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Abstract:
Methods for synthesizing some substituted toluenes are briefly reviewed.

Possibilities for future work in the field of homolytic substitution are suggested.

Attempts at hemolytic substitution of 2-amino-k-nitrotoluene resulted in the formation of an unknown
compound.

Experiments to determine the identity of this unknown compound indicate that it was 4-nitroindazole. 
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A B S T R A C T

Methods for synthesizing some substituted toluenes are briefly 
reviewed.

Possibilities for future work in the field of homolytie sub
stitution are suggested.

Attempts at hemolytic substitution of 2 -amino-4-nitrotoluene 
resulted in the formation of an.unknown compound.

Experiments to determine the identity of this unknown compound 
indicate that it was 4-nitroindazole.

I
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I N T R O D U C T I O N

It has been long known that substituents in a benzene nucleus 

tend to orient any aryl, group entering that benzene nucleus by homo- 

lytic substitution, (24) e.g. by a diazonium reaction, to a position 

orthp or para to the orienting group, regardless of the nature of the 

orienting group. Even those groups, which are regarded as meta dir

ecting by the usual orientation rules of heterolytic reactions direct 

ortho and para in homolytic reactions.

The ultimate purpose of this research was to compare relative 

directing strengths "of several groups, i.e. methyl, ethyl, isopropyl, 

tertiary butyl, methoxy and nitro, in homolytic substitution by ob

serving yields of different isomers when benzene diazonium chloride 

reacted with various para-substituted toluenes.

The immediate objective of this thesis was to prepare some sub

stituted toluenes for subsequent research and to prepare 2 -methyl- 

5-hitrobiphenyl by homolytic substitution reactions.
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L I T E R A T U R E  H I S T O R Y  

The Gomberg reaction has been established as a method of aryIation 

since 1926. (1 6)

Q  M2 = S M p - ,  C S  N-NCl + + N2 +

Later it was discovered that the usual rules of orientation did not 

apply to the free radical type reactions. (l2 & 23) There should have 

been 40$ ortho, 40$ meta and 20% para isomers due to random coupling, 

but in homolytic reactions the entering groups were directed to the ortho 

and para positions, almost to the exclusion of the meta isomer.

Experimentation was begun to determine the nature and mechanism of 

these orienting forces. Almost all of the work up to the present time 

has been done using mono-substituted aromatics as starting materials.

(12, 23, 18, 19 & 8) These starting materials have been treated with 

free radicals from various sources and the mixtures analyzed to determine

percentage yields of the three possible isomers. (2 5)

Fuson (13) proposes a decomposition mechanism for this type of 

reaction using nitroso-m-nitroacetanillde as an example. 

NO2G6K4N(NG)cocH3 ̂ nO2C6H4N=N-OCOCH3

N02C6H4N=N"0C°"CH3 _>N°2C6H4*+N2 + CH3COO'
N02C6 Y  + C6=6 ^ H02C6V6H5 + H'

The terminating steps of the CH^COO• group follow:

CH3COO' + H' ->CH3COOH 

CH3COO' -+CH3 ' + co2 
CE ' + H' -» CH1

HCl
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T i T E O E E T I C A  L

A hbmolytic reaction series was contemplated with disubstituted 

aromatics -since previous work has been done mainly with mono-sub

stituted aromatics.

Substituted toluenes were used since they would be liquid at the 

temperatures,,. O-IO0C. > at which diazonium reactions are usually run.

The para position of toluene was blocked with a second substituent, 

because analysis of comparative directing strengths of the various sub

stituents should be easier, since the entertaining free radical would be 

substituted ortho to one substituent or the other.

running homolytic reactions with aniline on para substituted 

toluenes, analyzing each mixture for the two possible isomers, and assum

ing that the strongest orienting group will always direct primarily ortho, 

a series of relative orienting strengths could be established.

Physical constants of the possible biphenyls are needed so that 

one can determine the amounts of each biphenyl isomer in each homolytic 

reaction mixture.

• There are several ways of synthesizing unsymmetrical biphenyls. 

Probably the most common method ,is the diazo method, (l6 ) where an aro

matic amine is diazotized by'nitrous acid at low temperatures and then 

decomposed at a higher:temperature in the aromatic solvent, which couples 

with the diazonium free" radical.

Grighard reactions can also be used with certain limitations. (2 8) 

Cyclic ketones are treated with aryl magnesium halide, dehydrated and
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then dehydrogenated to "biaryls. This method cannot he used with 

compounds whose substituents react with the Grignard reagent or which 

cannot withstand dehydrogenationf

Unsymmetrical biphenyls can also be synthesized by the Ullman 

reaction (37) or by the Wurtz-Fittig reaction (9 ) by treating iodo- 

aromatics with copper or sodium, respectively. The latter two methods 

are usually used for making symmetrical biphenyls. There is also 

produced a certain amount of the unsymmetrical compound as well as 

the two symmetrical ones.

The method that seemed to be most promising was the method by 

which the amino compound is acetylated, treated with nitrous oxide 

fumes or nitrosyl chloride, WGCl, and decomposed in the aryl solvent. 

(2 7) The nitrosyl chloride and the nitrous oxide modifications were

both used.
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'MAA T E R I A L,S A N D  A P P A E A T N S  

All materials used were■laboratory reagents of G . 

nical grade.

All apparatus was of. pyrex glass with groud glass

P. or tech-

joints.



E X P E R I M E N T A L

1. p-TERTIARY BUTYLTOLEENE

t-BUTYLEEEZENE was prepared by a Friedel-Crafts reaction (2 9) 

of benzene and t-butyl chloride in the presence of an amalgamated 

aluminum catalyst.

t -BUTYL-p -CHLOROMETHYLBENZENE was formed by heating a mixture 

of t-butyl benzene and polyoxymethylene, through which hydrogen chloride 

gas was passed. (5)

p-t-BUTYLTOLUENE was made by hydrolyzing the Grignard reagent (1 5) 

from t-butyl chloromethy!benzene with dilute sulfuric acid.

The yield by this method was about one percent and a more direct 

method was tried. The method below gave satisfactory yields.

p-t-BUTYLTOLUENE was prepared in 45$-yield by heating toluene 

and isobutanol in the presence of fuming, sulfuric acid. (3 ) This 

product was carefully fractionated and gave 1 3.7$ yield of a product 

boiling at 184.0 - l84.5°C at 638 mm..

2. p-ETHYLTOLUENE

p-ETHYLBENZYLCHLORIDE was obtained b y ■ chloromethylating ethyl

benzene by the use of polyoxymethylene and hydrogen chloride. (5)

NOTEJ A marble chip.placed in the still pot when distilling prevents 

the formation of tarry materials.

p-ETHYLTOLUENE was not synthesized since it was not needed at 

this time, but p-ethyIbenzy!chloride could probably be reduced by 

low pressure catalytic hydrogenation to p-ethyltoluene.

- 9 -
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3- p -METHOXyTOLUEHE

p-CEESOL was prepared by dissolving p-toluidine in dilute sul

furic acid, adding sodium nitrite and heating to decompose the dia- 

zonium salt. (1 7)

p-METHOXYTOLUEHE was. obtained by treating a copied mixture of 

dilute sodium hydroxide and p-crepol with dimethyl sulfate. (2 0)

4. 2 -AMIHO-4-ITITROfOLUEEE

2-4-DINHROTOLUEHE was obtained by nitrating p-nitrotoluene in 

the usual manner, (1 9) by means of concentrated nitric acid in concen

trated sulfuric acid.

2 -AMINO-4-NITROTOLUEHE was sought by attempting to reduce 2-4- 

dinitrotoluene by passing hydrogen chloride through an alcoholic 

solution saturated with stannous chloride. This was a modification 

of the method reported by Burton, (j)

Due to the poor yield a different approach was tried.

2 -AMINO-4-NITROTOLDEEE was obtained by nitrating o-toluidine 

with concentrated nitric acid in concentrated sulfuric acid in the 

usual manner. (2 ) This method was modified by recrystallizing 

2 -amino-4-nitrotoluene. from hot water.

' ATTEMPTED SYNTHESIS OF 2 -METHYL- 5 -NITROBIPEENYL

NITROSYL CHLORIDE was made by saturating fuming nitric acid with 

sulfur dioxide and treating with sodium chloride. (24)

ACETO-NITROSO-0-TOLUTDIDE was prepared by adding nitrosyI chloride 

to a solution of -2-amino-4-nitrotoluene in acetic acid and acetic 

anhydride. (2 2)
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2-MEIHYL-5 -KfITROBIPHEIgL

According to France, Heiltron, and Hey (ll) 3-nitroMphenyl can be 

obtained in 51% yield by treating m-nitroaniline with glacial acetic acid 

and acetic anhydride, followed by nitrogen oxides, N3O3, bubbled through 

the solution and decomposed in excess benzene.

When this method was tried in an attempt to make 2-methyl-5-nitr0- 

biphenyl using 2-amino-4-nitrotoluene and benzene, an unexpected product 

resulted. The nitrogen content as determined by the Kjeldahl method (6 ) 

was 1 3-0% compared to a calculated nitrogen content of 6 ,5% for 2 -methyl- 

5-nitrobiphenyl.
r

The same unknown compound was obtained by stirring aceto-nitroso-o- 

toluidine made with NOCl (22) in benzene 35 - 40°C. (2 7) and also by 

stirring in the presence of anhydrous sodium sulfate and.anhydrous 

sodium carbonate. (2 6)

ATTEMPTS TO IDENTIFY UNKNOWN

TEST
Solubility 

water
5% hydrochloric acid 
5% sodium hydroxide 
methyl alcohol 
ethyl alcohol 
isopropyl alcohol

Melting point

Sodium hydroxide & acetone

Tollens reagent.

Reduced unknown & Tollens 
reagent

RESULTS INFERENCE REFERENCE
insoluble 
'insoluble 
insoluble 
soluble 
soluble 
soluble

188-9°C.

negative

negative

INERT .
ORGANIC
COMPOUND

NEITHER DI- 
NOR TRI-NITRO 
COMPOUND

COMPOUND NOT ■ 
EASILY OXIDIZED

31

positive NITRO COMPOUND 34
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Ferric chloride in water negative NOT A PHENOL 35
Ferric chloride in alcohol negative NOT A PHENOL 35
Benzene sulfonylchloride positive SECONDARY AMINE 36

Molecular weight determinations using the ebullioscopic method 

with benzene and ethylene bromide as solvents were so erratic that 

no conclusions could be drawn from them.

The melting point values reported in the literature for aceto-o- 

toluidide (21) and nitroso-aceto-o-toluidide (2 5) were 151°C. and 90°C., 

respectively. These reported melting points do not agree with the 

melting point of the unknown compound.

A further literature search showed that Witt, Ndlting and Grand-

mougin had attempted to make nitroso-aceto-o-toluidide by using sodium
CH

nitrite and hydrochloric acid and obtained 4-nitroindazole. ^

O2NJsv L - /
which they reported as having a melting point of l8l°C. (3 8)

A low pressure catalytic hydrogenation showed that the compound 

took up 7.4 atoms hydrogen per mole. Eight atoms of hydrogen per mole 

are needed to saturate 4-nitroindazole.

The above results led us to conclude that the unknown compound 

is 4-nitroindazole.

Results of the quantitative analysis of the unknown compound are 

as follows:

Found Calculated as 4-nitroindazole

N 23.42#
C 48.28# 
H 3.95#

N 26.09#
c 5 2.17#
H 3.11#
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F  U R 'T H.E R R E S E A R C H  P O S S I B I L I T I E S

There are many unsyrametrical disuhstituted biphenyls which have 

never been synthesized.

At the present time the following 2-5-disubstituted biphenyl 

compounds have been synthesized:

2 -methoxy-5-methylbiphenyI (l)■

2 -isopropyl-5-methylbipheny I (3 0)

2-methyl-5-isopropylbiphenyI (4)

2-nitro-5-methylbiphenyI (l0 )

The above compounds are possible isomers of hemolytic substitution 

into the substituted toluene series of compounds mentioned in the 

introduction. Other 2-5-disubstituted biphenyls of interest in this 

series, which have not been synthesized are as follows:

2 -methyl-5-nitrobiphenyI 

2 -methyl-5 -methoxybiphenyl 

2 -methoxy-5-methylbiphenyl 

2 -methyl-5-ethy!biphenyl 

2-ethyl-5-methylbiphenyl 

2-methyl-5-t-butylbiphenyl 

2 -t-butyl-5-methylbiphenyI

Homolytic substitution reactions should be run on the various 

substituted toluenes and an analytical scheme should be developed to 

measure quantitatively the amounts of each geometric isomer formed.

Attempts should be made to correlate these findings and, the relative 

strengths of the substituents with the final motive of being able to
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predict qualitatively, at least, the position of the entering substitu

ents.

An attempt should be made to formulate a reaction mechanism.
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S U M M A R Y

1. Substituted toluenes have been synthesized for further research 

in the field of homolytic substitution.

2. A literature survey of the 2-5-disubstituted unsymmetrical 

biphenyls has been made and a list of 2 -5-disubstituted'' unsym

metrical biphenyls which have been synthesized has been compiled.

3. The possibility of transforming 5-nitr0-0-toluidine to 2-methyl-

5-nitrobiphenyl by means of a homolytic reaction has been investi

gated. All the reactions tried gave good yields of a rearrangement 

product, 4-nitroindazole.
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