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PREFACE

There is a definite need for more information concerning the pro-
ducts of homolytic substitutions of aromatic nuclei, This need has been
- emphasised by various authors in recent publications, Hey and Waters
(125) have commented
As far as we are aware, the quantitative examination of the total product
from such a homolytic reaction in the liquid phase has not yet been
attempted,

Loebl, Stein and Weiss (159) wrote in 1949

However, very limited experimental evidence is available regarding sub-
stitution by free radicals in the monosubstituted aromatic nueleus, par-
ticularly quantitative data, with the exception of some recent work in
which it was found that substitution by aryl radicals takes place at all
three positions with respest to CO,Et, Cl and Br,

More recently still the following comment has been made by Hey, Nechvatal
and Robinson (122)

The absence of asccurate quantitative data with regard to both orientation
and to activation or deastivation of the nucleus by the presence of sub-
stituent atoms or groups has hitherto made any comprehensive theoretical
interpretation of the substitution of free radicels and atoms highly
speculative,

It is the purpose of this dissertation to add to the quantitative
knowledge concerning the ratio of isomeric disubstituted compounds
obtained from radical substitution of monosubstituted aromatie nuclei,
After some preliminary investigation of reactions of the types reviewed
by Bachman and Hoffman (6) and of acyl peroxides, it was decided to con-
fine the experimental portion of this dissertation to a study of substitu-
tions resulting from the thermal decomposition of bensenesulfonyl azide

in sromatic liquids as reported by Curtius and his co-workers (49).
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Part I3 Experimental Review

The discussion which follows will be limited to reactions which are
more or less generally accepted as proceeding by a radical mechanism,
For background meterial on radicals several good reviews are to be found
in scientific publications (1, 17, 70) and in books containing discussioms
of radieals (6, 68, 180, 207, 214), Such background reading should in-
clude the publications of some of the early workers such as Bamberger (8,
9, 10, 11) and Kuhling (154, 155) and the often-cited work of Paneth and
Hofedits (173).

The present discussion will be comnfined to orientation in radieal
substitution of aromatie nuclei, The reactions will be discussed only
in sufficient detail to identify each and to give the general conditions
under which it takes place, Presentation of the results of investiga-
tions of numerous workers in the field will be followed by the theoreti-
cal considerations which have been advanced concerning radical substitu-
tion of aromatic compounds. In accordance with Kharasch's (149) precau-
tionary suggestion that it is profitless to discuss the reactions of a
radical independently of its mode of formetion, the review of previous

experiments will be organiszed according to the gemerating reactioms,



Radicals from Pyrolysis of Diaszotates
and Diaszocacetates

Perhaps the best knmown methods of produecing aryl radicals are those
which might be considered as having for their first step the diazotiza~
tion of en srylamine, There is evidence to support the belief that
these compounds decompose in non-agueous media to produce free radicals
(187, 207). Most of the instances reported wherein these radicals sub-
stitute aromatic nuclei indicate a preponderance of formation of the
pars isomer, but recent investigations as well as recent thecretical
treatments of the subject show that the para does not in faet predomine
ate,

Experiments invelving N-nitroscacylarylamines are presented in this
portion of the dissertation, It has been shown that these compounds msy

exist in tautomeric forms analogous to those of diasohydroxides

0
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and it has been found that the thermal decompositions of these substances
in aromatic liquids also yield substituted aromatic compounds, Huisgen
(136) shows that the rate-determining step in substitution reactions in-
volving N-nitroscacylanilides is indeed the migration of the acyl growp
from the nitrogen atom to the oxygen atom of the nitroso group,
Bachman and Hoffmen (6) have discussed reactions of this general

category in some detail and they have tabulated the results obtained by
many experimenters in the field. Tables I and II of this dissertation



supplement their tabulation primarily by the inclusion of work which has
been published more recently, In Table II the quantitative data avail-
able concerning isomer ratios of the substitution products have been
tabulated for easy reference,

It is interesting to note that the isomer ratios tabulated in Table
II do not show a preponderance of the compounds, There is good
agreement between two independent investigations of the decomposition of
diazotised p-nitroaniline in pyridine, but no other like comparisen can
be made from the table, It seems reasonable to expect that the work re-
ported in recent years is more reliable if for no other reason than that
new tools and new techniques have become available with which to carry
on investigations of this nature, This applies particularly to the de-
termination of isomer ratios in the substitution products,

Radieals from the Pyrolysis of Other
Diazo Compounds

From Dissogulfideg.--p-Nitrobenzenediazosulfide gave p-nitrobi~-
phenyl when decomposed in benszene (11) and the same investigators report
the formation of p-nitrophenyltoluens when it was decomposed in toluene,
No information was given as to the ratio of isomers in the latter case,

From Diezocyanides,-~-The decomposition of diasocyanides in non-
aqueous media has been reported (199) and although copper powder was
used as a catalyst the authors came to the coneclusion that the decompo-
gitions are exactly similar to the non-ionic decompositions of diaso-
acetates, The p-chlorobenzenediazocysnide gave 4-chlorobiphenyl (1,5%)
by reaction with benzene and the g-isomer produced g-chlorobenzonitrile



TABLE I

COMPOUNDS PRODUCED FROM
DIAZOTATES AND DIAZOACETATES

The procedures are designsted by letters and mumberss(®)
A1  Diasohydroxide reaction (NaOH)
A2  Sodium diasotate procedure
43  Sodium acetate modifisation
A4  Stabilized dlasonivm salt procedure
A5  Pyridine method
A6  Pyrinidine method
Bl  Nitroscasetylamine reastion (N,0,)
B-2  Nitroscacetylamine reaction (NOGC1)

Ercodust urn Method (Xield, ¥ Ref,
Monosubstituted Biphenyls
Biphenyl  Acetenilide  Bensens 3» - 139
2-Benszoyl- 2~-iAminobenso~ Bensens o 15 66
biphenyl phenone
biphenyl Aniline Aniscle A2 15 73
2~-Phenoxy- 2-Aminodi- Benzense A1 25 66
biphenyl phenyl ether
20, 3~ and
4-Ritrobi-
phenyls Aniline Nitrobensene Al 30 67
2-, 3= and
4=Bitrobi-
phenyls Acetanilide Nitrobensene B-2 39-53 67
2~ and 4~Ni-



3-Nitro- B-Nitro-

biphenyl aniline Benszene
3-Trifluoro- 3-Acetamido-

nethyl- benzotri-

biphenyl fluoride Benzene
4-Nethyl-

biphenyl p-Toluidine Bensene

Disubstituted Biphenyls

2- and 4~Meth-

¥l=3'=-nitro- B-Nitro-

biphenyls aniline Toluene
2,4 '=Dimeth- p-Acetani-

oxybiphenyl sidide Anisocle
2=y 3~ :ul 4=Ni-

biphenyls aniline Nitrobenzene
2+, 3= and 4-Ni-

'll'o-&'-h'ono- p-Bromo-

biphenyls acetanilide Nitrobensens
3-Nitro-2'-

methoxy- p-Nitro-

biphenyl aniline Aniscle
3-Nitro-2'-

methoxy=- tro-

biphenyl '&tﬂﬂiﬂu Anisole
2=, 3= and 4-Ni-

%ro-l.’-ﬂvlp

biphenyls p-Toluidine Nitrobenszene
2=, 3= and f-Ni-

tro-j'-methyl- p-Acetamido-

biphenyls tolusne Nitrobenszens
A~Mothyl-(2'~

and 4'-nitro)

biphenyls p-Toluidine  Nitrobenszene

L

A-3

B-1

B-2

A2

B-1

A2

35

47

27=45



Eroduct Component Component ~ Method Xield, % Ref,

A 3
4~Nitro-3-tri- 5=Anino-2-
fluorometh- nitrobenzo-
¥1-biphenyl trifluoride Bensene A3 22 175
Polysubstituted Biphenyls
NMethyl biphenyl- Methyl
35hy5-tri- :{-\-uo-
carboxylate hemimellitate Benzene B-2 o 176

Substituted Furans

yifuran aniline Furan P} 15 13
T, EE e m w
o N iills e B-2 19 L3
2- and 3-p-
ylfurans D@mﬁ": Furan A1 29 143
- ATy a3 28 3
m g Furen A3 197 13
2-Phenylfursn  Aniline Furan Al 2 L3
Substituted Naphthalenes
g M{-;) Acetenilide  MNephthalens  B(P) 7.5 139
¥ byt et- 2-Ethxy-
oxynsphthalenes Acstanilide  naphthalens B() we AW
"?Mﬁ) Acstanilide  Nephthalene  B(P) - 13



1-Phenyl-2,

6-dime 2,6-Dimethyl.
m&m Acstanilide ’nphthrgu 3™ (19.580) 139
Substituted Pyridines and Pyridyl Compounds
2-n-Butoxy- 5= AmiNQ=2=n-
5-phenyl~ butoxy-
pyridine pyridine Benzens &1 oo 2
8- Bromo=-6-
(-, B ; 8-Bromo-6~
Y-pyridy. amino-
quinolines quinoline Pyridine &5 e 38
G-, - andy-(3,~
3,4~Dibromo-
y1)pyridine aniline Pyridine 45 e 111
m«.-a—
Mln}';ﬂ.‘ln wrﬂiln Bensene B-2 e 2
2-Chlore-5-
phlwl.p:;mm pyridine Bensens B-2 - 2
a-umm-s-
2~Chloro=5-
phenylpyridine wrus.n Bensene &3 e 2
&, - andy -(3,~
4~Dichlorophen-
ey 3,4~Dichloro- - 4 i
1-
Wm:. rm:.
pyridine aniline Pyridine A & e 152
6-(3'-6:“ 4'-
2 -dimeth~
1)’ quinoline 2,6-Lutidine  B-2 -— 41
Ethyl 4~(e-, B~

«pyridyl)- 1l 4~amino-
;::h:htu ‘tgthnhto Pyridine A5 40 11



Method Xield, % Ref,

A

6-Methoxy=-8-

: Illi. Ve m
]‘H%)- 8-amino-
qd.m.hu quinoline

8-Me thoxy-6-
y-pyridyl) 6-amino-
quinolines quineline
2-N4i: t-

butyle(@-, f-  2-Nitro-i-
Vepyridyl)= t-butyl-
zma sniline

BrOwdt-
H::tyl-(.- s B~ wtrot
and YhMl)- amino-
bensenes : butylbenzene

8=, f~ and v=(2=
&=Ri
peiirgtiding.  adsiitas

2-p~-Nitrophenyl- p-Nitro-

pyridine aniline
P
ke
=gl ~ -
Phthalow3-(a-,

B- and vepyri- Phthalo-3-

ot
G-, B~ and /-
1,3-Di(a~, B~ {3 inino-

A5

A5

A5

A5

A5
A-5
s
A5

A=5

A-5

&5

15.4

5.3

24

37, 38



Broduct Gmmert  Gomeent  Methed Held,§ Bef,
1,4~Di - and Y-
udé;;isl)- ‘_ ’* phen-
benzenes yl)pyridines Pyridine A5 . 39
i~(o-Pyridyl)  4~Aminodi-
diphenylamine phenylamine  Pyridine A5 — 40
3-(8-, P~ and
VePyridyl)- 3-Anino-
phthalimides phthalimide Pyridine A5 85 111
4e(G-, P~ and
V-Pyridyl)=  4~Amino- -
phthalimides Pyridine A5 5 11
Tetrapyridyl~ Tetraamino- :
phthalocyenines phthalo-
cyanines Pyridine &5 em 102
4G~y §~ and Ap~Amino-
Y-Pyridyl)- phthalo- &
phthalonitriles nitrile Pyridine A5 - 111
3-1(';1:;:)'- | 3-Amino-
quinolines quinoline Pyridine A5 - 36
5-(a- and other e '
;,:w:.);-  Sehmino- : '
quinolines quinoline Pyridine A5 - 3, 38
g-(a~, - and | ‘ '
YoPyridyl)=  8-Anino-
quinolines quinoline Pyridine A5 - 36, 38
8-(a-, p- and
Y-Pyridyl)-6- 8-imino-6-
G-pyridyl- e-pyridyl-
quinclines quinoline A=5 s k)



i-p-Nitrophenyl- p-Nitro-
Dibensothio- S-M.log:p-
phene pheny
ylthiophene aniline
2,5-bis(p-
'wn- p-Chloro-
thiocphene aniline
thiophene ‘aniline
2-p-Tolyl-
thiophene p-Toluidine
2,5-bis(p-Tolyl)-
thiophene P~

Other Compounds

Ethyl 4-phenyl- Ethyl 4-acetam-
phthalate idophthalate



Eroduct Component Component ~ Method Xield, £ Ref,
A -]
Ethyl e : Ethyl -
thyl 2-pheny. . thyl pyrrole-
carboxylate Acetanilide Ylate B-1 29
2-Aminobenzo-
Fluorenone phencne - A1l b % 66
b~(g~, @~ and p~ ‘4-Amino-
hi_;wpbv = phthalo~-
phthalonitriles nitrile Anisole A-1 . 111
4~FPhenylphthalo- 4~-Amino-
nitrile phthalo~
nitrile Bsnzene A-1 - 111
4~FPhenylphthalo- j~Acetamido-
nitrile phthalo- :
_ nitrile Benzene B-2 e FB 5 S
3~Phenyl- 3-Acetamido-
quincline quinoline Benzene B-2 s 2
p-Tolyl-

terphenyls p-Toluidine Benzene A1 - 33

(a) Designation of methods follows that of Bachman and Hoffwan (6).
The designation A-6 has been added to signify the use of pyrimidine
as component B,

(b) Whether the method was B-1 or B-2 was not clearly indicated,

(¢) The 2-isomer eomprised 16.6% of the phemylated product.

(d) ﬂlhphnql&mrmw.

(o) Mhrmmtndtwoﬁorim-mpumt;mmw



to be the 3-isomer,
(£) Numbers enclosed in parenthesis indicate percentages of arylated
product rather than of theoretical yield.



Table II

ISOMER RATIOS IN COMPOUNDS PRODUCED FROM
DIAZOTATES AND DIAZOACETATES

Produet  Gomponent Gompopent Method'®)  Zsomer, § Bef.
A i B A

anisoles aniline Anisole Al 20 o 7 106

Nitro-

biphenyls(®) Aniline  Nitrobemseme A-1 (55-61) (0-4) (39-41) 67
12-16 0-1 7-12

Nitro-

biphenyls(®) intline  Nitrobemseme A-1 (Sias) (922) (37a4) 122
p-Nitrophenyl~ p-Nitro-
pyridines

aniline Pyridine A5 15,4 53 24 4
p-Ritrophenyl~ p-Nitro-
pyridines aniline Pyridine &5 24 9 4.5 108
p-Nitro-

phonylpyp-,  p-litro-
imidinest®) aniline Pyrimidine A6 10 o M am

4'=-Ritro-
(2 and 4~ p-Nitro-
acet~

:g:’y;.a(b) anilide Toluene 1 (67 o (33) 83
2-, 3~ and 4~ 4-Nitroso-
substd: acetamido-
Terphenyls biphenyl CgiiY Bl 82
=Gl (32) (20) (48)
Y=Br (33) (15 (52
Y=CH, (50) (6) (44)

Y=H0, (54) (o) (46)



1

Broduost  Component Component Method(®)  Isomer, §  Ref,
Ty, gl

l-, 3- and 6~
‘hlwl-a-

tm.--m enilide  naphthaleme B{%)  (36) (6.5) (4.9) 129

(a) Designation of method explained at the beginning of Table I,
(b) Numbers enclosed in parenthesis indicate percentages of arylated
product rather than of theoretical yield,

(c) Statistically there are twice as many chances of forming 4~ mono-
substituted pyrimidines as 2- substituted products,

(d) Whether the method was B-l or B-2 was not clearly indicated,
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(7%) and 2-chlorobiphenyl (3%). From p-bromobensenediaszocyanide in dry
benzene there was obtained some p-bromobensonitrile(5%) and 4~-bromobi~
phenyl (1%).

Erom Piascanhydrides.--Diasoanhydrides were prepared (9) by care-
ful addition of acetis acid to the potassium salts. Decomposition of
these compounds in aromatic liquids resulted in formation of biphenyls,
When decomposed in aromatic bases these substances reacted with the
amine groups by a process of elimination of water to form diascamine
compounds, p-Toluenediascanhydride was found to react violemtly with
aromatic liquids, the reaction being explosive in nature when toluene
was employed as the substrate, p-Chlorobensenediazoanhydride reacted
with bensens to yield 4-chlorobiphenyl, and with aniline to form the
corresponding diasoamino eompound, With thiophemol en analogous reac-
tion ocourred and the diaszosulfide was formed, The p-bromosnhydride
reacted in bensene and in aniline in the same manner as did the p-chlore-
compound, 4~Nitrobiphenyl was isolated as a produst of the decomposi-
tion of p-nitrobensenediascanhydride in benszens, but the yleld was low
owing to the violemt decomposition of the anhydride, Decomposition in
aniline formed the diascamino compound as deseribed above, The p-nitro-
anhydride reacted with bensene to produce a substance believed to be
3-nitrobiphenyl, and the m-bromo compound was reported to have formed
3-bromobiphenyl,

Eronm Disso Ethers.--Bamberger (8) reports that biphenyl and substi-
tuted biphenylscean be prepared by the decomposition of diaso ethers in
aromatic liquids, but that the reactions require more time, He prepared
4~nitrobiphenyl and 4-nitrophenyltoluens from decomposition of the



methyl ether prepared from p-nitroaniline, in benzene and in toluene
respectively, No mention was made of isomer distribution in the ,-nitro-
ph!vltolm.

From Diasogarboxylic Aclds.--Potassium benszenediasocarboxylate has
been reported to produse 10,58 of bensoylbiphenyls but no mention was
made of isomeric forms (169),

Erom Diaszcamine Compounds.--The pyrolysis of cyclic diascamino com-
pounds (35, 139, 146, 201) with subsequent formation of cyslic structures
has long been known, Detailed description of these reactions is not in-
cluded here since for the most part there is little freedom of cholce as
to orientation in the compounds thus produced,

The formation of 2-nitro-4~methoxybiphenyl from the diazoamino de-
rivative of 3-nitro-/~aminocanisols in bensene, end the formation of
3,4~dimethyibiphenyl from decomposition in the same liquid of the 1,2-
dimethyl-4~aminobensene derivative formed by interaction with dimethyle
amine, have been reported (140). Elks and Hey (74) formed N-dimethyl-
diasoamino compounds by the action of aromatic diasonium chlorides and
dimethylamine, They decomposed these substances in aromatic liquids at
reflux temperatures in the presence of dry hydrogen chloride gas, in
some cases, and glacial acetic acid in others, When the bensene deriva-
tive was decomposed in dry bensene, in the presence of dry hydrogen
chloride gas, some chlorobenzene wes isolated along with a 25% yield of
biphenyl, Biphenyl was produced in 37% yield in the presence of glacisl
acetic acid, From decomposition in nitrobengene while passing dry
hydrogen chloride gas through the mixture they isolated nitrobiphenyls
in 35% yield, From the reaction product they were able to separate and
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identify 2- and 4-nitrobiphenyl,

There might be some question as to whether a polar mechanism is in-
ﬁMﬂnWmMmiapnnﬂhtitmmﬂhhM
such would be the case with glacial acetic acid in the absence of water,
The production of 3-phenylquinoline is reported (2) from the decomposi-
tion in dry bensene of the diazoamino compound which was prepared from
3-aminoquinoline and dimethylamine, In this case also dry hydrogen
chloride gas was passed through the boiling mixture,

Radicals from the Pyrolysis of
Azo Compounds

The radicals generated by the decomposition of purely aliphatic azo
compounds, e,g.,; dimethyl 2,2'-asoiscbutyrate, are mot active enough to
attack aromatic 1liquids (21), However, when phenylasotriphenylmethans
was pyrolysed in bensene the products were shown (120) to include tetra~
phenylmethane, biphenyl and some triphenylmethyl peroxide, The first
two compounds could occur by attack on the benmene or by combination of
free radicals, and the last by oxidation of the triphenylmethyl radieals.
That biphenyl was probably formed through substitution of bensene is in-
Sioaded Ay the Fash that oo Mphisgl s fousl then 4he dssenpouttton
was carried out in chlorobensene nor in nitrobenzene, Some 4-chlorobi-
phexnyl was found in the former instence, but no biphenyl derivative was
identified among the products formed in mitrobenzene, When phenylazos
triphenylmethane was decomposed in toluene (219) a mixture of 2- and
4-methylbiphenyls was formed, This is further evidence for the attack
of phenyl radicals on the aromatic substrate,



Wieland (219) also found p-bensoyltriphenylmethane as one of the
products of pyrolysis of benzoylasotriphenylmethane, In pyridine there
was produced some triphenylmethylpyridine (222), The formation of
g-hwltﬂphwlnthm involves an apparent rearrangement, probably
by way of a free radical, with substitution in the pars position, Decom-
position of phenylasotriphenylmethane in pyridine (2) produced a mixture
from which tetraphenylmethane, triphenylmethane, 2-phenylpyridine,
3-phenylpyridine and 4-phenylpyridine were isolated. The authors report
that from decomposition at 65-70° the ratio of isomers was 4-)3-)2- and
when the reaotien wes sarried out et 2% over & peried of six weeks the
isomers were cbtained in the order 3-)4-)2-. In both cases the 2-isomer
was obtained in lowest yield which is in contrast to the corresponding
reactions with diasotized aniline, nitroscacetanilide or benzoyl perex~
ide, Other workers (219) were able only to isolate 2- and 4-phenylpyri-
dine from the produsts of this reaction,

When 2-quinolylasetriphenylmethsane was warmed in benszene at 70°,
evolution of nitrogen was vigorous and the solution became dark in color,
After the evolution of gas had ceased the authors (2) identified tri-
phenylmethane, quinoline, and 2-triphenylmethylquinoline, When the ex~
periment was repeated at the same temperature and the benzene removed
under reduced pressure they found triphenylmethyl peroxide in additionm,
These products are analogous to the ones reported previously except that
no attack on the benzene by the quinelyl radieal is indieated by the
products found,
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Radicals from the Pyrolysis of
Aliphatiec Diazo Compounds

Aliphatic diszo compounds are not known to cause substitution in
aromatic nuclei, Schonberg (189) cbserved no attack of diphenylmethyl-
ene (from diphenyldiazomethane) om boiling benszene; and although ethyl
diasoacetate causes radical substitution in aliphatic hydrocarbons ('72),
it edds instead to a double bond in bensene (62),

Radiecals from Pyrolysis of Asides

Neither phenyl mor bensoyl aszide produces fragments that initiate
polymerisation of serylonitrile (134) and phemyl aside accordingly does
not cause nuclear substitution of benszene (18), Nevertheless the ther-
mel interaction of hydrasoic acid and p-xylene (19) and the photochemi~
cal conversion of bemsene and the same acid to aniline (147), coupled
with the recent proof (181) that pyrolysis of hydrasoie scid yields
imino radicals, show that substitutions of this kind are not impossibls,
In the very favorable cases of g-asidobiphenyl, 2-(2-azidophenyl)thio-
phene, and 3-(2-asidophenyl)pyridine, intremclecular ortho substitution
(ring closure) does occur very well (193, 194).

—if0t er N
Q;O Tight C{—ﬁﬁ:)““‘

However, this cyclization fails with l-naphthyl azide, 2-phenylethyl
azide, some nitroasidobiphenyls, and 2-(2-asidophenyl)pyridine, It is
to be noted that Borsche and Hahn (25) obtained muclear (exclusively



para) substitutions in aromatic compounds with phenyl aside and even
wrote a free-radical mechanism for the process, but since they used alu~
minum chloride in larger amounts than the azide, a polar mechanism is
more probable,

finyl aside in petroleum ether, but he did mot investigate interaction
with aromatic compounds,

mmmgmmﬂmmﬂumm-
the sulfonyl azides, Curtius and his co-workers (49) found that when
aromatic sulfonyl asides were heated in various aromatic liquids the
ensuing reaction was not a typieal Curtius rearrangement., On the con~
trary, the compounds which they isolated from the reaction mixtures
after cessation of nitrogen evolution, which begen at spproximately
100*, showed that substitution of the aromatic liquid had occurred in
uarfl;mxyun. The isolable products consisted primarily of aro-
matic sulfonamides, The reactions can be coneeived as follows:
ArSOZN3 —> ArSOgN: + Ny
ArS0_Ns + Ar'E —> AvSONHAr!
AYSON: ¢ 24r'H — ArSO.NH, + 24r'e
The fate of the free aryl radicals is not clear, although Curtius (53)
had previously reported the formation of a benzidine compound when ani-
line was used as the aromatic substrate, He was wnable $o fully char-
acterize the compound, however,
When @-tolusnesulfonyl aside was decomposed there was, in addition
%o the reactions shown above, some formation of the benszylidene radical,
W,MMQfMGwMMaﬂMM. Bvi-
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dence for this reaction was found in the fact that sulfur dioxide could
be detected and that 4,4'-diaminotriphenylmethane was found when decom-
position occurred in aniline, and also some 4,4'~(dimethylamino-)tri-
phenylmethane in dimethylaniline, This is particularly noteworthy since
other attempts to cause aromatic substitution by methylene or substituted
methylene radicals have falled, as previously noted, Of particular
interest also is the statement that substitution occurred only on the
nucleus and in the grtho and the para positions exclusively. The state-
ment was made that no side-chain substitution took place, but it was
found that with aromatic amines as substrates, where amine hydrogen was
available, there was some sulfonanilide formation by elimination of
hydrasoic acid, Hydrazine formation did not take place; however,
Benzenesulfonyl Azide, Benzenesulfonyl aszide reacts with benszene to
form benzenesulfonanilide, With aniline it forms a small amount of ben-
senesulfonanilide by elimination of hydrasoic uidanditliuprodmol
isomeric benzenesulfonamidoanilines through nuclear attack hy CgHgS0.Ns,
The corresponding benzenesulfonamido derivatives are formed when methyl-
aniline, dimethylaniline and diphenylamine, respectively, are used as
the aromatic substrates, Decomposition of this azide in toluene re-
sulted in the formation of bensenesulfonamidotoluenes along with benzene-
sulfonamide, When pyridine was the aromatic liquid a product was ob-
tained which was reported to be sulfonamidopyridine., No statement was
made as to orientation in this instance, but the general statement was
made in the article that f.naphthalenesulfonyl azide caused substitution
of pyridine in the g-position but in other cases the attack appeared to
be in the B- orv - position, This statement appears to be in contradie-



tion to the statement previously cited that substitution was invariably
& o

o sulfonamido derivatives were isolable from decomposition of benw
zenesulfonyl azide in nitrobensene or bensaldehyde, The general state-
ment was made that decomposition of various sulfonyl azides in quinoline,
nitrobenzene and benzaldehyde produced only the respective sulfonamide
in each case slong with tars whose composition could not be determined,

P-Toluenesulfonyl Aside, When p-toluenesulfonyl azide was decom-
posed in benzene the expected products were found, Decomposition in
P-xylene resulted in the formation of p-toluenesulfonamido-p-xylene,
but, of course, only one product was possible, The isomer ratio was not
given for the product formed by reaction with aniline, but p-toluene-
sulfonemidoaniline was isclated, and the analogous product was reported
from methylaniline, again without indication of isamer ratio, in o- to
p- ratio of 211 was reported, however, for the p-toluenesulfonamidodi-
methylanilines produced when dimethylaniline was employed as the aromatic
substrate, The expected product was reported from the decomposition of
Pp-toluenesulfonyl azide in pyridine and since its melting point did not
agree with the known melting point of the g- isomer, the conclusion was
drawn that it must be the B~ or the Y - isomer,

p-Chlorobensenssulfonyl 4zide, Only o-(p-chlorobensenesulfonami-
do-)toluene was formed when p-chlorobenszenesulfonyl azide was decomposed
in toluene, The expected p-xylidide was produced in p-xylene and N-1-
nephthyl~p-chlorobenzenesulfonamide was obtained from attack on naphtha-
lene, From aniline only the ortho isomer was obtained and the same re-
sult was reported with methylaniline, From the reaction with dimethyl-
aniline both the ortho and para g-ehlerohnmnlfmdn derivatives
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were found, but the comparative amounts were not indicated, Decomposi-
tion in pyridine was said to cause the expected substitution but again
the point of attack was not determined, A4s previously indieated, only
g—chlorohnumsu}.fm was isolable from decomposition in quinoline,

1,3-Benzenedisulfonyl Azide, The decomposition of 1,3-bensenedisul-
fonyl eside in p-xylene resulted in the formation of 1,3-bensenedisulfon-
di-p-toluidide, The sulfonsmide was formed in dimethylaniline, but no
sulfonamido substitution product could be found,

Acetylsulfanilyl Azide, When acetylsulfanilyl aside was decomposed
in p-xylene the expected p-xylidide was produced,

1-Naphthalenesulfonyl Aside, The p-xylidide was produced when
l-nsphthalenesulfonyl aside was decomposed in p-xylene, Owing to the
fact that all pesitions on the mucleus which are subject to attack are
equivalent, such examples serve only to emphasize the scope of the reac
tiom, '

2-Naphthalenesulfonyl Aside, With p-xylene as the aromatic sub-
strate, the decomposition of 2-naphthalenesulfonyl aside produced
2-naphthalenesulfonsmido-p-xylene, and 1-(2-naphthalenssulfonanido)-
naphthalene was reported from the reaction with naphthalene, The attack
on aniline resulted in the formation of the griho 2-naphthalenesulfon~
amido derivative, and the expected product was formed in methylaniline
but the isomer ratio was not determined, The decomposition of 2-naph-
thalenesulfonyl aside in dimethylaniline prodused 2-naphthalenesulfon-
amidodimethylanilines but again the orientation was not indicated, The
expected product was reported from the attack on pyridine but, contrary
to the general statement previocusly cited, the orientation again appears
to be uncertain, Only 2-naphthalenesulfonamide could be identified as a



produet of the reaction with quinoline,

1,5-Naphthalenedisulfonyl Azide, The decomposition of 1,5-naphthal-
enedisulfonyl ezide in p-xylene produced the expected compound by attack
on two molecules of the aromatic substrate,

p-Anthraquinonesulfonyl Azide, Decomposition of this substance in
p-Xylene also gave the expected product, namely B-anthraquinonesulfon-
amido~p-xylene,

As previously noted Curtius (49) concluded that decomposition of
sulfonyl azides in pyridine resulted in attack on the ring carbons,
Alamela and Ganepsthi (3) studied the decomposition of p-acetamidoben-
senesulfonyl aside in pyridine end conecluded that the product obtained
was L(s-ml)-g-mmommm:m since its melting point
was closer to that of the 3-isomer than to that of the 2- or the j~-iso-
mer; Buchanan and his co-workers (5, 27) have shown that the structure
of the compounds formed when aromatic sulfonyl azides are decomposed in
pyridine is that of a quaternary salt, CsHfi-NSOpAr, and that G- substi-
tution of the nucleus had not been accomplished by previous workers,
Datta (I&)) substantiated the work of the latter group, He decomposed
p-acetamidobenzenesulfonyl azide and g—tolmiﬂit_wl azide, respec-
tively, in an excess of pyridine, The main reaction products were showmn
to be l-(z-mtnidohnmnlfeniﬁm)midim end lb(g-tolnlmsnlfon-
imino-)pyridine in that order, He was able to hydrolyze the compounds
and to prepare other N-iminopyridine derivatives in order to prove the
structure, The isolation of Neiminepyridine was reported, but it was
found to be very short lived, Thus the decomposition of sulfonyl azides
in pyridine is shown not to involve ring substitution but to be analog-
ous to the formation of amine oxides.



R ¢+ 0 — Ry-0
"N ¢ ASON3 —>  N-HESOgAr

Radicals from the Pyrolysis of
Feroxides

Alkoxy redicals derived from monmo- (183) or dlalkyl perexides (153,
202) do mot sttack sromstic nuclei, Aoyl perexides yield scyloxy radi-
cals, which may substitute as such ar decarbuxylate to allyl or agyl
redicals which may or may not cause substitution, Thess reactions cam
be summarised as follows: )

(RCB); —> Be ¢ RGOye + OO,y
Re ¢ R'HE — ER' ¢ Be
Re + R'E —> HH + R'»

RCOg* + R'H —— ROOGR® + He
RCOz* ¢+ R'E —> ROOLH + R'~
R0, + Be —> MOOE
._"‘:“"' —_— mzp

Re ¢ e — HE

R* ¢+ R — R
(Expressions such as R°, H* and RCO,* dencte free redicals) Primery in-
terest is in the oriemtation of the products (RR') or (RCO,R') where R'
is an eromstic nucleus, Alkyl radiscsls produced from peroxides do not
attack eromatic mucled (151, 207) unless such nuclei are unusually acti-
vated toward redical substitution, i.e., polynitro compounds (78), in
which case orientation is practically meaningless because so meny posi-
tions are blocked,
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Table III presents a literature summary of arylations and acylations
by arcyl perexides,

The work of De Tar (67) and that of Hey (122) on the decomposition of
bensoyl peroxide in nitrobenszens probsbly represent the only really quan-
titative data available on isomer ratios from substitution resctions of
this type, Dennley and co-workers ( 57, 58s) applied to radical substi-
tution, the Ingold (14%) competitive method for comparing rates of reac-
tion, Bensoyl peroxide was decomposed in equimolar mixtures of pyridine
and various other solvents, They arranged the substances in the follow-
ing order of decreasing reactivity toward substitution by phenyl radi-
cals: nitrobensene, 7) bensonitrile, 4.1) methyl bensoate, 3.7) methyl
bensenesulfonate, 1,8 chlorobensens, 1,7 pyridine, 1,7) bromobensens,
1.6) tolusne, 1.4) bensene, 1,0 .

Although the phenyl radicals generated were from N-nitrosoacetanil-
ide, 1t is interesting to note here that De Tar (67) also found that
chlorobensene was attacked preferentially in a mixture of bensene and
chlorobensene and Huisgen and Sorge (139) found that twenty-two mole-
cules of naphthalene were attacked for every molecule of benzene in a
mixture of thess two compounds,

Radicals from the Pyrolysis of
Polyacetates

Carboxylic aeid "salts" of elements in an abnormally high state of
valence can lose RCOO* radiecals and thus retwrn to a more usual valence
condition, Fieser and Chang (77) have generated radicals of this kind
from lead tetrascetate and Sandin (185) likewise has generated acetate



Table III

SUBSTITUTIONS EFFECTED BY AROYL PEROXIDES

Subgtrate Erodugts'®
Benzoyl Benzene Biphenyl, 1l bensoate, 89
terphenyl, quaterphenyl
Benzonitrile  Cyanobiphemyls, )
3- (10)% end 4- (3011" 58
Bromobengene  Bromobiphenyls, 2- (48.5
3- (33.0)% nd A= n.;)’i 58
Biphenyl Terphenyl, quaterphenyl 91
Chlorobensens 2- (64)%,
3- (23)8 na & (13)%, 58
4~isomer in 9% yleld 57
Chlorobensene 4~Chlorotetraphenylmethane 220
containing tri-
phenylmethyl
g-Gresol 2-Benszoyloxy-g-cresol(®) 42
p-Cresol 4~Bensoyloxy-p-cresol 42
p-Cresol 4~Bensoyloxy-g-erescl(b) 42
Diphenylamine 2-Hydroxy-N-bensoyldiphenyl-
anine 87
Ethyl benzoate Ethyl 3- and 4-phenyl-
bensoates 120
Mesitol 4~Benzoyloxy=2,4,6~trinethyl-
eyclohexa~2, 5-dienone 43
3-Methoxyphenol 2-Bensoyloxy-5-methoxy-
phenol 42
4~Methoxyphenol a-huqiﬁ;r-ﬁ-nthﬂv-
42

Methyl benszene- bﬂv biphenyl sulfonates,
sulfonate Esa;:. 3- (33)% and

.4



Peroxide

-~

Benzoyl

(cont'd)

Aromafic Ring-gubstituted

_Substrate Brodusts(®)

Methyl bensoate Methyl 4~phenylbenszoate in
27% yield

Methyl benszoate Methyl 4~(triphenylmethyl)-
containing bensoate
triphenylmethyl

Nitrobensene 2 and 4-Ni

2- '(u.a)s.- 3- (0.7)% and
4~ (53)%

Phenol mw, 2- (80)%
and 4~ (20)%

Pyridine 2~ and 4~Phenylpyridines,
with 19-245 of the 4=

tl-J-vh.r

3 i

wnmw-m (ﬁ

172

By

172

123

69, 90

57

220

Quinoline 4~ and 5~-Phenylquinolines
and several x-phenyle
quinolines
Toluene 2~ and j~Methylbiphenyls,
the ,j-isomer in 8% yield;
2- and 4~phenylbenzoic
acids and a cresyl benszoate 90
Toluene 4~Methyltetraphenylmethane
containing
triphenylmethyl

B-2-Xylenol 5-Benzoyl-g-2-xylenocl,

3,5,3",5'=tetranethy.
o g e B
-di.hdrw-

tetramethyl~4,4
biphenyl

B-4~Xylenol 4~Bensoyloxy-p-5-xylenol(b)
B-5-Xylenol 4~Benzolyoxy-g-5-xylenol

43

42
42



e~Carbo-
methoxy-
benzoyl

2-Carboxy-
benzoyl
benzoyl

o-Nitro-

benzoyl

R-Nitro-
benzoyl

p-Nitro-
bensoyl

4-Nitro-
benzoyl

5-Nitro-
2-carbo-

methoxy-
benszoyl

benzoyl

4%-nitro-

benszoyl

SR

Benzene
Pyridine
Benzene
Nitrobensene

Nitrobensene

el

Bef,

Methyl biphenyl-2-carboxylate 123

Methyl x-pyridylbenszoates

2- and 4~Nitrobiphenyl-
2' ~garboxylic acids

4~Chlorobiphenyl

2- and 4~(p~Chlorophenyl)-
pyridines

2-Nitrobiphenyl
None
3-Nitrobiphenyl
None

3-Nitrobiphenyl~-3'~ and
4'carboxylic acids

4~Nitrobiphenyl
None

Methyl 4~-nitrobiphenyl-2-
carboxylate

Methyl 5-nitrobiphenyle2-
ocarboxylate

4~Nethoxybiphenyl

2= and 4-p-Methoxyphenyl-
pyridines

p-Nitrobiphenyl, p-methoxy-
biphenyl

None

EE 8 BBEEEE vk &E

&
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Rerexide  Aromatic mu:mmw Bef,
Substrate Eroducts'*®
Cinnamoyl  Bensene Stilbene 123
Pyridine alpha~-Stilbasole 123
l-Naphthqyl Bensene None 123
Pyridine x-(1-Naphthyl) pyridine 123
2-Naphthoyl Bensene 2-Phenylnaphthalene 123
Pyridine x~(2-Naphthyl)pyridines,
three forms 123

(a) Numbers enclosed in parentheses indicate percenteges of arylated
product rather than of theoretical yields,
(b) Bensoyl migration involved in formation of this product,



radicals from phenyliodoso acetate, It seems probable that manganese
triacetate could be used in a similar manner,

In the investigation cited above Fieser (77) found that lead tetra-
acetate, heated in a mixture of 2,{,6-trinitrotoluene and a small amount
of acetic acid, caused methylation with the formation of 1,3,5-trinitro.
2,4~dimethylbenzene, In a similar fashion 1,3-dinitrobenszene was con-
verted in part to 1,3-dinitro-6-methylbenzene and in part to either
1,3=-dinitro-4 6-dinethylbensene or 1,3-dinitro-2,6-dimethylbenzene,
Nitrobenzene itself was methylated to form both the 2- and the /j-isomer,
It was believed that the grtho predominated even though the para was
easier to separate, With chlorobenzene as the aromatic substrate iso-
meric chlorobenzyl acetates were formed, It appears that chlorotolu-
enes were first formed with subsequent attack of the methyl groups by
acetoxy radicals, When naphthalene nlmdinthoﬂacfimlpmtuy-
naphthalene was isolated in 25% yield, In the course of the investiga-
tion (185) with phenyliodoso acetate it was found that 2,4,6-trinitro-
toluene was converted to 143,5-trinitro-2,4~dimethylbenzene in 20%
yield, This reaction appears to be analogous to that of methylation
with lead tetraacetate.

These reactions and the products formed are typical of radical reac-
tions, They may be grouped inte three classifications; methylation of
the ring, ecetoxylation of the methyl group, and acetoxylation of the
ring, One sees here, as previocusly stated for alkyl radicals from per-
oxides, that the ring must be activated before it is attacked in appre-
ciable amount, The aceteoxy radical was shown to attack only the methyl
group and the nucleus of naphthalene, which is highly active toward sub-
stitutions of this nature,



Radicals from the Pyrolysis of
Organometallic Compounds

Ethyl radieals from the decomposition of tetraethyllead do not at-
tack benzene and naphthalene below 300® (48), but certain Grignard re-
agents cause substitution in aromatie hydrocarbons, presumebly by way
of radicals (150), Methylmagnesium iodide in benzene gave both toluene
and p-xylene, and bensylmagnesium chloride in bensene gave diphenylmeth-
ane (29%)and 18% bibenzyl, in mesitylene 20% 4~bensyl-l,3,5-trimethyl-
bengens, and in m-xylene 17% 4{~benzyl-l,3-dimethylbensene, Phenylmag-
nesium bromide caused phenylation of toluene in the 4~position and of
S=xylene in an undetermined position, probably the j-position also, In
chlorobensene the decomposition of phenylmagnesium bromide gave 5%
chlorobiphenyl and 39% biphenyl. Obviously the high reactivity of Grig-
nard reagents toward most functional groups prevents much extension of
this work; similarly the lmown arylation of pyridines and quinolines by
these reagents probably involves a polar, additive mechanism instead of
& radical mechanism,

Free phenyl radicals are thought to be responsible for the grtho-
and pars- phenylation of ethyl bensoate when that liquid is used as
solvent during the Ullmann treatment of iodobenzene with copper (179).
The same radicals from diphenyliodonium chloride heated with pyridine
and sodium hydroxide give 2-, 3- and 4-phenylpyridines (184).

Radiecals from the Pyrolysis of
Allylic Compounds

The grouping ArmCH(3.p)~-, like other allylic groups, is easily de-
tached from atoms to which it mey be bound, the more so as j increases,
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mum-mhmtafn—,ejmutw,mmmmm
homolytic breaking of the bond at ordinary temperatures is familiar, Accord-
ingly radicals are formed, and if the tempersture is high enough they may
mmm&tﬂqumnmwhhnuw
as aryl radicals themselves, becauss resonance energy stabilizes allyl and
bensyl but not phenyl radieals.

Thus the rearrangement of benmyl phenyl ethers (126, 127) in quincline
produses not only the expected g- and p-bensylphenols, but, by participation
of the solvent, benszylquinolines and hydroxyphemylquinolines., The formation
of bensyl and phenoxy radicals is postulated, the latter rearranging or
undergoing intermolecular hydrogen transfer to yleld hydroxyphenyl radicals.
Similerly bensyl redicals from the pyrolysis of benzyl p-~tolusnesulfonste
benszylate chlorobenszens in the para position, but do not affect nitroben-
sene (171),

Triarylmethyl radicals normally do not attack aromatic nuelei (71, 207,
220). The conversion of phencl to p-hydroxytetraphenylmethane (207) pro-
bebly involves primary sttack on the hydroxyl hydrogen, and that of g-xylene
to 4~(3,4~dimethylphenyl)triphenylmethane (221) should be verified, since
g-xylene did not behave so, The disproportionstion of triphenylmethyl
(207) and diphenylamino (207) free radicals to polycyclic struetures ob-
Mnﬂmﬁ;__ﬁmmm#rigatmmthmm
for oyelisation, The rearrangement of trimethylphenyl phenyl ketone to
p-benzoyltriphenylmethane (222) appears to be substitution by a bensoyl
rather than a triphenylmethyl radieal, However, a disproportionation of
triphenylmethyl leading te p-(triphenylmethyl)-triphenylmethane (221)
appears to be 2 case of fres %chaice® of the para position.



Radieals from the Pyrolysis of
Hypobromites

In all probability phenyl radicals are involved in the desarboxyla-
tive bromination of silver salts of aromstic ecarboxylie seids (12, 116)
but no aromatic substitution has been caused by radicals so generated,

Radicals from the Pyrolysis of
Halogens and H-Halogen Compounds

Atomic halogens, accerding to the picture being developed, should
not obey usual orientation rules for polar substitution in even a side-
chain-free arcmatiec mucleus, They might themselves substitutes

ArE + Gl —— AxCl « H» (n)
or they might pick up hydrogen and transmit the radical state to the
rings

A¥E + Cl* —> Are + HG1 (11)
The chief examples of reactions of type I are the high-temperature halo-
genations dome by Wibaut and his students (118, 192, 215, 216, 217, 218),
It is sufficient to say here that such halogenations above 400® give iso-
mer ratios approashing the statistical (for monosubstituted bensenes, 405
grtho, 40% meta, 20% pars) as the temperature is raised; and such en
amount of gpeta-isomer from, say, bromobensene is accountable only on
the hypothesis of radical attack,

The sole example found of type II reactions is the produstion of a
14ttle J-phenylsuceinimide from N-bromosuccinimide and bensene (135).
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Radicals from Irradiation or One-electron
Reduction of Hydrogen Peraxide

It has been demonstrated that in the oxidation of aromatic com-

pounds by hydrogen peroxide in the presence of ferrous ions both free
hydroxyl and free aryl radicals are involved, Thus Merz and Waters

(166) summariszed the reactions as followss

Fo' @ + HOOH —> Fe = + HOT + <OH
e m—n" s
AfH + QH —> Are + HOH

2Are —> Arir

Are + OH — A0H
They found no evidence of attack on water by aryl radicals, but these
redicals did dimerize in part and did combine with free hydroxyl radi-
cals, From toluene there was formed bibensyl (side-chain attack), bens-
aldehyde (also side-chain oxidation), snd cresols by ring substitution
of hydroxyl radicals, Some g-nitrophenocl was isolated as a result of
the oxidation of nitrobensene and polyphenolic compounds were also pro-
duced, There wes no evidence of the formation of dinitrobiphenyls, how-
ever, mmmdmmm'wmwmm
droxy compounds, but again no evidence of the corresponding biphenyls
was found, Benszoie acid gave some salicyliec acid and saliecylamide was
produced from bensamide, The isomeric hydroxybensamides were not found,
Oxidation of bensenesulfonic acid gave a product which yielded tribromo-
phenol upon treatment with bromine water., From phenol a good yield of

catechol was produced along with some quinone and dihydrexybiphenyls,
Andersen (4) oxidized benszene in presence of ferrous ion and hydro-
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gen peroxide, He found that phenol was formed, followed by oxidation to
dark~colored eompounds (probably quinones) and finally to ecarbon dioxide
and exalic acid, He postulated the formation of atomic oxygen from the
decomposition of hydrogen peroxide, Baudisch (16) found that mixtures
of benzene and aqueous solutions of sodium nitroprusside end hydrogen
peroxide do not change color in the dark, When these mixtures were ex-
posed to light the bensene layer became green and o-nitroscphencl was
determined to be a product of the oxidation, The hydroxylation of nitro-
mwthaforrmm-w“ruihnmﬁamrm
ted (159). The relative amounts of isomers were: o-, 25-30%; p-, 50-
55% m-, 20-25%. Some 3,3'-dinitrobiphenyl was found along with small
amounts of l._notinr substance thought to be a different dinitrobiphenyl,

The investigations of Davis and his co-workers (61) should be men-
tioned. They were interested in the formal dﬁlaﬂty between oxidations
with hydroxylamine in the presence of divalent chromium and oxidations
with hydrogen peroxide in the presence of ferrous ion, The main aim
of the i.n‘nﬁignt.im was th a.ttnpt to dlo!.dt whether the oxidetions
involved amine ndica.ll, Rydraxyl rmm., or both, It suffiees to say
further only that they were shle to isolate biphemyl from oxidation of
bengzene and that they concluded that a Oyl NH, addition complex was
involved, '

Stein and Weiss (195, 196) reported that irradiation of benzene
in water with X-rays and with V-rays resulted in the formation of phenol
and biphenyl, Catechol was produced by V-rays and a trace of terphenyl
resulted from X-ray irradiation. They found that like irradiation of ben-
zoic acid resulted in the production of salieylic aeid, p-hydroxybenszoie



acid, phenol and biphenyl, The last two compounds were presumably
formed by deecarboxylation, They estimated that the grtho to pars ratio
was 132,5, Another report (160) by the same group of investigators on
the X«ray treatment of agqueous benszoic acid solutions shows the forma-
tion of all three hydroxybensoic acids in the ratio g~3 p~t p- approxi-
mately 512110, The same ratio for phenol (197) is given as 11012 in
neutral solution and 11038 in acid, and this report shows that ferrous
ion « hydrogen peroxide oxidation of nitrobenzene also favors the 4-po-
sition since all three isomers are found in approximstely equal amounts,
For a more detailed report covering both the peroxide - ferrous ion and
X-ray treatment of phenol the readsr is referred to the source (198), A
similar report (144) on chlorobenzene oxidations should be consulted for
details of conditions and results, This portion of the dissertation can
best be concluded with a statement from Stein and Weiss (197) to the
effect that in such widely different reactions as the eatalytic decom-
position of hydrogen peroxide, the action of ionizing radistions en
water, the photochemical decomposition of water by certain metal ions
involving single-elesctron transfer processes, and apparently also some
well-defined cases of electrolytic oxidations, evidence points to & mech-
anism involving the formation of free hydroxyl radicals,

Radicals from the Electrolytie
Oxidation of Anions

When ions are discharged at an electrode the formation of free radi-
cals must result, The fate of these radicals is dependent upon their
nature, In many instances the final products and the course of the re-



action can only be explained as resulting from attack of these radicals
upon the solvent or other materials present, As an example of this type
of reaction one can cite the electrolysis of benzoic acid in pyridine
(76). The products isclated included biphenyl, 4-phenylpyridine, 2-phen-
ylpyridine, and 4~-phenylbenzoic acid, The same products were obtained
when bensoyl peroxide and benszoic acid in equal weights were placed in
the cell containing the pyridine, Fieser and co-workers (78) observed
that electrolysis of sodium acetate in acetic acid in the presence of
trinitrotolusne gave small ylelds of trinitro-m-xylene,

Radicals from Chain Propagation
in Vinyl Polymerization

Price (177, 178) in studying the action of mononitro aromatic com-
pounds as inhibitors of styrene polymerization, supposed that the poly-
styrene radicals attack nitrobenzens in the para position and 2-nitro-
thiophene in the 5 position, However, no proof of such orientation was
given,



Bart 1ls Review of Theories

The preceding portions of this historical review have been limited
to the presentations of factusl material resulting from experimentation
by a large number of investigators, The theoretical considerations that
have asppeared may well be discussed in relation to three gquestions, Aire
radieals involved? Are they fxee radicals? Wy do they orient as they
de?

Do the Reactions Previously Discussed Reglly Invelve Radicals?

It is generally agreed that the mode of decomposition of diase com-
pounds and acyl peroxides depends wpon the enviremment. In a nonpolar
environment, particularly in the absence of acids, radicals are belisved
to be intermediates in the reactioms, De Tar (65, 66, 67) draws these
conclusions for diaso compounds from the nature of the products they
yield, Bartlett (13, 170) and Leffler (157) have made similar dedus-
tions for aroyl peroxides, Hodgson (130, 131) rejects the concept of
radical intermediates in aqueous solutions but his views are not accept-
ed by Hey and Waters (125) as relevant to mechanisms of decomposition of
Shonght Sn Shka SN b hotm Ga Sotaphiiss Und sxtineton of he fres
radical mechanisms reviewed by Waters (207).

Are the Intermediste Radicels Really Free?

This question may be stated more explicitly, Do the radicals exist
independently of other entities in the solution, capable of detached
though temporary existence, or do they participate in reaction only
within a complex wherein the old bonds are broken and new ones formed
simultaneously?



The English school of thought has considered, ever since enunciation
of the original theory (100), that the radicals are truly free, and that
aromatic substitutions by them should be represented by the equation

Ayl + R¢e —> AR ¢+ R*
Besides the emphasis given this view by Waters (207), we may note its
more recent adoption by Loebl, Stein, and Weiss (159, 160).

This view has been disputed for some time in continental Europe,
Formation of a solvent - asyl perexide complex which them dispropertion-
ated was suggested by Gelissen and Hermans (92) and more or less expli-
citly stated by others (24, 75, 117, 223, 224), Recently Huisgen and
Horeld (137) have adduced serious evidence against the partieipstion of
fres radicals in decompositions of diasoacetates, notably (a) the fail-
ure of the acetate radical to decarboxylate, (b) the failure of the aryl
and acetate radicals to combine to give phenclic esters and (o) the ab-
sence of arylamines, to be expected from the reaction of aromatic mitro
compounds with the atomic hydrogen displaced (224), Huisgen and Horeld
(137) proposed & "kryptoradieal® mechanism, i.e,, a diascacetate - aro-
matic compound complex that decomposes into an arylated arometic com-
pound, nitrogen, and acetic acid; but they consider redicals as much in-
volved here as ions are in an scid-catalysed bromination, This view is
echoed by Hulasgen and Sorge (139), In this coumtry, the failure of dia-
sotised aminobicyclic compounds to ayclisme further (though they do under-
go intermolecular Gomberg reaction) led De Tar and Segmanli (66) also to
doubt the freedom of radicals involved, which they noted would be ther-
mochemically improbable, For arylations with acyl peroxides, they sug-
gested that a radical-induced chain decompesition (170) is respensibles



Ph00e + ArH ——> &r* + PhCOOH
Are + (PnCO0), — ArPh + CO, + PhCOO+

How Can the Orientation in Radigal Substitutions be Explained?

The dominance of griho-pars substitution in all the work cited pre-
viously is obvious; but the independence of such oriemtation from the
nature of the so-called directive group already present, first pointed
out by Grieve and Hey (100), has come to be considered characteristic of
substitution by radicals, Curtius (49) had already remarked the specis
ficity of free radicals from sulfonyl azides for these positions, never
the meta mor side-chain positions, but he was umable to isolate substi
tuted produsts of rings bearing electrophilic (mete-directing) substie
tuents, Further work scon showsd, however, that meta-substitution by
radicals does ocour, though in subordinate smount (108, 110),

Apperently the first attempt at a theoretical ascounting for ob-
served isomer ratios in radical substitution was made by Wheland in 1942
(213), He undertook to ascount for the facts by molecular-orbital cal-
culations and did so for gribo-pars predominamce, but could not distin.
guish these, He has imterpreted grtho-para oriemtation of radieals in
nitrobensens as due to the comparative stability of g- and p-quinoid in-
termedistes (2143 of, 68, p, 278) and in toluene as due to a similar
stabilisation by hyperconjugation, Wheland's calculations have been
eritised for their meglect of mets orientation (166) and reviewed or
imitated by Sandorfy, Vroelant, Yvam, Chalvet, and Daundel (186) and
Hartman (107), The alternative explanation (180) that radicals are
amphoteric — nueleophilic toward nitrobensene, for example, and elec-
trophilic toward toluene -- appears to be an gd hog assumption, Seel
(190, 191) purports to explain reactions of all conjugated systems of



double bonds, but he does not emphasize radical reactioms,

Since there is no theory to acecount for the ratioc of grtho to para
isomers in even the long-studied electrophilic substitution, it is wn-
derstandable that none has been developed in the much newer field of
radical substitution, However, Coulsom (45, 46) finds that calculations
of loecal electron densities in momosubstituted benzenes suggest a pre-
dominance of grtho substitution, Of the quantitative results cited in
Part I, the majority do show such a predominance, Predominance of the
ortho isomer is shown in Tahle II (67, 81, €2, 83, 103, 122, 139) and in
Table III (42, 43, 166), Some pars predominance is also recorded how-
ever, in Table II (82, 161) and in the seetions on irradietion and one-
electron transfer (159, 160, 195, 196),



ATTEMPTED CHLORINATION OF AROMATIC NUCLEI
THROUGH THE USE OF BENZOYL PEROXIDE AND
CARBON TETRACHLORIDE

It has been found that free-radical substitution of chlorine for
hydrogen of saturated aliphatic hydrocarbons will take place when per-
MlmWhmmmduMMt&h—
sired hydrocarbon substrate, For example West and Schmerling (212)
heated bensoyl peroxide, a polyehloroslksne, and a liquid hydrocarbon,
such as n-heptene, at reflux tempersture for sixteen hours, The mixture
was then washed with dilute alkali to remove bemsole acid, dried with
potassium carbonate, and distilled in a fractionating column, They
found in each case that some chlorination of the hydrocarbon had occurred,
In some cases, particularly when & low-boiling or a gaseous hydrocarben
was employed as the substrate, the mixture of reactants was heated in a
sealed tube,

In view of the success attained in chlorination of aliphatiec hydro-
earbons by the procedure cited above, it was deeided to empley this
method in an attempt to chlorinate aromstic hydrocarbons, Accordingly
bensoyl peroxide and carbon tetrachloride were added to an aromatic
liquid and the solution was heated to a temperature somewhat above the
decomposition point of bensoyl peroxide, The reaction mixture was then
extracted with twenty per cent agueous potassium carbonate solution in
order to remove benzoie acid and this extraction was followed by washing
with water to remove the last traces of water-scluble material, The re-
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maining material was then dried over sodium sulfate and the lower-boil-
ing portions were removed by vacuum distillation in a multiple-plate
column, The higher-boiling residue in each case was then fractionated
in the Todd Golumn,

In no ecase was the desired product found to be present even though
the concentrations of reactants were varied over a considerable range,
These experiments are summariszed in Table IV,



ATTENPTED CHLORINATION OF AROMATIC NUCLEI

Table IV

45

The amounts of bensoyl peroxide and carbon tetrachloride used in

mwmawhmm:

A 4.84 E» (0'.02 ‘0) mm and 61,5 E» (oo‘ .-)
trachloride

carbon te

B 24,2 g¢ (0.1 m,) bensoyl peroxide and 61.5 g. (0.4 m,)
trachloride

carbon te

c 2.2 g. (0.1 m.) benseyl peroxide and 385 g. (2.5 m.)
. carbun tetrachloride

Hame Lemp hours
ey — y

Toluene 121 1,31 A Reflux 16

Nitro- , _ 153.5 1.25 i 108° 16
benzene(b)

Nitro- 153.5 1.25 B 114¢ 18
benszene

Nitro- 140 1.1 [ 84¢ 25
benszens(®)

Trace of
aetata)
0.5 gy

biphenyl

Trace of -
‘biphenyl

None isolated

(a) mﬁnmﬁdeﬂM%hrmm

tion,

(b) 14 g. of C. P, K003 was added at the begimming (212).
(¢) Tarry residue in this experiment was extracted with acetone but no
yield of desirable product was obtained,



SUBSTITUTION OF AROMATIC NUCLEI THROUGH
THERMAL DECOMPOSITION OF BENZENESULFONYL AZIDE

This portion of the experimental work was based upon results ob-
tained by Curtius and co-workers (49). Bensenesulfonyl azide was therw
mally decomposed in various aromstic liquids to yleld mixtures of sub-
stituted bensenesulfonanilides along with varying amounts of benzenesul-
fonamide, The overall reaction may be represented as followss

Cglis80.8; + arii 103-120%, G 5,503, + CgHsSOMHAT + Ny

Reggents.~—~All reagents were C, P, grade with few exceptions, In
those cases where C, P.-grade materials were not available, purification
was accomplished by appropriate means, Liquid reagents were redistilled
in & multiple-plate column, A middle fraction was collected and this
fraction was stored over anhydrous sodium sulfate before use, Solid re-
agents were recrystallized, All liquid aromatic amines which showed any
signs of deterioration were purified by acetylation, reerystallisation,
hydrolysis and drying prior to distillation,

Since p-anisidine was commercially unavailable it was prepared in
three steps, The first step was the preparation of g-nitrophenol by hy-
drolytic decomposition of g-nitrobenzenediasonium sulfate, The second
step was the preparation of g-nitroanisole by alkylation of sodium
B-nitrophenoxide with methyl sulfate, and the third step consisted of
reduction of p-nitroenisole to p-anisidine by means of tin and hydro-
chloric acid, pg-Aminobensoic acid, which was not in stock in our store-
room, was prepared by reduction of g-nitrobensoic acid with tin and
hydrochlorie acid,
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Benzenesulfonyl azide, which is a clear, colorless, somewhat viscous
liquid, was prepared by two different methods, The first methed (49)
consisted of preparing bensenesulfonhydrazide by reaction of benzenesul-
fonyl chloride and agueous hydrazine and converting the hydraside to the
aside by action of nitrous acid, The second method (49), which proved
more satisfactory, comprised reacting an alcoholic solution of benzene-
sulfonyl chloride with an aqueous solution of sodium azide to which aleo-
hol had been added neerly to the point of precipitation of the sodiwm
aside,

Deteiled Procedure for Azide Preparation,--To 22 g, of reerystallized
sodium aside dissolved in 50 ml, of warm water was added a 90-ml, portion

of 95% aleohol and the mixture was cooled in an ice~salt bath, Forty-
five grams of benzenesulfonyl chloride, diluted with twice its volume of
95% alechol, was slowly added, with mechanical stirring, to the cold

sodium azide solution, The mixture turned orange and then red in color,
Stirring was continued for 30 minutes in the cold and for another 30

minutes at room temperature, At the end of this time the red color had
dissppeared, The mixture was transferred to a one-liter separatory

funnel and 100 ml, of water was sdded, Upon standing, a clear colorless
oil separated at the bottom of the fumnely 48 g, of such crude product
was removed, The water layer was extracted with two twenty-five-milli-
liter portions of ethyl ether and the ether extract was added to the oil
in a small separatory funnel, The ether solution was then washed four
times with thirty-milliliter portions of water after which the ether

layer was separated and dried over sodium sulfate, Removal of the ether
bynuingman&rhthatﬂm&rmgm”g.ethanumaul—
fonyl azide (84% based on hmu@wl chloride), Pure bengenesul-
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fonyl aside decomposed rapidly but quietly upon being warmed to approxi-
mately 105°, but the crude product obtained prior to final thorough wash-
motthn;thornlationdntomududnntlyupuhating. A small
amount of the crude product was sufficient to cause a shattering explo-
sion,

Preperatién of Substitution Products.--Substitution reactions with
various monofunctional derivatives of bensene were accomplished by add-
ing bensenesulfonyl azide to the aromatiec liquid in sufficient quantiiy
to make a solution of 5-10% concentration, This solution was then heated
at 105-120°, in a flask carrying a reflux condenser equipped with a cal~
cium chloride drying tube, Evolution of nitrogen was no longer apparent
after approximately 10 hrs, but heating was continued without interrup-
tion in each case for a totael of 48 hours,

At the end of the /B-hour period the excess aromatic liquid was re-
moved from the reaction mixture by vacuum distillation followed by steam
distillation, Steam distillation sometimes caused some hydrolysis of
the aromatic liquid to difficultly distillable produets, but these were
eliminated by subsequent extractive procedures,

The tarry residus remaining in the reaction flask was extracted with
copious amounts of 5% aqueous sodium hydroxide solution in order to dis-
solve all benzenesulfonamide and benzenesulfonanilides, The basic ex-
tract, which was very dark in color, was treated with a small amount of
decolorizing chareoal, filtered and made acid with dilute hydrochloric
acid, The liquid, now containing suspended precipitate, was thoroughly
extracted with ether and the ether was then evaporated in order to ob-
tain a erystalline mixture of benszenesulfonamide and isomerie benzene-
sulfonanilides, The various runs thus made are summarised in Table V,



Table ¥

PREPARATION OF SUBSTITUTION PRODUCTS
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8.0
15.5
1.5

8.0

5.5

3.5

5.0

8.5

None

2.5

3.0

50
36
55(a)

40.5

(a) Possibly some bensoic acid remaining; did mot give meaningful

results in subsequent procedures,
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Ereparstion of Semples for Analysis,~-The mixture of amides and isomerie
anilides from esch experiment was hydrolysed by refluxing for 48 hours
in approximately 10 ml, of 25% hydrochlorie acid per gram of erystalline
mixture, In every case where the isomeric substituted anilines produced
by hydrolysis were stesm~distillable, superheated steam was passed inte
the resction flask after the solution had been made distinetly alkaline
ﬂ‘hﬂiﬂwm. Steam distillation was continued in
each case until the distillate being collected no longer gave a positive
2«-naphthol coupling test for aromatic amine, The steam distillate was
collected in brown bottles to avoid discoloration of the distillate
prior to extraction of the smine from the agueous mixture, As a control
& mixture of the gynthetic bensenesulfonyl derivatives in knowm ratio
(for the toluidines) or a similarly kmown mixture of the three isomeric
amines (for the other substituted anilines) was refluxed in 25% hydro-
chlorie acid and treated in every way just like the unkmown mixture
$hroughout the remaining procedures,

Repeated extraction of the bases was carried out, in some instances
with the solvent which was to be wsed in the spestrophotometric proce-
dure, In others, ether was used for the extraction and evaporated off
afterward, Since steam distillation from the hydrolyzed mixture was not
feasible in the case of aminophenols and aminobensoic seids, they were
isolated by extraction,

The acid hydrolysate that contained hydrechlorides of the amino-
phenols was first freed of any steam-volatile material by passing super-
heated steam through it for 3 hours, The solution was then transferred
to a bromn bottle, cooled in an ice bath, nmeutralised with 20% sodium
carbonate solution, and quickly extracted with ether, The ether solu-
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tion was dried over anhydrous sodium sulfate in a dark cupboard, It was
necessary to accomplish these steps rapidly in order to avoid rapid dis-
eoloration of the emimophenol solution, :
The scid hydrolyzate containing the hydroshlorides of aminmobenseic
acids was freed of steam-volatile material with superheated steam. The
solution was then made strongly alkaline by addition of sodium hydroxide
solution and super-heated steam was again passed through it for a two-
hour period. The mixture was then adjusted to the arbitrarily chosen pH
of 5 and the isomeric aminobensoic acids, which partly precipitated,
were removed by repeated extraction with ether, The combined ether
solutions were then dried over amhydrous sodium sulfate,
Retermination of Jsomer Batios.--All analyses of mixtures of isomer-
ie substituted anilines were done by the method of Veughn and Stearn
(203) using the Beckman Quarts Spectrophotometer, Model DU, with hydro-
gen lamp end l-cm, quarts cells, Standard sclutions of each of the
three isomers involved in any one experiment were carefully prepared,
All three solutioms were of the same concemtration (approximately
0,001 M), The optical density of each solution was then determined at
wave lengths 1 my apart in the range 240 my to 320 mu. The numerical
values for the optical demsity were then plotted as e fumetion of the
wave length, From the curves thus produced, which corresponded closely
to those found in the literature (80, 98, 167, 168, 174), four wave
lengths were chosen for each set of three isomers such that a meximum
and a minimum value for optical density of each isomer were included,
Ideally a maximum for one should coincide with minima for the other two,
For each of the three isomers, the four valuss of optical demsity were
separated into two pairs and within each pair cne value was subtracted
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from the other, The two differences thus obtained were used, one as ab-
scissa and one as ordinate, to determine a peint on a graphical plot,
When the values for the grtho-, the petg- and the para-isomers were thus
plotted a triangle could be obtained by comnecting the points with
straight lines,

The choise of the wave lengths, the pairing of the optical densities,
and the order of the substractions were determined on the basis of two
factors, It was desired to obtain the best triangle for later accurate
determination of the location of points within the triangle, but it was
also desirable to obtain optical density differences of sonsiderable
magnitude, either positive or negative, for accurate spectrophotometriec
measurement of ratlios of isomers in the mixtures., Several trials were
necessary in each instance before a suitable combination was found,
From a mixture of the isomeric compounds, treated in the same manner as
each pure isomer, a point was obtained within the triangle and the com~
position of the mixture could be closely approximated from the location
of the point, The composition was finally verified in each instance by
preparing a known mixture giving the same point-location.

Actual analyses were accomplished by titrating the solutions of iso-
mmhstitntodmilimaﬁordtrtopomtduntimtothommlu
concentration as the standerd sclutions, treating the solutions as pre-
vicusly described for the stendard solutions in order to obtain a close
approximation of the isomer ratio, and finally matching each solution
empirically by mixing standard solutions of pure isomers, The titra-
tions were carried out in glacial acetic scid with perchleric acid in
the seme solvent using methyl violet as the indieator (163, 225). Veri-
fication of the aeccuracy of dilution was obtaimed in each case by the



53

fact that the valuss obtained for optical density agreed with those of
the matching mixture of standerd solutilns,

The detailed procedure is illustrated by the following typical ex-
periment (No, 3), Sixteen grams of benzenesulfonyl azide was added to
160 g. of dry C, P, chlorobenzene in a 300-ml, three-neck flask equipped
with a reflux condenser carrying a calcium chloride drying tube, The
temperature was maintained at 105-120® for 48 hours during which time
ﬁ.ﬁmwm”m‘ummm&nnhwryduk
brown, Ewolution of gas was apparent almost as soon as the temperature
reached 105 but was no longer noticeable after six hours, At the end
otthoﬂ-ho‘urporiodthemuohlmhummmdwnm
distillation followed by steam distillation; a total of three liters of
agueous distillate was collected, The dark residue remaining in the
flask was extracted with 200 ml, of 5% sodium hydroxide solution in four
portions, All tho material in the flask apparently dissolved. To the
solution was added 5 g, of deecolorizing carbon which was then filtered
out by suetion and washed with water, The combined filtrate was ex~
tracted with 200 ml, of ether which was discerded. The basic agueous
solution wes then made distinetly acid by addition of 25% hydrochlorie
acid and the acid mixture wes extracted with three 100-ml. portions of
ethyl ether, The ether solution was then dried for 12 hours over anhy-
drous sodium sulfate,

The sodium sulfate waz removed from the ether solution by careful
decanting and filtering, after which the ether was removed by evapora-
tion. The yield was 16,25 g, of a light brom crystalline material,

A portion (15,50 g.) of the mixture of benzenesulfonamide and iso-
meric chloroanilides of benzenesulfonic acid was placed in a 300-ml,



round-bottom flask and 150 ml, of 25% hydrochloric acid was added. The
mixture was refluxed for 48 hours, A control mixture of 3,000 g. of
g-chlorcaniline, 1,500 g, of p-chlorcaniline, end 1,000 g. of p-chloro-
aniline (54.5%, 27.3%, and 18,2% respectively) was refluxed in 25 ml, of
25% hydrochlorie acid for the same length of time,

While the above mixtures were being refluxed in hydrochloric acid,
standard solutions of g-chlorcaniline, p-chlorcaniline, and p-chloroeni-
line, each 0,0006 molar, were prepared in spectrographic-grade iscoctans,
The optical densities of these solutions were then determined, with re-
sults shomn in Table VI,

The curves for the pure g-, B, and p-iscmers are shown in Pigure 1.
From these curves it was determined that wave lengths 265, 274, 285 and
305 mx would be suitable for establishing a triangle as previously des-
eribed, The optical densities at these wave lengths were paired and
differences taken, (Opticel Density,gs ~ Optieal Demsity,gs) and (Optis
ulmuwm—mulmvn‘),mthmam-am
in the first part of Table VII, These values were then plotted and the
points were connected to determine the triangle shown in Figure 2,

The acid mixture from the control, which had been refluxed for 48
hours, was cooled, treated with 3 g. decolorizing charcoal, filtered and
rendered distinetly alkaline by the addition of 25% sodium hydroxide
solution, It was then steam-distilled in an all-glass system, with no
stopoosk grease on any of the joints, until the distillate being col-
lected failed to give a 2-naphthol eoupling test for arcmatic amine,
Approximately 2 liters of distillate was collected., This was extracted
with 200 ml, of isococtane in three portions. The iscoctane sclution was
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Table VI
OPTICAL DENSITIES OF CHLOROANILINES (X 103)

Experimental results and matching solutions are designated by
lettered columnss
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Values for solutions obtained from experimental procedures
Values for matching solutions

Isomer Control Mixture Exp,No, 3 Exp, No, 4
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Yeve Zsomer Gomtrel Mixture Exp, No.3 Bxp.No. 4
VIR s x op AW 3™ 4 pe 4 @
303 612 440 T4k
304 459 352 708
305 348 270 676 407 406 466 462 452 451
306 255 198 632
07 18 UL 3
308 123 102 5%

(a) Gontrol mixture contained, before treatment, 54.5% o=, 27.3% »-,
18.2% p-.

(b) Matching solution for comtrol mixture contained 55% o-, 29% m-,
16% p-.

(e) Matching solution for Exp. No, 3 contained 57% o-, 13% m~, 30% p-.
(d) Matehing sclution for Exp, No. 4 contained 53% ¢-, 18.5% g-,
28,5% p-.
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Table VII

DIFFERENCES IN OPTICAL DENSITIES AT SELECTED WAVE LENGTHS:
CHLOROANILINES (X 107)

Experimental results and matching solutions are designated by
lettered columnss

A Values for solutions obtained from experimental procedures
B Values for matching solutions

Isomer Control Mixture [Exp, No, 7 Exp, No, 4
e 2 2 A pm 5 e 4 pe

285 £
.a;;.mssmmmmmmmm

305
Il;’zl =254 =167 +419 -114 113 -h -6 <36 =35

(a) For compositions of control mixture and matching solutions, see
footnotes to Table VI,
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Figure 2. Differences in Optical Density at Selected Wave Lengths: Chloroanilines



then dried over anhydrous sodium sulfate in a dark cupboard for three
hours, after which the solution was titrated as previously described and
diluted to the same concentration as the standard solutions (0.0006 M),
As shown in Table VII, the optical densities were determined at 265, 274,
285 and 305 mu, and were paired and subtracted as for the standard solu-
tions, The values obtained were plotted in Figure 2 and the approximate
ratio was determined graphically from the position of the point on lines
drawn in turn from each apex; through the point to the opposite side of
the triangle, The actual value was then determined by preparation of a
matehing solution from pure standards as is also indiecated in Table VII
and in Pigure 2,

Since the results obtained from the comtrol mixture indicated only
very slight disturbence of the isomer ratic during steam distillation
and subsequent masipulations, the unknown mixture cbtained from the ex-
periment was treated in exactly the same manner with results as showm in
the last part of Table VII and Figure 2,

The results from the other experiment (No, 4) with chlorobensene are
also shown in Tsbles VI and VII and in Figuwre 2, The analytical results
obtained from the remainder of the experiments are shom in Tables VIII -
XIVII and Pigures 3 « 12,

mtommmmwwnmmm‘
products from the decomposition of benszenesulfonyl aside in phenol and
the great susceptibility of the aminophencls to oxidation and discolora~
tion, only one experiment in this series was completed, Two other at-
tqtsm:ﬁhﬁmwmnmm-ammumrm.

It appears that p-aminobensoiec acid was not as completely precipi-
tated at the chosen pH as were p-aminobensoic acid and g-aminobensole.



Table VIII
OPTICAL DENSITIRS OF TOLUIDINES (X 103)

Experimental results and matehing solutions are designated by
lettered columnss

A
B

Nave
dength
!&
255

256
257

)
-

INISERRREERERS

Values for solutions obtained from experimental procedures
Values for matching solutions

Asomer Sontrol Mixture Exp, No, ]l Exp, No, 2

e = p a0 B 4 ple) 2 A
48 692 €719
459 615 784 530 530 532 533 531 532
438 545 689
422 490 616
412 44T 55
411 418 504 @ 408 408 407 408 405 404
A2 387 459
419 375 430
AR 363 400
AT 359 319
459 364 367
496 373 356
530 352
564 406 354
605 428 362
650 453 372
699 391
750 522 412

62



Have
dength
L3

EEEEEEEERSEEREREERERRE

2
799

Asomer Sontrel Mixture Exp, No, 1 Exp, No, 2

555

SSEEEsesesggey
S$SsBEERABSTYTREEE

A® 3 4 ae) i p@

1130 1130 1140 1140 1135 1135

63



Iscmer Gomtrol Mixture Exp,No,l Exp, No.2
s p A& a® 4 ple) . @
838 1080
TR W65 TIE TIS Te2 82 TR T
705 1040
625 1005
539 955
43 900

EREREN [

FESRES

(a) Gontrol mixture contained, before treatment, 57.1% g-, 14.3% -,
28.5% p-

(b) Matehing solution for control mixture contained 56.6% g-, 14.5% m-,
28.8% p-.

(e) Matching solution for Exp. No. 1 contained 61,2% o-, 10.6% m-,
28.1% p~.

(d) Matching solution for Exp. No, 2 contained 59.9% o-, 12.7% m-,
27.3% p-.



Optical Density X |03

1400

1200

1000

800

600

400

200

l | | l | | | | J
255 260 269 270 275 280 285 290 295 300
Wave Length (my)
Figure 3. Optical Density Curves of the Isomeric Toluidines



Table IX

DIFFERENCES IN OPTICAL DENSITIES AT SELECTED WAVE LENGTHS:

TOLUIDDNES (X 107)

Experimental results and matching solutions are designated by
lettered columns:

sy sfu oy

Values for solutions obtained from experimentel procedures
Values for matching solutions

Asomer Gontrol Mixtwre Exp, Ne.l Exp,No, 2
gl L o g g e a4

919 582 373 722 722 733 732 730 T3

247 165 287 246 245 250 249 AT A7

(a) For compositions of control mixture and matching solutions, see
footnotes to Table VIII,
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Figure 4. Differences in Optical Density at Selected Wave Lengths: Toluidines



Table X
OPTICAL DENSITIES OF BROMOANILINES (X 103)

Experimental results and matching solutions are designated by
lettered columnss

ﬁﬁ§§§§§&5&55§§§5§§:!§5 ¥

Values for solutions obtained from experimental procedures
Values for matching solutions

Isomer Control Mixture Exp, No, 5 Exp, No, 6
. 2 ald)  p(®) 4 ple) a2
313 760
321 664
593
534
491 368 3% 386 387 394 3%
453
433

422
417 43T 436 MB 450 445 448

58380

SESRBEEREPERIAZRRE R

493

532 419
576 423
613 433
661 446
712 463
763 488
816 514
868 538
923 567



ﬁ 1somer Control Mixture Exp, No, 5  Exp, No, 6
m o = p e BB 2 pe) 5 B
83 90 TM4 5%
28, 1020 772 628
285 1060 800 655
286 1085 83 687
287 140 868 7%
288 170 885 752
209 1190 909 789
290 1220 933 814
291 1230 950 845
292 1230 %8 867
203 1210 935 889
294 1180 918 906
295 1155 @85 922
206 1130 835 935 1000 1001 1020 1020 1040 1040
297 1060 792 943
298 1020 757 946
299 966 7R %9
300 896 67 93
301 825 635 928
302 4L 562 #92 720 7T 63 63 767 768
303 638 478 862
30, 538 2396 823
305 438 217 786

(a) Control mixture contained, before treatment, 49.5% o-, 29.4% p~,
2% p-.
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(b) Matching solution for control mixture contained 48% o-, 33% B,
19% p-.

(e) Matehing solution for Exp. No. 5 contained 54% o-, 14% m-, 32% p-.
(d) Metohing solution for Exp, No. 6 contained 61% o-, 6% g-, 33% p-.



Optical Density X103

1200

1000

800

600

400

200

1 | | I | | | J
265 270 275 280 285 290 295 300 305

Wave Length (my)

Figure 5. Optical Density Curves of the Isomeric Bromoanilines



Table XI

DIFFERENCES IN OPTICAL DENSITIES AT S

BROMOANILINES (X 10%)

Experimental results and matching solutions are designated by
lettered columns:

A Values for solutions obtained from experimental procedures
B Values for matching solutioms

Igomer Sontrol Mixture Exp, No, 5 BExp, Ne, 6
e R al®)  p(&) .,  pla) 5 gle)

760 581 444 632 632 63, 633 646 646

sfr sf% wf

248 210 475 283 285 35 313 322 320

(a) For compositions of comtrol mixture and matching solutions, see
footnotes to Table X,
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Figure 6. Differences in Optical Density at Selected Wave Lengths: Bromoanilines



Table XII

OPTICAL DENSITIES OF ANISIDINES (X 10%)

Experimental results and matching solutions are designated by
lettered columnss

A Values for solutions obtained from experimental procedures
B Values for matehing solutions

Have
Aength
)

SIEREERRRPERER G UGG

-
648
552

TES

PES BV BE R RS

74

dsomer Sontrol Mixture Exp, No, 7 Exp, No, 8

B
873
753

642
557

491

45
406

FERE
ERELR R

498

585

B
852
733
618
528
453

376
348
305
274

253

253

B

o)

418 420 397 392

561 560 @ 528

523

FOR L

380 378

496 494
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2
1335 1260 1260 1220 2220

A ]
~§RAARYISARBI AR EITATIREE

_gummmmmmmmmmmmmmmmmm”mmm
382 EEE 3333883833838 8§8374

v ccccere oA ARARRRARRAENB AR
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Isoner  Gontrol Mixtwre EmpoNo, 7 Exp.No. 8
B3 ¥R a2 g 4 ¥
646 1135
587

522 1165

nz 5% 533 611 609 670 673

SR RERERRRY
KEEEEBBG R
5
5

274 17

() Gomtrol mixture contained, before treatment, 60% g-, 20% m-,

20% p-.

(b) Matching solution for control mixture contained 48% o-, 35% m-,
17% p-.

() Matching solution for Exp, No, 7 contained 48% o-, 26% m-, 26% p-.
(d) Metching solution for Exp, No, 8 contained 50% o-, 17% p-, 33% p-~.
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Table XIII

DIFFERENCES IN OPTICAL DENSITIES AT SELECTED WAVE LENGTHS:
ANISIDINES (X 103)

Experimental results and matching sclutions are designated by
lettered columnss

A Values for solutions obtained from experimental procedures
B Values for matching solutions

m o m p & & 4, &) 5 e
302
-:;;. <190 =205 928 25 =27 g3 8 174 179
286
-:;-msmmmmassmwm

(2) For compositions of ecomtrol mixture and matching solutions, see
footnotes to Table XII,
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Figure 8. Differences in Optical Density at Selected Wave Lengths: Anisidines



Table XIV

OPTICAL DENSITIES OF AMINOPHENOLS (X 107)

Experimental results and matching solutions are designated by
lettered columnss

A Values for solutions obtained from experimental procedures
B Values for matching solutions

dscmexr = SComtrol Mixtwre Exp, No, 9

pro=

B8 RS R 8

SIYRERRREEDR

dR3E

3k

2
324
291
270
257

§ P8 Y §ES
FERARRBEIRNREE S

358
393

§

EYEEESESBERUREE G-

M g 4

%
3
3
2

274 270 293 288



~3 IR SRR EREHE
mzmmmmmm

o

§

mwmmmmm
SESBERAAR

1040 1030 1032

1036

ARy B TR R

FE8 3366 238RR83

EEEERERERE
TRERNBRRER

555 836

29 1007
929 493 862
296 843 438 891

295



82

Have Isomer Control Mixture Exp, No, 9
Y oe a g AW g 4 @
297 763 389 913
298 672 335 93
299 602 296 945 675 669 621 618
300 523 247 954
301 21 95
302 %2 1M 95
303 338 148 946
304 290 19 938
305 247 922 929

(a) Contrel mixture contained, before treatment, 62.5% o-, 6.25% p~,

31.25% p~.

(b) Metehing sclution for control mixture contaimed 58% o-, 13% m~,

29% p-.

(e) Matching solution for Exp, No, 9 contained 58% o-, 20% m-, 22% p-.
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Table XV

DIFFERENCES IN OPTICAL DENSITIES AT SELECTED WAVE LENGTHS:
AMINOPHENOLS (X 103)

Experimental results and matching solutions are designated by
lettered columnss

A Values for solutions obtained from experimental procedures

B Values for matehing solutions

dsomer Control Mixture Exp, No, 9
e = p A® @ 4 @

1013 553 231 19 742 73% 738

298 18 757 01 %9 328 330

SERI 1

(a) Por compositions of contrel mixture and matching solutions, see
footnotes to Table XIV,
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Figure |10. Differences in Optical Density at Selected Wave Lengths: Aminophenols
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(a) Control mixture contained, before treatment, 50% o~, 30% m~, 20% p-.
(b) Matching solution for comtrol mixture centained 53% o-, 49% m-,

0% p-.

(e¢) Matching solution for Exp. No. 12 contained 68% g-, 25% m-, 7% p~.

(d) Matching solution for Exp. No, 13 contained 55% g-, 36% m~, 9% p-.

(e) Matching solution for Exp, No. 14 contained 60% o~-, 28% m-, 12% p-.
(£) Matching solution for Exp. No. 15 contained 60% g-, 40% m~, 0% p-.
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Table IVII

DIFFERENCES IN OPTICAL DENSITIES AT SELECTED WAVE LENGTHS:
AMINOBENZOIC ACIDS (X 10%)

Experimental results and matching sclutions are designated by
lettered columss
A Values for solutions obtained from experimental procedures

B Values for matching sclutions

Jam Isomer Centrel Mixture Experiment
m e = ale)  ple) A B

255
mifiis 612 453 -0 SO 975 2
310 s 459\

5
'
EEEE|§

244,
minus 469 1162 290 762 7 -
325

g

4

L2
REER

(a) For compositions of control mixture and matching solutions, see
footnotes to Table XVII.
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Figure 12. Differences in Optical Density at Selected Wave Lengths: Aminobenzoic Acids



Howsver, the similarity of the results cbtained from Experiments 12, 13, 14,
and 16 to those from a known mixture containing & large proportion'of the

grtho-isomer leads to the conclusion that the g-aminobenzoic acid does pre-
dominate,

Although crystalline products wers isolated from Experiment 11 with
bensonitrile and Experiment 15 with bensoyl chloride (Table V), no mean-
ingful results were obtained from these experiments in subsequent proce-
dures., |

The desired products from heating benzenesulfonyl azide in nitroben-
sene were not idemtifiable but it was noticed during the course of the
reaction that a brown gas was given off, The yleld of the gas was not
determined, but a considerable amount was produced, When this gas was
passed through a solution of potassium iodide in water, lodine was 1ib-
erated repidly in sufficient quantity to cause = very dark coloration of
the solution within a short time, It is evident therefore that the gas
liberated was nitrogen dioxide, but since the object of this work was to
study orientation the course of thé vesction was not followsd further.
The impossibility of obtaining crystalline sulfonanilides from the tar
produced is in agreement with the observation of Curtius (49).

It appeared probable that chloramine-T might decompose and resct
like bensenesulfonyl aside, Accordingly chlorsmine-T was heated in ni-
trobensene in approximately 7% solution, At 140® there was evolution of
a brow gas, as was the case with bemsenesulfonyl aside in nitrobensens,
but examination of the reaction mixture gave no evidence of nitroanilides
of p-tolusnesulfonic acid, Owing to the comparatively high decomposi-
tion point of chloramine-T, the reaction was not attempted in lower

boiling aromatic liquids,



Before conecluding the experimental portion of this thesis, mention
should be made of the attempted decomposition of bensmenesulfonyl aszide
by ultrasonic vibration instead of by heat, Seven grams of bensenesul-.
fonyl aside was added to 100 g. of chlorobensene in a 32 x 200 mm, test
tube and the solution was subjected to ultrasonic vibrations from a
quarts erystal (2000 volts and 250 milliamperes) for thirty mimutes., —
MmMMMQMCMWmMW
evidence of change in the mixture as a whole,
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Ghlorination of Arcmatic Nuclei with Carbon
Tetrachloride and Bensoyl Peroxide

Chlorine atoms (radicals) are not active emough to displace hydrogen
from aromatic nuclei in general under the conditions used, PFieser and

co-workers (77, 78) found the same to be true of methyl radicals, They
did find that methyl redicals would attack nuclei of aromatic molecules
that were highly sotivated for radical sttack, such as trinitrotoluens,
for example, Wibaut and his co-workers (118, 192, 215, 216, 217, 218)
found that halogenations of aromatie nuclei follow the usual orientation
rules at ordinary temperatures but that they fail to follow these rules
at high temperature, and they postulated an attack by atomic halogen at
elevated temperatures, It would seem probable therefore that chlorine
atoms would replace hydrogen on arcmatic muclei which are properly acti-
vated by substituents already present or that they would attack less
highly activated compounds at elevated temperatures in sealed-tube re-
actions,

Substitutions of Aromatic Nuslei by the
Bensenesulfonimido Radical

Igomer ratics. The observed ratios of isomers obtained from the de-
composition of benzenesulfonyl aszide in various arcmatie liquids are
summarised in Table XVIIX,

Great care has been exercised in each step of the analytical proce-
dure to avoid alterations of the isomer ratios, The products obtained



Table XVIII

Isomer Ratios in Substitution Products

From Decomposition of Benszenesulfonyl Aside

No, Hdauid Eroduct

1

eddp Loafigppiald

Bensenesulfon-
toluidides

Bensenesulfon-
toluidides

Bensenesulfonamido-
chlorobensenes

Bensene sulfonamido-
chlorcbensenes

Bensenesulfonamido-
bromobenzenes

Benszenesulfonamido~-
bromobensenes

Benzenesulfon-

Benzenesulfon-

Benzenesulfonamido-

No product isolated

Bensenesulfonamido-
benzonitrils

Bensenesulfonamido-
bensonitrile

Benszenesulfonamido~
bensoic acids

Produst
Toluidines(e)

Toluidines(®)

Chloro~
anilines
Chloro-
anilines
Bromoanilines
Bromoanilines
Anisidines
Anigidines
Aminophenols
Hone
Aminobenzoic
acids
Aminobenzoie
acids
Aminobensoie
acids

£
r ¥ ¥
61.0 10,5 28,0
60.0 12.5 27.5
57 13 30

218 28

7 33

None
Not determinable
68 25 7

5 3% 9



Liguld Eroduct Product 2
- S R
14 |lNethyl Bensenesulfonamido- Aminobenzoic 60 28 12
benszoate bensoic acids acids
Benzoyl Benzenesulfonamido- Aminobensoie Not determinahle
chloride bensoic aclds acids
16 Beasoyl Benszenesulfonamido- Aminobenseie 60 40 O
chloride benzoic acids acids

(a) Only with the toluidines does the final analysis appear to justify
reporting fractions of percent and these have been given only to the
nearest half percent,



from the decomposition of bensenesulfonyl aside were isclated by extrae-
tion of the resction mixtures with sodium hydroxide, This procedure
isolated the desired alkali-soluble compounds, after volatile compenents
had first been removed by distillation, No attempt was made at this
stage to separste bensenesulfonsmide from the N-substituted smides since
.Mamuamhwhnijtotth
original isomer ratios, This ssparstion was effected ky the subssquent
hydrolysis im hydrochloric acid, followed by steam distillation from
alkaline solutions and extraction with organic solvents which would re-
move a negligible amcunt of ammomia from the dilute aqueous solutionms,
In each case distillation with steam was continued until no positive
test could be obtained for aromatic amine in the distillate,

The proecedure subsequent to hydrolysis effected a second purifica-
tion, Stesm was first passed through the agid reaction mixture to re-
move any volatile material which might still have been present and steam
distillation after the sclution had been made alkaline effected a fur-
ther separation from any possible non-volatile components still present,

It should be remembered that the results reported for the reaction
with phenol ere based upom one experiment only and that isolation of the
mixed aminophenols was sceomplished by extraction rather than by steam
distillation, Nevertheless, comparison of the results with those of the
control procedure with the aminophenols leads to the conclusion that the
results are substantially correct,

It appears that the pH chosen for precipitation of the aminobenszoie
acids did not allow them to be isolated in the ratio of isomers which
existed in the reaction products., It is extremsly doubtful whether any
suitable single pH value could be found for this preeipitation., It is
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probable that a chromatographic procedure could be developed which would
effect a suitable separation of the benzenesulfonamidobenszoic acids be-
fore hydrolysis or the mixed aminobensoic acids resulting from hydroly-
ais,

The analytical procedure (203) used in determining the isomer ratios
of the various mixtures of isomerie substituted anilines is effective
only when a maximmm of three compounds is present in the mixture, This
condition was met by the purification steps eited above which are inher-
ent in the experimental procedure, That this is true is evident from
the close agreement between the values of spectrophotometiric readings
for experimental mixtures and those of symthetic matching mixtures., In
the course of the work it was noted that slight amounts of impurities
caused patterns of readings which could not be matched by synthetic mix-
tures of the compounds even though they were within the desired limits,
It should be emphasised that in each case the graphical analysis was
supplemented by the preparation of lmown mixtures to verify the composi-
tion of the experimental product,

Sulfonsmide/sulfonanilide ratios. As previously explained, no at-
tempt was made to separate bensenesulfonamide from the bensenesulfonani.
lides produced in a reaction because it was desirable to avoid possible
alteration of the isomer ratio in the mixture of anilides., It is quite
likely that a determinmation of the amount of bensenesulfonamide could be
made by use of a chromatographic technique, by determination of smmonia
in the alkaline hydrolyzate by seration and titration, or by calculation
based upon determination of total amount of benszenesulfonic acid formed
by hydrolysis less the amount found to be equivalent to the total amount
of aromatic amine, The information thus obtained would furnish an in-
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sight into the nature of the benzenesulfonimide radical, It would show,
for example; whether the radical preferentially extracts hydrogen from

an aromatiec nucleus-or whether its action is predominantly an attack on
the nucleus itself, A high proportion of bensenesulfonamide would indi-
cate a preference for extraction of hydrogen and the formation of smeller
amounts of the benzenesulfonanilides might then result from a2 small num~
ber of instances wherein the remainder of that molscule or a fragment of
another, was able to attach itself to nitrogen before a second hydrogen

SRR % ‘mes. avsiladle. A amall perecibips SF Mimsenssulfanide adght
uﬂm;mrmmmmnmmmmhuer.mu&
subsequent migration of the hydrogen atom to nitrogen.

This might oceur as envisioned by Huisgen and Horeld (137) by a
"Eryptoradical® mechanism, It might also be possible that sNSOo4r could
firet add to an aromatic nucleus much as sCHR from aliphatic aso com-
pounds does with a subsequent rupture of one bond eoineident with or sub-

O + msor — ()msour

sequent to migration of hydrogen from carbon to nitrogen,
 Gurtius (49) stated that more bensenesulfonsmide was formed st
higher temperatures, This might indicste that extraction of hydrogen
from different aromstic molecules is favored, at higher temperatures,
over the formation of unsteble addition complexss.

Abnormal behavior of nitrobengene., The liberation of nitrogen di-
oxide by the thermal decomposition of bensenesulfomyl aside i nmitroben-
zene and the apparent absence of benzenesulfonamide and the bensenesul-

fonamidonitrobensenes are not readily explainsble, The nitro group is
noted for its activation of this ring for radical attack and has itself



appeared quite stable in most instances, Curtius and co-workers (49)
stated that the benzenesulfonimido radical did not attack the nucleus of
such compounds as nitrobenzene and benzaldehyde to form benszenesulfoneni-
lides, They did noit, however, provide a detailed discuseion of experi- .
mental results with these compounds nor did they sttempt an explanation
of the failure of the substitution rezction, These authors did state,
however, that the attack was invariably on tho nucleus which apparently
is not wholly true, in the case of nitrobenzene at least,

‘Hammond end his co-investigators (103, 104, 105) have found, as was
found in this investigstion, that the nitro group is somstimes attacked
Ivrlﬂ:luln They ramd (ifos) thet a polyallyl acetate radicals resct
with the nitre group of hi_trohnm and that triphenylmethyl also
attacks the nitro group of nitrobenzene (104). In the latter case aso-
benzene, azoxybenzene, nitrosobenzene, biphenyl and some terphenyl were
found in the reaction mixture, No attempt was made in the present work
%o deternine whether similar eompounds were prodused but attempts to ex-
platn the prodisiies of aitragin diocids, or of nitris oxide wilh subie-
quent oxidation to nitrbg-n dioxide, on the beais d’ formation of such
iiateits Bied ot ppesi Suadtils, If, however, the benzenesulfonimido
redieal is capable of removing an aromatie nueleus from hydrogen as it
apperently does in the formation of bensenesulfonenilides, then it might
well be capable of removing Ar from nitrobensene, B Wi ome, however,
one should be able to isolate nitrogen dioxide and benzenesulfonamidoni-~
trohomnn or N,N-bis(nitrophenyl)benzenesulfonamide in equivalent smounts
which was not accomplished in the present investigation. The fact that
nitrogen dioxide is evolved indicates M the benzenesulfonimido radi-
csl is very active, Elucidation of the course of the reaction will re-



quire careful measurement of the amount of gas liberated and very care-
ful examinstion of the products present es liquids and solids.
Evidence for radical nature of the resotion. The question naturally
arises as to whether the reaction under consideration is in fact a radi-
cal reaction, m.mmmmwm,mum
conclusion that radicals are indeed involved in the reaction, The
Wf:mfmrmwnmmalamc‘,l,nzgm
gix electrons around the nitrogen atom, There are four orbitals each
capable of containing two electrons, One orbital is engaged in bonding
lhi,hﬁufmohcﬁushhowﬁml. Two of these are
paired and ocoupy one orbital. Thus there are two remaining elsctrons
in two orbitals and sinece each orbital must have at least one elsctron
before any orbital ean have two, these two slectrons must be umpsired,
Evidence for the radical nature of the reaction is also found in the
mmuvdmwzl:mm-umwmum
on aromatic nuslei and by the formation of nitrogen dioxide during the
thermal decomposition of bemsenesulfonyl azide in nitrobensene, Recent
unpublished work by Dermer (63) gives further support for radical inmter-
pretation, The ability of a substance to initiate polymerisation of
vinyl monomers is accepted as a sensitive test for free radicals (228,
229). Accordingly, Dermer decomposed small amounts of bensemesulfomyl
mnwammmmaummwum
in an atmosphere of natural gas, The aszide did in fact catalyse poly-
mﬁmdmwmusmhdMMMawm
able amount of polymerisstion of methyl acrylate, He found that the
polymerisation of acrylenitrile in the presence of benszenesulfonyl azide
was inhibited by the addition of very small amounts of hydrogquinone or



p-bensoquinone. This inhibition is still further proof of radical-cate~-
lyzed polymerisation of the vinyl monomers, Thus the presence of neu-
tral radicals formed by the thermal decomposition of bensenesulfonyl
aside has been established,

The question also arises as discussed previously in the historieal
section, whether the radicals involved in this investigation are free
radicals, This question cannot be answered on the basis of information
presently available. Curtius (49) stated that free radicals are invol-
ved, m,mmtmdﬂmthmMm
sent, The reaction may proeeed, as previously discussed, by an aside-
aromatic complex mechanism or possibly by an induced mechanism as sug-
gested by De Tar (66) and discussed briefly in the historical section of
this dissertation., As previously noted Hodgson (130, 131) and Huisgen
(137) have dissounted the free-radical mechanisms proposed for other re-
sctions and an ionic mechanism has even been proposed for decomposition
wwlm.('m. “'

Iheoretical consideration of isomer ratics. “thnﬂm

mmammuﬁmmmmw
can be given, GCoulson (45, 46) states that quantum-mechanical calcula~
tions lead to the conclusion that free radicals should attack the griho-
position preferentially in the absence of sterie or other factors which
might interfere, Some purely steric hindrance in attack by a particle
the sise of ArS0 N: is conceivable but that does not appear to have been
- & dominant factor,

If a eyclie intermediate addition complex involving a Kekule bond is
formed, ons would expect on a purely statistical besis that there would



103

be equal amounts of
X X
(Omsoer ana ()msozur

If the bonds had equel probability of rupturing or remsiming intact,
this should lead to a predominance of the meta~isomer, If the bonds to
the griho and parg positions are more stable, ome would still expect
equal amounts of the corresponding isomers, If this mechanism is invol-
ved it appears evident that the grtho-mets eomplex must predominate and
that the bond to the griho-position is the stromger of the two, One ean
only say that the distribution of isomers is the same as that obtained
in a majority of radical reactions., It is hoped that more experimental
work coupled with advancement in theoretical treatment will elucidate
the mechanism of such reactions and offer an explanation for the orien-
tation in radical substitutions,

Suggestions for future work., Future work with this reaction should
include careful kinetic studies with a wide variation of conditioms in
order to give some insight as to mechanism of the proecess. The ratio of
bensenesulfonamide to bensenesulfonanilides should be determined, and
the effect of variations in conditions on this ratio, Studies on ring
closures might well be included and the results should be considered in
the light of similar studies, sush as that of De Tar (66)., It is of in-
terest to mote that Smith (193) working with aszidobiphenyls found that
when ring formation was favored it did occur, but that emines were
formed when ring formation was not favored,

Careful investigation of the reaction products should be mede also
to determine the nature of those products whisch are not alkali-soluble,
As pointed out by Curtius (53), when amide formation ocours one would



104

expect to find substituted biphenyls formed from the aryl radicals pro-
duced by extraction of hydrogen from the molecules, Likewise there may
be some reaction of these compounds to give N, N-diaryl sulfonamides
which would not be alkali-soluble,

RSON: + gEGR' — REONH + ZR'GGH;-
alv‘:_—-_» R'G‘l‘cel‘l'
sza + 3'661" — mzl(%l‘l')z

One might expect some formatien of biphemyl itself along with ben-
senesulfonanilide and the N, N-diaryl amide when decomposition of the
azide occurs in nitrobensene with the production of nitrogem dioxide,
The presence of compounds of this nature would be strong evidence for
the formation of free radicals during the course of the reaction -- par-
ticularly the presence of biphemyls., Such a study carried out with com-
wﬂlm”wmww;uﬂm“m:
might well give an insight to the failure of the reastion to ocour in
the expeeted manner,

Finally, more work should be done on the initiation of polymerisza-
tion by the bensenesulfonimido radical, Particularly needed is such a
study of copolymerisstion followed by analysis of the polymer (205) to
determine whether the initiation is of a radical nature or acid-cata-
lyzed,
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