Chem., 65, 41 (1908).

“R. J. Gillegple, J. Graham, E, D, Hughes, C. K. Ingold,
end E. R, A, Peeling, Nature, 158, 480 (1946).

5R. J. Glllecpie, J. Graham, E. D. Hughes, C. XK. Ingold,
and E. R, A. Peeling, J. Chem. Soc,, 2504 (1950).



hae led to the conclueion that these oxides are quantlta-

tively converted into nitronium and nitrosonium lons:

N,0g + 3HpSOy —> 2NO5" + Hg0™ + 3HS0"
NyOy + 3Hp80y —>N0z" + NOT+ Hg0v + 3HS0,”

NaO3 + 3HpS04 —>2N0* + He0" + 3HSO,-

The second type of evidence for the exlstence of the
nitronium ion is the identification of this 1lon by spectro-
scoplc means. Medard® observed two frequencieg, 1400 and
1050 cm.‘l, in the Raman spectra of certein mixtures con-
taining nitric acid. Chedin?’ investigated theese two fre-
quencles extenslively and concluded thet they were due to
dinitrogen pentoxide in a speclal form. More recent spectro-
scopic work has shown that only the 1400 em,~1 frequency
could be sttributed to the nitronium ion, and that the
1050 em,~1 frequency wae due tc other epecliee present in

the solutlons? The presence of this frequency then gave a

6L, Medard, Compt. rend., 199, 1615 (1934).

73. Chedin, C ;

. , Compt. rend., 200, 1397 (1935); 201, 552,
714 (1935); 202, 220, 1067 (1936); 203, 772, 1509 (1936);
Ann. chim,, B, 243 (1937).

8¢. X. Ingold, D. J. Millen, and H, G. Poole, J, Chem.
Soc,, 2576 (1950).



basle for the detection and estimation of the nitronium lon.
Thus the ilonization of nitric acid and of the oxlides of
nitrogen in sulfuric sacid as shown above has been conrirmedg.
Ingold, Millen, and Poole8 obeerved in the Raman spectra of
solutione of nitrlc acid in perchloric acld every spectral
frequency which could be expected from the ilonization of

nitric acid according to the equsation
HNO3 + 2HClOy —> NOZ" + H30" + 20104~ .

Helberstadt, Hughes, and Ingoldlo

, however, obtalned no
evidence of the nitronium ion in aqueous nitric acid solu-
tions containing about eleven mole per cent perchloric acid.
The third line of evidence for the existence of the
nitronium ion is that given by the preparation, and spectro-
scoplc study, of crystalline nitronium saltsll. Hantzsch
firet showed that nitric and perchlorlc acids interact to

form golid salt-like compounds. It hae been shownlz that

9p. J. Millen, J. Chem. Soc., 2600 (1950).

105, s, Halberstadt, E. D, Hughee, and C. K. Ingold,
J. Chem, Soe., 2441 (1950),

1l,. Hentzsch, Ber., 58, 958 (1925).

12D. R. Goddard, E. D. Hughes, and C. K. Ingold, Nature,
158, 480 (1946); J, Chem. SBoc,, 2559 (1950).



these s8011ds ere replly mixtures of nitronium and hydroxonium
perchlorates (N02)"(C104)” and (H30)"(Cl04)~. Other pure
nitronium salts have been prepsred and have been shown to

be ionlic; the Raman spectra of the crystals consist simply
of the superposed, known spectra of the lons 1nvolved13.

Glllespielu in a oryoscoplc study of nitronium and
ammonium perchlorates in sulfuric acld found that the de-
pression of the freezing point was three, rather than two,
times that of an 1deal solute., He alego obeerved thet dilute
solutione of either salt fumed in ordinary air even if the
sulfuric acid hed been pre-trested with about five hundredth
moler of water, and from these data he concluded that the
perchlorate lon is converted into perchloric acid by the
sulfurle acid.

The fourth type of evidence for the existence of the
nitronium lon hae been obtained throuzh the X-ray analysis
of certain nitronium ealte, Both nitronium perchlorate15
and nitronium nitratel® have been examined and the loniec

constlitutions have been verifiled.

13p, J. Millen, J, Chem. Soc., 2606 (1950).

148, J. Gillesple, J. Chem, Soc., 2537 (1950).

15r, a. Cox, G. A, Jeffrey, and M. R. Truter, Nature,
162, 259 (1948).

167, E. Grison, K., Ericks, and J. L. de Vries, Acta
Cryst.,, 3, 290 (1950).
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The fact that the nitronium ion does exlist in such
golutions ee are used in nitretion resctions makes it easler
to interpret nitration rate data. In the nitration of suf-
ficlently reactive asromatic compounds in organic solvents
with a conetant excess of nitric acld the nitration rate 1is
found to be independent of the concentration of the aromatic
compound. Thus the rate measured must be thst of formation
of some speclies which 1s consumed rapldly and the svecles
being formed muet indeed be the nitronium 1onl?,

The rate of nitretion of less reactive aromatic com-
pounds is found to be derendent on the concentration of the
aromatic compound; that ie, theee reactions ars first order
with respect to the aromatic substrate., In a study of the
nitration of arylalkenesulfonic acide Halberstadt, Hughes,
and Ingold10 found thet the observed first-order rate law
could be expleined in elther of two waye: nitration by the
nitracidium ion, or by formation of the nitronium ion in a
very small equillibrium concentration followed by a slow
reaction between it and the aromatic compound. The kinetiec
evidence did not allow differentiation between these two

mechanisms but it did exclude the poesibllity of nitretlon

170. K. Ingold, "Structure and Mechanism in Organlec
Chemistry", Cornell Unlversity Press, Ithaca, N. Y., 1953,
P. 276.



i1

by the nitrlic acid molecule. In a more recent study Bunton
and Halev118 compared the rates of oxygen exchange 1in
aqueous nitric acid solutions with rates of nitration of
aromatic compounds in these solutione. They conslidered

the following equations for nitration and oxygen exchange
based on the nitronlum ion; the asterisk indicates the

presence of radloactive oxygen.
L +
+ —_ +
Nitratlon NO, + RH <= RNO, + H

+
Oxygen-exchange NO, + Hy0% &= HZNOB**'

HoNO, = i + HNO
According to these equations the rate of oxygen exchange is
the rate of formation, or destruction, of the nitronium ion,
and ae, in a given medium, the concentration of nitronium
ion is very emsll (kinetic "steady state"), these rates are
equal, The rete of oxygen exchange should therefore give

e limiting value for the rate of nitration via the nitronium

, ?80. A. Bunton and E. A, Halevi, J. Chem, Soc,, 4917
1952).
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ion, as this rete cannot be grester then the rate of forma-
tion of the nitronlium ion. Experimentally the rates of
nitration are always lower than the ratee of oxygen exchange
although they apvroach this figure for reactive aromatic
compounds which show approximetely zero-order kinetics. It
is concluded, therefore, that both nitration and oxygen
exchange involve the formatlion and destruction of the
nitronium ion. The change in kinetic order from first
toward zero with increasing aromatic reactivity which was
observed in asqueous nitric acld was &8lso found in nitrstions
in aqueous perchloric acld-nitrlic acid solutions., It was
not possible, because of the presence of the perchloric acid,
to study the rate of oxygen exchange in these eolutions but
thls change 1in kinetlc form suggests that the nitronium ion
18 the nitrating agent in theee solutions,

Two theories explaining the mechanlem of attack by the
nitronium lon in aromatic nitration rezctions hsve been con-
sidered. The firet is & termolecular, or single stage,
introduction of the nitronium ion end eimultaneous trans-
ference of the proton to zn external base., The other ig &
two stage reactlion in which the attzck by the nitronium ion

1e the slow step and this 1e¢ followed by & rapld removal of
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the proton. It hae been shown by Melanderl9 that the second
ie the more correct interpretation becsuse the removal of
the proton ir not involved in the rate-controlling step.

He nitrated aromatic compounde contsaining tritium in one of
two or more otherwise equivalent positions and found that
there was no selection of protium rather than tritium for
displacement by the entering nitro group. Lauer and Nolana??
have extended this work to include the nitratlon of mono-
deuterobenzene, Their work has confirmed Melander's con-

clueions that the loes of proton in the nitration reaction

does not occur ln the rate-determining step.

Orlentation in Aromgtic Substitution

o ———

Early in the study of arometic substitution reactions
1t wse recognized that the position on the sromatic ring
taken by the incoming group was determined by the sgubstituent
already present, The fact that a particular substituent
directed the incoming group to a particular position re-
gardlegss of the identity of the incoming group led to the

19L.. Melander, Nature 163, 599 (1949); Acta chem,
Scand,, 3, 95 (1949)7 Arkiv Kemi, 2, 213 (1950).

20w, M., Lauer and W. E. Noland, J. Am., Chem, Soc., 25,
3689 (1953).
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study of orientation from the point of view of the already
present eubstituent only and an almost complete disregard
for the incoming group. It was early observed that certain
substituents led to substitution in the positione ortho or
para to this substituent whereas other groupe directed the
incoming group to the meta position. Thus the substituents
were divided into ortho- and para- or meta-directing groups.
It was observed further that the rate of substitution was
influenced by the group already present in the ring and the
ortho~- and pars-directing groups were found in general to

be "activating! groups wherees meta-directing substituents
were "deactivating® as compared to the ease of substitution
in benzene iteelf. The meta-directing groupe were recog-
nized as electron attracting groupe and the ortho- and para-
directore as electron repelling groups. The entering groups
in the gubstitution reactions were recognized as electro-
philic reagente, although thls term wes not used until much
later, and the orlentatlion rules of Neltlng21, Koernerzz,
and Hubner?3 were all degigned to assgist in the clessifica-

tion of & substituent group as electron attracting and thus

2lE, Nolting, Ber., 9, 1797 (1876).
22y, Koerner, Gazz. chim. ital., 4, 305, 4he (1874),
23H, Hubner, Ber., 8, 873 (1875).
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meta-directing or as electron repelling and thus an ortho-
and para-~directing group.

Later, still other rules were formulated which related
the nature of the substituent group to its orienting in-
fluence. Thue the rules of Armstrongzu, Crum Brown and
Gibson25, and Vorlander?® relate the influence of the
group X to the ability of the acld HX to undergo direct
oxidation or to the presence or absence of multliple bonds
in X, All of theese rules bresk down for certaln cases and
Holleman has dlscussed the rules and representative cases
where they do not app1y27.

Flurschelm28 formulated a theory to explain orlientation
baced on Werner's idea of chemical affinity, but 1t is
Holleman's criterion that must be the basee for any orienta-

29

tion theory. He pointed out that, since the ortho- and

para-dlrecting groups increased the ease of aromatic

24y, E. Armstrong, J., Chem. Soc., 81, 258 (1887).

( ?SH. Crum Brown and J, Gibson, J, Chem, Soc,, 61, 367
1892).

26p, Vorlander, Ann,, 320, 122 (1902).
27A. F. Holleman, Chem. Rev., 1, 218 (1925).

28, F, Flurscheim, Chem. and Ind,, 44, 246 (1925).

293. F. Helleman, "Die direkt Einfuhrung von Substi-
tuenten in den Bonzolkern", Velt, Lelpzig, 1910, p. 475,
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subetitution over that of the unsubstituted compound whereas
the meta-directing groups deactlivated the ring, any theory
which merely explained directlional influencee and did not
account for thie activating or deactivating effect could not
give a true underetanding of the problem., The theory of
“alternate polarity" was thus doomed from the beginning for
it would sllow activation of the meta poeltion or of the
ortho and parsa positions more or less equally by the meta-
or ortho- and para-directing groups. A documented discuselon
of these rules and theoriee is given by Ingold3° who shows
how, with the development of the electronic theory, the
problem of orientation began to fit into the genersal problem

of constitutional effects on organic reactions.

The Ratio of Ortho- to Para-Substitution

The classification of subetituents as meta- or ortho-
and pars-dlirecting groups is a gross distinction, but the
gtudy of the ratlio of ortho- to para-substituted side
products obtained in the substitution of & compound con-
taining & meta-directing group brings out the finer pointe

of influence of the directing group. Both the electronic

30¢, k. Ingold, "“Structure and Mechanism in Organie
Chemistry"®, Cornell University Press, Ithaca, N. Y,, 1953,

P. 223.
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and steric influences of the directling group aes well as the
effect of the enterling group must be considered., The study
of the ratio of ortho- to para-subetitution was analyzed by
IngoldBl. The data led him to the conclusion that there was
& sterlic factor, as Holleman2? had already deduced, and four
polar factors. ‘The account of the evidence leading to these
conclusione is reviewed by Ingold32 both from the point of
view of the orlenting group and of the entering group in the
case of the steric influences and from the nature of the
orienting group in the case of the polar factors. The evi-
dence for the polar effects 1s divided into sectione de-
pending on whether the subetituent group 18 & +1I, -I, -M,
or +7T group. Types of orientings substituents have been
clageified according to their inductometric, tautomeric and
mesomeric influences. A discuselon of the various classifi-
cations is given to reconcile the observed meta- or ortho-
and pera-directing influences of the various subetituent

types.

3¢, x Ingold, Ann. Repts. on
. K, ' ; fente. on Progrees Chem, (Chem.
Soc. London), 23, 140 (1926]).

32¢, X. Ingold, "Structure and Mechanism in Organic
Chemistry", Cornell University Press, Ithaca, N. Y., 1953,
p. 231'
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In discussing the effect of -M subetituents Ingold
points out that these groups are really of the -I -M type
for both the electron drifts are in the direction of the
substituent group PH—>R. These groupe include -COR, -COpR,
-CH, -NO,, which are meta~orienting substituente containing
& multiple bond. For these groups the chief by-product is
the ortho-compound. Ingold31 asgumed this to be the result
of an interference with para-substitution due to the -M
effect of the substituent. Leapworth and Robinson33 sug-
geeted the alternative of a special facilitation of ortho-
substitution. Ingold?“ has shown by calculations that it
is more reasonable to sssume a specific deactivation of
the pera positlion by the -M substituent than any particular
activation of the ortho position by the groups to account
for the observed large ortho to pars retio obtained, Hls
calculation is based on & mixing law interpolation and does

not explaln how this proposed deactivation occurs,

334, La
. pworth and R, Roblnson, Mem, Proc, Manchester
Lit, end Phil, Soc., 72, 23 (1928).

340. K. Ingold, "Btructure and Mechanism in Organic
Chemistry", Cornell University Prees, Ithsca, N. Y., 1953,
p. 262,
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Hammond, Modic, and HedgesBS from their study of the
ortho to para ratios obtained in the nitration of 2,5~
dibromo- and 2, 5~dichloronitrobenzene have suggested a
mechanism by which ortho direction by non-linear, un-
saturated substituents could be facllitated. According to
this mechaniem the negstive end of the dipole in groups
like NO,, COCH, CHO attract the ortho-hydrogen and facllitate
the approach of the electrophilic attacking group so that
the proton is dleplaced in one concerted procees and anvears
firset on the neighboring group.

Recently there have been eeversl authors who have
turned to the slmple L C A O molecular orbital approximation
as a meang of internretinz aromatic substitution. Wheland36
has shown that the theory pointe to ortho- and pera-substi-
tution for some kinde of derivstives and mets-egubstitution
for others, in generesl sgreement with observatlon. Dewar3’
considered the problem of ortho to para-ratios. His re-
sults indicated that only in cases where the subetituent

is very electronegative would the para position be

35¢a. 8. Hammond, F. J. Modlc and R. M. Hedges, J, Am.
Chem, Boc., 75, 1388 (1953).

36@, w. Wheland, J, Am, Chem, Soc., 8, 900 (1942),

37m., J. 8. Dewar, J, Chem, Soc., 463 (1949); J. Am.
Chem. Soc,, 74, 3357 (1952). =
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electronically more activated then the ortho position. He
points out that the electronic influence on the ortho to
para-ratio may be outweighed by steric effects or hydrogen
bonding., Dewar was able to account gqualitatively for trendes
in the ortho to para-ratio as the nature of the substituent
1s varied but the appropriate electronegativity psrameters
for the varlous substituents are very uncertein. Brown38
hae ehown that when the substituent is a conjugated hydro~
carbon system the uncertzinty about the electronegativity
parsmeter dlsappears and the molecular ofbital approximation
provides an unequivocal prediction of the electronic
activities. He as well as Dewar attributes the observed
superior resctivity of the para poeltion in biphenyl to
steric effects rather then to fallure in the M O theory.

Aside from the electronic influences 1t has long been
recognized that steric factors influenced the orilentation
in substitution reactions. Apparently Kehrmann>®? was the

Lo

firet to recognize this. LeFevre explained the observed

higher proportions in which pars compounds are formed 1in

38R. D. Brown, J. Am. Chem, Soc., 25, 4077 (1953).
39F. Kehrmann, Ber., 23, 130 (1890).

“0R, J. W. LeFevre, J. Chem. Soc., 980 (1933); ibid.,
1501 (1934).
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the nitration of the more branched gide-chain homologues of
toluene on the basisg of steric effects. Neleon and Em'o*wnl‘b1
have determined the isomer ratlog in mononitratlon of tert-
butylbenzene and compared them to the values for toluene
obtained by Jones and Russelluz. The fect that the para

to meta-ratio for toluene and tert-butylbenzene were not
very different led them to conclude that the electronic
effects of the two sroupe are egimilar and that the large
difference in the ortho to meta- and ortho to para-ratios
observed is due to steric hindrance of the ortho position
by the tert-butyl group. Similar interpretation 1s placed

on the observed substitution in gara-ethyltolueneuB, pera-

cymenebu and gara—tert-butyltoluene“s. Cohn, Hughes, Jones
and Peeling”® have shown that the rates of total nitration

of toluene and of tert-butylbenzene stand in the ratlo

hlx. L. Neleon and H, C., Brown, J, Am, Chem, Soc,, 73
5605 (1951).

42%. %, Jonee and M, Russell, J, Chem. £oe,, 921 (1947).

430. L. Brady and J. N. E. Day, J, Chem, Soc., 114
(1934).

Wbp, J. W. Le Fevre, J. Chem. Soc., 1501 (1934).

W5y, Battegay and P. Haeffely, Bull. soc, chim, (France)
35, 981 (1924),

hey, Cohn, E, D. Hughes, M., H, Jones, and !, G. Peelling,
Nature, 189, 291 (1952).
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100:64 and that, contrary to theories of hyperconjugation,
the methyl grouvp is not the more activating group. In fact
their data show that the gggg;butyl group is slightly more
activating than 1s the methyl group for substitution in all

positions except the ortho-positilon.



23
EXPERIMENTAL -
Materials

Perchloric acid used as solvent was Baker and Adamson
reagent grade 70-72%.

Nitric acid used as the nitrating agent in all experi-
ments wes Baker and Adamson fuming nitric acld of specific
gravity 1.49-1,50.

Platinum oxide catalyst was prepared according to the
directions given in "Organic Synthesis“47. If kept in a
tightly covered vial 1t retained its activity for 10 monthse
or more.,

Bengonitrile obtained from Paragon Testling Laboratorles
was digtlilled through an E, L, Wheeler center rod column of
75 theoretical plates at atmospheric pressure. A center
cut fraction boiling between 189.7° and 189.9° wae used in
the nitration experimente from which the quantitative data
were obtalined.

grﬂltroanlllne. E;nitroanllineLAandAg:nitroaniline wvere

obtained commerclally and recrystallized from 95% ethanol.
The melting points were 71,5°, 112°, and 148°, respectively.

u7"0rganic Synthesis", ed. H. Gilman and A, H, Blatt,
John Wiley and Sone, Inc., New York, N. Y., 1941, Col,
VOlQ I. p. [4'63'
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o-Nitrobenzonitrile, m-nitrobenzonitrile, and p-

nitrobenzonitrile were prepared by Sandmeyer reactions from

the corresponding nitroanilines by the method of Hodgson and
Heyworthya. The nitrobenzonitriles were geparated from the
reaction mixturee by steam dlstillation and recrystallized
from 95% ethanol. The melting pointe were 110°, 116,5°,

snd 147°, respectively.

2,5-Dichloroaniline was obtained from Eastman Kodak
Company and wes purified by recryestallization from 95%
ethanol; m.p. 53°.

2, 5-Dichlorobenzonitrile was prepared from 2, 5-
dichloroaniline by a Sandmeyer reaction according to the
procedure of Bornwater and Hollemanb9 except that the
diazonium sulfate solution wae neutrslized by pouring 1t
over ice and calcium carbonate as suggested by Hodgson and
Heyworthha. The 2,5-dichlorobenzonitrile was separated by
steam distillation to give a pure product melting at 128.5°,
but the yields obtained were only about 30% of the
theoretlcal.

(194 ?BH. H. Hodgson and F, Heyworth, J, Chem, Soc., 1131
1949),

“9J. T. Bornwater and A. F, Holleman, Rec, trav, Chim,,
31, 221 (1912).
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2,5-Dichloroacetanilide was prepared from 2, 5-dichloro-

aniline by treatment with acetyl chloride in pyridine solu-
tion. 4 typical synthesis utilized 32.4 g. (0.2 mole)
dissolved in 200 ml., pyridine. This solution was cooled in
an ice bath and 20 ml, acetyl chloride wae added., The mix-
ture wes stirred 15 min. and then poured onto cracked ice.
The precipitated 2,5-dlchloroacetanillide was washed with
cold water and drled to give 39.8 g. (97.5% yield) of pure
product melting at 1380.

2,5-Dichloro-4-nitroacetanilide wes prepared by the

nitration of 2,5-dichloroacetanilide in concentrated gul-
furlic acld with concentrated nitric acid at room tempersture
according to the method of Whiston3®. Under these conditions
mono-nitration was only 52% complete but the only nitro
derivative obtained was the desired L4-nitro compound. This
wee easlly purified by recrystallization from 95% ethanol

to give pure product melting at 145°.51

2,5-Dichloro~-6-nitroacetanilide was prepared in very

low yields by the nitratlion of 2, 5-dichloroacetanilide in
fuming nitrlc acld at 0°, The maln product under these

conditions was the 4-nitro derivative but appreclable amounts

507. R. H. Whiston, J, Soc. Chem. Ind., 43, 370 T (1925).

514, F, Holleman and F. E, van Haeften, Rec, trav, chim,,
4o, 70 (1921).
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of the 6-nltro compound was obtalned, The separatlon of
these two weg effected by fractional recrystallization from
benzene, The purified 2,5-dichloro-6-nitroacetanilide melted
at 204-206°,°%

2,5-Dichloro-4-nitroaniline and 2,5-dichloro-6-nitro-

anlline were prepared from the corresoonding acetanilides
by hydrolyeis in sulfuric acld solution at sbout 100°.
These compounds melted at 153.5-154° and 65°, respectively-l.
2,5-Dichloro~4-nitroaniline was obtained as a yellow powder
which on heating changed to a crystalline structure at
approximately 1350; this material then melted sharply at
153.5°.

2, 5-Dichloro-4-nitrobenzonitrile and 2, 5-dichloro-6-

nitrobenzonitrile were prepared from the corresponding

anilines by the procedure used for the preparation of 2,5~
dichlorobenzonitrile. These compounds were recovered by
steam dietillation and purified by recrystallization from
Skelly solvent B, The ylelds were never greater than 18.74%.
These compounds melted at 143° and 118° respectively. The
infrared spectra of these compounde were obtained and com-
pared with the spectra of the corregponding dichlorodinitro-
benzenes revorted by Hammond, Modic and Hedges35. The
spectrum of 2,5-dichloro-4-nitrobenzonitrile is identiecal
with that of 2,5-dichloro-l,4-dinitrobenzene except that
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the 11.85< band in the dinitro compound is ghifted to
12,2 in the nitrile. The spectrum of 2,5-dichloro-6-
nitrobenzonitrile ie very similar to that of 2, 5-dichloro-
l,6-dinitrobenzene except that the 11,05 band in the
dinitro compound is miesins from the spectrum of the nitrile
and the 9,0.«¢c and 12,81 ¢cc bande in the dinitro compound are
ehifted to 8.83.cc and 13.1.¢, respectively, in the nitrile.
2, 5-Dichloro-1,4-dinitrobenzene was prepared from 2, 5-
dichloro-4-nitroaniline by meansg of a Sandmeyer reaction
ueing a procedure eimilar to that employed in the prepara-
tion of 2,5~d1chloro—h-nitrobenzonitr11352. The product
was recovered by steam distillation and recrystallized from
95% ethanol, The yleld was poor but the pure product melted
gharply at 117.50. The infrared spectrum of this product
was 1denticel with the spectrum reported by Hammond, Modic,
and Hedgea35 for 2,5-dichloro-1,4-dinitrobenzene obtained
from the nitration of 2,5-d1chloronitrobenzene.
2,5-Dichloro-3-nitrobenzonitrile could not be prepared
by the methods tried, Attempted nitrations of 2,5-dichloro-~
aniline in fuming sulfurlc acid gave only tarry producte
which because of thelr extreme instabllity were asszumed to

be the result of N-nitration,

(198 52y, m, Hodgeon and F, Heyworth, J, Chem. Soc,, 1624
1949).
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Several attempts were made to recover this compound
by fractionel recrystelllizatlion of the product obtalned by
the nitration of 2,5-dichlorobenzonitrile under various
condlitions. Although this compound wae expected to be the
major product of such & nitration reactlon no pure material
having the properties expected of 2,5-dichloro-3-nitrobenzo-
nitrile could be obtalned,

Nitration Experiments with 2,5-Dichlorobenzonitrile

Many attempts to nitrate 2, 5~-dichlorobenzonitrile
without hydrolysis of the nitrile group were carried out.
In a typlcal experiment the acid nitration medium wes pre-
pared and cooled in an 1ce bath, The weighed sample of
2,5-dichlorobenzonitrile was added and the mixture stirred
and kept at the desired temperature for the epecified perlod
of time, The solution wes then poured onto a mixture of
c¢racked ice and sodium carbonate, The mixture was stirred
and the solié product was filtered off. The presence of
appreciable amounte of unnitrated 2,5-dichlorobenzonitrile
in the product mixture was detected by ite pronounced odor.
The extent of nitration was estimsted roughly by the weight
relation of product mixture and original compound. The

infrered spectrum of the product was determined and the



presence of absorption bands at 6.<¢ and at 6,5<c were taken

ag indicetive of the presence of a carboxyl or carbamlde

group and of a nitro group, respectively.

The presence of

a strong absorption band at 6.0.«¢c was therefore an indlca-

tion that hydrolysis of the nitrile group had occurred

whereas the presence of such an absorption band at 6,5 cc

indicated that nitration had taken place.

Teble 1 gives &

liet of eome of the nitration experimente run.

Table 1, Nitration experiments with 2, 5-dichlorohbenzonitrile

Nitration Medium Temp. Time Regulte

oC hrs.
Fuming HNOB 0 5 No nitration
Fuming HNOB 25 2% Very little nitration
Fuming HNOj + 10% HC1Oy 24 22 Very little nitration
Fuming HNOB 80 2 Hydrolysis and nitration
Fuming H,S04 + NalNO4 100 1% Hydrolysis and nitration
Fuming HN03 + HC10y 63 6 Nitration and hydrolysis
70% HC104 + HNO4 25 4 Neither hydrolysis nor
nitration

70% HC10y + HN03 37-40 11 Little or no nitration
70% HClOy + HNO4 76 86 Nitration, some

hydrolyels




30

Nitration in 70% KCl0, seemed the most promisins but
even under carefully controlled conditions hydrolysie
occurred. The indications were that hydrolysls of the
nitrated compounds was more rapid than that of the unnitrated
2,5~dichlorobenzonitrile, It would not be possible to prove
this point even if the rete of hydrolysis of the three
nitrated lesomers were determined in the nitration medium
because it would not be possible to determine this value
for 2,5-dichlorobenzonitrile,

The resction product from one nitration experiment in
70% HC10; end HNO3 ylelded on reneated recrystallizations
& emall quantity of & white crystalline material which
melted at 221° and appeared to be 2,5-dichloro-3-nitroben-
zolc acid, m.p. 220%, The only other pure compound 1isolated
from a nitration product was 2,5-dichloro-6-nitrobenzonitrile,
m.p. 118-118,5°.

Since under no conditions tried could nitration of
2,5-dichlorobenzonitrile be effected without hydrolysis of
the nitrile group, attention was turned to the study of the

nitrstion of benzonitrile,
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Hydrolysle Studles

In order to determine if bengzonitrile would be hydro-
lyzed in cold, fuming sulfuric acld, four separate samples
were studied. Four tubes each containing 7.5 ml. of fuming
sulfuric ascid were cooled to about -16° in an ice-salt bath.
To each tube 0.5 ml. of benzonitrile was added and the solu-
tions were stirred mechanically for one half hour, one hour,
one and one half hours, and two hours, respectively. At the
end of the designated times the tubes were removed from the
cold bath and the solutions were poured onto cruehed ice.
Eech mixture was extracted with ether and after the ether
had evaporated the residue was dissolved in carbon dlsulfide
and the infrared spectrum of this solution wae studied. In
none of the four cases was there any solid msterial in the
residue from the ether extraction. All of the spectra showed
recovery of the benzonitrile aes Judged by the strong absorp-
tlon at 3.2 <¢ charzcteristic of benzonitrile and none of
them showed any lndication that hydrolyeis had occurred as
Judged by the absence of abgorption at 6.,

A similar hydrolysis test in 70% perchloric acid was
made with benzonitrile at 24-250. Two sampleg of benzonitrile
were treated for one hour and threg hours, respectively. In

neither case did the infrared spectrum indicate that
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hydrolysis had occurred, but in both cases benzonitrlle was
recovered unchsnged.

o-Nitrobenzonitrile was treated with fumling sulfurilc
acld in an lce-salt bath at -15° for only 15 minutes., The
mixture became dark red, and, when the solution wae poured
over ice and extrescted, only a very esmall amount of the
original o-nitrobenzonitrile was recovered.

This compound was aleo treated with 704 perchloric
acid at 250 for slightly more than two hours. The solution
waes poured onto crushed ice and sodlum carbonate and the
o-nitrobenzonitrile was recovered unchanged,

m-Nitrobenzonitrile was treated with 70% perchloric
acid at 25° for two and one half hours. The solutlon was
then poured over crushed lce and sodium cerbonate and the
p-nitrobenzonitrile was recovered unchanged.

In a2 eimilar manner p-nitrobenzonltrile was treasted
with 70% perchloric acid and recovered unchanged after two

and one half hours,
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Nitration of Benzonitrile with Fuming Nitric Acid

One nitration run was made following the procedure of
Baker, Cooper, and Ingold53. Five grams of benzonitrile
were added to 75 g. of fuming nitric acid at 0°, The solu-
tion waes kept at 0° and etirred mechanically for two and
one half houre, At the end of this time the solution was
poured onto cruehed ice and potassium carbonate, The mix-
ture was extracted with ether and the product obtained from
this extract was crystallized from 95% ethanol. A complete
separation of isomere was not effected but one fraction
melting at 110-112° appeared, from the infrared epectrum
which showed maxima at 11,1 ¢¢ and 13.6<¢, to be mostly m-
nitrobengonitrile., A second frection melting at 10?-109°
and a third melting in the range 55-75° were obtained. The
infrsred spectra of these fractione sghowed maximas at 1ll.7cc
and 13.4¢¢ indicating that they contained o-~nitrobenzonitrile
and p-nitrobenzonitrile., The 4,45 ccabsorption band charac-
teristic of the CN group and the 6,5.c band characteristic

of the NO, group were present in each of the spectra and

53J. W, Baker, K. E. Cooper, end C. K, Ingold, J.
Chem, Soc., 430 (1928).
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bends characteristic of the CO, NH,, and OH groups were
absent.

Attempts to nitrate benzonitrile 1in fuming nitric acid
at other temperaturee falled. Infrared spectrophotometry
wae used as & means of determining whether nitration or
hydrolysis or both had occurred, At -5° and at -2° nitra-
tlon d41d not occur to an appreciable extent in two and one
half hours. Another nitration run carried out at 0-1° gave
a product whose Iinfrared spectrum showed absorption maxima
at 4,452 and at 13.2.¢, as does benzonitrile, at 7.41lc,
ag do sromatic nitro compounds, and a weak band at 13.6¢<.
A weak band at 5.85¢c indicated that some carbonyl funection
wae present and, therefore, that esome hydrolysis of the
nitrile group must have occurred.

A similar nitration run carried out at about 20° gave
& product whose infrared spectrum showed absorption maxima
at 4,45.cc (weak), 6,54, 13,6, and 13.2<« which indlcated
that while some nitration had occurred it had not been com-
plete. The data concerning the other nitrztion experiments

in fuming nitric acld are listed in Table 2,



Table 2. Preliminary nitration experiments with benzonitrile

Run Medium Tgmp. Time Spectral date

) 3
€ Brs. L hs 6.0« 6.5¢c 13,622 13.5ec 11.752¢ 13,2 L 1e1d

1 Fuming HNO4 0 23

2 Fuming ENO4 -5 2 + - - - - - +

3 Fuming HNO4 -2 2 + - - - - - +

4 Fuming HNO3 1-3 2% 4+ - + + - - +

5 Fuming ENO3 10-15 22 + - + + - - +

6 Fuming HH03 20 3 + - + + - - +

7% Fuming HNO; 23 2 + + + - - 40
g Fuming HNO5 23 L + + + - - Le

9P Fuming H,80y, Room 10

10° Fuming HpS04 0 24
NENOB

Bmheee show a 1little peak at 3.23cc .

bOnly tarry materisls were obtained from theee runs. No spectra were run.

g€



Table 2. (Continued)

Run  Medium Temn. Time Spectral data ]
C  hrs. s e 6.0.2c 6. 5.2¢ 13,622 13,z 11.75.cc 13, 2.2 11714
11 Fuming HpS04 -10 2 + - + + + + - 55
N&NOB
12 10% HClOy 0 5% + - + + + + - 36
HNO4
13% 20% HC10), 0 1%
HHOB
14 70% HCloy -16 by + - - - - - +
H&NOB
15 70% HC1Oy 0 8 + - + + - - -
NaNO4
16 70% HClOy 25 1 + - + + + + +
HNO4

ClLittle solid product was obtained in thie run. No spectrum was run.

9t



Teble 2. (Continued)

Run Medium Tgmp. Time Spectral data
C  bré. L 45w 6.0« 6.5« 13.6c 13.Bec 11.75<c 13.22c Yield

17 70% HClOy 25 2 + - + + - + +
HNO3

18 70% HCloy 25 18 + - + + + + - 95
HNO,

19 70% HC1Oy 25 2k + - + + + + - 93
N03

20 70% HC1O4 40-L42 6 + - + + + + - 86
HNO3

21 70% HC10y 52-53 8 + - + + + + - Le
HNO4

22 70% HClo, 62.5 6 - + + + + + - 93

HN03

€
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Nitration of Benzonitrile in Sulfuric Acid or Perchiorilc
Acid

In these experiments the same general nitrating pro-
cedure was followed., The scid nitrating medium was prepared
and cooled in an 1ice or ice-galt bath., The benzonitrile
sample was added and the mixture was stirred to effect solu-
tion of the benzonitrile., The reaction tube was then fitted
with 1ts cold finger condenser and transferred to & constant
tempersture bath which was maintained at the desired tempera-
ture. After the designated time interval the tube was re-
moved from the bath and the solution wae poured over crushed
ice and sodium carbonate. When gll the carbonate had dls-
golved the solid product wes filtered, washed wlth water
and dried. The aqueous mother liquor was extracted with
ether to recover a emall additional portion of the product.
The ether wae evaporated and the residue was added to the
s80lld which was collected in the filtration. The combined
g0olids were homogenized by trituration in an agate mortar.
Infrared spectra of the producte were run with Nujol mulls
or carbon disulfide solutions. In a few cases the spectrum
w&as also run on chloroform or bromoform solutions.

All of the preliminary nitration experiments are ghown

in Table 2, The nitration medium, time, and tempersture are
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listed for each run. The pertinent date from the infrared
spectra of the products are also listed. In cases in which
the product showed arpreciable absorption at the wave length
listed the table ig marked + ; if there was little or no
abeorntion at this wave length & - sign ls given. In cer-
tain cases where 1t seemed warranted the per cent yleld was
determined by welighing the total solld product and calcu-
lating on the basis of mononitration, Thie and other slg-
nificant information arelisted for each run.

The guantitative nitration experimente were carrled
out following the same general procedure. It was found to
be convenient and sufficliently accurate to measure the benzo-
nitrile (e. g. = 1.0l1) from & caelibrated syringe. The

data are summarized in Table 13,

Hydrogenation Experiments

The hydrogenation experiments were carried out at room
temperature and atmospheric pressure, In all the experiments
the same general procedure was followed. Flatinum oxide
catelyst was weighed into the hydrogenation flask and a
emall amount of calclum carbonste was added. The solids
were covered with absolute alcohol and the flask was

attached to the hydrogenation apparatus., After the system
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Table 3. Quantitstive nitrstion experimente with benzo-
nitrile

(Medium: 10 ml. 70% EC104 end 1 ml. fuming HNOB)

Run Amount of Temperature Time
benzonitrile® oC (hours)

1l 0.972 g. 25 8
2 1 ml, 35 1
3 1 ml, 35 2
L 0.810 g. 38 L
5 1.008 g. 35 6
6 1 ml. 35 6
7 1.033 g. 35 8
8 1 ml, L3 1
9 1l ml. 43 1

®From syringe; 1 ml, = 0.997 g. 1 0,003 g.
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wae swept with hydrogen for about ten minutes, the catalyst
was reduced at atmospheric pressure. The sample to be hy-
drogenated wee dlssolved in abeolute alcohol and the solu-
tion wae added through a side arm in the hydrozenstion
flaesk. During the hydrogenation the mixture wae stirred
by means of a magnetic stirrer and the mercury leveling
bulb was adjusted from time to time to malntaln atmospheric
pressure within the system. VYhen the reaction was complete,
the solution was filtered and the alcohol wag removed by
dietilllation under reduced pressure in an atmosphere of
nitrogen,

The hydrogenation of o-nitrobenzonitrile gave o~
aminobenzamide, m.p. 109,5-110°. (The reduction to o-
aminobenzamide was complete and rapid.) In seversl trial
rung with carefully weighed sampleg of g-nitrobenzonitrile
& time vs, hydrocen up-take curve was made. In each case
e smooth curve was obtalined which leveled to zero slope
when the calculated amount of hydrogen had been taken up.
In no case was there a gradual rise in thls curve even if
the run wae contlnued long after the calculated amount of
hydrogen hed been absorbed. The go-aminobenzamide was easlily
igolated and recrystallized, In a typical experiment 80%
of pure g-aminobenzamide was obtalned. It was found that

thie compound was sufficiently soluble in chloroform to
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permit the infrered spectrum to be gtudied in that solvent.
Sfemples of o-aminobenzamlide were prepared and a calibration
curve of optical dengity ve. concentrstion wae prepared at
the 6,0.¢<¢ absorption peak., ©Samples of g-nitrobenzonitrile
were then hydrogenated as described ebove, the residues were
taken ur in chloroform and the infrared spectra were run,

In no cese wae the recovery of g-aminobenzeamide quantitative
as calculated from the celibration curves but ylelds of 84%
to 86% were typlcal.

Under the game hydrogenation condltione p-nitrobenzo-
nitrile geve m-aminobenzonitrile., This product, pale yellow
needles, m.p. 530, decomposed eaelly and wee only isolated
in low ylelde. A plot of time vs. hydrogen up-take gave a
smooth curve that showed a definite decrease in the rate of
hydrogen up~take when the amount of hydrogen reguired to
reduce the nitro-group had been absorbed, but the ocurve did
not level off. There wae a gradual incresse in hydrogen
taken up. In one run which wae allowed to continue after
the calculated amount of hydrogen necessary to convert the
nitro group to an smino group had been absorbed an additional
L5 ml, of hydrogen were absorbed in 160 minutes, representing
an excess of 22% of hydrogen absorbed.

When the hydrogenation product was tsken up in chloro-

form directly, the infrared spectrum showed maxima at 4.45c¢c,
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charescteristic of a benzonitrile, and at 2.95«, charsc-
teristic of the NHp group, but no absorptlon at 6c¢c as 1s
observed in the spectra of benzamides or benzolc aclds.

When p-nitrobenzonitrile wae hydrogensted under gimilar
conditions, p-aminobenzonitrile was obtalned and ieolated
in low yleldse. On recrystellizetion from Skelly solvent D,
pale yellow crystals of m,.p. 8#-850 were obtailned. In the
case of thle compound & plot of time vs. hydrogen up-take
gave & curve wvhich leveled off when the calculated amount
of hydrogen had been absorbed, As in the case of g-nitro-
benzonlitrile there was no gradual absorption of hydrogen
after the calculated amount was tsaken up,

When the hydrogenetion product of p-nitrobenzonitrile
was taken up directly in chloroform without any purification
the infrared epectrum of the solution showed no carbonyl
frequency but did show absorption mexima &t 2,95 ~c and
L 45,

Severel synthetlic mixtures of the three nitrobenzo-~
nitriles were hydrogenated under the same conditlone, The
product, without any purification, #as disgolved in chloro-
form and the infrared spectrum run on thie solution. A
synthetic mixture containing 22,8% o-nitrobenzonitrile was
analyzed by thie method and the amount of go-aminobenzamide

estimated was 82% of the amount calculated. Since the error



bl

in this experiment was of the same order ae that encountered
in the similsr experiments with pure p-nitrobenzonitrile,

1t was thought that this error might be overcome by setting
up the calibration curve on the baels of g-nitrobenzonltrile
hydrogensted by running e serieg of samples and taking the
hydrocenation product up directly in chloroform without
purification. Such a calibration curve was made, One syn-
thetic mixture containing 10.3% o-nitrobenzonltrile was
hydrogensted and the product was diesolved directly 1in
chloroform, The Ainfrared spectrum of this solution was run
and the o-aminobenzamide present was estimeted, by comparl- .
gon of the absorption at 6.0l <« with the corrected calibra-
tion curve, to be 88% of the calculated amount. In two
other synthetic mixturee containing 22.8% and 10.8% o-
nitrobenzonitrile the amounts of g-amincbenzamlde estlimated
by this method were 107% and 134%, reepectively, of the
calculated values.

Two samples of nitration products from the preliminary
nitration experiments were hydrogenated and the amount of
o~aminobenzamlde estimeted spectrophotometrically in the same
manner. A sample from & run ldentical to Run 18 gave &n
estimated 6.8% o-nitrobenzonitrile but s sample from Run 18
gave so little absorption at 6« that it was only a shoulder

of the 6.,19.¢c band, present in all these chloroform solutions
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of the reduction products, and the amount of o-nltrobenzo-~
nitrile present could be estimated at only 4.1%.

The erratic resulte for the synthetic mixtures and the
unrelliable values estimsted for the nitration producte led
to the abandoning of thlis method of analysis for g-nitro-

benzonitrile.

Non-Aqueous Tltrations of Hydrogenation Products

A sample of g-nitrobenzonitrile wae hydrogenated at
atmospheric pressure in absolute alcohol es before and the
resultant o-aminobenzamide was taken up in a mixture of
chlorobenzene and acetonltrile, A five ml., aliguot portion
of thies solution was titrsted potentiometrically with 0,0945
N perehloric acid In glaclal acetic acid. The titration
curve showed a gharp bresk at 7.1 mv., and, based on the
welght of g-nitrobenzonitrile hydrogenated, the titer showed
a8 1% error: 0.397 meg. of hydrogen ion being used whereas
the aliquot should have contained 0.401 meq. of o-amino-
benzamide.

Under the same conditions s sample of m-nitrobenzo-
nitrile was hydrogenated and the resulting product wae
titrated in chlorobenzene-acetonlitrile solution with per-

chloric acid in glacial acetic acid. The titration curve
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sehowed & sharp bresk at 7.4 mv. In this experimént the
titer of acid was 25% higher than that calculated from the
amount of m-aminobenzonitrile. It ls possible that, whereas
in the case of g-nitrobenzonitrile the hydrogenation pro-
ceeded smoothly to give g-aminobenzamide, m-nitrobenzonitrile
wae not hydrogenated to m-aminobenzonltrlle only, but that
the nitrile group wae aleo attacked. No producte in whieh
the nitrile group wes completely or pasrtlally reduced were
isclated, but since thesge compounds would be unstable their
formation could account for the low ylelds of m-emlnobenzo-
nitrile sctually ieolated and for the preegence of tacky,
colored materiale present in the hydrogenation product from
m-nitrobenzonitrile. Even though thls experiment points out
difficultles to be expected in the hydrogenation of the
mixed nitrobenzonitriles from nitration reactions, the fact
that o-aminobenzemide is formed 1n quantitatlive yields

under these conditlions indlicated thst any method by which
the quantity of o-aminobenzamlde present could be determined
accurately would, in turn, give the amount of o-nitrobenzo-
nitrile in the mixture hydrogenated. Non-aqueous titrations
could not glve the amount of g-aminobenzamlide present in the
presence of m-nitrobenzonitrlile reduction products because
the velues of the potential st the end pointe of the in-

Gividusl titratione were so close. This method of
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determining the g-aminobenzamide formed on hydrogenation

wag therefore abandoned,

Metal Compounds of the Hydrogenation Producte

Laboratory tests showed that none of the hydrogenation
products of the three nitrobenzonitriles formed insoluble
compounds with either zinc or cupric ion. On hydrolysie the
hydrogenation products should give anthranilic acid, p-
aminobengolc aclid, and p-aminobengzolic acld, If hydrolysis
were incomplete the three aminobenzamides should be obteined.
It was found that none of these compounde except anthranilie
gcld formed insoluble compounds with zinc or ocupric lon.
Inasmuch as anthranllic acld is used as & precipitating
agent for the quantitative determination of zinc and coppersb
it was declded to try to use one of theee metal ions as the
precipltating agent to determine the anthranilic aciéd formed
on hyﬂrelysis of the product of hydrogenation of the mixed

nitrobenzonitriles,

54F. J. Welcher, "Organic Analytical Reagents", D. Van
Nostrand Co., Inc.,, New York, N. Y,, 1947, Vol. II, p. 195.
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Attempted Potentiometric Titretiong of the Metsal
Anthranilates

Zinc enthranilate wee prepared in 96% yield from a pure
gample of anthranilic acid, A small sample was suspended
in glaclal acetic acid and titrated with a standard solution
of perchloric acid Ain glacisl acetic acld. The tltration
curve showed no break at all., It wes impossible from the
date to determine how much zinc enthranilate was present,

A simliler titrstion of copper anthranilate gave a very
slight break in the titration curve, An attempt to titrate
anthranilic acid in glaclel acetlic acld wilth copper acetate
in glacial acetic acid gave even poorer results., An attempt
to titrate anthranilic acld in aqueous sodium acetete with

aqueous copper sulfate gave no better resgults,

Attempted Determination of ag-Nitrobenzonitrile as the Zino
Anthranilate

Anthranilic ecid can be determined quantitatively by

the excess bromination method55. The attempt was made to

55&. R. Day and W. T. Taggart, Ind. Eng., Chem., 20,
sks (1928).
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determine the g-nitrobenzonitrile from the nitration of
beﬁzonitrile indirectly by hydrogenation and hydrolyele of
the nitration product followed by removal of the anthranilic
acld as the zinc anthrenilate, The zlnc anthranllate was
then decompoeed with dilute hydrochloric acid and the anthra-
nilic acid liberated wae titrated by the excess bromination
method. Each step of this sequence was trled with pure
samples of anthranilic acld or with o-nitrobenzonitrile.

The titration of pure samples of anthranilic acld could be
carried out with errors amounting to 0.5% to 2.4%. The
error increased to 10% to 15% when the anthranilic acld was
firet precipltated as the zinc anthranilate. When the whole
sequence was tried on pure samples of g-nitrobenzonitrile
the error rose to 35%. The step which seemed to cause %the
greatest error was the hydrolysis of the o-aminobenzamide

to anthranilic acid. When sodium hydroxide was used in the
hydrolyels & large amount of slliclc acid was precipltated
when the solution wae acidifled and evidently some of the
anthranilic acid was adsorbed by this gel and wesg not ex-
tracted by the hydrochloric acid used to decompose the zinc
anthranilate. When sulfuric acld wae used in the hydrolysie
the convergion of anthranilamide to anthranllic acld was
evidently incomplete for the error from this run smounted

to 98%, When a synthetic mixture of nitrobenzonitriles
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was carried through the sequence, using sodium hydroxide

in the hydrolyels step, the errors in the amount of o-
nitrobenzonitrile calculated were from 67% to 88%. The
errore were alwaye in the same direction; the calculated
amount of o-nitrobenzonitrilie being eslwaye much smeller

than the correct amount. One mixture obtained from the
nitration of benzonitrile was carried throughout the se-
quence, The calculated per cent of o-nitrobenzonitrile was
only 0,23%. Thie value wsas much smaller than that indicated

by even the poorest spectral data,

Ultraviolet Absorption Spectra

The ultraviolet absorption spectra of the three nitro-
benzonitriles, were run in 95% ethanol using a Beckmann
Cuartz Spectrophotometer Model DU, The optical denslty
wae read dlrectly from the inetrument and wave length range
studled was 220 mec to 370 me«e, The concentrations of the
three solutions were for g-nitrobenzonitrile, 1.07 x 10-4 M,
m-nitrobenzonitrile, 1l.13 x 10-4 M, and p-nitrobenzonitrile,
1,06 x lO‘h M, Both m-nitrobenzonitrile and go-nitrobenzo-
nitrile showed strong absorption et 220 m«w ., The m-

nitrobenzonitrile showed a second absorption maximum at
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at 255 m« and o-nitrobenzonitrile showed & weaker maximum
at 260 me ., The p-nitrobenzonitrile sample showed only one

meximum at 254 m.c.

Infrered Absorption Speetre

For the qualitative work of the preliminary experimentse
with benzonitrile and for all the spectral work done in
connectlon with the 2,5-dichlorobenzonitrile experiments a
Baird Assocliates Model B infrared spectrophotometer equipped
with sodium chloride optice wae ueed. The resolution ob-
taineble with thie instrument wzs not sufficient for the
quantitetive analysie of the nitration products of benzo-
nitrile and a Perkin-Elmer Corporsation Model 13 infr:red
spectrophotometer aleo equlpped with sodlum chloride optics
was used in this work.

The 1dentifying absorption maxime observed in carbon
diéulfide solutions of benzonitrile and of the three nitro-
benzonitriles are shown in Teble 4, The Baird spectro-
photometer tracings of these four compounds are shown in
Figure 1. The data obtained from the infrared spectra of
2, 5~dichloro-4-nitrobenzonitrile and 2, 5-dichloro-6-
nitrobenzonitrile sre given sbove under the preparation

of these compounds.



Figure 1. Infrared spectra from Balrd tracings in carbon
disulfide solution of benzonitrile, o-
nitrobenzonitrile, m-nitrobenzonitrile, and

p-nitrobenzonitrile
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Table 4, Infresred absorption maxima

Compound Wave length in microns
Benzonitrile - - 13.22 - -
o-Nitrobenzonitrile 11,78 12,78 - 13,42 -
m-Nitrobenzonitrile - 12.72 - - 13.63
p~-Nitrobenzonitrile 11.75 - - 13.38 -

The spectra of one synthetic mixture of the three
nltrobenzonitriles and of one sample of a nitrstion product
are reproduced in Figure 2 from the Perkin-Elmer spectro-
photometer tracinge. In reading the spectra for quantitative
comparisons the base line techniqu056 wag first tried but
abandoned in favor of a simpler method of compensating for
differences in background level of the different spectral
tracings. It wae found that the point in the absorption
spectrum corregponding to the counter marking 6.7, or a
frequency of 12,05 , was constant in all the tracings

made by means of the Perkin-Elmer spectrophotometer,

567, J. Heigel, M. F. Bell and J, U. White, Anal,
Chem., 19, 293 (1947).



Figure 2, Infrared egpectra from Perkin-Elmer traclngs
of synthetic mixture No. 5 and of the nitration
product from Run 6



56

e




57

Accordingly, this point was taken to represent 100% trans-
miseion and a correction factor applied to the whole curve
which would in effect raiee the transmiseion value a con-
stant amount at each point on the curve. In many of the
gpectra used in the quantitative work this correction factor
wag ae low as 17 but in one the factor was 8.5%, This
method of unifying the epectral tracings seeme to be Jjusti-
fied by the results obtalined in the callbration curves of
log (IO/I) ve. concentration for m-nitrobenzonitrile.,

Since the pointe obtsained at 11.2 and at 13.6 gave
very good stralght lines and the estimates of the m-nitro-
benzonitrile content in the unknown mixtures from both
calibration curves agree very well, thle method glves better
internal agreement than does the method of base line reading,
which, in effect, givee a different correction at different
frequencles. The fact that the values obtained with known
mixturee of the nitrobenzonitriles fall on the same lines
established by the pure m-nitrobengzonitrile samplee further
Justifies thie method for estimeting the amount of p-

nitrobenzonitrile in the unknowns.
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DISCUSSION

The difficulties encountered in attempting to nitrate
2, 5-dichlorobenzonitrile without hydrolysie led to the use
of perchloric acid and fuming nitric acid saes a nitrating
medium. Pearce and Nelson57 have shown that the water
sctivity in perchloric acid is very small and Robinson38
has mentioned the use by Miller of perchloric acid as &
solvent in nitrastion reactione., He dismisced the poselbility
with the remark that the process was too dangerous to have
any practical application. In this work mixtures of 70%
perchloric acld and fuming nitric acld have been used in
small scale nitration experiments at temperatures ae high
as 80° without any 111 effects., Under no conditions tried
could nitration of 2,5-dlchlorobenzonitrile be effected
without hydrolyeis of the nitrile group., Indicatlions were,
however, that hydrolysis of the nitrated compounds was more
rapld than hydrolysis of 2,5-dilchlorobenzonitrile, No 2,5-
dichlorobenzamide or 2, 5-dichlorobenzolc acild was ever
ieolated from a reaction mixture whereas 2, 5~-dlchloro-3-

nitrobenzolc ascid was isolated in very low ylelde from one

57J. N, Pearce and A. F. Neleon, J. &m, GChem, Soc,,

55, 3075 (1933).
58R. Robinson, J. Chem. Soc., 238 (1941).
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product. It was not possible under the conditions employed
to study the ortho to nare ratio in nitration of 2,5-
dichlorobenzonitrile, but the fact that 2,5-dichloro-6-
nitrobenzonitrile was easily isolated from the nitration
mixture points to considerable ortho dlrection by the
nitrile group in this compound. That a small gquantity of

2, 5-dichloro-3-nitrobenzoic acid 1g 1soclated 1g vprobably
due to a grester golublility of the acid compounds., The fact
that no 2,5-dichloro-4-nitrobenzonitrile or hydrolysie prod-
uct of thig compound wes 1solated may 1indicate that very
little wae formed or that what formed was hydrolysed and
egcaped detection.

Since the experimente in which perchloric aclid was
used looked most promieing, it wae chosen ae the golvent
in the nitration experimente with benzonitrile. ¥Freliminary
experiments showed that this compound ecould be nitrated
quantitatively without hydrolyeie of the nitrile group and
the problem became one of analyzing the product mixtures
for the three nitrobenzonitriles.

The infrared epectra of the three nitrobenzonitriles
were obtained by means of the Balrd Assoclates infreared
spectrophotometer Model 12 equivnped wilth sodium chloride
optics. The spectra of the o~ and p- nitrobenzonitrilee

show overlapplng absorption bands &t 11.75.¢c and 13.4<c,
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and that of m-nitrobenzonitrile shows & strong band at
13.8¢¢. Since the o~ and p-nitrobenzonitriles have two
absorption bande in common 1t might have been possible to
calculate the concentrations of both of thege compounds
from the abgorption maxims at the two wave lengths and
calibration curves for the two nitrobenzonitrliles. Since
m-nitrobenzonitrlile shows strong esbsorption bands at fre-
quencieg where neither o- nor p-nitrobenzonitrile abeorb,
the calculetion of the concentrstlon of the former in a
mixture would have been essy. It wee found, however, that
in & mixture of the nitrobenzonitriles the absorntion band
characteristic of o- and p-nitrobenzonitrile at 13.4ecc was
overshadowed by the strongz band of the mets isomsr at
13.8.c. The resolution of thege two bandes wae not posslble
with this instrument. |

The hydrogenation of the nitrobenzonitriles to amines
wag carrled out with the hope that in the spectra of the
amino compoundg the absorption maxime would be so shifted
that an infrared method of analysie could be employed.
Catalytic hydrogenation was chosen as the method of reduc-
tion because 1t requires the introduction of fewer chemicals
than would be the case with other methods and should lead
to a more earlly nurified onroduct. The reduction of the

nitrobenzonitriles to aminobenzonitriles has been carried
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out by means of stannous chloride and hydprochlorlc acid and
the three aminobenzonitriles have been well characterizedsg.
The hydrogenatione were carried out at room temperature
and atmoespheric preesure in asbsolute alcohol with a small
guantity of calclum carbonate added to neutrallze any acld
which might have been present on the castalyst. Under these
condltions m~ and n-nitrobenzonlitrile were hydrogenated to
the corresponding aminobenzonitriles, The isolated ylelde
of these producte were low but the reduction to these com-
poundes was unmistakable., In the case of g-nitrobenzonitrile,
however, quantitative ylelds of g-aminobenzamide, m.p. 109-
110%, were obtasined. Except for the addition of calcium
carbonate these conditions sre the same aes those rerorted
by Cook, Hellbron, Reed and Strachanao. They reported the
reduction of o-nitrobenzonitrile to o-azoxyphenyl cyanide,
m.p. 197-198°. The infrared spectrum of the product obtained
in the present research gave unmistakable evidence of the
presence of the amino and carbamlde groups., Furthermore

o-azoxyphenyl cysnide 1is reported to give the imide of

9. . Bogert and V. F, Hand, J, 4m, Chem, Soc,, 24,
1038 (1902). M. T, Bogert and H, T. Beans, J, Am, Chem,
Soc., 28, 469 (1904), M. T, Bogert and L., Kohnstamm, J.
im, Chem, Soec., 25, 481 (1903).

604, H, Cook, I. M. Heilbron, K. J. Reed and M. N.
Strachan, J, Chem, Soc., 861 (1945).
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o,0'-azoxybenzoic acid,

CsHﬁCO
ONé/// \\\NH
AN v ’

on heating with hydroechloric ascild, whereas the product
obtained in this work gave anthranlilic acid on elther acidic
or basic hydrolysis.

A poselble mechanism for this reductive hydrolysis of

o-nitrobenzonltrile 1is given below.

H
. C
C=N He C=N AN
Pt ? /0
NO N-OH
. H N
H

o

C'NHa : C-OH
<~

NHZ_ NHa

ZI
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The eriticsl point in this suggestion 1s the fact that
the intermediate can cyclize. The first and last are the
generally accepted steps in catalylic hydrogenation of an
aromatic nitro compound and an aromatic hydroxyl amine.

Analytical methods based on the reduction of the nitro-
groupe to amino groups in the product mixture have been
ocutlined above., The fallure of &1l of these methods must
be due to the large amount of m-nitrobenzonitrile in the
product eince the theoretically moet promising of them were
methode of determining g-nitrobenzonitrile. The fact that
the basicities of the three amino compounds obtalned from
the hydrogenation of the three nitrobenzonitriles were so
nearly the same could not have been predlcted but is not
surorising. The titration of a suspension of zine or copper
anthranilate 1n glaclal acetic acid with perchloric acid in
glaclal acetic should have been the titration of a strong
base, anthranilate anion, with a strong scid, perchloric
acld., By usge of a potentiometric titration method with a
glase indicator electrode it was expected that a sharp break
in the titration curve might mark the equivalence point of
the titration. No sharp bresk occurred durlng the titration
indicating that zlnc anthranilate, the chelate, ZnAng, 1s

very stable and the dissoclation constant, for 1t must be
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smaller than the ionization constant of anthranilic acid,
HAn, in thie mediun.

2

+ -
ZnAn, &5 In + 2An (1)

An” + HT /3 Hmn (2)

Since the zinc anthranilate was not soluble in the medium
when the titration was begun and only gradually dlssolved
during the course of the titration another medium might have
glven better results, It appears, however, that this titre-
tion fails to give & sharp break at the equivalence polnt
because the equilibrium in (1) i1s shifted to the right only
in the presence of a large excess of hydrogen lons.

A homogeneous potentiometric titration in glaclal
acetic acld of anthranilic acid with copper acetate gave
no better results. Thls titration was based on the

following reactions.
2HAn + Cu (02H302)2 ~——— Cusny + 2HC,HS0,
— -
Cubn, =5 Cu  + 2An (3)
Hin <—SH + an (&)

HOoH30, S5 H + CpH307~  (5)
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Since copper anthranillate is only very slishtly soluble
and stable the equilibrium in (3) should be dieplaced to
the left tying up the enthranilate ion, An~, from the equi-
l1ibrium (4). The acetate lon would combine with the hydro-
gen lons thus liberated. Excess copper acetate added after
the equivalence point had been reached might have lncreased
the pH sufflciently to cause a noticeable break in the
titration curve,

The attempte to determine o-nitrobenzonitrile from the
method depending on hydrogenation, hydrolysis, precipitation
with zinc, decomposition of the zinc snthranilate, and
titration of the anthranilic acld by the excess bromination
method falled at the hydrolyels and precipitation steps.

N Hp 8-N H. NaOH E’O NQ
H20 o
NO, e NH, Ha NHz
Zh+ +

:0
0

C-OH HC| co

A
N
>
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Q
C-OH Br Br

+3Brp, ——> + 3 HBr+ -+ COZ
NH, NH,

Br

That 4t wae not the hydrogenation etep that falled to be
quantitative was shown by the quantitative ylelds of o-
aminobenzamide obtained from thie step alone. The pre-
eipltation of zinc anthranilate from the slightly acidified
hydrolysies mixture could not be accomplished without the
accompanying precipitation of eilicic aecld gel, Filtration
of this mixture was slow and difficult. When the precipl-
tate was treated with excess dilute hydrochloric acid to
decoﬁpose the zinc anthranilate and dissoclve out the an-~
thranilic acid for the titration etep, in no experiment wase
1t certaln that all the anthranllic acid had been extracted
from the gel, When this step of the procedure was carried
out on the hydrolysis product obtalned from the sequence
beginning with a mixture of nitrobenzonitriles, the pre-
cipitated eilicic acid gel could have adsorbed and carried
down the aromatic compounde resulting from the hydrogenation
of the m- and p-nitrobenzonitriles. If these compounds were

taken up with the anthranilic acld by the extracting acid
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solution, they would have interfered with the bromination
titration, If all the anthranilic acid and none of the other
poesible aromatic compounds were extracted the resulte would
have been correct, Since erratic resulte were obtained it
must be that in eome experimente not all the anthranilic
acld was extracted whereas In others some of the other aro-
matle compounds must have been carried down and extracted

by the hydrochloric acid, When aclid hydrolysls of the
hydrogenstion product wae tried, the results were go low
that 1t could only be concluded that hydrolyeis was
incomplete.

When 1t wae certain that this sequence of reactions
would not lead to an accurate determination of the o-
nitrobenzonitrile in the reaction mixture, the infrared
method of analyele was again tried. At this time a Perkin-
Elmer Model 13 instrument was aveilable and the resolution
of this instrument wse shown to be far superior to that cf
the Baird Assoclates lnstrument used earlier, Since the
spectra of o-nitrobenzonitrile and p-nitrobenzonitrlle show
sbsorptlon at two common frequencles but neilther shows an
1so0lated abesorption band characteristic of 1t alone, it was
necessary to calscalate ortho to paras ratio from absorption
at these two frequencies. The superlority of the Perkin-

Elmer instrument was shown by its sbilllity to separate the
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746 em.~l, 13.4<¢, sbsorption band characteristic of the o-
and p-nitrobenzonitriles from the stronger sabsorption band
at 735 cm.~1, 13,6.«, characteristic of m-nitrobenzonitrile.
Attempts were made to work out calibration ocurves for
the o- and p-nitrobenzonitriles using absorption at 13.4cc
and 1ll.7¢c so that by a method of simultaneous equations
the amounts of o- and p-nitrobenzonitrile in a synthetle
mixture could be calculated accurately. The calibration
curvee obtained by plotting log (I,/I) at a given frequency
agalnst concentration of either o- or p-nitrobenzonitrile
obtained from spectra of solutions of pure samples of these
compounds run in carbon disulfide solution showed only a
fair linear relationship. ©Slopee of the best straight lines
drawn through these points were obtained. At 13.4.cc slopes
for the o~ and p-nitrobenzonitrile curves were 1.6 x 10-2
and 0,28 x 10~%, respectively. At 11.7 .c the correeponding
values for o- and p-nitrobenzonitrile were 0,55 x 10.2 and
1.7 x 10'2, respectively. From these valuees 1t ls seen
that in a mixture absorption at 13.4<< would be due more
to the ortho lsomer whereas absorption at 11l.7 cc would be
due more to the para iesomer. Using these values of the
slopes of the callibration curvesg, equations were set up
and tested by substituting the values of log (I_/I) from

the spectra of synthetic mixtures. The amounts of the
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o- and p-nitrobenzonitriles calculated in this wsy never
agresd with the amounts present in the mixture, It could
only be concluded thet sbsorption by the two compounds &t
the two frequencles were not additive and that, while fair
linearity was obtained in the cslibration curves, the solu-
tions did not follow Beer's law accurately.

Since the absorption at the two frequenclees was due,
neverthelees, to the o- and p-nitrobenzonitriles present in
the mixture, the ratio of the I;/I values at the two-fre-
quenciee should be proportionel to the ortho to para ratio.

A series of synthetic mixtures similsr to the mixturee
of nitrobenzonitriles obtained in the nitratlion experimentes
were prepared and their spectrs run. The IO/I values were
caloulated at the pertinent frequenciee, The dats for these
mixtures are glven in Table 5 in which D = I,/I at the
rréquency indicated.

The amount of m~nitrobenzonitrile in the product mix-
tures was determined from the log D vs. concentrstion
callbration curves st both 13.8.<c and 1l,2«c shown 1n Figure
3. Included in this figure are data obtained from the pure
gamples of m-nitrobenzonitrile shown in Table 6 ae well as
data from the synthetic mixtures. The concentration and
percentage of m-nitrobenzonitrile in nitration producte

estimated from both celibration curves and the calculated



Table 5.

Synthetic mixtures of nitrobenzonitriles

No. W¥t, Wt. of Isomers % of Ieomers o/p pe Dya.4
ng. Bg. ° m D 13.bcc 11.7.cc 13.6.¢¢ 11,222 D11, 7
L B 2
1 73.8 10.4 60.5 2.9 14.1 82.0 3.9 3.59 1.51 1.31 --P --P 1,153
2 39.0 8.0 28.6 2.4 20.5 73.4 6.16 3.33 1l.39 1l.28 2.04 1.37 1.085
3 33.6 7.9 22.8 2.9 23.5 67.9 8.64 2,72 1.40 1,34 1.82 1.31 1.045
L 51.4 7.9 4Lo.5 3.0 15.4 78.9 5.85 2.83 1.39 1.34 2.38 1.47 1.037
5 45.9 7.3 36.5 2.1 15.9 79.6 4.58 3.48 1.33 1.25 2.50 1.51 1.064
6 37.9 11.5 23.5 2.9 30.4 62.0 7.65 3.97 1.52 1.33 1.82 1.30 1.143
7 4e.,7 9.7 28.5 8.5 20.7 61.0 18.3 1.14 1.46 l.61 2.01 1.36 0.906
8p - Io/I at the wave length given.
PA11 of the mete lsomer was not in solution.
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Figure 3. Calibration curves for g-nitrobenzonitrile
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Table 6, Pure samples of m-nitrobenzonitrile

Sample Concentration p#
mg./10 ml. 11.2 2 13.6.cc
1l 26,4 1.34 1.86
2 40,8 1.56 2.52
3 19.0 1.24 1,58
4 32.1 l.h5s 2,24

8D = I,/I at the wave length given.

averages are shown in Table 5. The close agreement of
values estimated from the two calibﬁation curves Jjustifies
the method employed for unifying the spectra.

Figure 4 gives the plot of the ortho to para ratio vs,
D13_4/D11.7. On this graph are included the values obtained
for the synthetic mixtures shown in Table 5 and the values
estimated for the nitration products. The spread shown by
the polnts from which this curve is drawn up gives a meagure
of the accuracy of the method. At higher values of the
ortho to para ratio the roints sre more wideepread but &
change in the ortho to para ratio, here, of £0,18 units corre-

sponds roughly to a change in Dy3 4/Dj3,7 of 10,017 unite, The
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accuracy with which the spectra cen be read is about 0,01
unite in the ratio. Theese estimates show that while the
points appear widespread, the elgnificance of the spread
is emall.

Table 7 glves the data obtained for the product mix-
tures from the quantitstive nitration of benzonitrile, The
estimated values of the percent m-nitrobenzonitrile and of
the ratio of o-nitrobenzonitrile to p-nitrobenzonitrile are
included.

The percent m-nitrobenzonitrlle in all the samples
lies between 72% and 82%, It is probable that the higher
percentagee are the more accurate and that lower percentages
of m-nitrobenzonitrile obtalned in some runs were caueed by
formation of gilde products., There 1s no significant change
in the percent m-nitrobenzonitrile obtained with change in
temperature. The lowest value obtained is that for the
product of Run 7 which was kept at 35° for eight hours
during the nitration. The low value obtained here may be
due to further reaction of the m-nitrobenzonitrile during
the longer resction time, The low values obtalned in Runs
5 and 6 may also be attributed to this cause except that
Run 1, at 25°, was kept at this temperature for eight hours
and still givee the largest value for the percent m-

nitrovenzonitrile,



Table 7 .

Analysls of products of nitration of benzonitrile

Run Sample p® Dy3,4 9/p Estimate of meta Isomer
We;g?t 11.7<¢ 13.,4cc 13,642 11.2¢< D37 13.6cc1l.2 << 3;. %
1 43,9 1,16 1.29 2.45 1,50  1.112 3.65 36.0 36.1 36.0 82.0
2 47.5 1.22 1.3 2.58 1.53 1.115 3.66 38.2 38.0 38.1 80,2
3 47.2  1.26 1.35 2.55 1.52  1.071 3.32 37.7 37.7 37:7 79.9
b 39.1  1.19 1.29 2.20 1.43 1,084 3.48 31.8 32,0 31.9 8l.6
5 47.7 1.22 1.33 2.40 1.48 1.090 3.52 35.2 35.0 35.1 73.6
6 47.5 1.2 1.36 2.47 1.50  1.097 3.56 36.5 36.3 36.4 76.6
7 he. b 1.20 1,30 2.25 1.46 1.083 3.46 32.7 34.0 33.4 72.0
8 47.5 1l.22 1.37 2,53 1.52  1.123 3.70 37.4 37,5 37.4 78,7
9 48,0 1.22 1.37 2.48 1,51  1.123 3.70 36.8 37.0 36.9 76.9
8D = 1I,/I at the wave length given.

§
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Runs 5 and 6, and 8 and 9, were duplicating rune, A
compsrison of the results from them should give a measure
of the precision of the method. For Runs 5 and 6 the aversge
percent m-nitrobenzonitrile is 75.1%; the deviation from the
average in these runs 1s 2,0%., In the case of Runs 8 and 9
the average percent m-nitrobenzonitrile 1s 77.8% and the
deviation from thie average is 1.2%. Since the deviation
in the results 1e greater for the runs of longer reaction
time, it 1s concluded that the low values obtained for the
percent m-nitrobenzonitrile in these rune are due to side
reactions and not to a variation in the activation energies
for attack at the different nuclear positions,

From the dats obtained it 1s not possgible to cslculate
the percentage of o- and p-nitrcbenzonitrile accurately,
If it is sssumed that nitrstion 1e complete, and, that no
slde products are obtalned, then the sum of the o- and p-
nitrobenzonitriles obtained must be the difference between
the gample welght and the estimated amount of m-nitrobenzo-
nitrile, This assumption seems Justified in the cases where
the percent m-nitrobenzonitrile is 78% to 82%. For Run 1,
the sum of the o- and p-nitrobenzonltriles thus calculated
ig 7.9 mg. From thls and the egtimated ortho to para ratio
of 3,65, the percent of g- and p-nitrobenzonlitrile are

caleculated to be 14% and 4%, respectively. When a similar
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calculation 1s made using the average value for the amount
of m-nitrobenzonitrile estimoted and the average value of
the sample weighte from Runs 8 and 9, 17.4% o-nitrotenzo-
nitrile and 4.8% p-nitrobenzonitrile are estimated. Similar
calculations for the other reaction products give values in
the same reange.

From the dats obtained it 1is clear that the ortho to
peara ratios from all of the nitration experiments 1ls grester
than two. In no synthetic mixture in which the ortho to
para retio was less than two did the ratio of D13.4 to D11.7
rise above 1,04, The data from one such synthetic mixture
ere included in Table 5.

Since there are two ortho poeltione and only one para
position avallable for substitution, the ortho to para ratio
would be two if there were no dircctionel influencee present.
It 1s certaln therefore that there ls present in benzonitrile
some influence which enhances ortho substitution,

The suggested explanation of Hammond, Modlc and Hedge835
of the enhsnced ortho substitution in compounds containing
nonlineszr unestursted substituent group does not apply in
this caee, ©Since the nitrile group 18 linear, 1t could not
exert an attraction for the ortho hydrogen or the enterlng
electrophile in the same way vroposed for the nitro group.

The fact that the ortho to pare ratio obtzined for nitration
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of benzonitrile 1g so high casts doubt on this explanation
of the high ortho to rara ratio obtalned in nitration of
the dichloronitrobenzene studied35. These experiments chow
that the influence of the nitro and nitrile grours is sub-
stantlially the same and that the ortho effect observed in
both benzonitrlile end nitrobenzene must be due more to
electronic than to steric influences of the substlituent
groups.

In spplying the molecular orbitel method to the prob-
lem of aromatic substitution Wheland3® has considered the
structure of type A as contributing to the activated com-
plex to o grester extent than other structures that can

be wrlitten.

H

In this structure the attacking group R' 1s covalently
bound to the rinc carbon atom and z represents a positive
charge and an assoclated open sextet of electrons if the
aettacking reagent, R', 1eg electrophillc or & negative

cherge and an assoclated unshared palr of electrons if the
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reasgent 1ls nucleophilic, With thls model for the sctivated
complex the problem is essentially to determine the amount
of energy that must be supplied in order to provide at the
peint of atteck an unshared pair of electrons or an open
eextet depending on whether the attacking reagent is electro-
philic or nucleophilic. In setting up the problem for the
cage of a substituted benzene all the trigonal stome are
taken into account. In setting up the secular equation by
which the energles of the molecular orbitsls can be calcu-
lated, it ie necessary to take into account the difference
in electron affinities of the atoms when the substituent
group contains a hetero atom, ae in nitrobenzene, or when
the ring 18 heterocyclic, as in the case of pyridine, A
constant paremeter, § , 1s introduced to account for this
difference in electronegativity., In the case of the sub-
stituent which contains hetero atome with 1T -electrons to
contribute to the whole, at least one of the resonsnce
integrals and et least one of the overlap integrals must
be coneldered to have values different from those in un-
subetituted benzene, Wheland ehows that these can be
combined and introduces & parameter, € , to account for
thegse differences. By proper assignment of values to the
parameters & and € he has been able to set up and solve

secular equations for a number of substituted benzene
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compounds in Buch & way as to account for the observed
orientation as ortho and para or mets to the substituent
group in the cese of electrophilic or nucleophlllc attack.
Dewar37 has extended Wheland's method and, by adding
another parameter to account for the change in electron
affinity of the ocarbon atoms in the ring due to the induc-
tive effect of the substituent group, has been able to
account for observed ortho to para ratios obtained in sub-
stltution resctions for many subsetituted benzene compounds.
He assumes that this change in electron affinity due to
induction should dle out slong the chsin and introducees &
congtant parameter € to account for this effect. Thus the
electron affinity of G, the carbon atom in the ring to
which the substituent group ie attached, ie &% , that of
the ortho cerbons, 825 , etc, In his calculatione he
assigne & the value one third and allowe & to vary from
-1 to 3. He 1eg thue able to calculate activation energies
Tor substitution at the ortho, para, or meta poeitions as
functions of § . By taking appropriate values of § his
calculated results are brought into close agreement wlith
experiment. According to these calculations for a
-E (classical meta-directing) subetituent the percent
meta derivative should alweys be much larger than the

percent ortho and para. The ortho to para ratio for
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“normal" values of § should be greater than two and that
the ortho to para ratio should fall below two only for large
values of § . This means that para substitution 1s elec-
tronicaelly enhanced only 1f the substituent group 1is very
electronegative as compared to carbon. Dewar clites asg
examples results obtained on nitration of ethyl benzoate,
benzolic acid, and nitrobenzene in which the observed ortho
to para ratios are 2.0, 3.8, and 13.5, respectively when
corrected for the stetlistical effect. Values of § greater
than two are consldered improbeble from dipole moment data
and it ig Just et © Z 2 that Dewar's calculations predilct
a poegible low ortho to pare ratio for the -E substituents.
The data reported in this work on the ortho to para ratio
obtained from the nitrstion of benzonitrile 1s similar to
that clted by Dewar for benzolc acid. Since the steric
requirements of these two groups are qulte different it 1is
difficult to underetand hovw any steric influence can be
devised to explain the effect of both groupe. Whereas the
nonlinear bulk of the carboxyl group might be considered
to hinder approach of an attacking group and therefore,
without consideration of the electronic effects decrease
ortho eubatitution no similer argument could be applied to
the linear nitrile group. On the other hand, 1if ortho

substitution 1s consldered to be enhanced by the nonlinear
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carboxyl group due to its attraction for the hyérogen and
the entering nitronium lon, this argument cannot be applied
to the nitrile case in order to explain the high ortho to
para ratio observed. It appears, then, that the influence
is chiefly an electronic one and that Dewar's calculetions
are borne out by these experimental results.

Brown38 hee calculated the atomic locallization energles
in substituted benzene compounds in which the substituent
is a conjugated hydrocarbon system, Under these circum-
stances there is no difficulty in assigning values of & for
differences in electron affinitles but the JT-electrons of
the substituent group contribute to the electronic plicture
of the whole molecule, He has shown that in styrene and
l-phenyl butadiene ae well as in biphenyl ortho substitu-
tion should be predominant over pera, That this is not
observed in the case of biphenyl hees long been attributed
to steric factors. Brown concluded that for any conjugated
hydrocarbon system &g substituent the molecular orbital
aprroximation will mscribe a greater electronic reactivity
to the ortho position than to the para position in the
bengzene ring.

Thege calculations and predictlons geem to be borne
out by the results of the present work., The difference in

-electronegativity of nitrogen and carbon 1s certainly less
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then that of carbon end oxygen. In Dewar's calculations,
then, the nitrile group would probably be assigned & smaller
value of § than 1s assigned to the nitro group and therefore
the predicfed ortho to para retlio for benzonitrile would be
lese than that predicted for nitrobenzene, The experimental
results indicate that these predictione would be correct,

The crux of the simplified M O treatment 1e to indicate
that the normal interaction of the unsaturated substituent
with the ring 1is better preserved in the transition state
for ortho attack than 1s the case in the transition state
for para attack, It is furthermore polnted out that the
consequent preference for ortho attack can be outwelghed Af
the inductive effect of the substituent lowers the electron
affinity of the ortho carbon atome by a sufficlently large
amount,

These results are in effect very much in agreement with
Eranch and Calvin's interpretation based on modiflied reso-

nance theoryel. From consideration of such structures as

/ [ {
R R R
H D H H N
© ©
-c N-C= N=C= ®

@ ' ® ©

61@. E. K. Branch and M, Calvin, "The Theory of Organic
Chemistry", Prentice-Hall, Inc., New York, N. Y., 1941, p. 477.
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for the traneition state for ortho substitution of R' in

benzonitrile and

® @

zO

©
N=C=

il ¢

? @ @

for the transitlion state in para substitution the conclusion
would be drawn that ortho substitutlon was favored due to
the fact that three structures of this type can be drawn for
the transition state and that one of these shows & greater
geparation of charge than either of the two structures drawn
for para substitution. In eplte of the weaknees of this
argument due to the neglect of interaction of the w -
electrons, the conclusions are supported by the experimental
resgults, The simplified molecular orbltsl approach ls more
sophisticated and does give numerical results which agree
with experiment but the assignment of values of the necessary
parameters must be carefully done in such a way that vue
mistakes of the earlier theories are not incorporated into
the calculationes, A neglect of electron 1nteractioﬁ in the
calculetione invelved in the M O treatment can be glossed
over by vroper asslgnment of parametere but a real under-

standing of the problem 1s not galned A1f this assignment
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is done arbitrarily in such a way es to bring the results
into agreement with exneriment without due regard to the

inmplicatlions made,
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SUMMARY

By means of an infrsred method of analysis the ratlo
of ortho to para substitution occurring in the nitration of
benzonitrile has been determined, The results show that
the ortho to para retio obtained ie greater than two end
for the cases studied the range ie 3.3 to 3.7. No eigniri-
cant change in the ortho to para ratio due to change of
resction temperature was observed, It is concluded that
the nitrile group like the nitro and carboxyl groups 1is
meta-ortho directing and that the ortho direction is due to
the electronic influences rather than to steric influences
of the latter groups.

It was not poseible to determine the isomer ratio ob-
tained in the nitraetion of 2,5-dlchlorobenzonitrile because
no conditlons in which hydrolyeis of the nitrile group did
not occur could be found. 2,5-Dichloro-4-nitrobenzonitrile
and 2,5-dichloro-6-nitrobenzonitrile were prepared and their
infrered spectra determined.

Unsuccessful methods of determining the amount of o-
nitrobenzonitirile in the nitration product of benzonitrile
led to a study of the catalytic hydrogenation of the three
nitrobenzonitriles. It was shown that m~ and p-nltrobenzo-

nitrile were reduced to the corresponding m- and p-amino-
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benzonitriles under these conditions but that o-nitrobenzo-
nitrile was reduced and hydrolyzed in gquantitetive ylelds
to o-aminobenzamide. A possible mechenlsm for this reaction

is given,



88

ACKNOWLEDGEMENTS

The author wishee to express her sincere appreociation
to Profeesor George S, Hammond for his helpful discussions
and advice through all the phases of this work,

Appreclation and thanks are expressed to the Atomic
Energy Commission for uee of the infrared spectrophotometers
and to Rlchard Hedgee for his help in obtaining and studying
and the infrered spectra, Thanke are also expressed to

Robert McCord who ran meny of the infrared spectira.



	1955
	Orientation in nitration of aromatic nitriles
	Katharine Janvier Douglas
	Recommended Citation


	 

