
ORIENTATION IN NITRATION OF 

AROMATIC NITRILES 

I 1 ' / by 

Katharine Janvier Douglas 

A Diseertation Submitted to the 

Graduate Faculty in Partial Fulfillment of 

The Requiremente for the Degree of 

DOCTOR OF PHILOSOPHY 

Major Subject: Phyeioal-Organlc Chemistry 

Approved; 

Major Work 

Head 6t MiQor Department 

Dearvof Graduate College 

Iowa State College 

1955 

Signature was redacted for privacy.

Signature was redacted for privacy.

Signature was redacted for privacy.



UMI Number: DP12674 

INFORMATION TO USERS 

The quality of this reproduction is dependent upon the quality of the copy 

submitted. Broken or indistinct print, colored or poor quality illustrations and 

photographs, print bleed-through, substandard margins, and improper 

alignment can adversely affect reproduction. 

In the unlikely event that the author did not send a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion. 

UMI 
UMI Microform DP12674 

Copyright 2005 by ProQuest Information and Learning Company. 

All rights reserved. This microform edition is protected against 

unauthorized copying under Title 17, United States Code. 

ProQuest Information and Learning Company 
300 North Zeeb Road 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346 



aD34|.\^7 
7 A / ^ 

L; bv 
I 

Cr-. \ 

A 
vV 

11 

TABLE OF CONTENTS 

Page 

INTRODUCTION 1 

HISTORICAL REVIEW 5 

The MeohanlBm of Aromatic Nitration 5 
Orientation in Aromatic Subetitutlon 13 
The Ratio of Ortho- to Para-Substitution 16 

EXPERIMENTAL 23 

Materials 23 
Nitration Experimente with 2, S-DlcW-orobenzo-
nitrile 28 

Ifydrolyeie Studies 31 
Nitration of Benzonitrile with Fuming Nitric 
Acid 33 

Nitration of Benzonitrile in Sulfuric Acid or 
Perchloric Acid 38 

%drogenation Experimente 39 
Non-Aqueous Titrations of Hydrogenation Products ^5 
Metal Compounds of the hydrogenation Products 47 
Attempted Potentlometrlc Titrations of the 
Metal Anthranilates 48 

Attempted Determination of o-Nltrobenzonitrile 
as the Zinc Anthranilate " 48 

Ultraviolet Absorption Spectra 50 
Infrared Absorption Spectra 51 

DISCUSSION 58 

SUMMARY 86 

ACKNOWLEDOEMENTS 88 

-rwTA-q: ̂ 



1 

INTRODUCTION 

Reactions involving subetitution in the benzene ring 

have long been of particular interest to the organic chemist. 

It %7aB early recognized that the position taken by an in

coming group was directly dependent on the nature of the 

substituent already in the ring. Thus the different sub-

etituent groups were divided into ortho- and para- or meta-

directing groups depending on whether they caused further 

substitution to occur in the ortho and para or in the meta 

position. 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 their 

directing influence. As the listed groups increased and 

the electronic interpretations of organic chemistry began 

to take shape, it was pointed out that the ortho- and para-

directing groups were electron repelling groups and that 

they activated the ring; that is, they increased the ease 

of entrance of the incoming group. The meta-directing 

groups, on the other hand, were classified as electron 

withdrawing or attracting groups and deactivating groups 

for they were found to render the substitution of the 

incoming group more difficult. 
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The traditional Bubetltutlon reactions all involve the 

entrance into the ring of an eleotrophilic group. In some 

oaees this group hae been shown to be actually a positive 

ion. Thus if the group already present could increase the 

electron density of the ring further substitution would be 

made easier and the ring would be "activated". Likewise 

any group that tended to decrease the electron density of 

the ring would cause "deactivation" of the ring. In this 

type of classification little attention was paid to other 

than electronic factors and steric factors were largely 

neglected. 

In a consideration of the ratio of ortho- to para-sub-

stitution both in the reactions of ortho- and para-directing 

compounds and of predominantly meta-directing compounds the 

finer points of influence must be considered. The steric 

effects as well as electronic effects raust be considered and 

the nature of the incoming group can no longer be neglected. 

The most widely studied of the aromatic substitution 

reactions and that one most frequently employed in investi

gating isomer ratios obtained in substitution reactions is 

the nitration reaction. This reaction is particularly ii^ell 

suited to these studies for it is an irreversible reaction 

and, even under widely different conditions, can be made to 

give mono-substitution only. 
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fhe present Inveetlgatlon was undertaken In order to 

obtain data which would help clarify the general problem of 

the ortho to para-ratlo obtained in the nitration of com

pounds containing a meta-directlng group. Many of the meta-

directlng groups have been found to be to some extent 

ortho-directore. Theee groups are the non-linear, unsaturated 

groups such ae -NO2, -COgH, -CO2R, -COR and -SO^jH. Only one 

experiment has been reported in which an attempt was made 

to determine the Isomer ratio of nltrobenzonltriles obtained 

on the mono-nitration of benzonitrile. Because of the dif

ference in geometry and eteric requirements of the nltrile 

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 aromatic nitrllee. This has been 

done in the caee of benzonitrile. The isomer ratio has been 

obtained by an infrared analytical method. 

It was alpo desired to obtain similar data from the 

mono-nitration of 2,5-dichlorobenzonltrlle so that the 

results 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-

nltrobenzonltrile. Qualitative evidence that was obtained 



implied that thie nitration would give results eiinller to 

those obtained from the nitration of bcnzonitrile and the 

leomer ratio, while not bein© quantitatively the same, would 

follow the trend established by benzonltrile. 



HISTORIC/iL REVIEW 

The Mechanism of Aromatic Nitration 

There has been much speculation concerning the mechan

ism of aromatic nitration. For a long time the most widely 

accepted theory wae the "addition-elimination" theory, 

according: to vhich the elements of nitric acid were added 

acrosB a double bond of the Kekule structure and then the 

elements of water were eliminated^. Nitration ie now be

lieved to be an electrophilic dieplacement reaction and it 

h&e recently been shown that in moet caeee the nitrating 

agent is the nitronium ion, 

That the nitronium ion was actually the attacking spe-

clee was first suggeeted by Euler^. It wee not until rela

tively recently, however, that the existence of thie species 

was actually demonstrated. The presence of the nitronium 

ion in solutions identical or very eimilar to those used in 

aromatic nitration has now been proved in four ways which 

are not dependent on the nitration reaction. The existence 

^For a review of this and the more modern theory see 
R. J. G-illespie and D. J. Mlllen, Quart. Rev., g, 277 (19^8). 

Euler, Ann.. 330. 280 ( I903) ;  Z. angew. Chem.. 35. 
580 (1922) .  
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of thig species hae greatly clarified the mechaniem of the 

nitration reaction. 

The first type of evidence ie obtained from cryoscopic 

3 
meaeurementB. Hantzech was a pioneer in thie field and 

found the value of the Van't Koff i factor to be three for 

solutione of nitric acid in sulfuric acid. By meane of 

lmt)roved cryoscopic techniques it has been found that the 

depression of the freezing point is not three times but 

four times that of an ideal solute^. From this information 

it is concluded that nitric acid ionizes in sulfuric acid 

in accordance with the following equation: 

HNO^ + 2H^S0j^ ^ 2HS0^~ . 

In no other way could a four-fold depression of the freezing 

point of sulfuric acid be produced, Cryoscopic work with 

oxides of nitrogen in sulfuric acid has shown that these 

solutes give six-fold depressions of the freezing point^ and 

^A. Hantzsoh, Z. physik. Cfaem.. 65. ̂ 1 (1908). 

^R. J, GilleBpie, J, Graham, E. D. Hughes, C. K. Ingold, 
and E. R. A. Peeling, Nature. 158. 480 (19^6). 

5r. J, Gillespie, J. G-rahara, E. D. Hughes, C. K. Ingold, 
and E. R. A. Peeling, J. Chem. Soc.. 250^ (l950). 
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has led to the eonclueion that these oxides are quantita

tively converted into nitronium and nitroeonium ions: 

NgO^ +  3H2SO4 2N02'^  +  H30"^ +  3HSO4-

+ 3H2SO4 >N02'^ + N0"^+ + 3H804~ 

N2O3 + 3H2SO4 >2N0"^-f H30"^ + 3HSO4- . 

The second type of evidence for the existence of the 

nitroniuffl ion is the identification of this ion by spectro

scopic means , Medard® observed two frequencies, 1400 and 

1050 cm."'^, in the Raman spectra of certain mixturee con

taining nitric acid. Chedin^ investigated these two fre

quencies extensively and concluded that they were due to 

dinitrogen pentoxide in a special form. More recent spectro

scopic work has shown that only the 1^00 cm,"^ frequency 

could be attributed to the nitronium ion, and that the 

1050 cffi,"^ frequency was due to other species present In 

8 
the solutions. The presence of this frequency then gave a 

®L, Medard, Compt. rend.. 199. 1615 (193^). 

^J. Chedin, Gompt. rend.. 2^, 1397 (1935); 201, 552, 
714 (1935); 220, 10677193617 203. 772, 1509^936); 
Ann, chim.. 17^243 (1937). 

®G, K. Ingold, D. J. Millen, and H. G. Poole, Jj, Chem. 
Soc.. 2576 (1950). 
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basis for the detection and eetimation of the nltronluo ion. 

Thus the ionization of nitric acid and of the oxides of 

9 
nitrogen in sulfuric acid as shown above has been confirmed . 

8 
Ingold, Mlllen, and Poole observed In the Raman spectra of 

solutions of nitric acid in perchloric acid every spectral 

frequency vhich could be expected from the ionization of 

nitric acid according to the equation 

HNO3 1- 2HC10i^ ^ N02'^ H30"^ -V 2CIO4- . 

Halberetadt, Hughep, and Ingold^®, however, obtained no 

evidence of the nitronlum 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 

nitronlum ion is that given by the preparation, and spectro-

1 1 scoplc study, of crystalline nitronlum salts . Hantzsch 

first showed that nitric and perchloric acids interact to 

12 form solid salt-like compounds. It has been shown that 

^D. J. Mlllen, J. Chem. Soc.. 2600 (1950). 

S, Halberetadt, E. D. Hughes, and C. K. Ingold, 
J. Chem. Soc.. 2441 (1950) .  

Hantzsch, Ber.. 68. 958 (1925). 

R. &oddard, E. D. Hughes, and C, K. Ingold, Nature. 
158. 480 (1946); J. Chem. Soc.. 2559 (1950). 
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these solids are really mixtures of nitronlum and hydroxonlum 

perchlorates (N02)^{C104)~ and (H30)^(C101|.)"*. Other pur© 

nltronlum salts have been prepared and have been shovn to 

be lonlcj the Raman spectra of the crystals consist simply 

of the superposed, known spectra of the Ions Involved^^, 

Glllesple^^ In a cryoscoplc study of nltronlum and 

ammonluffl perchlorates In sulfuric acid found that the de

pression of the freealng point was three, rather than tw, 

times that of an ideal solute. Re also observed that dilute 

solutions of either salt fumed In ordinary air even if the 

sulfuric acid had been pre-treated with about five hundredth 

molar of '^^ater, and from these data he concluded that the 

perchlorate ion is converted into perchloric acid by the 

sulfuric acid. 

The fourth type of evidence for the existence of the 

nltronlum ion has been obtained through the X-ray analysis 

of certain nltronlum salts. Both nltronlum perchlorate^^ 

and nltronlum nitrate^® have been examined and the Ionic 

constitutions have been verified, 

J. Mlllen, J. Chem. Soc,. 2606 (1950). 

J, Gillespie, J. Chem. Soc.. 2537 (1950). 

&. Cox, G. A. Jeffrey, and M, R, Truter, Hature. 
162. 259 (1948). 

E. Grison, K, Ericks, and J, L, de Vriee, Acta 
Cryst.. J, 290 (1950). 
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The fact that the nitronluni ion does exist in such 

Bolutione as are used in nitration reactions makes it easier 

to interpret nitration rate data« In the nitration of suf

ficiently reactive aromatic compounds in organic solvents 

>rith a constant exceee of nitric acid the nitration rate ie 

found to be independent of the concentration of the aromatic 

compound. Thus the rate measured must be that of formation 

of some species which is consumed rapidly and the species 

being formed must indeed be the nitronium ion^'', 

fhe rate of nitration of less reactive aromatic com

pounds is found to be dependent on the concentration of the 

aromatic compound; that ie, these reactions are first order 

with respect to the aromatic substrate. In a study of the 

nitration of arylalkaneeulfonic acids Halberetadt, Hughes, 

and Ingold^*^ found that the observed first-order rate law 

could be explained in either of two ways; nitration by the 

nitracidium ion, or by formation of the nitronium ion in a 

very small equilibrium concentration followed by a slow 

reaction between it and the aromatic compound. The kinetic 

evidence did not allow differentiation between these two 

mechanisms but it did exclude the possibility of nitration 

^C. K, Ingold, "Structure and Mechanism in Organic 
Chemistry", Cornell University Press, Ithaca, N. Y,, 1953i 
p. 276. 
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by the nitric acid molecule. In a more recent study Bunton 

and Halevi^® compared the rates of oxygen exchange in 

aqueous nitric acid solutions with rates of nitration of 

aromatic compounds in these solutions, They considered 

the following equations for nitration and oxygen exchange 

based on the nitronium ion; the asterisk indicates the 

presence of radioactive oxygen. 

NOg^ + HgO 

Nitration + RH RNOg H 

Oxygen-exchange N02^ + HgO* <—- HgNO^*"^ 

4- HNO|^ 

According to these equations the rate of oxygen exchange is 

the rate of formation, or destruction, of the nitronium ion, 

and as, in a given medium, the concentration of nitronium 

ion ie very small (kinetic "steady state"), these rates are 

equal. The rate of oxygen exchange should therefore give 

a limiting value for the rate of nitration via the nitronium 

A, Bunton and E. A. Halevi, Jjj. Chem. Soc.. 4917 
(1952). 
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Ion, ae this rate cannot "be greater than the rate of forma

tion of the nitronium ion. Experimentally the rates of 

nitration are always lower than the rates of oxygen exchange 

although they ap^^roach this figure for reactive aromatic 

compounds which eitow approximately zero-order kinetice. It 

is concluded, therefore, that both nitration and oxygen 

exchange involve the formation and destruction of the 

nitronium ion. The change in kinetic order from first 

toward zero with increasing aromatic reactivity which was 

observed in aqueous nitric acid wae also found in nitrations 

in aqueous perchloric acid-nitric acid solutions. It was 

not possible, because of the presence of the perchloric acid, 

to study the rate of oxygen exchange in these solutions but 

this change in kinetic form suggests that the nitronium ion 

is the nitrating agent in these solutions, 

fwo theories explaining the mechanism of attack by the 

nitronium ion in aromatic nitration reactions hs,ve been con

sidered. fhe first is a termolecular, or single stage, 

introduction of the nitronium ion and eimultaneous trans

ference of the proton to an external base. The other is a 

two Btage reaction in which the attsck by the nitronium ion 

is the slow step and this is followed by a rapid removal of 
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the proton. It hae been shown by Melander^^ that the second 

Ig the more correct interpretation because the removal of 

the proton Is not involved In the rate-controlling step. 

He nitrated aromatic compounde containing tritium in one of 

two or more otherwise equivalent poeitione and found that 

there was no selection of protium rather than tritium for 
OA 

dleplacement by the entering nitro group. Lauer and Noland'^^ 

have extended this work to Include the nitration of mono-

deuterobenzene. Their work has confirmed Melander'e con-

clusione that the loes of proton in the nitration reaction 

does not occur in the rate-determining step. 

Orientation in Aromatic Substitution 

Early in the study of aromatic substitution reactions 

it was recognized that the position on the aromatic ring 

taken by the incoming group was determined by the substltuent 

already present. The fact that a particular eubetltuent 

directed the incoming group to a particular position re

gardless of the identity of the incoming group led to the 

Melander, Nature. l^"}. 599 (19^9); Acta chem. 
Scand.. 95 (19^9); Arkiv Kemi. 2, 213 (1950Tr 

20^, M, Lauer and W, E. Noland, ̂  Am. Chem. Spc.. 
3689 (1953). 



study of orientation from the point of view of the already 

present substltuent only and an alnioet complete disregard 

for the incoming group. It was early observed that certain 

substituente led to substitution In the poeitlone ortho or 

para to this substltuent whereas other groups directed the 

Incoming group to the meta position. Thus the substltuents 

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 para-directlng groups were found In general to 

be "activating" groups whereas meta-directlng substltuents 

were "deactivating" as compared to the ease of substitution 

In benzene itself. The meta-dlrectlng groups were recog

nized as electron attracting groupg and the ortho- and psra-

dlrectors as electron repelling groups. The entering groups 

in the substitution reactions were recognized as electro-

phlllc reagents, although this term wee not used until much 

later, and the orientation rules of Noltlng^^, Koerner^^, 

and Hubner^^ were all designed to assist In the classifica

tion of a substltuent group as electron attracting and thus 

21e. Nolting. Ber.. 1797 (1876), 

Koerner, Gazz, chlm. Ital.. 305, 446 (1874). 

Hubner. Ber.. 873 (1B75). 
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meta~cllrectlng or ae electron repelling and thue an ortho-

and. para-directing group. 

Later, etlll other rules were formulated which related 

the nature of the sutoetltuent group to Its orlentlnfi- in-

ph 
fluence. Thue the rules of Armstrong , Crum Brown and 

Grlbeon^^, and Vorlander^ relate the Influence of the 

group X to the ability of the acid HX to undergo direct 

oxidation or to the presence or absence of multiple bonds 

in X, All of these rules break down for certain cases and 

Holleman has discussed the rules and representative oases 

where they do not apply^^. 

Flurscheim^® formulated a theory to explain orientation 

based on Werner's Idea of chemical affinity, but it is 

Holleman's criterion that must be the bases for any orienta-

29 
tion theory. He pointed out that, since the ortho- and 

para-directing groups Increased the ease of aromatic 

2^H. E. Armstrong, J. Chem. Soc.. ̂ 1, 258 (1887). 

Crum Brown and J, Sibson, J. Chem. Soc.. 61. 36? 
(1892). 

Vorlander, Ann.. 320. 122 (1902). 

F. Holleman, Chem. Rev.. 2^, 218 (1925). 

28b, F. Flurscheim, Chem. and Ind.. 2^6 (1925). 

F. Hclleman, "Die direkt Einfuhrung von Substi-
tuenten in den Bonzolkern", Velt, Leipzig, 1910, p. 475. 
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substitution over that of the uneubetltuted compound whereas 

the meta-dlrecting groups deactivated the ring, any theory 

which merely explained directional influences and did not 

account for this activating or deactivating effect could not 

give a true understanding of the problem. The theory of 

"alternate polarity" was thus doomed from the beginning for 

it would allow activation of the meta position or of the 

ortho and para positions more or less equally by the meta-

or ortho- and para-directing groups. A documented discussion 

of these rules and theories is given by Ingold^® who shows 

how, with the development of the electronic theory, the 

problem of orientation began to fit into the general problem 

of constitutional effects on organic reactions. 

The Ratio of Ortho- to Para-Substitution 

The claseificatlon of substituente as meta- or ortho-

and para-directing groups is a gross distinction, iMJt the 

study of the ratio of ortho- to para-substituted side 

products obtained in the substitution of a compound con

taining a meta-directlng group brings out the finer points 

of influence of the directing group. Both the electronic 

3®C, K. Ingold, "Structure and Mechanism in Organic 
Chemistry", Cornell University Press, Ithaca, N. Y., 1953» 
p. 223. 
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and eteric influences of the directing group ae well as the 

effect of the entering group must be considered. The study 

of the ratio of ortho- to para-sutoetitution was analysed by 

Ingold^^. The data led him to the conclusion that there was 

a eteric factor, as Holleman^ had already deduced, and four 
/ 

polar factors. The account of the evidence leading to these 

conclusions is reviewed by Ingold32 ̂ th from the point of 

view of the orienting group and of the entering group in the 

case of the eteric influences and from the nature of the 

orienting group in the case of the polar factors. The evi

dence for the polar effects is divided into sections de

pending on whether the substituent group is a +1, -I, -M, 

or +T group. Types of orientina substituents have been 

classified according to their inductometric, tautoaerlc and 

mesoaeric influences. A discussion of the various classifi

cations is given to reconcile the observed meta- or ortho-

and para-directing influences of the various subetituent 

types. 

K. Ingold, Ann. Repts. on Progrese Chem. (Chem. 
Soc. London), 2^., 1^0 (192671 

32g. K. Ingold, "Structure and Mechanism in Organic 
Chemistry", Cornell University Press, Ithaca, N. Y., 1953* 
p. 231. 
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In dlscueeing the effect of -M eubetltuente Ingold 

points out that these groups are really of the -I -M type 

for both the electron drifts are In the direction of the 

eubstltuent group Ph'^^^. These groups include -COR, -CO2R, 

-CH, -NOg, which are meta-orienting substituente containing 

a multiple bond. For these groups the chief by-product is 

the ortho-compound, Ingold^^ assumed this to be the result 

of an interference with para-substitution due to the -M 

effect of the substituent. Lapworth and Robineon^^ sug

gested the alternative of a special facilitation of ortho-

subetitution. Ingold^^ has shown by calculations that it 

is more reasonable to assume a specific deactivation of 

the para position by the -M eubstltuent than any particular 

activation of the ortho position by the groups to account 

for the observed large ortho to para ratio obtained. His 

calculation is based on a mixing law interpolation and does 

not explain how this proposed deactivation occurs. 

Lapworth and R, Robinson. Mem. Proc, Manchester 
Lit, and Phil. Soc.. ^3 (1928). 

K. Ingold, "Structure and Mechanism in Organic 
Chemistry", Cornell University Press, Ithaca, N. Y., 1953» 
p. 262. 
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Hammond, Modic, and Hedgee^^ from their study of the 

ortho to para ratios obtained in the nitration of 2,5-

dibromo- and 2,5-<iichloronitrobenzene have euggeetef? a 

mechanism by which ortho direction by non-linear, un

saturated substltuente could be facilitated. According to 

thie mechanism the negative end of the dipole in groups 

like NOg, COOH, CHO attract the ortho-hydrogen and facilitate 

the approach of the eleotrophilic attacking group so that 

the proton is displaced in one concerted process and anrjeare 

first on the neighboring group. 

Recently there have been several authors who have 

turned to the simple L C A 0 molecular orbital approximation 

as a means of interpreting aromatic substitution. Wheland^® 

has shown that the theory points to ortho- and para-substi

tution for some kinds of derivrtives and meta-substitution 

for others, in general agreement with observation. Dewar^^ 

eoneidered th® problem of ortho to para-ratios. His re

sults indicated that only in cases where the substituent 

is very electronegative would the para position be 

S. Hammond, F. J. Modic and R. M. Hedges, Am. 
Ghem. Boo,. Zl> 1388 (1953). 

3®G. W. Wheland, J. Am. Chem. Soc.. (64, 900 (19^2). 

37m. J, S. Dewar, Chem. Soc.. 463 (19^9); J. Am. 
Chem. Soc.. 21, 3357 (19527; 
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electronically more activated than 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 qualitatively for trends 

in the ortho to para-ratio ae the nature of the eubetituent 

is varied but the anpropriate electronegativity parameters 

for the various Bubetltuente are very uncertain. Brown^® 

hae shown that when the eubstituent is a conjugated hydro

carbon eyetein the uncertainty about the electronegativity 

parameter dleappears and the molecular orbital approximation 

providee an unequivocal prediction of the electronic 

activities. He as well ae Dewar attributes the observed 

Buperior reactivity of the para poeition in biphenyl to 

steric effects rather than to failure in the M 0 theory. 

Aside fro® the electronic influences it has long been 

recognised that steric factors Influenced the orientation 

in eubetitution reactions. Apparently Kehrmann^^ vas the 

first to recognize this. LeFevre^® explained the observed 

higher proportions in which para compounds are formed in 

D. Brown, J. Am. Chem. Soo.. ^077 (1953). 

Kehrmann, Ber.. 23. 130 (1890). 

J. W. LeFevre, J. Chem. Soc.. 980 (1933); ibid.. 
1501 (193^). 
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the nitration of the more branched elde-chain homologues of 

41 
toluene on the baele of eterlc effecte. Nelcon and Brown 

have determined the Isomer ratios In mononltratlon of tert-

butylbenzene and compared them to the values for toluene 

obtained by Jones and Ruseell^^. The fact that the para 

to meta-ratlo for toluene and tert-butylbenzene were not 

very different led them to conclude that the electronic 

effects of the two a-roupe are elallar and that the large 

difference In the ortho to meta- and ortho to para-ratios 

observed is due to eterlo hindrance of the ortho position 

by the tert-butyl group. Similar interpretation is placed 

on the observed substitution in para-ethyltoluene para-

cymene^^ and para-tert-butyltoluene^^. Cohn, Hughes, Jones 

and Peeling^® have shown that the rates of total nitration 

of toluene and of tert-butylbenzene stand in the ratio 

L. Nelson and H. C. Brown, Jj^ Am. Chem. Soc.. 73 
5605 (1951). 

W. Jonee and M. Russell, J. Chem. Soc.. 921 (19^?), 

^^0, L. Brady and J. N. E. Day, J_j_ Chem. Soc.. Il4 
(193^). 

^R. J. ¥. Le Fevre, J. Chem. Soc.. 1501 (193^). 

Battegay and P. Haeffely, Bull, soc. chim. (France) 
981 (192^). 

^®H. Cohn, E. D. Hughes, M. H. Jones, and M. G. Peeling, 
Nature. 169. 291 (1952). 
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100:6'^ and that, contrary to theories of hyperconjugatlon, 

the methyl group le not the more activating group. In fact 

their data ehow that the Jbert-butyl group 1B ellghtly more 

activating than 1B the methyl group for eubetltutlon In all 

positions except the ortho-poeltlon. 
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EXPERIMENTAL 

MaterlalB 

Perchlorlo acid used ae solvent was Baker and Adamson 

reagent grade 70-72^. 

Hltrio aold ueed as the nitrating agent In all experi

ments was Baker and Adamson fuming nitric aold of specific 

gravity 1.^9-1.50. 

Platinum oxide catalyst was prepared according to the 

directions given In "Organic Synthesis"^''. If kept In a 

tightly covered vial it retained its activity for 10 months 

or more. 

Bengonltrile obtained from Paragon Testing Laboratories 

was distilled 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° was ueed in 

th© nitration experiments from which the quantitative data 

were obtained. 

^-Nltroanlline, a-nltroanillne, and B.~nltroanlline were 

obtained commercially and recryetalllzed from 95% ethanol. 

The melting points were 71*5®» 112®, and 1^8®, respectively. 

^''"Organic Synthesis", ed. H, Gllman and A. H. Blatt, 
John Wiley and Sone, Inc., New York, N. Y., 19^1, Col. 
Vol. I, p. ̂ 63. 
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^-Nltrobengonltrlle, ̂ -nltrobenzonitrlle, and 

nltrobenzonltrlle were prepared by Sandmeyer reactions from 

the oorreepondlng nltroanlllnee by the method of Hodgson and 

Heyworth^®. fhe nltrobenzonltrllee were separated from the 

reaction mixtures by steam distillation and recryetalllzed 

from 95^ ethanol. The melting points were 110°, 116. 

and 1^7°, respectively. 

2.5-Dlchloroanlllne was obtained from Eastman Kodak 

Company and was purified by recryetalllzatlon from 95/^ 

ethanol; m.p. 53°• 

2.5-Dlchlorobenzonltrlle was prepared from 2,5-

dlchloroanlllne by a Sandmeyer reaction according to the 

procedure of Bornwater and Holleman^^ except that the 

dlazonlum sulfate solution was neutralized by pouring it 

over Ice and calcium carbonate as suggested by Hodgson and 

Heyworth^®. The 2,5-dlchlorobenzonltrile was separated by 

steam distillation to give a pure product melting at 128.5°» 

but the yields obtained were only about 30^ of the 

theoretical. 

H. Hodgson and F, Heyworth, J. Chem. Soc.. II3I 
(1949). 

J, T, Bornwater and A. F. Holleman, Rec. trav. Chim.. 
21, 221 (1912). 
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2.5~Dlohloroaoetanllide was prepared from 2,5-dlchloro-

anlllne by treatment with acetyl chloride In pyridine solu

tion. A typical syntheeie utilized 32.4 g. (0.2 mole) 

dleeolved in 200 ml, pyridine. This solution was cooled in 

an ice bath and 20 ml. acetyl chloride was added. The mix

ture was stirred 15 min. and then poured onto cracked ice. 

The precipitated 2,5-<lloM-oroacetanllide was washed with 

cold water and dried to give 39.8 g. (91*5% yield) of pure 

product melting at 138®. 

2.5-Diohloro-4-nitroacetanilide was prepared by the 

nitration of 2,5-dlchloroacetanillde in concentrated sul

furic acid with concentrated nitric acid at room temperature 

according to the method of Whiston^®. Under these conditions 

mono-nitration was only 52^ complete but the only nitro 

derivative obtained wae the desired 4-nitro compound. This 

was easily purified by recrystalllzatlon from 95^ ethanol 

to give pure product melting at 145°*^^ 

2.5-Dichloro-6-nitroacetanilide wae prepared in very 

low yields by the nitration of 2,5-^lchloroaoetanilide in 

fuming nitric acid at 0®. The main product under these 

conditions was the 4-nitro derivative but appreciable amounts 

5f>J. R. H. Ihlston, J. Soc. Chem. Ind.. 370 T (1925). 

F. Holleman and F. E. van Haeften, Rec. trav. chim.. 
40, 70 (1921). 
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of the 6-nltro compound wae obtained. The separation of 

these two wae effected by fractional recrystalllaatlon from 

benzene. The purified 2,5-dlchloro-6-nltroacetanlllde melted 

at 204-206®.^^ 

2. 5-Dlchloro-4-nltroanlllne and 2.5~dlchloro->6-nltro~ 

aniline were prepared from the corresoondlng acetanllldee 

by hydrolyele In sulfuric acid solution at about 100®. 

These compounds melted at 153.5-15^° and 65°» reepectlvely^^. 

2,5-3)lchloro-i^-nltroanlllne was obtained ae a yellow powder 

which on heating changed to a crystalline structure at 

approximately 135*^; this material then melted sharply at 

153.5®. 

2. 5~Dlchloro-^nltroben2onltrlle and 2. 5~dlchloro~6-

nltrobenzonltrlle were prepared from the corresponding 

anilines by the procedure used for the preparation of Z, 5-

dlchlorobenzonltrlle. These compounds were recovered by 

steam distillation and purified by recrystalllzatlon from 

Skelly solvent B, The yields were never greater than 18,7^. 

These compounds melted at 1^3® and 118° resDectlvely. The 

Infrared spectra of these compounds were obtained and com

pared with the spectra of the corresponding dlchlorodlnltro-

benzenes reported by Hammond, Modic and Hedges35. The 

spectrum of 2,5-dlchloro-4-nltrobenzonltrlle Is Identical 

with that of 2,5-dlchloro-l,^-dlnltrobenzene except that 
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the 11,85^ band in the dinltro compound is shifted to 

12.2^ in the nitrile. The spectrum of 2,5-dichloro-6-

nitrobenzonitrile ie very similar to that of 2,5-dichloro-

1,6-dinitrobenzene except that the ll,05y^ band in the 

dinitro compound is miesinfi from the spectrum of the nitrile 

and the 9*0^ and 12.81^ bands in the dinitro compound are 

shifted to 8.63^ and 13.1^, respectively, in the nitrile, 

2. 5--Dichloro~l .4-dlnitrobenzene was prepared from 2,5-

dichloro-4-nitroftniline by means of a Sandmeyer reaction 

using a procedure similar to that employed in the prepara

tion of 2,5-dlohloro-4-nitrobenzonitrile^^. The product 

was recovered by steam distillation and recrystalllzed from 

95^ ethanol. The yield was poor but the pure product melted 

sharply at 117.5*^* The infrared spectrum of this product 

was identical with the spectrum reported by Hammond, Modic, 

and Hedgee^^ for 2,5-dlchloro-l,^-dinitrobenzene obtained 

from the nitration of 2,5-dichloronitrobenzene, 

2.S-Dichloro-l-nitrobenzonitrile could not be prepared 

by the methods tried. Attempted nitrations of 2,5-dlchloro-

anlline in fuming sulfuric acid gave only tarry products 

which because of their extreme instability were assumed to 

be the result of N-nitration. 

«H. H. Hodgson and F. Heyworth, J. Chem, Soc.. 162il-
(19^9). 
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Several attempts were made to recover this compound 

by fractional recryetalllzatlon of the product obtained by 

the nitration of 2,5-dlchlorobenzonitrlle under various 

conditions. Although this compound was expected to be the 

major product of such a nitration reaction no pure material 

having the properties expected of 2,5-dlchloro-3-nitrobenzo-

nitrile could be obtained. 

Nitration Experiments with 2.S-Dichlorobenzonitrile 

Many attempts to nitrate 2,5-dichlorobenzonitrile 

without hydrolysis of the nitrile group were carried out. 

In a typical experiment the acid nitration medium was pre

pared and cooled in an Ice bath. The weighed sample of 

2,5-dichlorobenzonitrile wae added and the mixture stirred 

and kept at the desired temperature for the specified period 

of time. The solution was then poured onto a mixture of 

cracl'.ed Ice and sodium carbonate. The mixture was stirred 

and the solid product was filtered off. The presence of 

appreciable amounts of unnltrated 2,5-dlchlorobenzonltrlle 

in the product mixture wae detected by its pronounced odor. 

The extent of nitration was estimated roughly by the weight 

relation of product mixture and original compound. The 

infrared spectrum of the product was determined and the 
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presence of absorption bande at and at 6.5^ were taken 

ae indicative of the presence of a carboxyl or carbamide 

group and of a nitro group, respectively. The presence of 

a strong absorption band at 6.0^ was therefore an indica

tion that hydrolysis of the nitrile group had occurred 

whereas the presence of such an absorption band at 6.5-^ 

indicated that nitration had taken place. Table 1 gives a 

list of some of the nitration experiments run. 

Table 1. Nitration experiments with 2,S-dlchlorobenzonitrile 

Nitration Medium Temp. Time Results 
OC hrs. 

Fuming HNO3 0 

Fusing HNO3 25 

Fuming HNO^ -h 10% HClOi^ 2^4-

Fuming HNO^ 80 

Fuming H2S0J[J, 4- NaNO^ 100 

Fuming HNO^ + HClOi^ 63 

70% HCIO4 + HNO3 25 

70% HClOi^ HNO3 37-^0 

70% HGIO4 + HNO3 76 

5 No nitration 

2it Very little nitration 

22 Very little nitration 

2 Hydrolysis and nitration 

Hydrolysis and nitration 

6 Nitration and hydrolysis 

Neither hydrolysis nor 
nitration 

11 Little or no nitration 

6 Nitration, some 
hydrolysis 
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Nitration in 70^ HC10j[|, seemed the most promising but 

even under carefully controlled conditions hydrolysis 

occurred. The IndicationB were that hydrolysie of the 

nitrated compounds was more rapid than that of the unnitrated 

2,5-<iioW.oi*ot>enzonitrlle. It would not be poBsible to prove 

thie point even if the rate of hydi^lyeis of the three 

nitrated leomere were determined in the nitration raediua 

because it would not be possible to determine this value 

for 2,5-dlchloroben2onitrile. 

The reaction product from one nitration experiment in 

70^ HCIO4 and HNO5 yielded on reiDeated recryetalliaatione 

a small quantity of a white crystalline material which 

melted at 221® and appeared to be 2,5~dichloro-3-nitroben~ 

zoic acid, m.p, 220®. The only other pure compound isolated 

from a nitration product was 2,5-dichloro-6-nitrobenzonitrlle, 

m.p. 118-118. 

Since under no conditions tried could nitration of 

2,5-dlchlorobenzonitrile be effected without hydrolysis of 

the nitrile group, attention was turned to the study of the 

nitrstion of benzonitrile. 
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Hydrolyeie Studies 

In order to determine if benzonitrlle would be hydro-

lyzed in cold, fuming sulfuric acid, four separate samples 

were studied. Four tubes each containing 7«5 ral« of fuming 

sulfuric acid were cooled to about -16° in an ice-ealt bath. 

To each tube 0.5 ml. of benzonitrlle 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 crushed ice. 

Each mixture was extracted with ether and after the ether 

had evaporated the residue was dissolved in carbon disulfide 

and the infrared spectrum of this solution was studied. In 

none of the four cases was there any solid material in the 

residue from the ether extraction. All of the spectra showed 

recovery of the benzonitrlle as Judged by the strong absorp

tion at 3.2^ characteristic of benzonitrlle and none of 

them showed any indication that hydrolysis had occurred as 

judged by the absence of absorption at 6L^. 

A similar hydrolysle test in 70^ perchloric acid was 
o 

made with benzonitrlle at 2^-25 • Two samples of benzonitrlle 

were treated for one hour and three hours, reepectively. In 

neither case did the infrared spectrum indicate that 
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hydrolysis had occurred, but In both cases benzonltrlle was 

recovered unchanged. 

o-Kitrobenzonltrlle was treated with fuming sulfuric 

acid in an ice-salt bath at -15° foi* only 15 minutes. The 

mixture became dark red, and, when the solution was poured 

over ice and extracted, only a very small amount of the 

original o-nitrobenzonitrlle was recovered. 

This compound was also treated with ?0^ perchloric 

o 
acid at 25 for slightly more than two hours. The solution 

was poured onto crushed ice and sodium carbonate and the 

£-nitrobenzonitrile was recovered unchanged, 

ffi-Nltrobenzonltrlle was treated with 70^ perchloric 

acid at 25° for two and one half hours. The solution was 

then poured over crushed ice and sodium carbonate and the 

m-nitrobenzonitrile was recovered unchanged. 

In a similar manner £-nitrobenzonitrile was treated 

with 70^ perchloric acid and recovered unchanged after two 

and one half hours. 
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Nitration of Benzonltrlle with Fuming Nitric Acid 

One nitration run was made following the procedure of 

Baker, Cooper, and Ingold^^. Five grams of benzonltrlle 

were added to 75 g» of fuming nitric acid at 0®. The solu

tion was kept at 0® and stirred mechanically for two and 

one half hours. At the end of this time the solution was 

poured onto crushed ice and potassium carbonate. The mix

ture was extracted with ether and the product obtained from 

this extract was crystallized from 9S% ethanol. A complete 

separation of isomers was not effected but one fraction 

melting at 110-112° appeared, from the Infrared spectrum 

which showed maxima at 11.1^ and 13.6^, to be mostly m-

nltrobenzonitrile, A second fraction melting at 107-109® 

and a third melting in the range 55-75° were obtained. The 

infrared spectra of these fractions showed maxima at 11.7-'<^ 

and 13.^-^ indicating that they contained o-nitrobenzonitrlle 

and £-nitrobenzonitrile. The 5-^absorption band charac

teristic of the CN group and the 6.5^tand characteristic 

of the NO2 group were present in each of the spectra and 

53 
J, ¥. Baker, E» Cooper, and C. K, Ingold, J. 

Chem. Soc.. 430 (1928). 
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bands characterletic of the CO, NH2, and OH groups were 

absent. 

Attempts to nitrate benzonitrile in fuming nitric acid 

at other temperatures failed. Infrared spectrophotometry 

wae used as a meane of determining whether nitration or 

hydrolysis or both had occurred. At -5® and at -2° nitra

tion did not occur to an appreciable extent in two and one 

half hours. Another nitration run carried out at 0-1® gave 

a product whose infrared spectrum showed absorption maxima 

at and at 13.2^, as does benzonitrile, at 7.41^, 

as do aromatic nitro compounds, and a weak band at 13»6^. 

A weak band at 5.85^ indicated that some carbonyl function 

was present and, therefore, that some hydrolysis of the 

nitrile group must have occurred. 

A similar nitration run carried out at about 20® gave 

a product whose infrared spectrum showed absorption maxima 

at 4,45^ (weak), 13.6L^, and 13.2-^ which Indicated 

that while some nitration had occurred it had not been com

plete. The data concerning the other nitration experiments 

in fuming nitric acid are listed in Table 2. 



Table 2. Preliminary nitration experiments with benzonltrlle 

Run Medium Temp, Time Spectral data % 

® 4.45^ 6.0^ 6.5-^^ 13.6u^l3.^ 11.75-^ 13.2-^^^®^^ 

1 Fuming HNO3 0 2| 

2 Fuming HNO^ -5 2k - - - 4-

3 Fuming Em J - 2  -f - - - + 

k Fuming fiNO^ 1-3 2|r -+ + _ -

5 Fuming HNO3 10-15 2i -h + - -
+• 

6 Fuming HNO^ 20 3 + •h 

7® Fuming HNO^ 23 2i -h -1- + •+ -

8* Fuming HNO^ 23 4 •f + -

9^ Fuming H2SO4 
NaH03 

Room 10 
min. 

b 
10 Fuming H2S0y^ 

NaNO^ 
0 2i 

^Theee show a little peak at 3»23.^ . 

^Only tarry materials were obtained from theee runs. No spectra were run. 



Table 2, (Continued) 

Run Mediuin Temt). Time Spectral data % 

oc hre. 4.^5^ 6.0^ 6.5-^ 13.6^ 13*^-^ 11.75-^ 13^2-^ 

11 Fuffllng H2S0i|, -10 
NaNOo 

12 10^ HCIO4 
HNO, 

13° 20^ HClOi. 
HNO3 

Ik 70^ HCIO4 -16 
NaNO^ 

15 70% HCIO/^ 0 
NaNO^ 

16 70% HCIO4 25 
ENO3 

0 5 ^  +  

0 li 

6 

1 

+ 

4-

55 

36 

®Little solid product was obtained In this run, Ko Bpectrum was run. 



Table 2, (Continued) 

Run Medium Temp. Time Spectral data 

0 hre. 6.0-^ 6.5^ 13.6^ 13.4^ 11.75^ 13.2^ 

17 70% HCIO4 25 2+-++- + + 
HNO3 

18 70% HCIO4 25 18 + - -I- + + 4- » 95 
HNO^ 

19 70% HCIO4 25 24 + - + + + + > 9 3  
HNO^ 

20 70% HCIO4 40-42 6+-++ + + -86 
HNO3 

21 70% HClOi,. 52-53 8+--I- + + + .if6 
HNO3 

22 70% HCIO4 62.5 6 - -t- + + + + - 93 
HNO3 
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Nitration of Benzonltrlle In Sulfuric Acid or Perchloric 

Acid 

In these experiments the same general nitratir^ pro

cedure was followed. The acid nitrating medium was prepared 

and cooled in an ice or ice-ealt bath. The benzonitrlle 

sample was added and the mixture was stirred to effect solu

tion of the benzonitrlle. The reaction tube was then fitted 

with its cold finger condenser and transferred to a constant 

temperature 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 was poured over crushed 

ice and sodium carbonate. When all the carbonate had die-

solved the solid product was filtered, washed with water 

and dried. The aqueous mother liquor was extracted with 

ether to recover a email additional portion of the product. 

The ether was evaporated and the residue was added to the 

solid which was collected in the filtration. The combined 

solids were homogenized by trituration in an agate mortar. 

Infrared spectra of the products were run with Nujol mulls 

or carbon disulfide solutions. In a few cases the spectrum 

was also run on chloroform or bromoform solutions. 

All of the preliminary nitration experiments are shown 

in Table 2, The nitrstlon medium, time, and temperature are 
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listed for each run. The pertinent data from the Infrared 

spectra of the producte are also listed. In cases In which 

the product showed appreciable absorption at the wave length 

listed the table 1b marked + ; if there was little or no 

absorption at this wave length a - sign Is given. In cer

tain caees where it seemed warranted the per cent yield was 

determined by weighing the total solid product and calcu

lating on the basis of mononltratlon. This and other sig

nificant information ere listed for each run. 

The quantitative nitration experiments were carried 

out following the same general procedure. It was found to 

be convenient and sufficiently accurate to measure the benzo-

nitrile (s, g, = 1,01) from a calibrated eyrlnge. The 

data are summarized in Table 3» 

Hydrogenation Experiments 

The hydrogenation experiments were carried out at room 

temperature and atmospheric pressure. In all the experiments 

the same general procedure was followed. Platinum oxide 

catalyst was weighed into the hydrogenation flaek and a 

small amount of calcium carbonate 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* Quantitative nitrstlon experiments with benzo-
nitrlle 

(Medium: 10 ml, 70^ HClOi}. and 1 ml. fuming HNO^) 

Run Amount of 
benzonitrlle 

Temperature 
oc 

Time 
(hours) 

1 0.972 g. 25 8 

2 1 ml. 35 1 

3 1 ml. 35 2 

0.810 g. 35 4 

5 1.008 g. 35 6 

6 1 ml. 35 6 

7 1.033 g. 35 8 

8 1 ml. ^3 1 

9 1 ml. ^3 1 

From syringe; 1 ml, = 0.997 g. t 0,003 g. 



was swept with hydrogen for about ten minutes, the catalyet 

was reduced at atmoepherlc pressure. The sample to be hy-

drogenated was dissolved in absolute alcohol and the solu

tion was added through a side arm in the hydroaenation 

flask. During the hydrogenatlon the mixture was stirred 

by means of a magnetic stirrer and the mercury leveling 

bulb was adjusted from time to time to maintain atmospheric 

pressure within the system. When the reaction was complete, 

the solution was filtered and the alcohol was removed by 

distillation under reduced pressure in an atmosphere of 

nitrogen. 

The hydrogenatlon of o-nitrobenzonitrlle gave o-

amlnobenzamlde, m.p. 109.5-110°« (The reduction to o-

aminobenEamide was complete and rapid.) In several trial 

rune with carefully weighed samples of ̂ ^-nitrobenzonitrlle 

a time vs. hydroeen up-take curve was made. In each case 

a smooth curve was obtained which leveled to zero slope 

when the calculated amount of hydrogen had been taken up. 

In no case was there a gradual rise in this curve even if 

the run was continued long after the calculated amount of 

hydrogen had been absorbed. The o,-amino ben zamide was easily 

Isolated and recrystalllzed. In a typical experiment 80^ 

of pure o-aminobenzamide was obtained. It was found that 

this compound was sufficiently soluble In chloroform to 
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permit the infrared spectrum to be studied in that solvent. 

Samples of o-atninobenzamide were prepared and a calibration 

curve of optical density vb. concentration was prepared at 

the 6. absorption peak, Saraples of jo-nitrobenzonitrile 

were then hydrogenated as described above, the residues were 

taken up in chloroform and the infrared epectra were run. 

In no case was the recovery of ^-aminobenzaraide quantitative 

as calculated from the calibration curves but yields of 6^% 

to 86^ were typical. 

Under the same hydrogenation conditione m-nitrobenzo-

nitrile gave m-aminobenzonitrile, This product, pale yellow 

needlee, m.p, 53^> decoopoeed easily and was only isolated 

in low yieldB, A plot of time ve. hydrogen up-take gave a 

smooth curve that showed a definite decrease in the rate of 

hydrogen up-take when the amount of hydrogen required to 

reduce the nitro-group had been absorbed, but the curve did 

not level off. There was a gradual increase in hydrogen 

taken up. In one run which was allowed to continue after 

the calculated amount of hydrogen necessary to convert the 

nitro group to an amino group had been absorbed an additional 

45 ml. of hydrogen were absorbed in 160 minutes, representing 

an excess of 22% of hydrogen absorbed. 

When the hydrogenation product was taken up in chloro

form directly, the infrared epectrum showed maxima at 4.^5^, 
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characteristic of a benzonitrile, and at 2.95^» charac

teristic of the NH2 group, but no absorption at 6L^ as is 

observed in the epectra of benzamidee or benzoic acids. 

When D-nitrobenzonitrile was hydrogensted under similar 

conditione, ̂ -aminobenzonitrile was obtained anci isolated 

in low yields. On recrystellizetion from Skelly solvent D, 

o 
pale yellow crystals of m.p, 84-85 were obtained. In the 

case of thie compound a plot of time vs. hydrogen up-take 

gave a curve which leveled off when the calculated amount 

of hydrogen had been absorbed. As in the case of ̂ -nitro-

benzonitrile there was no gradual absorption of hydrogen 

after the calculated amount was taken up. 

When the hydrogenation product of ̂ -nitrobenzonitrile 

was taken up directly in chloroform without any purification 

the infrared spectrum of the solution showed no carbonyl 

frequency but did show absoi»Dtion maxima at 2.95-^ and 

4.45^. 

Several synthetic mixtures of the three nitrobenzo-

nitriles were hydrogenated under the same conditions. The 

product, without any purification, was dissolved in chloro

form and the infrared spectrum run on this solution. A 

synthetic mixture containing 22.8^ £-nitrobenzonitrile was 

analyzed by this method and the amount of o-aminobenzamide 

estimated was Q2% of the amount calculated. Since the error 



In this experiment was of the eame order ae that encountered 

in the Blmilar experiments with pure o,-nitrobenzonitrlle, 

it wae thought that this error might be overcome by setting 

up the calibration curve on the baeiB of jo-nitrobenzonitrile 

hydrogenated by runnlna: a series of samplee and taking the 

hydrocenation product up directly in chloroform without 

purification. Such a calibration curve was made. One syn

thetic mixture containing 10.3J^ o-nitrobenzonitrlie was 

hydrogenated and the product wae diesolved directly in 

chloroform. The infrared spectrum of thie solution wae run 

and the jo-aminobenzamide present was estimated, by compari

son of the absorption at 6.01.^ with the corrected calibra

tion curve, to be 88^ of the calculated amount. In two 

other synthetic mixtures containing 22.8^ and 10.8^ o-

nitrobenzonitrile the amounts of ̂ -aminobenzamide estimated 

by thie method were 107^ and 13^%, respectively, of the 

palculated values. 

Two e&mplee of nitration products from the preliminary 

nitration experiments were hydrogenated and the amount of 

£-aminobenzamide eetime.ted epectrophotometrically in the eame 

manner. A sample from a run identical to Run 18 gave an 

estimated 6,8^ £-nitrobenzonitrile but a sample from Run 18 

gave BO little absorption at 6^ that it was only a shoulder 

of the 6.19-'^banfl, present in all these chloroform solutions 
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of the reduction products, and the amount of o-nltrobenzo-

nltrile present could be estimated at only ^,1%. 

The erratic results for the synthetic mlxttires and the 

unreliable values estimated for the nitration products led 

to the abandoning of this method of analysis for o-nltro-

benzonltrlle. 

Non~Aqueoue Titrations of Hydrogenatlon Products 

A saople of o-nltrobenzonltrlle was hydrogenated at 

atmofipherlc pressure In absolute alcohol as before and the 

resultant ̂ -amlnobenEamlde was taken up in a mixture of 

chlorobenzene and acetonltrile. A five ml. aliquot portion 

of this solution was titrated potentiometrically with 0,09^5 

N perchloric acid in glacial acetic acid. The titration 

curve showed a sharp break at 7.1 mv. and, based on the 

weight of £-nitrobenzonitrile hydrogenated, the titer showed 

a 1^ error; 0.39? roeq. of hydrogen ion being used whereas 

the aliquot should have contained 0,401 meq, of o-amlno-

benzamide. 

Under the same conditions a sample of m-nitrobenzo-

nitrile wae hydrogenated and the resulting product was 

titrated in chlorobenzene-acetonitrile solution with per

chloric acid in glacial acetic acid. The titration curve 
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showed a gharp break at 7»4 rav. In this experiment the 

titer of acid was 2'S% higher than that calculated from the 

amount of m-amlnobenzonltrlle. It Is poeelble that, whereas 

in the case of £-nltrobenzonltrlie the hydrogenatlon pro

ceeded smoothly to give _o-amlnobenzamlde, m-nltrobenzonltrlle 

was not hydrogenated to m-amlnobenzonltrlle only, but that 

the nltrlle group wae also attacked. No products in which 

the nltrlle group was completely or partially reduced were 

Isolated, but since these compounds would be unetaMe their 

formation could account for the low yields of m-amlnobenzo-

nitrile actually ieolated and for the presence of tacky, 

colored materials preeent in the hydrogenatlon product from 

m-nitrobenzonitrile. Even though thle experiment points out 

difficulties to be expected in the hydrogenatlon of th® 

mixed nitrobenzonitrilee from nitration reactions, the fact 

that o~aminobenzftmide is formed in quantitative yields 

under these conditions indicated that any method by which 

the quantity of jo-aminobenzamlde present could be determined 

accurately would, in turn, give the amount of o-nitrobenzo-

nitrile in the mixture hydrogenated. Non-aqueous titrations 

oould not give the amount of jgt-aminobenzamide present in the 

presence of m-nitrobenzonitrile reduction products because 

the values of the potential at the end points of the in

dividual titrations were so close. This method of 
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determining the o-amlnobenzamlde formed on hydrogenatlon 

wae therefore abandoned. 

Metal Compounds of the Hydrogenatlon Produete 

Laboratory tests showed that none of the hydrogenatlon 

products of the three nltrobenzonltriles formed Insoluble 

compounds with either zinc or ouprlc Ion, On hydrolysis the 

hydrogenatlon products should give anthranlllc acid, m-

amlnobenzolc acid, and ̂ -amlnobenzolc acid. If hydrolysis 

were Incomplete the three aminobenzamldes should be obtained. 

It was found that none of these compounds except anthranlllc 

acid formed Insoluble compounds with zinc or cuprlc Ion, 

Inasmuch as anthranlllc acid Is used as a precipitating 

agent for the quantitative determination of zinc and copper"^ 

It was decided to try to use one of these metal Ions as the 

precipitating agent to determine the anthranlllc acid formed 

on hydrolysis of the product of hydrogenatlon of the mixed 

nltrobenzonltrlles. 

J, Welcher, "Organic Analytical Reagents", D, Van 
Nostrand Co,, Inc,, New York, N, Y,, 19^?, Vol, II, p. 195' 
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Attempted Potentlometrlc Tltratione of the Metal 

Anthranllatee 

Zinc anthranilate wae prepared in 96% yield from a pure 

sample of anthranilic acid, A small esimple vae suspended 

in glacial acetic acid and titrated with a standard solution 

of perchloric acid in glacial acetic acid. The titration 

curve showed no "break at all. It was impossible from the 

data to determine how much zinc anthranilate was present. 

A similar titration of copper anthranilate gave a very 

slight break in the titration curve. An attempt to titrate 

anthranilic acid in glacial acetic acid with copper acetate 

in glacial acetic acid gave even poorer reeults. An attempt 

to titrate anthranilic acid in aqueous sodium acetate with 

aqueous copper sulfate gave no better reeults. 

Attempted Determination of .Q-Nitrobenzonltrlle as the Zinc 

Anthranilate 

Anthranilic acid can be determined quantitatively by 

the excess broainatlon method^^. The attempt was made to 

R, Day and W, T. Taggart, Ind, Elng. Chem.. 20. 
5^5 (1928). 
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determine the o-nitrobenzonltrile from the nitration of 

•benzonitrile indirectly by hydrogenation and hydrolysis of 

the nitration product followed by removal of the anthranilic 

acid as the zinc anthranilate. The zinc anthranilate wae 

then decomposed with dilute hydrochloric acid and the anthra

nilic acid liberated wae titrated by the exceee bromination 

method. Each step of this sequence was tried with pure 

saffiDles of anthranilic acid or with o-nitrobenzonitrile. 

The titration of pure samples of anthranilic acid could be 

carried out with errors amounting to 0.5^ to 2.4^. The 

error increased to 10^ to 15% when the anthranilic acid was 

first precipitated as the zinc anthranilate. When the whole 

sequence was tried on pure samples of o-nitrobenzonitrile 

the error rose to The step which seemed to cause the 

greatest error was the hydrolysis of the o-aminobenzamide 

to anthranilic acid, Vilhen sodium hydroxide was used in the 

hydrolysis e large amount of silicic acid was precipitated 

when the solution was acidified and evidently some of the 

anthranilic acid was adsorbed by this gel and was not ex

tracted by the hydrochloric acid used to decompose the zinc 

anthranilate. When sulfuric acid was used in the hydrolysis 

the conversion of anthranilamide to anthranilic acid was 

evidently incomplete for the error from this run amounted 

to 98/f, When a synthetic mixture of nitrobenzonitriles 
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was carried through the sequence, using eodlum hydroxide 

In the hydrolysis step, the errors in the amount of £-

nltrobenzonltrlle calculated were from to 88^6. The 

errors were always In the same direction; the calculated 

amount of £-nltrobenzonitrlle being always much smaller 

than the correct amount. One mixture obtained from the 

nitration of benzonltrlle was carried throughout the se

quence, The calculated per cent of o-nltrobenzonltrlle was 

only 0.23^. This value wae much smaller than that Indicated 

by even the poorest spectral data. 

Ultraviolet Absorption Spectra 

The ultraviolet absorption spectra of the three nltro-

benzonltrlles, were run In 95% ethanol using a Beckmann 

Quartz Spectrophotometer Model DU, The optical density 

was read directly from the Instrument and wave length range 

studied was 220 to 370 ruM, The concentrations of the 

three solutions were for o-nitrobenzonltrlle, 1.07 x 10""^ M, 

m-nitrobenzonitrile, 1.13 * 10"^ M, and ̂ -nitrobenzonitrile, 

1.06 X 10""^ M. Both m-nltrobenzonltrlle and o-nltrobenzo-

nitrile showed strong absorption at 220 m><;. The m-

nltrobenzonitrile showed a second absorption maximum at 
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at 255 and o-nltrobenzonitrlle ehowed s weaker ffiaxlmum 

at 260 The £-nltrobenEonltrlle cample ehovred only one 

maximum at 25^ sue-. 

Infrared Absorption Spectra 

For the qualitative work of the preliminary experiments 

with benzonitrile and for all the spectral work done in 

connection with the 2,S-dichlorobenzonitrile experiments a 

Baird Aesociatee Model B infrared spectrophotometer equipped 

with sodium chloride optics was used. The resolution ob

tainable with this instrument wap not sufficient for the 

quantitative analysis of the nitration products of benzo

nitrile and a Perkin-Elmer Corporation Model 13 Infrared 

spectrophotometer also equipped with sodium chloride optics 

was used in this work. 

The identifying absorption maxima observed in carbon 

disulfide solutions of benzonitrile and of the three nitro-

benzonitriles are shown in Table 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-nltrobenzonitrile and 2,5-dlcW-oro-6-

nitrobenzonitrile are given above under the preparation 

of these compounds. 



Figure 1. Infrared spectra from Baird tracings in carbon 
disulfide solution of benzonitrile, £-
nitrobenzonitrile, m-nitrobenzonitrile, and 
^-nitrobenzonitrile"" 
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Table Infrared absorption raaxima 

Compound Wave length in microns Compound 

Benzonitrile 13.22 

o-Nitrobenzonitrlle 11.78 12.78 - 13.^2 

m-Nltrobenzonitrile - 12.72 - - 13.63 

;a-Nltrobenzonitrlle 11.75 13.38 

The spectra of one synthetic mixture of the three 

nltrobenzonltrllee and of one sample of a nitration product 

are reproduced in Figure 2 from the Perkin-Eloer spectro

photometer tracings, In reading the spectra for quantitative 

coinparleone the base line technique^® was first tried but 

abandoned in favor of a simpler method of compensating for 

differences in background level of the different spectral 

tracings. It i^ae found that the point in the absorption 

spectrum corresponding to the counter marking 6.?, or a 

frequency of 12.05 , was constant in all the tracings 

made by means of the Perkin-Elmer spectrophotometer. 

J. Heiffel, M. F. Bell and J. U. White, Anal. 
Chem.. 12.» 293 (19^7). 



Figure 2, Infrared epeotra from Perkln-Elmer traclngB 
of synthetic mixture No, 5 and of the nitration 
product from Run 6 
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Accordingly, this point was taken to represent 100^ trans

mission and a correction factor applied to the whole curve 

which would In effect raise the tranemission value a con

stant amount at each point on the curve. In many of the 

spectra used in the quantitative work this correction factor 

was as low as but in one the factor was 6,$^, This 

method of unifying the spectral tracings seems to be Justi

fied by the results obtained in the calibration curves of 

log (IQ/I) VS. concentration for m-nitrobenzonitrile. 

Since the points obtained at 11,2 and at 13.6 gave 

very good straight lines and the estiniates of the m-nitro-

benzonitrlle content in the unknown mixtures from both 

calibration curves agree very well, this method gives better 

internal agreement than does the method of base line reading, 

which, in effect, gives a different correction at different 

frequencies. The fact that the values obtained with known 

mixturec of the nitrobenzonltriles fall on the eame lines 

established by the pure m-nltrobenzonltrlle samples further 

justifies this method for estimating the amount of bh 

nitrobenzonitrile in the unknowns. 



58 

DISCUSSION 

The difficulties encountered in attempting to nitrate 

2,5-dichlopoben2onltrile without hydrolyBie led to the use 

of perchloric acid and fuming nitric acid ae a nitrating 

medium, Pearce and Neleon^^ have shown that the water 

activity in perchloric acid is very small and Robinson^® 

has mentioned the uee by MiSller of perchloric acid ae a 

solvent in nitration reactions. He dismisped the poeeibility 

with the remark that the process wae too dangerous to have 

any practical application. In this work mixtures of 70^ 

perchloric acid and fuming nitric acid have been used in 

small scale nitration experiments at temperatures as high 

as 80° without any ill effects. Under no conditions tried 

could nitration of 2,5-dichlorobenzonitrile be effected 

without hydrolysis of the nitrile group. Indications were, 

however, that hydrolysis of the nitrated compounds was more 

rapid than hydrolysis of 2,S-dichlorobenzonitrile. No 2,5-

dichlorobenzamide or 2,5-dlchlorobenzoic acid was ever 

isolated from a reaction mixture whereas 2,5-dicbl0P0-3-

nitrobenzoic acid wae isolated in very low yields from one 

N. Pearce and A. F. Nelson, Am. Chem. Soc.. 
ii, 3075 (1933). 

Robinson, J. Chem. Soc.. 238 (19^1). 
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product. It was not possible under the conditions employed 

to study the ortho to r)ara ratio in nitration of 2,5-

dlohlorobenzonltrlle, but the fact that 2,5-dlchloro-6-

nltrobenzonltrlle was easily Isolated from the nitration 

mixture points to considerable ortho direction by the 

nltrlle group In this compound. That a small quantity of 

2,5-dichloro-3-nltrobenzolc acid is Isolated Is probably 

due to a greater solubility of the acid compounds. The fact 

that no 2,5-dlchloro-4-nltrobenzonltrlle or hydrolyale prod

uct of this compound was Isolated may Indicate that very 

little was formed or that what formed, was hydrolysed and 

escaped detection. 

Since the experiments In which perchloric acid was 

used looked most promising, it was chosen as the solvent 

In the nitration experiments with benzonltrlle. Preliminary 

experiments showed that this compound covild be nitrated 

quantitatively without hydrolysis of the nltrlle group and 

the problem became one of analyzing the product mixture® 

for the three nltrobenzonltrlles. 

The Infrared spectre of the three nltrobenzonltrlles 

were obtained by means of the Balrd Associates Infrared 

spectrophotometer Model 12 equipped with sodium chloride 

optics. The spectra of the and £- nltrobenzonltrlles 

show overlapping absorption bands at 11,75-*^ and 13.4^, 
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and that of m-nltrobenzonltrile shows a strong band at 

Since the o- and ^-nitrobenzonitriles have two 

absorption bands in common it might have been possible to 

calculate the concentrations of both of these compounds 

from the absorption maxima at the two wave lengths and 

calibration curves for the two nitrobenzonitriles. Since 

m-nitrobenzonitrile shows strong absorption bands at fre

quencies where neither o- nor _£-nitrobenzonitrile absorb, 

the calculation of the concentration of the former in a 

mixture would have been easy. It was found, however, that 

in a mixture of the nitrobenzonitriles the absomtion band 

characteristic of £- and £-nitrobenzonltrile at was 

overshadowed by the strong band of the meta isomer at 

13»6^. The resolution of these two bands was not possible 

with this instrument* 

The hydrogenation of the nitrobenzonitriles to amines 

was carried out with the hope that in the spectra of the 

amino compounds the absorption maxima would be so shifted 

that an infrared method of analysis could be employed. 

Catalytic hydrogenation was chosen as the method of reduc

tion because it requires the introduction of fewer chemicals 

than would be the caee with other methods and should lead 

to a more eaeily purified product. The reduction of the 

nitrobenzonitriles to aminobenzonitriles has been carried 



61 

out by means of stannouB chloride and hydrochloric acid and 

the three sminobenzonltrilee have been well characterized-'^. 

The hydrogenatlone were carried out at room temperature 

and atffioepherlc pressure in absolute alcohol with a email 

quantity of calcium carbonate added to neutralize any acid 

which might have been present on the catalyst. Under these 

conditions m- and T2-i^l"trobenaonitrile were hydrogenated to 

the corresponding aminobenzonitriles. The isolated yields 

of these products were low but the reduction to these com

pounds was unmistakable. In the case of ̂ -nitrobenzonitrile, 

however, quantitative yields of o-aminobenzamide, m.p, 109-

110®, were obtained. Except for the addition of calcium 

carbonate these conditions are the same ae those reported 

by Cook, Heilbron, Reed and Strachan®®. They reported the 

reduction of o-nitrobenzonitrile to jo-azoxyphenyl cyanide, 

ni,p, 197-198°. The infrared spectrum of the product obtained 

in the present research gave unmistakable evidence of the 

presence of the amino and carbamide groups. Furthermore 

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

T. Bogert and W. F, Hand, Am. Chem. Soc.. 2^. 
1038 (1902). M. T, Bogert and H. T. Beans, J. Am. Chem. 
Soc,. 26. 469 (19o4), M, T. Bogert and L. Kohnetamm, J. 
Am. Chem. Soc.. 25. 481 (1903)» 

60a, H. Cook, I. M. Heilbron, K. J. Reed and M. N, 
Strachan, J. Chem. Spc.. 861 (1945). 
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o.,£'-azoxybenzoic acid, 

Cgl^CO^ 

ON, NH 

\ / ^CgH^CO^ 

on heating with hydrochloric ecld, whereas the product 

ol3tained In this work gave anthranllic acid on either acidic 

or basic hydrolyelB. 

A poeelble mechanism for this reductive hydroxys1B of 

o.-nltrob©nzonltrlle is given below. 
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The critical point in this suggestion is the fact that 

the intermediate can cyclize. The first and last are the 

generally accepted steps in oatalylic 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 

outlined above. The failure of all of these methods must 

be due to the large amount of m-nitrobenzonltrile in the 

product since the theoretically most promising of them were 

methods of determining £-nitrobenBonitrile, The fact that 

the baeicities of the three amino compounds obtained from 

the hydrogenation of the three nltrobenzonitrlles were so 

nearly the same could not have been predicted but is not 

eurrsrising. The titration of a suspension of zinc or copper 

anthranilate in glacial acetic acid with perchloric acid in 

glacial acetic should have been the titration of a strong 

base, anthranilate anion, with a strong acid, perchloric 

acid. By use of a potentiometrlc 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 break occurred during the titration 

indicating that zinc anthranilate, the chelate, ZnAngi is 

very stable and the dissociation constant, for it must be 
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emaller than the ionization constant of anthranillc acid, 

HAn, in this raedluia. 

Since the linc anthranllate was not soluble in the medium 

when the titration was begun and only gradually dissolved 

during the course of the titration another medium might have 

given better results. It appears, however, that this titra

tion fails to give a sharp break at the equivalence point 

because the equilibrium in (1) is shifted to the right only 

in the presence of a large excess of hydrogen ions. 

A homogeneous potentiometrlc titration in glacial 

acetic acid of anthranillc acid with copper acetate gave 

no better results. This titration was based on the 

following reactions. 

ZnAttg 5 > Zn + SAn" {1) 

An" + H ^ > HAn ( 2 )  

2HAn + Cu (G2H3O2) 2 ̂ CuAn2 + 2HC2H3O2 

GuAn2 — > Cu^^ 2An~ (3) 

HAn ^ >H + An" (4) 

HC2H302^= > H + C2H302~ (5) 
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Since copper anthranllate is only very slightly soluble 

and stable the equilibrium in (3) should be displaced to 

the left tying up the anthranllate ion, An", from the equi-

libriUH! (4), The acetate ion would combine with the hydro

gen lone thUB liberated. Excess copper acetate added after 

the equivalence point had been reached might have increased 

the pH Bufficiently to cause a noticeable break in the 

titration curve. 

The attempts to determine o-nitrobenzonitrile from the 

method depending on hydrogenation, hydrolyeie, precipitation 

with zinc, decomposition of the zinc anthranllate, and 

titration of the anthranllic acid by the excess broralnation 

method failed at the hydrolyelB and precipitation steps. 

Hao 

-OH 

NJaOH 

HaO 

HCI 

o 
^ >C-ONd 

Zh ++ 

Zn 

£ 
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OH 

I +3Br£ ^ 

Bf 

+ 3 H6r + CQ 'e 

That It wae not the hydrogenatlon step that failed to be 

quantitative wae shown by the quantitative yields of o-

aolnobenzaailde obtained from this step alone. The pre

cipitation of zinc anthranilate from the slightly acidified 

hydrolysis mixture could not be accompliehed without the 

accompanying precipitation of eiliclc acid gel. Filtration 

of this mixture wae slow and difficult. When the precipi

tate was treated with excess dilute hydrochloric acid to 

decompose the zinc anthranilate and dissolve out the an

thranlllc acid for the titration step, In no experiment was 

it certain that all the anthranlllc acid had been extracted 

from the gel. When this step of the procedure was carried 

out on the hydrolysis product obtained from the sequence 

beginning with a mixture of nitrobenzonltriles, the pre

cipitated silicic acid gel could have adsorbed and carried 

down the aromatic compounds resulting from the hydrogenation 

of the ̂  and ̂ -nltrobenzonitrlles. If these compounds were 

taken up with the anthranlllc acid by the extracting acid 
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solution, ti^y would have interfered with the broraination 

titration. If all the anthranilic acid and none of the other 

possible aromatic compounde were extracted the resulte would 

have been correct. Since erratic results were obtained it 

must be that in eome experiments not all the anthranilic 

acid was extracted whereas in others some of the other aro

matic compounds must have been carried down and extracted 

by the hydrochloric acid. When acid hydrolysis of the 

hydrogenation product was tried, the results were so low 

that It could only be concluded that hydrolysis was 

incomplete. 

When It was certain that this sequence of reactions 

would not lead to an accurate determination of the jo-

nitrobenzonitrlle in the reaction mixture, the Infrared 

method of analysis was again tried. At this time a Perkln-

Elmer Model 13 instrument was available and the resolution 

of this instmiment was shown to be far superior to that of 

the Baird Associates Instrument used earlier. Since the 

spectra of ja-nltrobenzonltrile and ̂ nltrobenionitrlle show 

absorption at two common frequencies but neither shows an 

isolated absorption band characteristic of it alone, it was 

necessary to calcalate ortho to para ratio from absorption 

at these two frequencies. The superiority of the Perkln-

Elmer Instrument was shown by its ability to separate the 
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7^6 13.^-^, absorption band characterlBtlc of the £-

and £;-nltrobenzonltrile8 from the stronger absorption band 

at 735 13t6^, characteristic of m-nltrobenzonltrlle. 

Attempts were made to work out calibration curvee for 

the and 2,-nltrobenzonltriles using absorption at 13.^-^ 

and 11,7-^ so that by a method of elmultaneoue equations 

the amounts of and jg-nltrobenzonltrlle In a synthetic 

mixture could be calculated accurately. The calibration 

curves obtained by plotting log (Iq/I) at a given frequency 

against concentration of either o- or j2,-nitrobenzonltrile 

obtained from spectra of solutions of pure samples of these 

compounds run in carbon disulfide solution showed only a 

fair linear relationship. Slopes of the best straight lines 

drawn through these points were obtained. At 13.4^ slopes 

for the and jg-nitrobenzonitrile curves were 1,6 x 10"^ 

and 0,28 X 10*"2j respectively. At ll.T^^^c:, the corresponding 

values for and jg-nitrobenzonitrlle were 0.55 x 10 and 

1.7 X 10""2, respectively. From these values it is seen 

that in a mixture absorption at 13.^^^ would be due more 

t o  t h e  o r t h o  i s o m e r  w h e r e a s  a b s o r p t i o n  a t  1 1 , w o u l d  b e  

due more to the para isomer. Using these values of the 

elopes of the callbi^ation curves, equations were set up 

and tested by substituting the values of log (IQ/I) from 

the spectra of synthetic mixtures. The amounts of the 
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0- and ̂ -nltrobenzonltrllee calculated In this way never 

agreed with the amounts present in the mixture. It could 

only be concluded that absorption by the two compounds at 

the two frequenciee were not additive and that, while fair 

linearity was obtained in the calibration curves, the solu

tions did not follow Beer's law accurately. 

Since the absorption at the two frequencies was due, 

nevertheless, to the £- and j2;-nitrobenzonltrlleB present in 

the mixture, the ratio of the Iq/I values at the two fre

quenciee should be proportional to the ortho to para ratio. 

A series of synthetic mixtures eimilar to the mixtures 

of nitrobenionltrlles obtained in the nitration experiments 

were prepared and their spectra run. The Iq/I values were 

calculated at the pertinent frequencies. The data for these 

mixtures are given in Table 5 in which D s Iq/I at the 

frequency indicated. 

The amount of m-nitrobenzonitrile in the product mix

tures was determined from the log D vs. concentration 

calibration curves at both 13.6-^ and 11.2-^ shown in Figure 

3. Included in this figure are data obtained from the pure 

samples of m-nltrobenzonltrile shown in Table 6 as well as 

data from the synthetic mixtures. The concentration and 

percentage of ̂ nitrobenzonitrile in nitration products 

estimated from both calibration curves and the calculated 



Table 5« Synthetic mixtures of nitrobenzonitriles 

No. Wt, Wt. of iBomers % of Isomers o/£ D* 013^4 
fflg. 

£ 

fflg. 

ffi £ 
2. m R 13.4^ 11.7-^ 13.6-^ 11.2-^DI1.7 

1 73.8 10.4 60.5 2.9 14.1 82.0 3.9 3.59 1.51 1.31 __b __b 1.153 

2 39.0 8.0 28.6 2.4 20.5 73.4 6.16 3.33 1.39 1.28 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 

k 51.^ 7.9 40.5 3.0 15.4 78.9 5.85 2.63 1.39 1.34 2.38 1.47 1.037 

5 ^5.9 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 46.7 9.7 28.5 8.5 20.7 61.0 18.3 1.14 1.46 1.61 2.01 1.36 O.9O6 

I at wave length given. 

^All of the meta isomer was not in solution. 
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Table 6. Pure eamplee of a-nltrobenzonitrlle 

Sample Concentration 
fflg./lO ml. 

D® 

11.2^ 13.6^ 

1 26,^ 1.3^ 1.86 

2 40.8 1.56 2.52 

3 19.0 1.24 1.58 

if 32.1 1.45 2.24 

®D £ I q/I at the wave length given. 

averages are shown in Table 5* The close agreement of 

values estimated from the two calibration curves Justifies 

the method employed for unifying the spectra. 

Figure k gives the plot of the ortho to para ratio vs. 

%3.4^/^11.7* 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 points from which this curve is drawn up gives a measure 

of the accuracy of the method. At higher values of the 

ortho to para ratio the points are more widespread but a 

change in the ortho to para ratio, here, of -0.18 units corre

sponds roughly to a change in of jr0,017 units. The 
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accuracy with which the spectra can be read is about t"0.01 

unite in the ratio. These estimates show that while the 

points appear widespread, the eJLgnificance of the spread 

is small. 

Table 7 gives the data obtained for the product mix

tures from the quantitative nitration of benzonitrile. The 

estimated values of the percent m-nitrobenzonitrile and of 

the ratio of o-nitrobenzonitrile to ̂ ,-nitrobenzonitrile are 

included. 

The percent ̂ nitrobenzonitrile in all the samples 

lies between 72^ and 82^. It is probable that the higher 

percentages are the more accurate and that lower percentages 

of m-nitrobenzonitrile obtained in some runs were caused by 

formation of side products. There is no significant change 

in the percent j-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 reaction time. The low values obtained 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 gives the largest value for the percent ro-

nitrobenzonitrile. 



Table 7. Analysis of products of nitration of benzonitrile 

Run Sample D® o/^ Estiffiate of meta iBoaer 
Weight 
fflg. 11,7-^ 13.4-^ 13.11.2^ ̂^1.7 • Av. 

mg. 
% 

1 ^3.9 1.16 1.29 2.45 1.50 1.112 3.65 36.0 36.1 36.0 82.0 

2 ^7.5 1.22 1.36 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 

k 39.1 1.19 1.29 2.20 1.43 1.084 3.48 31.8 32.0 31.9 81.6 

5 ^7.7 1.22 1.33 2.40 1.48 1.090 3.52 35.2 35.0 35.1 73.6 

6 ^7.5 1.24 1.36 2.47 1.50 1.097 3.56 36.5 36.3 36.4 76.6 

7 46.4 1.20 1.30 2.25 1.46 1.083 3.46 32.7 34.0 33.4 72.0 

8 47.5 1.22 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 

®D = 1q/1 at the wave length given 
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Rune 5 and 6, and 8 and 9, were duplicating runs. A 

comparison of the results from them should give a measure 

of the precision of the method. For Rune 5 and 6 the average 

percent m-nltrobenzonitrile Is the deviation from the 

average In theee runs Is 2,0%, In the case of Runs 8 and 9 

the average percent m«nltrobenzonltrlle le 77.and the 

deviation from this average 1B 1.2^. Since the deviation 

In the result® le greater for the rune of longer reaction 

time, It Is concluded that the low values obtained for the 

percent m-nltrobenzonitrlle 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 data obtained it Is not possible to calculate 

the percentage of £- and j^-nltrobenzonitrile accurately. 

If It is aeeumed that nitration is complete, and, that no 

side products are obtained, then the sum of the sr £-

nItrobenzonitrlles obtained must be the difference between 

the eample weight and the estimated amount of jg-nitrobenzo-

nitrile. This assumption seems Justified in the cases where 

the percent m-nltrobenzonitrile is 78% to 82%, For Run 1, 

the sum of the lo- and ̂ -nltrobenzonitriles thus calculated 

is 7.9 mg. From this and the estimated ortho to para ratio 

of 3.65. the percent of £- and ̂ -nitrobenzonltrile are 

calculated to be 1^% and 4^5, respectively. When a eimllar 
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calculation is made uelng the average value for the amount 

of ffl-nitrobenzonitrile estliasted and the average value of 

the eample weights from Rune 8 and 9» 17.o-nitrobenzo-

nltrile and ^-nitrobenzonitrlle are estimated. Similar 

calculations for the other reaction products give values in 

the same range. 

From the data obtained it is clear that the ortho to 

para ratios from all of the nitration experiments is greater 

than two. In no synthetic mixture in which the ortho to 

para ratio was less than two did the ratio of Dx3,l|. to 

rise above 1.04, The data from one such synthetic mixture 

are Included in Table 5. 

Since there are two ortho poeitlone and only one para 

position available for substitution, the ortho to para ratio 

would be two if there were no directional influences present. 

It is certain therefore that there is present in benzonltrile 

some influence which enhances ortho substitution, 
-a C 

The suggested explanation of Hammond, Modlc and Hedges-^ 

of the enhanced ortho substitution in compounds containing 

nonlinear unsaturated substltuent group does not apply in 

this case. Since the nitrlle group is linear, it could not 

exert an attraction for the ortho hydrogen or the entering 

electrophile in the same way proposed for the nltro group. 

The fact that the ortho to para ratio obtained for nitration 
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of benzonltrlle le so high caete doubt on this explanation 

of the high ortho to para ratio obtained In nitration of 

the dichloronitrobenzene Btudied35, These experimente ehow 

that the Influence of the nitro and nitrile grouiss is sub

stantially the same and that the ortho effect observed in 

both benzonltrlle end nitrobenzene must be due more to 

electronic than to steric Influences of the eubetituent 

groups. 

In applying the molecular orbital method to the prob

lem of aromatic substitution ̂ ^heland^® has considered the 

structure of type A as contributing to the activated com

plex to a greater extent than other structures that can 

be written. 

In this structure the attacking group R« is covalently 

bound to the rins carbon atom and z represents a positive 

charge and an aseociated open sextet of electrons if the 

attacking reagent, R', ie electrophilic or a negative 

charge and an associated unshared pair of electrons if the 

H H 

H H 

A 
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reagent Is nuoleophillc. With thle model for the activated 

complex the problem is eeeentially to determine the aaount 

of energy that must be supplied in order to provide at the 

point of attack an unshared pair of electrons or an open 

sextet depending on whether the attacking reagent ie electro-

philic or nucleophilic. In setting up the problem for the 

case of a substituted benzene all the trigonal atoms are 

taken into account. In setting up the secular equation by 

which the energies of the molecular orbitals can be calcu

lated, it is necessary to take into account the difference 

in electron affinities of the atoms when the substituent 

group contains a hetero atom, as in nitrobenzene, or when 

the ring is heterocyclic, as in the case of pyridine, A 

constant parameter, S , is introduced to account for this 

difference in electronegativity. In the case of the sub

stituent which contains hetero atoms with TT-electrons to 

contribute to the whole, at least one of the resonance 

integrals and at least one of the overlap integrals must 

be considered to have values different from those in un-

substituted benzene, Wheland shows that these can be 

combined and introduces a parameter, P , to account for 

these differences. By proper assignment of values to the 

parameters S and f he has been able to set up and solve 

secular equations for a number of substituted benzene 



80 

eompounde in such a way as to account for the observed 

orientation as ortho and para or meta to the eubstituent 

group in the case of electrophilic or nucleophillc attack. 

Devar^"^ has extended Wheland's method and, by adding 

another parameter to account for the change in electron 

affinity of the carbon atoms in the ring due to the induc

tive effect of the subetltuent group, has been able to 

account for observed ortho to para ratios obtained in sub

stitution reactions for many substituted benzene compounds. 

He assumes that this change In electron affinity due to 

induction should die out along the chain and introduces a 

constant parameter 6 to account for this effect. Thus the 

electron affinity of the carbon atom in the ring to 

which the substituent group is attached, is £S , that of 

the ortho carbons, £ 6 , etc. In his calculations he 

assigns 6 the value one third and allows S to vary from 

-1 to 3, He is thus able to calculate activation energies 

for substitution at the ortho, para, or meta positions as 

functions of S . By taking appropriate values of S his 

calculated resid-ts are brought into close agreement with 

experiment. According to these calculations for a 

-E (claseical meta-directing) substituent the percent 

meta derivative should always be much larger than the 

percent ortho and para. The ortho to para ratio for 
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"normal" values of 6 should be greater than two and that 

the ortho to para ratio should fall below two only for large 

values of S . fhlB means that para eubetltution is elec

tronically enhanced only if the eubstituent group ia very 

electronegative ae compared to carbon. Dewar citee as 

examples results obtained on nitration of ethyl benzoate, 

benzoic acid, and nitrobenzene in which the observed ortho 

to para ratios are 2.0, 3.8, and 13.5» respectively when 

corrected for the statistical effect. Values of 6 greater 

than two are considered improbable from dipole moment data 

and it is Just at 6-2 that Dewar's calculations predict 

a possible low ortho to para ratio for the -E substituents. 

The data reported in this work on the ortho to para ratio 

obtained from the nitration of benzonitrile is similar to 

that cited by Dewar for benzoic acid. Since the steric 

requirements of these two groups are quite different it is 

difficult to understand how any steric influence can be 

devised to explain the effect of both groups. Whereas the 

nonlinear bulk of the carboxyl group might be considered 

to hinder approach of en attacking group and therefore, 

without consideration of the electronic effects decrease 

ortho substitution no similar argument could be applied to 

the linear nitrile group. On the other hand, if ortho 

substitution is considered to be enhanced by the nonlinear 
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carboxyl group due to its attraction for the hydrogen and 

the entering nltronium ion, thle argument cannot toe applied 

to the nitrlle case in order to explain the high ortho to 

para ratio obeerTed. It appears, then, that the influence 

l8 chiefly an electronic one and that Dewar'e calculations 

are borne out by these experimental resulte. 

Brown^® h&e calculated the atomic localization energies 

in substituted benzene compounds in which the subetituent 

is a conjugated hydrocarbon system. Under these oircum-

stances there is no difficulty in aselgning values of 6 for 

differences in electron affinities but the tt-electrons of 

the substituent group contribute to the electronic picture 

of the whole molecule. He has shown that in styrene and 

1-phenyl butadiene as well as in blphenyl ortho substitu

tion should be predominant over para. That this is not 

observed in the case of blphenyl has long been attributed 

to Bteric factors. Brown concluded that for any conjugated 

hydrocarbon system as substituent the molecular orbital 

approximation will ascribe a greater electronic reactivity 

to the ortho position than to the para position in the 

bensene ring. 

These calculations and predictions seem to be borne 

out by the results of the present work. The difference in 

electronegativity of nitrogen and carbon is certainly less 
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than that of carbon and oxygen. In Dewar's calculations, 

then, the nitrlle group would probably be assigned a smaller 

value of S than is assigned to the nitro group and therefore 

the predicted ortho to para ratio for benzonitrile would be 

less than that predicted for nitrobenzene. The experimental 

results indicate that these predictions would be correct. 

The crux of the Bimpllfied K 0 treatment is to indicate 

that the normal interaction of the unsaturated eubstituent 

with the ring is better preserved in the transition state 

for ortho attack than is the case in the transition state 

for para attack. It is furthermore pointed out that the 

consequent preference for ortho attack can be outweighed if 

the inductive effect of the eubstituent lowers the electron 

affinity of the ortho carbon atoms by a sufficiently large 

amount. 

These results are in effect very much in agreement with 

Branch and Calvin's Interpretation based on modified reso-

AT 
nance theory . From consideration of such structures as 

0 ' e 0 

CJ, E, K. Branch and M, Calvin, "The Theory of Organic 
Chemistry", Prentice-Hall, Inc. New York, N. Y,, 19^1, p, ̂ 77» 
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for the transition state for ortho eubetltution of R* In 

benzonitrlle and 

for the transition state in para suhetltution the conclueion 

would be drawn that ortho substitution 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 a greater 

separation of charge than either of the two structures drawn 

for para substitution. In spite of the weakness of this 

argument due to the neglect of interaction of the TT -

electrons, the conclusions are supported by the experimental 

results. The Bimplified molecular orbital approach is more 

sophisticated and does give numerical results which agree 

with experiment but the aeeignment of values of the neoessary 

parameters must be carefully done in such a way that i-we 

mistakes of the earlier theories are not incorporated into 

the calculatlonF. A neglect of electron interaction in the 

calculations Involved in the M 0 treatment can be glossed 

over by proper assignment of parameters but a real under

standing of the problem is not gained if this assignment 



85 

1b done arbitrarily In euch a waj* as to bring the results 

Into agreement vlth exnerlraent without due regard to the 

Impllcatlone made. 
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SUMMARY 

By means of an infrared methort of analyeiB the ratio 

of ortho to para eubetitutlon occurring in the nitration of 

benzonitrile has been determined. The results show that 

the ortho to para ratio obtained is greater than two and 

for the cases studied the range is 3.3 to 3.7. No signifi

cant change in the ortho to para ratio due to change of 

reaction temperature was observed. It ie concluded that 

the nitrile group like the nitro and carboxyl groups is 

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 possible to determine the isomer ratio ob

tained in the nitration of 2»5-<lichlorobenzonitrile because 

no conditions in which hydrolysis of the nitrile group did 

not occur could be found. 2,5-Dichloro-^-nitrobenzonitrile 

and 2,5-dichloro-6-nitroben2onitrile were prepared and their 

infrared spectra determined. 

Unsucceseful methods of determining the amount of o-

nitrobenaonitrile in the nitration product of benzonitrile 

led to a study of the catalytic hydrogenation of the three 

nitrobenzonitriles. It was shown that m- and jg-nitrobenzo-

nitrile were reduced to the corresponding m- and ̂ -amino-
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benzonltrlles under these condltlone but that £-nltrobenzo-

nltrlle was reduced and hydrolyzed In quantitative yields 

to o-amlnobenzamide, A poeelble mechanism for this reaction 

le given. 
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