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Abstract

2, 2'-, 3,3'- and 4,4'-dicyanobiphenyl have been
prepared from the corresponding dihalogenobiphenyls and
their nuclear magnetic resonance and ultraviolet absorp-
tion spectra observed. 2,2'-dicyanobenzidine has also
been prepared from 2,2'-dibromobiphenyl and its IR
spectrum studied in concentrated and dilute sulphuric
acid. The optical resolution of this compound was also
attempted but the attempt proved unsuccessful.

Two possible routes to 6-nitro-2,2'-dicyanobiphenyl
have becn investigated, both starting from 6-nitrodiphenic
acid. One route involved the conversion of this acid or
one of its derivatives into 6-nitro-2,2'-diaminobiphenyl
f011owed by tetrazotisation and reaction with cuprous
cyanide. The diamine was successfully prepared and
characterised but conversion into the dinitrile proved
impossible by any of the methods attempted. The other
route was by dehydration of 6-nitrobiphenyl-2,2'-dicarbo-

xamide. Several dehydrating agents were tested on



biphenyl-2,2'-dicarboxanide, but the product, where
identifiable, was always 4-cyanofluorenone. Similarly;
the dehydration of 6-nitrobiphenyl-2,2'-dicarboxzmide
with thionyl chloride yielded 5-nitro-4-cyanofluorenone.

The ultruviolet and optical rotatory dispersion
spectra of (+)-6-nitrodiphenic aeid have been studied
both in ethanol and in aquaeous alkali. These spectra
are discussed and the optical configuration of the acid
is suggested.

l-cyanobenzofc]cinnoline has also been prepared and
its UV spectrum observed and compared with those of
l-nitrobenzo[c]einnoline and benzo[c]ecinnoline itself.
Both benzo [c]cinnoline and l-cyanobenzo[c]cinnoline are
photochromic in ethanolic solution, and possible reasons

for this are suggested.
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Adms of the present investigeation

Little work has previously been carried out on the
steric effect of a 2-cyano group on the conformations of
biphenyls. 1In order to study such an effect; possible
routes were sought to 2,2'-dicyanobiphenyls with a view
to obtaining a compound of this type in an optically
active form. 2,2'-dicyanobenzidine and 6-nitro—2;2'—
dicyanobiphenyl, both previously unknown compounds; were
selected as being of special interest, the former because
it night prove optically resolvable and the latter because
of its relationship to the readily resolvable 6-nitrodi-

phenic acid.

NEX
e
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2,2'-dicyanobenzidine 6-nitro-2,2'-dicyanobiphenyl

Attempts to prepare 6-nitro-2,2'dicyanobiphenyl from
6-nitrodiphenic acid led to investigation of the Hofmann,
Curtius and Schmidt reactions as applied to this acid and
of the dehydration of its amide. Optical rotatory disper-
sion (0.R.D.) studies were carried out on the dextrorota-
tory form of the acid to determine, if possible, its

absolute configuration.
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PMinally, in order to study the steric effect of =2
2-cyano group in a planar biphenyl, l-cyanobenzo[c]—
cinnoline was prepared and its ultraviolet spectrum
observed ond compared with those of l—nitrobenzo[c]-

cinnoline and benzo[c}cinnoline itself.

<N

\,J—;:N

1-cyanobenzo[c)cinnoline

The biphenyl molecule has been shown by X-ray

diffr:J,c“c:i.onl"'2 to be planar in the solid state. In the
gas phase, however, electron diffraction’ shows that the
two benzene rings are set at an angle of 45110°to one
another. This con be attributed to repulsion between

protons in the 2,2', 6,6'-positions.
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The preference of crystalline biphenyl for the planar
conformation is probably due to intermolecular interactions.

In biphenyls carrying substituents at the sterically
crowded 2,2', 6,6'-positions, the dihedral angle is
increased. Littlejohn and Smith4 have measured the dipole

moments of a number of ortho-substituted biphenyls and

have compared them with theoretical values calculated for
the planar and orthogonal conformations on the basis of
data for benzene derivatives. 1In all cases the observed
noment accords better with the orthogonal conformation,

although that of 2-bromobiphenyl is enomalously high.

Conpound for 6=0° for ©=90° obgerved _
2-flurobiphenyl 1.26D 1.34D 1.30D
2-chlorobiphenyl 1.34D 1.43D 1.42D
2-bromobiphenyl 1.32D 1.41D 1.50D
2-iodobiphenyl 1.19D 1.27D 1.27D

Littlejohn and Smith also measured the moments of 2,2'-
disubstituted compounds5 and calculated the corresponding
dihedral engles. In determining the effect of one substi-
tuent on the other; it is necessary to guess the exact
position of the centre of the substituent dipole and this

introduces an uncertainty in the value of the angle.
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Compound Dihedral an~le
2,21-difluorobiphenyl 71-79°
2,2"'-dichlorobiphenyl 69-82
2,2'-dibromobiphenyl 68-85
2,2'-diiodobiphenyl 50-24

In 2ll cases the angle is less than 90°, indicating
a cis orientation of substituents. Similor results are
found by Bastiansen6 using electron diffraction in the
gas phase: 2,2'-dichlorobiphenyl, 2;2'-dibromobiphenyl
and 2,2'-diiodobiphenyl all have & non-planar cis confor-
mation with dihedral angles 74150, 75i5°; and T9t5°
respectively. Some of these compounds are known to
remain non-planar even in the solid state: X-ray diffrac-
tion work on 2,2'—dichlorobenzidine7 and 2,2'-dimethyl-
benzidine dihydrochloride8 shows the dihedral angles to
be 72°and 70.6°respectively, with the substituents cis-
oriented in both cases.

I. Fischer-Hjalmar59 has caleculated the resonance
energy and the non-bonding interactions in biphenyl as
a function of the dihedral angle using a self-consistent
field method. The additional resonance energy due %o
conjugation between the rings is given approximately

by the equation llg = M000329 where Iy is the value at
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dihedral angle 6 and MO is the value for the planar
conformation. Small angles of twist (up to 250) do not
therefore decrease the conjugation to a very great extent.
A graph of the sum of the conjugati-n energy and the
repulsive interaction between the ortho protons shows
a minimum at 6 40%in excellent agreecment with the electron
diffraction results.

The size of the dihedral angle has a pronounced
effect on the ultraviolet spectrum of biphenyls. That
of biphenyl itselfl0 shows a broad band at Am&x249 nm
(€ pax=17000 in 96% ethanol) which is attributed to a

mor*transition involving intramolecular charge transfer.

A — OO0

In the spectra of 2-substituted biphenyls, this band
is hypsochromically shifted and reduced in intensity while
in those of most 2;2'-disubstituted biphenyls it is absent
or occurs only as an iﬁflection on the long-wave side of

the high frequency band centred at 200 nm.



Comnound kmax (nm) Emax ref.
2-methylbiphenyl 235 10500 10
2,2'-difluorobiphenyl 23%5.5 13300 11
2,2'=dinethylbinhenyl 227(infl.) 6800 10
2,2'-di-tert-butylbiphenyl - - 12

M1 spectra in 96 etheanol.

opectroscopic studies have also been carried out
on biphenyls heving the 2,2'-positions joined by a satu-
rated bridgel3. such conmpounds with 2-, 3- or 4-membered
bridges have rigid structures and in consequence the
dihedral angle has a fixed value which can be calculated
or measured on an accurate scale model. The conjugation
band is quite persistent and has been found for fairly

lorge values of the dihedral angle.

———\ | f——

(e )
9— 8 Amox (nm) €max
> 15 264 17000
5 49 247 15700
4 59 235 9630

All spectra in ethanol
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It is remorkable that a separate conjugation band
is found even for the compound with a four-membered
bridge. According to Fischer-Hjalmars' approximate
equation, this compound has only 25% of the conjugation
energy of planar biphenyl. The appearance of the band
nay be due to the bathochromic effect of the methylene
groups without which it would possibly appear as an
inflection at higher frequency.

Substituents in the 3,%ipositions buttress the
effect of o 2-substituent by preveanting it from bending
away from the overcrowded centre of the molecule. Diete-
ren and Koningsberger14 measured the ultraviolet svectra
of biphenyl and a number of aminobiphenyls in 18H sul-
phuric acid and discovered such an effect in the spectrum
of 2,2', 3,3'-tetraninobiphenyl. The conjugotion band
which still appears in the spectrum of 2,2'-diaminobi-

phenyl is reduced to an inflection at the same wavelength.

Compound Max (am) €nax
Biphenyl 249 17000
3-aminobiphenyl 249 17600
3,3'=diaminobiphenyl 249 18200
2,2'-diamninobiphenyl 225 8200
2,2', 3,3"-tetraminobiphenyl (225) 7000

Spectra in 18N HoS504
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Braude and TForbeslC claim to have observed a
similar buttressing of hydrogen in spectra collected by
Rodebush and Williamsonl®. These workers recorded their
spectra photographically and their intensities are not
very reliable but there is no mistaking the low-frequency

absorption due to the isolated phenyl chromophores.

Compound Max ‘max solvent
3,3'-dimethoxybiphenyl 250 12000 hexane
: 285 6000
3,5'=dihydroxybiphenyl 255 12000 ethanol
: 295 6000
3,3'=dimethylbiphenyl 255 16500 ethanol

It cen be seen that 3,3'-dimethylbiphenyl does not
show this effect. Nor does the salt of 3,3'-diaminobi~
phenyl investigated by Dieteren and Koningsberger. These
substituents are sterically equivalent to a hydroxy group
but do not show the same mesomeric properties. It scems
probable_that the apparent buttressing of hydrogen is

really mesomeric in character as suggested by Beaven gt a1.16

Meo MzD

/\Aeol Meo. Meo,
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Partial charges are produced on the 2,2' and 6,6
caorbon atoms and the repulsive interaction of these
chorges destobilises the planar state. It is possible
however that the relevant band does appear in the spect-
run but is masked by the conjugation band.

Substitution in the 4,4'-positions of the biphenyl
nucleus usually shifts the conjugation band to longer
wavelengths due to the extension of conjugation and con-
sequent stabilisation of the polar excited state. Flyo-

rine however causes a small shift to shorter wavelengths.

Compound N nax € max Ref,
4,4'-diethylbiphenyl 256.5 22500 17
4-aminobiphenyl 280.5 19000 18
4-hydroxybiphenyl 297 23000 18
4-flvorobiphenyl 247 16900 11
4,4'-difluorobiphenyl 245 15000 11

Attempts have been made to determine the dihedral
angle in biphenyl and its derivetives from the character-
istics of the ultraviolet spectra. Braude and Forbeslo
used the relationship e:eucos29 where € is the maximum
extinction coefficient of the conjugation band, presumed

to occur at constant wavelength, and €, is the corres-

ponding extinction coefficient for fluorene which is
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necessarily planar.

5

~

CHL

However, fluorene is an untypical biphenyl in that the

two benzene rings are not collinearlt?, Moreover; this
method does not allow for frequency shifts in the conju-
gation band, which are often considerable, nor for the
auxochromic effect of substituents. A better method is
that of Suzuki2o, who has used a LCAO moleculer orbital
approximation to caleulate the w7t transition energy

in terms of the dihedral angle and has related this to

the conjugation band frequency using two standard com-
pounds. His planar standard is solid biphenyl whose
spectrum he has corrected to take account of the red
shift common in the svectra of solid aromatic compounds.
For the orthogonal standard he uses the 200 nm band of
benzene since the spectra of sterically hindered biphenyls
closely resemble those of the corresponding benzene deri-
vatives. The identification of the 200 nm band of benzene
with the conjugation band of biphenyl is due to Plattzl.
Using this method, Suzuki has calculated the dihedral angle
in biphenyl in solution to be 20° and that of gaseous
biphenyl to be 40-43°in good agreement with Bastiansen's

electron diffraction measurements.
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Optical activity of biphenvls

Biphenyls in which neither ring has a plone of
symmetry perpendicular to the plcne of the ring are
dissyminetric in the non-planar conformation. If in
addition the interconversion of enantiomeric confor-
mations by rotation about the phenyl-phenyl bond is
hindered by substituents in the 2,2'; 6;6'—positions;
the compound may be optically resolvable. Christie
and Kenner2? first resolved 6,6'-dinitrodiphenic acid

in 1922, o NZN

ceo, co, H

Since then moany other biphenyls have been resolved.
In 6,6'-dinitrodiphenic acid internal rotation is hin-
dered by four substituent groups but two are sufficient
to give labile optical activity if they are large enough.
Séarle and Adam323 resolved 2,2'-diiodo-4,4'-dicarboxy-
biphenyl through the brucine salt and found its half-
life for racemisation at 25°to be 91.3 minutes in dioxane,
125.4 minutes in ethyl acetate and 143.4 minutes in deci-
normal sodium hydroxide. Lesslie and Turner24 resolved

biphenyl-2,2'-disulphoniec acid through the strychnine
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hydrogen salt and found that a solution of the active
acid in dilute ammonia had an unchanged rotation after
standing for three deys at room temperature. However
when the solution was heated to 100°, the acid race-
mised comnpletely in ten minutes. In the same year;
1932, Turner and Shaw25 resolved the monomethiodide of
2,2'=-bis(dimethylamino)-biphenyl and found it to be
optically stable at room temperature. 1In boiling water
it has a half-life for racemisation of two hours.

ilore recent workers have studied the kinetics of
racemisation in more detail. Brooks, Harris and Howlett26
compared the racemisation rates of 6-nitrodiphenic acid,
6;4'—dinitrodiphenic acid and 4,6,4'-trinitrodiphenic

acid, all in 2§ aqueous sodium cerbonate.

SRR VEIN
Z C’}_H coz H Z DLH éo}_“
6-nitrodiphenic acid 6,4'-dinitrodiphenic acid

4,6,4%=trinitrodiphenic acid
MO

O N NO

€OH co, ¢
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The acids containing additional nitro groups in the
4,4"'-positions were optically more stable than 6-nitro-
diphenic acid itself; this was found to be due not to
any change in the activation energy for racemisation

but to an increase in the Arrhenius parameter A.

Compound Temp.(°C)  10%*k(sec~1)
6-nitrodiphenic acid 87,6 8.05
80.6 4.24
67+55 1.26
57.0 0.435
4v, 6-dinitrodiphenic acid 91.0 3442
83.4 1.69
T4.4 0.769
70.0 0.515
4;4', 6-trinitrodiphenic acid 94.0 1.90
84.6 0.85
82.0 0.66
72.4 0.275
Compound Z(keal.nole™l) logipA(secl)
6-nitrodiphenic acid 22.6 10.6
4', 6-dinitrodiphenic acid 22.6 lO,l

4,4, 6-trinitrodiphenic acid 22.6 9.7
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On the other hand, additional substituents in the
3,3'-positions increase the activation energy for race-
nisation by a buttressing effect. Rieger and Westheimer2T
meaosured the racemisation rates of the sodium salts of
2,2'-diiodo-5,5"'-dicarboxybiphenyl and 2,2',3;3'-tetra-
iodo~5,5"'-dicarboxybiphenyl in water and found activation

energies of 21.6%0.1 kcal.mole~l and 28.05%0,15 keal.mole~1

respectively.
T r I I
I .I W
Co H <ot P

Little work has been done on the optical rotatory
dispersion curves of unbridged biphenyls. IMislow and
his co—worker328 studied the O0.R.D. spectra of six diffe-
rent 2,2'-dinitrobiphenyls symmetrically substituted in
the 6;6'~positions using dioxane as solvent. All showed
two €btton effects of opposite sign centred at about 260
and 330 nm respectively. A positive Cotton effect at
%30 nm was found to be characteristic cof the R configu-
ration. Mislow?? has also found that functional deriva~
tives of (R)-6,6'-dinitrodiphenic acid show a positive
optical rotation at 545 nm., However this work has not
been extended to unsymmetrically substituted diphenic

acids.
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The introduction of cvano grouns into aromatic nuclei

Lryl cyanides or nitriles con be prepared from a
variety of starting moteriels: aryl holides, amines,
acids and acid derivatives and compounds in which hydro-
gen is replnaced directly by the incoming cyanide group.

Aryl bromides, unlike aliphatic bromides, do not
react with the cyanides of the alkali metals; they do
however react with cuprous cyanide at temperstures above

150°.
ArBr + CuCl = ArCll + CulBr

Von Braun, who discovered this reaction in 193130
used it to prepare 4-cyanofluoranthene. He heated
4-bromofluoranthene with a 10% excess of cuprous cyanide
and kept the mixture at 260° for six hours. The nitrile
was extracted from the cooled melt with dichloromethane
in 80% yield. Subsequently the von Braun reaction was
used to prepare a number of othér nitrilesBl, often with
the addition of pyridine as solvent’2s33, 1In 1941,
Koelsch and Whitney34 investigated the dry reaction and
found that it was autocatalytic. They attributed this to
the formation of a CuCH-ArCH complex soluble in the molten
reaction nmixture. The addition of preformed nitriles such

as p-tolunitrile had a similar catalytic effect and so did
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curric ions, nossibly by forming a reactive complex with
the aryl bromide. The reaction was carried out on a
number of brominated benzenes, including the sterically
crowded 2,4,6-trimethylbromobenzene and went substantially
to completion in two hours without a catalyst. The reac-
tion time could be shortened to 10-30 minutes by addition
of a few drops of p-tolunitrile and a spatulafull of
copper sulphate. The von Braun reaction is also appli-
cable to aryl chlorides’® provided that more vigorous
conditions are used. l-bromonaphthalene gives l-naphtho-
nitrile in 93% yield when heated with cuprous cyanide in
pyridine to 220° for 15 hours; l-chloronaphthalene, when
subjected to the same reagents requires a temperature of
250° and a reaction time of 24 hours to give the same
yield of l-naphthonitrile.

Two new variations of the von Braun synthesis involve
the use of dimethylformamide35 or N—meﬁhylpyrrolidone36
as a solvent. A number of brominated benzene derivatives
have been converted into nitriles in refluxing dimethyl-
formemide in yields of 80-100% . Only 2-6 hours are
required for the reaction, which can also be used for
activated aryl chlorides. The use of K-methylpyrrolidone
gives similar results, with yields of 67-90% . l-chloro-

. . . P i
naphthalene will also react in this solvent, giving 85%
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of l-nephthonitrile but the investigators carried out
only one riun on this compound with the very long reac-
tion time of 24 hours. It is not known whether such a
long period is needed or whether other non-activated
chlorides ore equally amenable.

Organic nitriles form complexes with cuprous cya-
nide and the free nitriles are best obtained from the
reaction nixtures by decomposing the complexes with
ammonia or ethylenediamine, both of which form suffi-
ciently stable complexes with the cupric ion to cause

cuprous compounds to disproportionate.
2ArCll.CuCN + 41lHz + 2Ho0 = 2ArCll + Cu(NHB) 4(OH)2 + Cu
+ 2HCN

Al ternatively the cuprous cyanide can be oxidised
by a solution of ferric chloride in concentrated hydro-
chloric acid. This method is better for nitriles which
are solid at room temperature, and which can therefore
be removed from the solution by filtration without con-

tamination by precipitated copper.

AYCW.CuCl + FeClz + HCL = ATCN + CuClp + FeClp + HCH
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In 1877, Merz37 investigated the reaction of aryl
halides with various metal cyanides in the absence of
gsolvents. He found that lead cyanide is largely inzc-
tive: both chloro- and bromobenzene give only 6.5
yields of benzonitrile with this reagent. Silver cya-
nide is similarly inactive with chlorides and bromides
but reacts with aryl iodides to give a 20-30% yield of
the nitrile. A mixture of potassium ferrocyanide and
quartz sand reacted with both chloro- and bromobenzene
to give 20% yields of benzonitrile. Merz carried out
his reactions in sealed tubes at 350-400° and distilled
the products. The yield of nitrile was estimated by
the amount‘of acid formed by saponification of the
distillate.

An industrial varient of the von Braun reaction
is to pass the vapour of an aryl halide mixed with hydro-
gen cyanide over copper powder at 450-10000. By this
method; 60-70% of the nitrile can be prepared.

The preparation of nitriles from aryl amines was
first carried out by Sandmeyer in 188479, The amine is
diazotised and the diazonium salt solution is poured
into one containing potassium cyanide and cuprous cya-
nidé. The reaction is believed to proceed by_a free

radical mechanisms:
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ArlipCL + Keul(om), = Arocul(om), + KCL
ArNoCul(Cl)o = Ar 4+ 1o 4 cull(cm),
Ar + Cull(ci), = Arcw + culcw

In harmony with this, it is found that when a
solution of potassium cuprocyanide is poured into one
of benzene-diazoniun chloride instead of vice versa;
the benzonitrile formed contains appreciable amounts
of biphenyl4o.

The diazotisation is usually carried out in
aqueous solution containing 2% equivalents of a mine-
ral acid: one equivelent to form the salt of the amine,
one to generate nitrous acid from the sodium nitrite
whieh is subsequently added and the remaining half-
equivalent to maintain proper acidity. Sodium nitrite
is added as a concentrated aqueous solution until the
recaction mixture gives o positive test for free nitrous
acid: a permanent blue colour on starch-iodide paper.

A large excess of sodium nitrite should not be used, as
it encourages decomposition of the diazonium salt.
Weakly basic amines can be diazotised in concentrated
sulphuric acid using solid sodium nitrite*l or nitrosyl
sulphuric acid42. The latter is obtained by dissolving

sodium nitrite in sulphuric acid. Water is required to
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make the reaction go but for very weak bases, water may
be replaced by phosphoric acid43. Weak bases may also
be diazotised with nitrosylsulphuric acid in glacial
acetic acid solution?? or by nitrous acid in concen-
trated nitric acid: the nitrous acid is generated by
the addition of a reducing agent such as sodium meta-~
bisulphite4‘. The last method is of rather limited
application as it tends to cause nitration in oitho

and para positions as well as oxidation of sensitive
amines.,

In the classic Sandmeyer procedure, the acid solu-
tion of the diazonium salt is poured directly into one
of potassium cuprocyanide and the mixture warmed to 70°
to complete the reaction. Aniline derivatives usually
give yields of 60-70% in this reaction but this is not
always the case with amino derivatives of polynuclear
hydrocarbons45. |

In 1890, Gotterman?® discovered a convenient modi-
fication of the Sandmeyer réaction: the diazonium salt
solution is mixed with aqueous potassium cyenide and
freshly precipitated copper powder is added in large
excess. Gatterman used this reaction to prepare halides
rather than cyanides =nd obtained yields of about 700

in most cases but could obtain only 30y of 2-chloro-
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naphthalene from 2—naphthylamine; together with much
resinous meterinl.

In 1920 o further modification was dizcovered by
{orczynski et gl.40 who substituted nickel cyanide for
cuprous cyanide and obtained good yields of benzonit-
rile, p-bromobenzonitrile and p-tolunitrile. They
found cobalt cyanide o poor catalyst for the reaction;
although excellent yields of aryl thiocyenates could
be obtained using a solution of potassium cobalt thio-
cyanate.

A1 these procedures have one great disadvantage:
the ccid used in diazotisation liberates hydrogen cya-
nide when the two solutions are mixed and this not only
makes the reaction potentially dangerous but wastes part
of the cranide solution., In 1924 therefore Clarke and
Read47 develoned a method for conducting the Sandmeyer
reaction in neutral solution. The solution of the dia-
zoniuwm salt is cerefully neutralised with sogium carbon-
ate and added in small portions with vigorous stirring
to the cyenide solution, which is covered with a layer
of benzene, to disperse the intermediate addition com-

pound. The reaction is vigorous even at 0% and in the

absence of benzene, it tokes place with almost explosive
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violence, liberating a cloud of smoke which smells
strongly of isocyonide. The reaction mixture isg
allowed to stand for five hours; after which the
reaction is substantially complete; usuglly with a
yield of 60-70% Warming to 50° increases the yield
only slightly.

These results are strikingly at variance with
those of Hodgson and Heyworth48 who state that the
reaction proceeds only slowly at 0° and that tempera-
tures of 78-80° are necessary to obtain good yields.
Both teams carried out their experiments on a range
of compounds including some compounds common to both;
it is difficult to account for the discrepancy unless
it lies in the method of neutralisation: Hodgson and
Heyworth neutralised with powdered chalk whereas
Clarke and Read used sodium carbonate. It is diffi-
cult to avoid adding a slight excess and as sodium
carbonate is readily soluble in water the result may
have been an alkaline rather than a neutral solution.

Hodgson and Heyworth also compared the relative
efficiency of potassium cuprocyanide and potassium
nickel cyanide in this variation of the Sandmeyer
reaction. 1In most cases the copper compound gave the

better yield; indecd, m-nitroaniline and mn-chloroaniline,



which gave only 28% of the corresponding nitriles with
neutrol potassium cuprocyanide, gave hardly any yield
at all with neutral potassium nickel cyanide. 2-naph-
thylomnine is an exception in that the nickel compound
gives better yields of 2-naphthonitrile than the copper
compound: 25% as against 14.54 McRae?® found that the
some wos true of l-nophthylamine which could be con-
verted into l-naphthonitrile in 58-65% yield by pouring
the acid solution of the diazonium salt into one of
potassium nickel cyanide containing enough alkali for
immediate neutralisation. Under the same conditions,
potassium cuprocyanide gave only a low yield. This
method of neutralisation does not seem to be applicable
to diazotisations carried out in concentrated sulphuric
acid.

2,2'-diaminobiphenyls often yield c¢yclic products
when submitted to the Sandmeyer reaction. Dobbie et al.
in 191149 obtained carbazole and benzo{c]cinnoline from

the reaction

<

N H Nzl\;

carbazole benzo[cjcinnoline
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of tetrazotised 2,2'-diaminobiphenyl With'cuprous bro-
mide, the relative yields depending on the reaction
conditions. Some 2,2'-dibromobiphenyl was also formed
when the tetrazotisation waos carried out in the presence
of cuprous bromide but the yields were never higher

than 155 and often less than 10% Similarly von Niemen-
towskiso, who treated biphenyl-2,2'-bisdiazonium chloride
with copper powder in 1901, expecﬁing to obtain either
biﬂhéh&iior 2,2f—dichlorobiphenyl, found carbazole to

be the only identifiable product. Holt et gl.51 repeated
Dobhie's experiment and claim to have isolated only

2,2'"-dibromobiphenyl but they give no experimental
52

details. Mislow and his co-workers prepared 6,6'-~
dimethyl-2,2'-dicyanobiphenyl from 6,6'-dimethyl-2,2'-
diaminobiphenyl but the crude yield was only 85 and the
purified product amounted to only 2% of the theoretical
yield. 1In some cases there are complications in the
diagotisation itself. Schmidt and Schall®? report that
they were unable to diazotise 6-aminodiphenic acid at
all. These results may be due to the formation of a
lactan.

Nitriles can be prepared from acid amides or
ammonium salts by the action of standarq dehydrating

agents such as phosphorus oxychloride54, thionyl chloride”?




or the double salt of sodium chloride and aluminum
chlorideg6. Thionyl chloride was first used by
liichaelis and Siebert®> in 1893, They obtained ali-
phatic nitriles in 50% yield and simple aromatic nit-

riles in over 80¢ yield.
ATCOITH, + SOCly = ArCH + 80, + HCI

The thionyl chloride is used in a large excess
and subsequently distillgd off. The nitrile, with
some resinous impurities, remains behind. The method
cannot be used with amides containing aromatic amino
groups, as these yield intractable violet dyes with
the reagent.

The use of phosphorus oxychloride dates from 193454.
It gives yields of more than 90% with aliphatic and
simple aromatic amides. Only one half or even one
quarter of the equimolar amount is needed. The nitrile
is removed by distillation. The double salt NaCl.AlClsz
was first used to dehydrate amides in 194056 but has
not found much application since. The nitrile is dis-
tilled from the mixture as fast as it is formed. 'Aryl
amides usually give over 90% of the nitrile but 2,6-
dichlorobenzamide gives onlj 67%, indicating that the

reaction is sensitive to steric hindrance. The authors



- 3% -

report that diamides give poor yields of dinitriles;
although no examples are given.

Amides can also be dehydratcd thermally at tempe-
ratures above 400° in the presence of catalysts such
as alumina, pummice or graphite57. Pummice is the
best catalyst. The nitrile is distilled off. The
method dates from 1916 but is less often used than
chemical dehydration. Using pummice as catalyst; 90%
yields of nitrile can be obtained from aliphatic amides.
Benzamide gives equally good yields but the method is
unsuitable for eromatic amides of higher molecular
weight, es it requires a high degree of volatility in
the amide.

A voriant of this method is the dehydration of
carboxylic acids in the presence of certain nitrogen
compounds. Benzonitrile can be obtained in yields of
80% by pyrolysing a mixture of zinc benzoate and lead
thiocyanate58. The seme reaction can be carried out
with halogenated benzoic acids, but nitrobenzoic acids
explode under these conditions and aminobenzoic acids
yield only a small amount of volatile material con-
sisting mainly of aniline. The reaction of an aromatic
acid with an aryl sulphonamide (usually p-toluenesulpho-

namide)59 in the presence of phosphorus pentachloride
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at 200° is computible with the presence of nitro groups
clsewherc in the molecule ond usually gives the nitrile
in 60-30% yield. The reaction mixture is decomposed
with ice and the precipiteted nitrile washed with alkali
to remove excess sulphonamide. This method is especially
useful for involatile nitriles.

Little work hos been done on the dehydration of
diphenic acid and its derivetives. 2,2'-Dicyanobiphenyl
has been prepared from biphenyl-2,2'-dicarboxamide by
the action of acetic anhydride in glacial acetic acigb0
but the yield is only 22% and the product is much con-
tominated and difficult to purify. The difficulty in
preparing nitriles by this route lies in the possibi-
lities for intramolecular cyclisation which can lead to

two distinct products.

\ corit, eo
c=0/ N \
+ NH & K::'){ 7 NH
113 N /o 3 co”  + IHz
+ 2
IMluorenone- Diphenimide

Jd-carbonitrile
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The formation of the cyclic imide seems to be the main |
side reaction when acetic anhydride is used as the dehyd-
roting ogent: diphenamic acid, the monoamide of diphenic
acid, gives diphenimide in 669 yield when heated with
this reagent in glacial acetic acid solution®O, Diphenic
acid mononitrile is formed in only 1% yield. With
thionyl chloride, however, diphenamicracid gives a 63%
yield of 2-cyanobiphenyl-2'-corbonyl chloridebl. 1o
reference could be found to the reaction of biphenyl-
2,2'=dicarboxamide with the halides and oxyhalides of
phosphorus but diphenic acid itself is dehydrated to
fluorenone-4-carboxylic acid by excess of phosphorus

oxyohloride62

or by phosphoric acidb3., 6,6'-Dimethyl-
diphenic acid has been converted into 6,6'—dimethyl-2;2'~
dicyanobiphenyl by heating with p-toluenesulphonamide
and phosgphorus pentachloride but in this case cyclisa-
tion to a fluorenone derivative is prewented br the
methyl groups. DBven so the yield of nitrile is only
391392

| itriles can also be prepared from the alkali
metal salts of arylsulphonic acids by fusion with sodium ‘
cyanide64; potassium cyanide65 or potassium ferrocyamide66.
Yields are usually 20-30% but may be higher when the

sulphonic acid group is activated towards nucleophilic
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digplocement by an electron-withdrawing group in an
ortho or parg position. For exenple, sodium 4-cyano-
biphenyl-3-sulphonate gives 3,4-dicyanobiphenyl in
80% yield when fused with a mixture of sodium cyanide
and potassiunm ferrocyanide67.

The aminomethyl group can be coaverted into a
cyenide group by dehydrogenation over powdered copper

at 450° or powdered nickel at 320°68,
CgHgCHpNHy = CeHgCll + 2H,
The main <ide reaction is hydrogenolysis.

CeH CHZHH + H C6H CH, + I

5 2 T 2 T 573 3

Under eppropriate conditions this hydrogenolysis
recaction cen be reversed and benzonitrile can be pre-
pared directly from toluene and ammonia. In an indus-
trial method®9 a mixture of toluene vapour and ammonia
is heated to 524-530° and passed over molybdic oxide
supported on activated alumina. The yield of nitrile
per pass is only 8-10%, but by recycling the unchanged
toluene high overall yields can be obtained.

Ilethods less often used for the preparation of

nitriles include the dehydration of oximes with thionyl
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chloride7o, the action of cyanogen chloride on an aryl

71

grignard reagent and the thermal rearrangement of

isonitriles and their precursors, crylformamides’2,

ArilHCHO = ArNC + HZO = ArCH + H2O

There are also a series of reactions in which a
cyanide group replaces hydrogen directly. Cyanogen °
bromide reacts with many hydrocarbons in the presence
of A12C16 to give ketimides of the form ArC:NH.CCl3
which yield nitriles when treated with dry sodium
hydroxide in ether!#, Overall yields vary between 50%
and 70% Both these processes are electrophilie substi—
tutions and orientotion of the incoming group is simi-
lar to that in Friedel-Crafts reactions. Nucleophilie
replacement of hydrogen is also possible: alcoholice
potassium cyanide attacks the ortho position of aromatic
nitro compounds but in the process the nitro group is
expelled as a nitrete ion =nd replaced by hydrogen75.
When nitrophenols are subjected to the same conditions,
the entry of the cranide group may be accompanied by
partial reduction of the nitro groups or by the replace-
ment of one or more nitro groups by alkoxy groups derived

from the solvent76p Consequently this reaction is not

suitable as a preparative method.



The avplication of the Hofmann ond related resctions to
diphenic acids

yr I

The Hofmann([, Cur’tiws‘{8 and Schmidt79 reactions
furnish methods for converting a carboxylic acid or one
of its derivatives into an amine containing one less
carbon atom. hen carried out on dibasic acids they
yield diamines containing two less carbon atonms. These
methods are particularly interesting in the biphenyl
series as they have been found to occur without change
of configuration80’8l. This opens a pogsible path to
optically active 2,2'-dicyanobiphenyl starting from a
derivative of an opticelly resolved diphenic acid. The
product of the Hofmann, Curtius or Schmidt reactions
should be an optically active biphenyl containing amino
groups in the 2,2'-positions and these could be converted
into cvano groups via the Sandmeyer reaction, which is
also known to proceed without racemisation 82,

The Hofmann reaction involves the formation and sub-
sequent decomposition of an N-bromoamide. Hofmann him-
self dissolved the acid amide in bromine and added alkali
but higher yields are obtained by the modification of

83: bromine is dissolved in ice-

Hoogewerff and van Dorp
cold caustic soda and the amide is added gradually to the

sodium hypobromite solution so prepared.



RCOWI, + WaOBr = RCOWHBr + HaQH
The reaction is completed by warming the mixture.

RCOWHBr + NaOO = RIICO + IIadr

RICO «+ HgO = RHHz + 0021‘

An electron-deficient nitrogen compound is formed and
this rearranges to an isocyanate. Basic hydrolysis of
the isocyanate yields the anmine.

In the Curtius recction the same electron-deficient
intermediate is formed by the thermal decomposition of
an acid azide. In the classicel Curtius method’S the

starting material is an ester.

GrocCk R I = 1.0 I
R OC{B + 72H4H2O RCO 5 + CWBOH + HQO
SO TIT T — K T
RCOJJ.NH2 + HOMO = RCO.A3 + 2320
RCOLI3 = RICO + ﬂ2

Mternatively, the agide can be formed directly from
the acid chloride by shaking a solution of the latter
with solid sodiunm azideB4 or with saturated aqueous

sodium azide85.

RCOCL + NaN3 = RCONz + NaCl
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Curtius decomposed the azides by heating with
!
absolute alcohol and the product was a urethane which

was subsequently hydrolysed with aqueous acid.

RCON,; = RICO + N, 1
MICO + CpHgOT = RUH.COOC,H,
RIH.CO0CHH; + Hy0 = Ry + CpHgOH + 001

The azide may also be treated directly with dilute aciaS4
or rearranged to the isocyanate86 by heating in an inert
solvent and subsequently hydrolysed with acid.

In the Schmidt reaction, an acid is allowed +to
react with hydrazoic acid in concentrated sulphuric
acid. The initial step is the formation of an addition
compound whieh immediately breaks down to give an elec-
tron-deficient intermediate similar to but not identical

with that of the Hofmann and Curtius reactions.

HO 0~ HO 0
. N~ N/
RCOOH + Oz = c + = ¢/, + 1
5 R \H-NIN R MH 2t
Ho_ 0~ _
n”c\\ﬁﬁ = RUH.COOH = RiH, + C0,1

The hydrazoic acid may be generated in situ from sodium

.. 87
azide .
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ihen these rearrangements are carried out on aromatic
acids they are found to be inhibited by the presence of
electron-withdrowing substituents in the aromatic nucleus.
llauser and Renfrew88 carried out the Hofmenn reaction on
n- and p-nitrobenzamide and recovered 25% and 46% respec-
tively of the corresponding benzoic acids. Benzamide
itself gives only 5% of benzoic acid. The hydrolytic
reaction leading to the acid apparently has a lower ten-
perature cooefficient than the rearrangement, for carrying
out the reaction at a higher temperature leads to an
increased yield of amine and a correspondingly lower yield
of recovered acid. Briggs and Lyttleton79 have carried
out similar studies on the 3Schmidt reaction and have found

the following results.

Compound Acid recovered Yield of amine
Benzoic acid 25% 69%
n-nitrobenzoic acid 329, 63%
p-nitrobenzoic acid 54% 41%

Curiously, o-nitrobenzoic acid gave almost the same
results as benzoic acid itself, apparently because the
electron-withdrawing effect of the nitro group is countered

by a favorable ortho interaction. (See figure overleaf)
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Although these reactions have been carried out
successfully on substituted 2-carboxybipheny1581’82;
complications often arise in the case of diphenic acid
and its derivatives owing to competing cyclisation
reactions. Thus when Carrona carried out the Schmidt
reaction on diphenic acid in 194189 he obtained phen-
anthridone as well as the expected 2,2'~diaminobiphenyl.
Unfortunately he does not quote the relative yields of
the two products. Stephenson9o reports that the yield
of phenanthridone is much reduced if the reaction is
carried out in a large excess of concentrated sulphuric
acid. Under these conditions the diamine can be obtained
in 66% yield. The cyclisation probably proceeds via an

amino acid intermediate.

» ’
Z i 3 S S
o, H co . H .
‘ 8 - Nd, zoH ; ,"’ "\SO

phenanthridone
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Cyclisation to phenanthridone is prevented if the
diazide is preformed as in the Curtius reaction. In
this case rearraongenent of both azide groups proceeds
simultaneously. IHowever an alternative mode of cycli-

sation can still occur leading to a cyclic urea.

GO-0—-G0
5 NZO NCe rJH\ /NH
<o

2o,y cod

In 1941 Labriolagl prepared the diazide of diphenic
acid from the dimethyl ester vig the dihydrazide; the
classical Curtius procedure. The diazide decomposed
spontaneously at room temperature in ether/benzene solu-
tion to give a mixture of the cyclic urea and the dia-
mine., The same mixture was obtained when the decompo-
sition was carried out in ether/ethanol and the resultant
urethane subjected to basic hydrolysis. No yields are
quoted in either case.

82 reports that no 6,6'-dimethyl-2,2'-diamino-

Bell
biphenyl can be prepared from 6,6'-dimethyldiphenic acid
by either the Hofmann or the Curtius reaction. The pro-
ducts of the Curtius reaction are not specified but the

Hofmann reaction yields a red acidic solid for which

analytical figures are given. They are consistent with
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the formula 016H14N202‘ It is possible that this repre-

sents yet a third mode of cyclisations

: CHy <y
H Nuve x i ; !
‘_ow 1, MH. co
{ i
"2 g0 — MH

A similar cyclisation occurs when the diamide of maleic

acid is treated with sodium hypochlorite; the product

. .. 92
is uracil
(H— CoNH, CH—CoNH, C He Co— N
— | —l
(H— CONH, CH-NCO (H—NH—CO

On the other hand, Holt and Hughesg3 converted the
diamide of 6,6'-dinitrodiphenic acid into 6,6'-dinitro-
2,2'-diaminobiphenyl in 48% yield by means of the Hof-
mann reaction. They used 2.7 molar equivalents of bro-
mine and ten molar equivalents of sodium hydroxide in

10% agueous solution. The addition of the amide was
carried out at ice-bath temperature and the mixture
heated for ten minutes. They report that any deviation

from these conditions seriously lowers the yield.
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Benzolclecinnoline and substituted benzo[c]lcinnolines
l

1 (o 2

©d
~

! \'J :{Js_/ ’

<

Benzo[d]cinnoline has been reported to be formed
when 2,2'~dinitrobiphenyl is reduced with a variety of

agents such as zinc and alkali94, reduced iron95,

ferrous oxalate96, triethyl phosphite97 or sodium

amalgam98

but yields are usually less than 60% Two
more effective methods, which have also been used to
prepore substituted benzo[c]cinnolines, are electro-
lytic reduction of the corresponding 2,2'-dinitrobi-
phenyl and reduction of the latter with lithium alu-
minium hydride. The electrolytic method is the older
of the two and was used by Ullman and Dieterle in 190499
to prepore 3;8—diaminobenzo[c]cinnoline and its tetra-
methyl and tetraethyl derivatives. The parent compound
was prepared in 80% yield, the derivatives in 50-60%
yield. 3,8—Dimethylbenzo[c]cinnoline was prevared by
the same method but the yield is not given. Lithiwa
aluminium hydride reduces 2,2'-dinitrobiphenyl o

benzo[d]cinnoline in over 90% yieldlOO and can be used
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to prevare substituted benzo[c)einnolines in 70-804
yicld providing that no amino groups are present101;
but 2,2'-dinitrobenzidines are reduced to the corres-
vonding benzo|cleinnolines in only 20% yield and
6,0'-dinitro-2,2"'-diaminobiphenyl gives only a 42%
yield of l,lo-diaminobenzo[c]cinnolinegB. uclear
chlorine and bromine are unaffected by lithium alumi-
nium hydride but iodine is eliminatedlOl,

Benzo(c) cinnoline has several times been reported
as a product of the catalytic hydrogenation of 2,2'-

dinitrobiphenyl. IZverett and Rosle2

obtained benzo-
[c]leinnoline as the only product when the hydrogena-
tion was carried out over Raney nickel but Stetter and
Schwartz102 renort that the course of the reaction is
pH-dependent: in neutral solution the product is 2,2'-
diaminobiphenyl but in the presence of alkali benzo[c]
cinnoline is formed in 50% yield. The substitution of
palladised charcoal for Raney nickel increases the
vield to S0¢% Small amounts of alkali do not have this
effect; according to Blood and I\Tollerlo4 the effect of
a few drops of 6N caustic soda on the hydrogenation of
2;2'—dinitrobiphenyl over Raney nickel is to increase
the rate of reduction to the diamine without encouraging

the formation of benzo[c|cinnoline. The use of Adams'
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platinum oxide catalyst leads to the formation of 2,2'-
104,105

diaminobiphenyl in 96¢%5 yield Benzo(c)cinnoline
is not reduced under the same reaction conditions and
so does not appear to be an intermediate in the reduc-

tion105

. However Radell et gl.q4 report that benzo c
cinnoline is reduced to 2,2'-diaminobiphenyl by hydro-
genation over Raney nickel at 34° and 100 D.sei. Some
light is shed on this by the work of lloore and PurstiO®
on the reduction of 2,2'-dinitrobiphenyl with hydrazine
hydrate in the presence of Raney nickel. They discovered
that 2,2'-diaminobiphenyl is the only product when
freshly prepared catalyst of a type low in aluminium is
used but that the use of aged, high-aluminium catalysts
leads to cycliec products. By mitable vgriation o? the
reaction conditions, benzofc)cinnoline-5,6-dioxide, benzo-
[c) cinnoline-5-oxide and benzo(c)cinnoline itself can all
be prepared in good yield. The reduction of benzo([c]-
cinnoline to 2,2'-diaminobiphenyl is difficult and
requires a large excess of hydrazine, confirming the
conclusion of Ross et gl.los that benzo[c]cinnoline is
not a normal intermediate in the formation of this compound.

Benzo[c]cinnoline has also been prepared by the

oxidation of 2,2'-diaminobiphenyl. Oxidation with
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perboric aciato? gives only a 50% yield but the same

reagent converts 3,3'-dibromo-2,2'-diaminobiphenyl into
the corresponding benzolc]cinnoline in 709 yield and a
similer oxid~tion of 3,5,3', 5'-tetrabromo-2,2'diamino-

biphenyl with peracetic acidlo7

proceeds in 92% yield.
Phenyl iodosoacetate converts 3-, 4- and 5—nitro-2;2'-
diominobiphenyls into the corresponding nitrobenzo ¢
cinnolines in 50-70% yie1d108.

The ultraviolet spectrum of benzo[c]cinnoline
resemnbles that of phenanthrenelog. There are three
main regions of absorption, termed groups I, II and III
and centred at ca 250, 300 and 350 nm respectively. In
ethanol their approximate molar extinction coefficients
are 50,000, 9000 and 1500. The group IT and group IIT
bands are broad and show some vibrational structure.
The group III band tails off slowly above 380 nm and
this is attributed to an n —7* transition involving
one of the nitrogen lone pairs. In non-polar solvents
such as cyclohexane, the intensity of the group III band
is reduced and the lone pair absorption appears as a
separate band at 410 nm. At the same time the vibra-

tionol structure of the group II and IIT bands is partly

resolved.
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The effect on the soectrum of substitution has
been studied only in g—hexanello. Saturated hydrocar-
bon substituents at C-1 cause large red shifts in the
group II bands but the same substituents at other posi-
tions in the molecule cause only small red shifts or
none., then both C-1 and C-10 are substituted; the red
shift in the group II bands is cz 20 nm, The shift
appears to be due to a }oss of planarity in the molecule
due to steric strain: 4,7-diemino-1,10-dimethylbenzo[c]
cinnoline shows labile optical activity and has been
resolvedlll. With unsaturated substituents and with
those able to donate lone pairs the picture is more con-
fusing. Bromine and chlorine cause red shifts of ca 11
nm when situated at C-1 but they have a similar effect
at C-4. The nitro group on the other hand is said o
have little effect on the spectrum when at C-1 or C-4,

Electrophilic substitution in the benzo(c)cinnoline
nucleus takes place mainly at position 1. Nitration with

0®* 112 gives 58% of 1l-nitro-

nitric/sulphuric acid (1:3) at
benzo[c]cinnoline and 12¢% of an isomer subsequently
identified as 4-nitrobenzo[d]cinnolinellB. Bromination
in sulphuric acid in the presence of silver sulphate gives

27% of l-bromobenzo[c)cinnoline and 45 of a dibromo
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compound thought to be 1,7-dibromobenzofc]cinnoline; in
organic solvents such as corbon tetrachloride bromina-
tion does not take ploce and the sole product is a mole-
culor complex of bromine and benzo{cleinnoline. Thei-
laclker ond Baxmannlll obtained 4;7-dinitro-l;10—dimethyl—
benzo [c)cinnoline by nitration of 1,10-dimethylbenzo[c)
cinnoline. Irom all these experinents it seems clear
that the most reactive positions in the nucleus are 1
(and 10) followed by 4 (and 7). This contrasts with the
theoretical prediction of Dewar and Haitlisll4; Who; on
the basis of molecular orbital calculations place the
positions in the following decreasing order of reactivity:
1, 3, 4, 2. Their calculation takes no account of the
effect of nrotonotion at one of the nitrogen atoms but
this would be expected to decrease the reactivity of
position 4 still further by generating a positive charge
immediately adjacent to it. The observed order of

reactivity (4»3) is not explained.



DISCUSSION OF RESULTS
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Preparation of 4,4'-3,%'- and 2,2'-dicyanobiphenvyl

The three symmetrical dicyanobiphenyls were prepared
from the corresponding halides in order to compare their
ultraviolet spectra and also to test the efficiency of
the von Braun reaction (see p. - ) when applied to diffe-
rent positions of the biphenyl nucleus.

4,4'-Dibromobiphenyl was readily obtained by the
direct bromination of biphenyl with molecular bromine
in carbon tetrachloride solution in the presence of iron
filings. When the hot solution was filtered and cooled;
the product crystallised out in substantially pure con-
dition in over 60% yield. 4,4'-Dicyanobiphenyl was
obtained from the dibromo compound by reaction with cup-
rous cyanide in boiling dimethylformamide (the method of
Friedman and Schechter. 3ee p. 23 and ref. 35). Fried-
man and Schechter sugsest the use of 150 ml, of solvent
per mole of aryl bromide but this proved insufficient to
dissolve the reactants and the reaction failed to take
place. The use of a much larger volume of dimethylfor-
mamide (50 ml. for 10 moles of 4,4'-dibromobiphenyl)
brought about the reaction conveniently. The yield of
4,4*-dicyanobiphenyl was usually about 60% when ethylene-
diamine was used in the working up of the reaction mixture

(see po 24) but rose to 90% when ferric chloride solution



was substituted in this step. PFriedman and Schechter
report a quantitative yield irrespective of the nature
of the working up.

5y 5'=-Dihalogenobiphenyls are best prepared by

deonination of 3,%'-dihalogenobenzidines which can be

obtained by the following reactioan sequence:

u/e o
9 o, 2w lnuou /e, us ", G - s

\>< X

X=Cl, Br, I.

o-Chloronitrobenzene was the most accessible
starting material. It was reduced to 2,2'-dichlorohydra-
zobenzene ag showvn above but no attempt was made to iso-
late this product. Instead the reaction mixture was
filtered from excess zinc and poured into moderately
concentrated hydrochloric acid to bring about the final
reorrangement into 3,3'-dichlorobenzidine which precipi-
tates from solution in the form of a sparingly soluble
dihydrochloride. The salt was deaminated by tetrazoti-
sation in acid solution followed by treatment With ice

cold 30% hypophosphorous acid. The yield of %,3'~-dichlo~-
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robiphenyl is good but the value of the sequence ag a
whole is limited by the low yield of 3,3'-dichloroben-
zidine from Q-chloronitrobenzene.
2,2'-Dichlorobiphenyl was prepared by a similar
reaction sequence from m-chloronitrobenzene. An alter-

native path was also investigated starting from o-c%n1-vo

nitrobenzene.
o —= u Cl [Hu
NO, ———— —
z o, [Pe
‘o ;

[
L NG'.L

R HGNO
. t’H?ck;

="l -oroaitrobenzene was converted into 2,2'-dinitro-
biphenyl by the action of copper bronze (the Ullman~-
reaction) and the product reduced to 2;2'-diaminobiphenyl.
This reduction was more difficult than expected. When
stannous chloride was used as the reducing agent the
yields were very variable and never higher than 60% and
the anine was deeply coloured and hard to purify. Cata-
lytic hydrogenation over platinum gave, on one occasion,
a 99% yield of substantially pure 2,2'~diaminobiphenyl,

but repetition of the experiment produced only a yellow
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solid of m.p. 150-160° and some impure starting material.
The yellow material was not investigated further but was
presumed to consist meinly of benzoicjcinnoline (Lit.
MeDe 156°) which is known as a product of the hydrogena—
tion of 2,2'-dinitrobiphenyl over Raney nickel; though
it has never before been reported in hydrogenations con-
ducted over platinum (see p. 46). Once formed; benzoic}
cinnoline cannot be further reduced under these conditionsi©?.
It is not known what caused this capricious behavior as
the reaction conditions were as far as possible the same
in both experiments.

The difficulties of the Sandmeyer reaction of 2;2'-
diaminobiphenyl have already been described (p. 30 f.).
The diemine was therefore converted into the dichloride
by the method of Schwechterll®, Tetrazotised 2,2%'-dia-
minobiphenyl was allowed to react with an aqueous solution
of ﬁotassium mercuric chloride and the precipitated com-
plex salt filtered off, dried and pyrolysed. However,
the yield of 2,2'-dichlorobiphenyl was only 20% and in
view of this and of the unforeseen difficulties in the
reduction of 2,2'-dinitrobiphenyl, this path was not pur-

sued further.
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2,2'- and 3,3'-Dichlorobiphenyl did not react with
cuprous cyenide in boiling dimethylformamide or H-methyl-
pyrrolidone. Only unchanged starting meterial could be
extracted from these mixtures. However, the reaction
took place successfully when the reactants were mixed
with pyridine sufficient to cover them without dissolving
them completely znd heated to 200° for a prolonged period.
3,3'-Dichlorobiphenyl gave a %1% yield of the corres-
ponding dinitrile after 24 hours and 2,2'-dichlorobi-
phenyl an 8% yield after 40 hours. The pronounced diffe-
rence in the renctivity of the two compounds is probably
due to steric factors, the 2-position being relatively
inaccessible to the reagent.

4,4'~- and 3,3'-Dicyanobiphenyl are white crystalline
solids which separate from alcoholic solution as prisms,
changing to needles above 190°. 2,2'-Dicyanobiphenyl
crystallises as white needles from methanol but the prism
form can be obtained from benzene solution and undergoes
the usual crystal change on heating to 150°. In both
3;3'- and 2;2'-dicyanobiphenyl this crystal change is
accompanied by partial melting and resolidifiecation. The
infrared spectra of all three compounds show an absorption

band due to C=N stretching as shown below.
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Conpound Frequency of band (em™1)
2,2'-dicyanobinhenyl 2227
%,5'-dicyanobiphenyl 2230
4,4'-dicyanobinhenyl 2222

The three values are quite close and do not suggest
any distortion of the cyano groups in 2,2'-dicyanobiphenyl
despite their crowded environment.

The ultraviolet spectra of these compounds were
measured in 95y ethanol and are shown in Figs. 1-3. They
show, in addition to the conjugation band, a moderately
strong band near 280 nm which probably corresponds to the
265 nm band of benzonitrile. The positions and intensi-

ties of these bands are shown in the table below.

Compound Conjusation band Long-wave band
Biphenyl 249 17?000 - -
2;2'—dicyanobiphenyl (248) 6?200 283 3{400
3;3'—dicyanobiphenyl 252 16,500 (282) 3,700
4;4'—dicyanobiphenyl 275 36,500 - -

The figures for biphenyl itself are taken from

Ref. 10. Wavelengths in brackets are those of inflections.
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The effects shown are in line with those discussed
on pe. 12 £f. A cyano group in the 4-position causes a
smaller bathochromic shift in the conjugation band thon
an amino or hydroxy group in the same position (see
table on p. ). In the 2-position the cyano groups have
the expected effect of suppressing the conjugation band.
The spect?um of 3,2'-dicyanobiphenyl is comparable with
that of 3,3'-dihydroxybiphenyl (p. 15) in that a band
begins to appear at long Waveiengths corresponding to
the isolated phenyl chromophore.

IT.l1.R. spectra have also been measured and compared
with those of the corresponding halides. The splitting
pattern is too complicated to be analysed by inspection
but is clearly dependent on the nature as well as the
orientation of substituents. The halides and the nitriles

have quite different spectra.

Preparation of 2,2'-dicyanobenzidine

As described on pp. 18 £, the presence of bulky
groups in the 2,2*-positions of the biphenyl nucleus
may give rise to labile optical activity. In order to
determine whether 2,2'-dicyanobiphenyls can be obtained
in optically active condition, it is necessary either to

prepare them from optically resolved precursors by a path
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which will not involve racemisation or to find some means
of resolving their rocemic forms. 2;2'-Dicyanobenzidine;
a previously unknovm compound, should form salts with
chiral acids and this provides a possible means of optical
resolution.

The most obvious path to 2,2'-dicyanobenzidine
involves the action of cuprous cyanide on a 2,2'-dihalo-
genobenzidine., 2,2'-Dichlorobenzidine was already avail-
able from previous work but attempts to convert it into
2,2'-dicyanobenzidine under the conditions used for 2;2'~
dicyanobiphenyl above were unsuccessful. The amine decom-
posed even when the reaction was carried out under nitro-
gen and only an intractable tar was obtained. Clearly
less vigorous conditions are required and this suggests
the use of 2,2'-dibromobenzidine as the starting material.

2,2'-Dibromobenzidine was prepared from m-bromonit-
robenzene by a path similar to that outlined on p..- for
%,3'=dichlorobiphenyl. The reduction of m-bromonitroben-
zene to the hydrazo stage proved unexpectedly difficult.
Zine and alkali carried the reduction only to the azo

stage or to a mixture of azo- and azoxybenzenes.



- 60 =

Oy OyeA D — ol
\?7/ | - g ’B" 2} \P
v B vr

3,5'=dibromo- 343'=dibromo
azoxybenzene azobenzene
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3,3'-dibromohydrazobenzene

This mixture was further reduced with zinc and
glacial acetic acid and the product treated with con-
centrated acid to bring about the rearrangement to
2,2'-dibromobenzidine. Yields were variable, never
more than 20%; sometimes the reaction failed altogether.
Attempts were made to reduce the mixture with alkaline
formalin solution in the presence of 2,3~dichloro-1,4-
naphthoguinone, a method discovered by A.7. Sognll6,
but these too terminated at the stage of 3,5'-dibromo-
azobenzene. Once again, further reduction with zinc
and acetic acid was only occasionally successful. n-

Bromonitrobenzene itself proved inert to reduction with

formalin.

2
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2,2'-Dibromobenzidine precipitated from =zcid solu-
tion as a sparingly soluble dihydrochloride which was
converted into the free base by dissolving it in hot
water and adding an excess of solium hydroxide solution.
The free base was filtered off, dried in air and con-
verted into the nitrile by reaction with cuprous cya-
nide in dimethylformamide in an atmosphere of nitrogen.

2,2'Dicyanobenzidine is a cream-coloured crystal-
line solid which decomposes without melting above 260°.
It resembles the dicyaonobiphenyls in undergoing a change
from prismatic crystals to needles at ca. 200°. Al though
it is stable at room temperature in the solid state,
its solutions darken rapidly and only brown crystals
can be recovered. This, together with its low solubi-
lity in common solvents, mckes it hard to purify. The
method adopted was to dissolve the compound in dilute
hydrochloric acid and allow the solution to stand over
charcozl for some time in order to remove coloured
impurities. The purified base could then be reprecipi-
tated by alkali.

The infrared spectrum of 2,2'-dicyanobenzidine shows

an absorption band at 2227 en™L due to CZN stretching,

The wavelength is exactly the some as for the corres-
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ponding absorption in 2,2'-dicyanobiphenyl (see Pe57 o
An attempt was made to resolve 2;2'-dicyanobenzi-/
dine into enantiomeric forms. The compound gave no
crystalline salts with D-(+)-tartaric acid but with
(+)-camphor-10-sulphonic acid it yielded a white; crysta-
1line camphorsulphonate which charred without melting at
ca 2200. The actual temperature at which decomposition

began depended on the crop.

@

1lst crop 228
2nd crop 225°
3rd crop 220°

This seems to indicate an inhomogeneity in the salt,
caused either by contamination with unchanged starting
materials or by partial optical resolution. Unfortunately,
the salt proved insoluble in all common solvents. It
dissolved slightly in dimethyformamide but the solution
was colloidal and scattered light so strongly that pola-
rimetric examination was impossible. ‘

The nuclear magnetic resonance spectrum of 2,2'-
dicyanobenzidine was examined in deuterated sulphuric
acid., In this solvent, exchange of the amino protons
is suppressed and the peaks due to these protons are

reduced to low humps by the powerful relaxing effect of
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the nitrogen quadrupole moment. It was hoped however
that the aromatic proton snectrum would not be affected
significantly by the solvent. In fact the spectrum pre-
sented a remcrkable appearance. Three sharp widely
spaced peaits were found in the region 4-6~ . In anhy-
drous deuterosulphuric acid, these were at ¥ 3.8; 4.35
and 4.9, the peak ratios being apovroximately 1l:4:1.

The distance between the peaks, 35 Hz, seens too large
for a normal coupling constant and yet the pattern is
clecrly symmetrical about the centre. When the compound
was dissolved in D2304 diluted with DZO (pD 2.14); the
spectrum was similer but centred at lower field and
more widely spaced. The peaks were initially at ¥ 4.0,
4,95 and 5.95% but the two outer peaks moved out slowly
with time remaining equal in size and equally spaced
about the centre. The peek ratio varied more strikingly
with time. Initiolly it was approximately 1:12:1 but
after 24 hours it was reduced to 1:9:1. Another feature
of the spectrum in dilute acid was the appearance of
additional small peaks arranged in pairs about the
centre. These also became more clearly marked with

time. The spectrum in concentrated acid showed no time

dependence.






I\-‘u
-
=
-~
A
P
P
.
D
— A
'
! —
|
! -
[} ) ) ] .
] — _ .
' ' ] Lt -
1 0 ’ oy
i i ' o 4
. ! U A ES
1 ' o ! PR B
1 i ‘ ) .
! i 1
Lo ! ‘
‘ [N Ct
< ; H n
A
‘ t
t
.

)



I
~
3 -
P 4
i




- 64 -

For comporison, the spectrum of 2,2'-dibromobenzidine
was also examined in dilute DZSO4. The pattern of peaks
was very similer to that for 2,2-dicyanobenzidine in the
same solvent, the peaks being at* 3.8, 4.95 and 6.1 and
the peok ratios about 1:12:1. No explanation could be
found for these spectra but they are clearly characteris-
tic of 2,2'-disubstituted benzidines in acid solution
and do not depend on the presence of cyano groups. The
narrowness and sharpness of the pecks suggests that the
patterns are due to aromatic and not to amino protons;
although the centre of the pattern is far from the normal
aromatic region ofx3-4. In neutral organic<solvents;
the 2,2'-disubstituted benzidines show the expected com-
plex aromatic multiplet at¢ 2.8-4 and a single peak due
to amino protons att6.4: a spectrum of 2,2'-dichloroben-
zidine is appended.

In the mass spectrum of 2,2'-dicyanobenzidine; the
strongest line was at m/e 234 corresponding to the mole-
cular ion 014H10N4. There were smaller peaks at m/e 206
and 179 (9% each) corresponding to sequential loss of
2(HCH + H). The loss of HCN from an aromatic amine is
a well-known splitting mode; the cyclopentadiene residue

which is formed can then stabilise itself by loss of an

additional proton to give a cyclopentadienyl radical



=
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with fully delocalised w-type orbitals. The spectrum
also showed small amounts of 2-cyano-2'-bromobenzidine
(I1.We 287) and 2,2'-dibromobenzidine (il.W. 300) to the
extent of 6% and 1) respectively. However, organic
halides are considerably more volatile than the corres-
ponding nitriles and hence show up disproportionately
in the mass spectra of mixtures. The concentrotion of
the brominated compounds in the original solid mixture

is probably very small indeed.
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otudies towards the preparation of 6-nitro-2,2*'-dicveno
biphenyl

The most promising path to optically active 2,2'-
dicyanobiphenyls is to prepare them from optically active

substituted diphenic acids via the diamines.

R

U VA @@
;cw Lo ‘)@f/\

The reactions shown above are known to proceed

without racemisation80’81'82 although the Sandmeyer

reaction is often accompanied by cyclisations leading
to carbazole or benzo[c]cinnoline (see pp. 30 f.).
6=Nitrodiphenic acid is readily resolvable and was
therefore chosen as the starting moterial. Together
with its isomer, 4-nitrodiphenic acid, it was prepared

from phenanthraquinone as follows:

NO.

cOH ‘ o
1 JCOLH Cuz_(-! COLH
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The Hofmonn, 3chmidt end Curtius reactions were
tested on racemic ccids. These acids are formally
related to 2,2'-dicyanobiphenyl and their renctions
hove on intrinsic interest as well as possibly leading
to optically active 2,2'-diaminobiphenyls.

Racemic 6-nitrodiphenic acid was converted first
into its di-acid chloride by treatment with thionyl
chloride end then into its diamide by the action of
ammonia. The diamide was subjected to the Hofmann
reaction under the conditions specified by Holt and
Hughes93 for the diamide of 6,6'-dinitrodiphenic acid.
6-Nitro-2,2'-diaminobiphenyl was obtained as a yellow
0il which rapidly turned red in air; the red colour
could be removed by chromatography on alumina using
diethyl ether as eluant. 2,2'-Dieminobiphenyl itself
is sometimes obtained as a similar red oil but cen be
crystallised from alcohol whereas 6-nitro-2,2'-diamino-
biphenyl has not so far been obtained in crystalline
form. The compound is only weakly basic. When gaseous
hydrogen chloride is passed into its ethereal solution
a white hydrochloride sepcrates but reverts to the free
amine on exposure to atmospheric moisture. The infrared
spectrum shows the expected bands at 3500 and 3400 et

due to symmetric and antisymmetric,NHZ stretches and
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at 1530 ond 1360 cm—l due to symmetric and antisymmetric
WO, stretches together with a strong NH2 deformation
band at 1620 cm_l. The nuclear megnetic resonance
(I1.11.R.) epectrum, measured in deuterochloroform shows
a complex aromatic multiplet at v2.5-3.5 and an WH peak
ot ¥3.53. The ratio of aromatic to amino protons is
1.7:1 in good agreement with the theoretical value of
1.75:1. In the mass spectrum, however, the species of
highest molecular weight wos shown by accurate measure-
ments to have the formula 012H5H3Br202 corresponding to
a mononitro-dibromo-benzo [c]cinnoline and no peak was
shovn corresponding to 6-nitro-2,2'-diominobiphenyl.

In view of the I.Rl. and H.M.R. date, the dibromobenzo
[c]cinnoline must be regarded as an artifact formed
during the vaporisation of the sample. The presence of
moleculer bromine either free or in complex form eould
account both for bromination of the amine and for oxi-
dative cyclisation to a benzo [c]cinnoline. It seems
likely that bromination is the first step since, accor-

107

ding to the work of Corbett and Holt , the presence

of bromine ortho or para to the amino groups encourages

cyclisation. The alternative order of reaction is also
precluded by the unwillingness of benzo[c]cinnoline

itself to react with bromine (see p. 50). HNor can the
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peak be due to the molecular complex of bromine and
benzo [c] cinnoline since the immediate breakdown product
of thot would be benzo[c]cinnoline itself and no such
peak appecars on the spectrun.

The presence of nuclear bromine in the original
compound is inconsistent with the I.lM.R. spectrums: if
two nuclear protons were substituted by bromine; the
ratio of aromatic to amino protons would be 1.25:1
instead of the observed 1l.7:1. PFurthermore, a sodium
fusion test carried out on the compound gives only a
negligible positive result for halogens. o relizble
quantitative analysis could be carried out owing to
the readiness with which the compound oxidised in air,
and attempts to prepare a crystalline diacetyl deriva-
tive produced only mixtures. However, condensation
with benzil produced a crystalline solid whose analysis
was consistent with the expected product, 4'-nitro-2,3-

diphenyl-5,6:7,8-dibenzo~1l,4-diazocine.

4

1o
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This'confirms the identity of the initial amine as
6-nitro-2,2'-diaminobiphenyl.

The Schnidt reaction furnishes o means of preparing
2,2'-diominobiphenyls direct from the corresponding
diphenic acids. DBoth 4- and 6-nitrodiphenic acids were
treated with solid sodium azide in concentrated sulphurie
acid; in both cases the product was a neutral solid of
high nmelting point which appeared to be a phenanthridone.
The formotion of phenanthridone in the Schmid+t reaction
of diphenic acid itself has been described on pp. i,2
Such a cyclisation should be encouraged by any factor
that imhibits the Schmidt reaction on one carboxyl group
while allowing it to proceed on the other. In 4- and
6-nitrodiphenic acids a nitro group is situated meta
to one of the two carboxy groups and, as shown by the
work of Briggs and Lyttleton79, neta-nitro groups have
a significant inhibiting effcct on the Schmidt arrange-
ment although their electron-withdrawing power can be
exercised by induction only.

On this basis one would expect 6-nitrodiphenic
acid to give rise to 10-nitro- rather than l-nitro-(5H)-

6-phenanthridone



nwe o ug
n.p. 316-318 m.p. 325-327°

and 4-nitrodiphenic acid to give 8-nitro- rather than

3-nitrophenanthridone

\.N \
H’ > o M

w1 e w7 v
MeDe 324"7)26 MePo 357—558

In fact the melting points found in the present
work were 312-314?for the product from 6-nitrodipheniec
acid and SlG-BZI’for the product from 4-nitrodiphenic
acid. The product of the Curtius reaction of 4-nitro-
diphenic acid melted at 320-32Bi Although this does
not identify the products unambiguously as 10- and
8-nitrovhenanthridone, it provides good evidence for

the identification; accurate melting points above 310°
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are difficult to obtain on an ordinary Koffler hot-stage.
The infrored spectra of both comvounds resemble an |
authentic spectrum of phenanthridone itself given in
the catalogue of the Americon Petroleum Institute
(no. 23%31). The percentage yield, calculaeted as nitro-
phenanthridone, is close to 80% in both cases and this
is interesting in view of the steric properties of the
two acids; the average angle between the rings and the
distance between the carboxyl groups would be expected
to be different, yet cyclisation apparently takes place
with equal ease.

The Curtius reaction was carried out on 4-nitro-
diphenic acid only. The acid chloride was dissolved
in acetone and treated with an aqueous solution of
sodium azide. The di-acid azide which precipitated
was heated in benzene under reflux to effect its decom-

position and rearrangement into the di-isocyanate.

e N; Coid

l 3 N O NCZo
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Concentrated hydrochloric acid was then added snd the
mixture vigorously boiled to hydrolyse the isocyanate
groups. This hydrolysis was ineffcctive; no basic
moterial was obtained by basification and extraction
of the acid layer. Instead,‘the product was a yellow
solid insoluble in acid and only sparingly soluble in
benzene. The infrared spectrum showed a band at

2300 cm‘l, the characteristic stretching frequency

for the N=C=0 group. This compound, presumably 4-nitro-
2,2'-di-isocyanatobiphenyl, was not characterised fur-
ther but was suspended in concentrated hydrochlorie

acid and boiled for a further two hours in the hope of
effecting the final hydrolysis to 4-nitro-2,2'-diemino-
biphenyl. Once again a yellow crystalline non-basic
solid was obteined but its infrared spectrum was now
rather different. The band at 2300 cm™* had disappeared
but a much stronger band had appeared at 2130 cm"l, a
frequency characteristic of polymeric isocyanates such
as cyanurates. When recrystallised from ethyl acetate/
light petroleum it had a melting point'of'315—319° -

and its analysis approximated to that for 4-nitro-2,2'-

diisocyanatobiphenyl. An attempt was made to determine

the degree of polymerisation by molecular weight
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neasurement using a llechrolab vapour pressure osmometer.
The molar concentrations obtainable were very low owing
to the high molccular weight of the compound and its
low solubility in common organic solvents. The highest
solubility was in chloroform but a saturated solution
at room temperature contained only 10.13 g./litre and
its molar concentration as measured on the machine was
no more than 0.0l Ii. This is too smell to be reliable.

The +theoretical molar concentrotions are

liononer 0.03%6
Dimer 0.018
Trimer 0.012
Tetraner 0.009

This definitely excludes the monomer and virtually
excludes the dimer. A trimer or tetromer seems most
likely.

In order to prevent polymerisation, a specimen of
the diazide wes subjected to rearrangement in the form
of a suspension in concentrated hydrochloric acid
without the addition of an organic solvent. This pro-
cedure is somewhat hazardous but ensures that any iso-
cyanate formed is rapidly hydrolysed. In feact, partial

hydrolysis of the azide occurred and the main product



1
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1

vas 8-nitro-(5H)-6-phenanthridone in over 70% vield.
In one small-scale experiment some 4-nitrodiphenic acid
was also recovered., The Curtius reaction carried out
under these conditions therefore resembles the Schmidt
reaction. It is however more explosive; on one occa-
sion o loud report was heard during the rearrangement
and a glass stopper, placed in one neck of the two-
necked reaction vessel, was blown out with some force.
o explosions occurred during the Schmidt reactions of
either 6~ or 4-nitro-diphenic acids.

Unfortunately all attempts to convert 6-nitro-2,2'-
diaminobiphenyl into 6-nitro-2,2'-dicyanobiphenyl by
the Sandmeyer reaction were unsuccessful. Diazotisa-
tion was carried out both in dilute and concentrated
sulphuric acid and the bisdiazonium salt solution neut-
ralised and treated with potassium cupro-cyenide in
accordance with the instructions of Clarke and Read47.
When dilute acid was used the oily amine was recovered
unchanged, showing that tetrazotisation had not taken
place. This is a not unexpected result considering the
very weak basicity of the amine. In concentrated sul-
phuric acid tetrazotisation proceeded normally as shown

by a test with alkaline ﬁ -naphthol but the final pro-
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duct, on acidic solid, did not show in its infrared
spectrum the characteristic 2200 em™t band of organic
nitriles. Thin layer chronatography showed this solid
to be a mixture of several compounds; probably the
main constituents are 4-nitrocarbazole and 6-nitro-

2,2'-dihydroxybiphenyl.

N-”J?_ NO,
Q@ Vs \@
o N H Ol oH

4-nitrocarbazole 6-nitro-2,2'-dihydroxybiphenyl

Both are to be expected as products of the decomposition
of G6-nitrobiphenyl-2,2'-bisdiazonium sulphate and the
latter would account for the partial solubility of the
mixture in aqueous alkali.

It was not thought practicable to omit the neutra-
lisation step since the addition of concentrated sul-
phuric acid to an aqueous cyanide solution would lead
to the evolution of considerable heat as well as toxic
gases and any diazonium salt present would certainly
be hydrolysed. Dilution of the acid with ice chips in

order to keep the temperature down was found to be as
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lengthy o procedure as neutralisation and left enough
time for the carbazole to form. The work of Dobbie
ct gl.49 on the Sandmeyer renction of 2,2'-diamino-
biphenyl itself with cuprous bromide showed that car-
bgzole Tformotion proceeded readily in acid solution.
2,2"'-dibromobiphenyl was obtainable only by carrying
out the tetrazotisation in the presence of cuprous
bromide so that the bisdiazonium salt could react
before it broke dovn into carbazole. This is clearly
inapplicable to reactions with cyanides, which are
unstable in acid solution.

The dehydration of a 6-substituted biphenyl—2;2'-
dicarboxamide provides a further possible route to
6-substituted 2,2'-dicyanobiphenyls. The vigorous
conditions required preclude the preparation of opti-
cally pure products but subsequent optical resolution
may be possible given the presence of acidic or basic
groups elsewhere in the molecule. In order to inves-

tigate this route, several dehydration experiments were

carried out on the parent compound, biphenyl-2,2'-dicar-

boxamide or diphenic acid diamide.
Phe diamide was prepared from diphenic acid via

the dichloride. Thionyl chloride, which converts 4-



and G6-nitrodiphenic acids into their acid chlorides,
couses cyclisation of diphenic acid itself to the
anhydride; howvever, the use of phosphorus pentachlo-
ride avoided this complication. The crude chloride
was treated immediately with aqueous ammonia to con-
vert it into the diamide.

Of the various methods listed on pp. 31 ff for
converting aromatic amides into nitriles; the simplest
to carry out is dehydration with thionyl chloride.
The reagent is liquid ond hence needs no solvent, it
is easily removed by distillation and the products of
its hydration are gaseous and escape at once from the

reaction vessel.
30012 + HZO = 20C1 g 502

However the reaction of thionyl chloride with diphenic
acid diamide yielded only 4-cyanofluorenone which sub-
limed from the reaction mixture in bright yellow needles.
It was identified by its melting point and by its infra-

red spectrum which showed CEN stretching at 2250 en~1

and ketonic C:=0 stretching at 1710 em~l. The same
product was obtained when phosphorus oxychloride was
used for the dehydration; as mentioned on p. 35 , phos-

phorus oxychloride causes cyclisation of diphenic acid
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itself to 4-corboxyfluorenone., The action of phosphorus
rentoxide on biphenyl-2,2'-dicarboxamide under dry
mesitylene is similar to that of the oxychloride: once
agein the product is 4-cyanofluorenone. Without a sol-
vent to protect the reagent from atmospheric moisture

no simple product could be obtained.

In view of these results it was not thought worth-
while to try the method described on p. 3% which
involves heating an aromatic carboxylic acid with phos-
phorus pentachloride and p-toluenesulphonamide, The
mechanism of this reaction is not known but probably
involves the intermediate formation of the carboxylic

acid omide and cyclisation of this by PCl. seems highly

5
probable. That the amide cyclises to a fluorenone deri-
vative more readily then the acid is shown by its
behavior with thionyl chloride.

The action of lead thiccyenate on the ziac salt
of diphenic acid as described on p. 33 might well yield
2;2'—dicyanobiphenyl but the reaction was not investi-
gated as it could not safely be used on 6-nitrodiphenic
acid. Dele Reid58 who developed this method reports

that the presence of the nitro group in the molecule

leads to explosions.
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Dehydration of biphenyl-2,2'-dicarboxamide with
the mixed salt NaCl.AlCl3 (see p. 32) is very likely
to cause cyclisation since this recction can be seen
as on interncol friedel-Crafts acylation and A12Cl6
is o well-known Friedel-Crafts catalyst. Ioreover,
the method iz said56 to be unsuitable for the dehyd-
ration of disomides. Hence the reaction was not inves-
tigated. Catalytic dehydration was also rejected as
it must be carried out in the gas phase for good
results and the derivatives cond substitution products
of diphenic acid are not very volatile.

The presence of an additional group in the
6-position of biphenyl-2,2'-dicarboxemide should dis-
courage cyclisation to a fluorenone derivative; for
this reason an attempt was made to dehydrate 6-nitro-
diphenic acic dianmide to 6-nitro-2,2"-dicyanobiphenyl
using thionyl chloride. However cyclisation took
place as before; the infrared spectrum of the product,
the typical 1720 cm_l band of a ketone together with
bands at 1360 and 1540 en™t corresponding fo the
stretching frequencies of the nitro group and a band

at 2250 cm“1 due to a cyano group. The spectrum is

fully consistent with the structure of 5-nitro-4-



cyanofluorenone. Since the compound was an intractable
yellow oil which could not be induced to crystallise;
attempts were made to convert it to the knovm S5-nitro-
fluorenone-4-carboxylic acid. Hydrolysis with warm
concentrated sulphuric acid yielded an off-white cry-
stalline solid with the chemical properties of an acid.
Unfortunately it turned out to be a nixture of indeter-
minate melting point. Purification by crystallisaticn
failed and more elaborate methods were excluded by the

very small quantity available. Once again the infrared

spectrum is fully consistent with the structure pro-
posed and it seems almost certain that cyclisation hes

in fact taken place.
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Snectrogcopic studies of 6-nitrodiphenic acid

The ultraviolet spectrum of diphenic acid in ethanol
closely recoembles that of its dinitrile; 2,2'-dicyanobi~
phenyl. The conjugation band appears only as an inflec-
tion at 230 nm (€ ,,,16,000) and there is a band due

to the carboxyphenyl chromophore at 281 nm (e = 2710).

max
However the spectrum of 6-nitrodiphenic acid is less

clecrcut owing to the overlavping of the verious bands
and no definite peaks can be observed; instead absorp-
tion falls fairly steadily with increasing wavelength,
At a temperature of 21°, two definite inflections can
be troced; one at 228 nm ( € po~ 23000) and the other
at 280 nm ( Emax~'3400). These correspond to the con-
jugation band and the carboxyphenyl band respectively.,
The nitrophenyl band can just be distinguished as a

small inflection at 265 nm ( € ~ 4800); in 2,2'-di-

max
nitrobiphenyl spcectrum in ethanol measured for compari-

son this band appears at 260 nm (€ ~12,000). There

max
seems also to be an inflection at 310 nm (€& oy ~1400).
Finally, long-wave nitro absorption covers the region
3%0-384 nm. This spectrum, unlike that of diphenic

acid, shows a definite variation with temperature: at
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45° the 265 and 310 nm inflections disappear completely
and absorption folls riuch faster between 290 and 330 nnm.
Clearly there is an underlying band at 310 which dis-
appears when the temperature is raised.
In alkaline solution 6-nitrodiphenic acid exists

as its dianion. Again there are no definite peaks in
the spectrum but inflections are more strongly marked.
The conjugation band is now a very broad inflection at

230 nm (e ~15,000). A broad shoulder at 270 nn

max
(€.~ 4500) seems to represent the nitrophenyl absorp-
tion wiile the inflection due to the carboxyphenyl
absorption has shifted to 310 nm. The minor inflections
in the spectrum of the acid in ethanol at 21° are thus
seen to be characteristic of the anion. It is possible
that some dissociotion tockes place under these condi-
tions but it is hard {to seec why the effect should be
suppressed at higher temperatures. Iloreover the same
effect would be expected in diphenic acid itself where
it is not in fact observed. A more probable explanation
is that hydrogen bonding takes place between the nitro
group and the corboxy group on the other ring, mimicking
the effect of dissociction. Such a weak bond might be

expected to be broken by a rise in temperature. (See

overleaf)
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Unfortunately the optical rotatory dispersion
curves of the acid and its anion shed little light on
the problem. They are difficult to interpret owing to
considerable overlapping of the various Cotton effects.
The amplitudes of these effecls are only apparent and
of little significance.

In the ORD spectrum of (+)-6-nitrodiphenic acid
in 95% ethanol at 23° two Cotton effects ore clearly
visible: a positive one at 350 nm corresponding to the
low frequency nitro band and a negative one at 263 nnm
corresponding to the nitronhenyl band. The specific
amplitudes are +22,99O° and —5,330° respectively. The
trough at 322 nm seems too deen to be merely the
second extremum of the 350 nm effect; it may also con-
tain the first extremum of a negative Cotton effect at
312 nm of which the peak at 292 nm is the second extre-

mum. This would correspond to the anionic carboxyphenyl
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bond whose appearance in the spectrum is discussed

above. IHowever the 292 nm peak could also be asso-
cicvted with another Cotton effecet due to the normal
carboxyphenyl band at 281 nm which does not other-

wise show on this spectrum.

In the CRD spectrum of (+)-6-nitrodiphenic acid
in dilute alkali, the nitrophenyl band egain gives
rise to a negative Cotton effect centred at 267 nn.
The very wide curve between 300 end 380 nm probably
represents a superimposition of two negative Cotton
effects: one at 350 nm corresponding to the low fre-
quency nitro band and one at 310 nm corresponding to
the anionic carboxyphenyl band., The trough at 230 nm
is associated with the conjugation band whose exact
position is difficult to determine from the ultra-
violet spectrum; it moy lie anywhere between 225 and 240
nme. The ORD spectrum night give more information on
this point if it were possible to penetrate further
into the ultraviolet but unfortunately the absorption
is too great. An interesting fecture of the spectrum
is that the Cotton effect due to the low frequency
nitro band is reversed in sign vhen the acid is ionised

whereas that due to the nitrophenyl band remains constant
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in sign although it is reduced in width and amplitude.
i table showing the vorious bands with their ultra-
violet absorption intensities and the specific ampli-
tudes of the associnted Cotton effects is opnended.

Out of the vorious CuiD spectra obscrved by lislow
and his coworkers5 the most relevant to this enquiry
is that of (R)-6,6'~dinotrodiphenic acid in dioxane.
The nitrophenyl band appears as a laorge negative
Cotton effect centred at 260 nm and the low frequency
nitro band as a positive Cotton effect centred at 340
nm. A small peck at 297 nm may be associated either
with the carboxyphenyl band near 280 nm or with an
anionic type carboxyphenyl band near 310 nm. The signs
of the Cotton effects identified are the same as in
(+)~-6-nitrodiphenic acid and suggest that this com-
pound has a similer configuration. Iiodels and diagrams
show that the configuration of 6-nitrodiphenic acid
which corresponds to (1)-6,6%'-dinitrodiphenic acid is

the (3) one.
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Preporation ond properties of l-cvanobenzolceleinnoline

The preparation of benzo[c] cinnoline from 2;2'-di-
nitrobiphenyl hos alrendy been discucsed on p. 45 f.
The same methods are available for the preparation of
symnetrically substituted benzo(c] cinnolines. However
unsymmetrically substituted benzo(c)cinnolines must be
prepared from the parent compound as the corresponding
unsymmetrically substituted 2,2'-dinitrobinhenyls are
not usually available as sterting meteriels. In the
present work benzo[d]cinnoline was prepared in 944
yield by the reduction of 2,2'-dinitrobiphenyl with
an ethereal suspension of lithium aluminium hydride.

Various derivatives of benzo[c]cinnoline were prepared

. NO‘L
|
UNOg [H, 504
\ ' N
| N=2N pY

H, /AL

as follows:

N =N

Ny cN
(. HoND
L. Cu N
N=nN \N:J

N
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The two products of nitrntion of benzo[c]cianoliné
were sepoerated by continuous extrazction with light
petroleum in which only the l-isomer was soluble. The
by-product, identified by Corbett and Holt113 as the
4-isomer, wos not further investigated since the ainm
of this series of experiments was to conpare the spect-
roscopic properties of l-substituted benzo[c]cinnolines
with particular emphasis on l-cyanobenzo [c]cinnoline.

The hydrogenation of l-nitrobenzo[c]cinnoline wes
carried out according to the method of Smith and Ruby112
although the compound was found to be less soluble in
methanol than these investigators report. They recom-
mend a solution of 2z. in 100 ml,.; in fact the highest
concentration attainable at room temperature in this
investigation was 0.75 g. per 100 ml, Iydrogenation
wag corried out over W2 Raney nickel at room tempera-
ture and 45-50 p.s.i. but results were erratic and
often the product wes mixed with unchanged starting
material. The latter could be removed by placing the
solid product on top of a column of alumina, with a
pad of filter paper interposed, and eluting with ben-

zene. The eluted l-nitrobenzo(c)cinnoline was used

again and the l-aminobenzo |c]cinnoline was recovered
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from the top of the column. fThe compound purified in
this way was a brown solid whose infrared spectrunm
showed no nitro bands ot 1%40 and 1520 cm'l. Its
chemical properties were those of a weak base, soluble
in concentrated acids and speringly soluble in dilute
aclids to give violet-red solutions. On basification
the solutions turned yellow and the amine separated as
a brown precipitate. ‘hen solutions of the amine in
organic solvents Were heated they darkened in colour
and the solid recovered from them was almost black;
for this reason the product of the hydrogenation was
not recrystallised but was used directly for the next
stage after removal of unchanged l-nitro-benzo (c]
cinnoline. The amine was diazotised in dilute sulphu-
ric acid, the progress of the reaction being shown by
the discharge of the red colour from the solution; the
conversion into 1—cyano-benzo[d]cinnoline was carried
out, as usual, in basic solution. The yield of l-cyano-
benzo[¢]cinnoline was low, either because of steric
factors or because of the low basicity of the amine.
The nitrile was separated from by-products by rapid
chromatography on alumina using benzene/ether as eluant;

it was important not to allow the compound to remain
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adsorbed on alumina for more than ca. 24 hours os
hydrolysis then set in. This was shown clearly by
the infrored spectrum: the C:N stiretching absorption
at 2200 cm'l disappeared and new bands appeared at
1630 em~! and at 3200 and 3300 em™t corresponding
respectively at C=0 stretching in an amide and pri-
nary NH2 stretching.

Among the by-products of the Sandmeyer reaction
was a dork brown copper compound appreciably soluble
in methanol =nd showing in its infrared svectrum the

2100 cm™t

band of inorganic nitriles. This conpound
had a molecular weight of 105 as measured by the
llechrolab osmometer in methanolic solution. It gove
no positive tests for cupric ions but pyrolysis
yielded a solid with the properties of cupnric oxide.
Possibly the original solid was Culp Cul (CN),
which, when ionised would have an average molecular
weight of 102.5.

Pure l—cyanobenzo[é}cinnoline sublimes readily
above 200° and melts at 238°. It is very soluble in
benzene from which it cen be precipitated by light

netroleum, and sporingly soluble in alcohol. The

readiness with which it undergoes hydrolysis when
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adsorbed on alumina has already been noted; the water
involved is no doubt adsorbed by the alumina from
moist solvents. Sterically crowded nitriles such as
l-cyenobenzo (¢} cinnoline are usually very inert to
hydrolysis in homogenous solution but the reaction
might take place more easily when both recctents are
adsorbed on an inert supporting material. Thus a
number of esters are knowvn to undergo spontaneous
hydrolysis on olumina. Iloreover the same overcrowding
which renders the cyano group relatively inaccessible
in solution may encourage hydrolysis in the adsorbed
compound since the carboxamide group which is forned

juts out less thon the original cyeno groups



- 9% -

sneetrosconic study of benzo c'cinnolines

The ultraviolet spectrum of benzo{c]cinnoline in
ethanol wog copied from o published spectrum by Badger;
Fearce ond Pettitllg. The general appecrance of the
spectrum is described on p. 48, The group I band hes
its meximum at 252 nm (€ = 50,000), the group II band
ot 308 nm (€ = 9,000) ond the group III baond at 354 nm
(& = 1800). The spectrun of l-nitrobenzo{c]cinnoline
is said by Corbet?d gi,gl.llo to be "similor"; whether
this refers to the positions of the main bands or to
the general appearance of the spectrum is not certain.
In the present investigation, the spectrum of l-nitro-
benzo [c]einnoline was found to be distinetly different
from that of the parent compound. The group I band
has shifted considerably towzrds shorter wovelengths,
the new maximum being at 236 nm (¢ = 40,000). A broad
plateau (e = 9,400) extends from 230 to 312 nm where
a, sudden fall in absorption marks the long-wave side
of the group II band. The nlateau may be due to the
overlapping of the nitrophenyl absorption with the
m—r* absorptions of the benzo [c] cinnoline nucleus.
In 2;2'-dinitrobipheny1 this chromophore has its maxi-

mum 2bsorption at 260 nm but the fall on the long-wave
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side 1s slow below 310 nm. As expected, the spectrum

of l-nitrobenzo[clcinnoline shows considerable absorp-
tion at long wovelengths due to the supnerimposition of
the group III bond, lone pair obsorption and low fre-

quency nitro absorption, although the group III maxi-

munm at 352 nm (& = 1900) is still close to that of the
unsubstituted compound.

The svectrum of l-cyanobenzo[clcinnoline is very
different. The group I bend is shifted to longer wave-
lengths, the new nmaximum being at 265 nm (€ = 34;000)
and there is no sign of the cyanophenyl chromophore
which in 2,2'-dicyanobiphenyl absorbs at 283 nm (see
P. ). The group II band is at 310 nm (& = 8100) and
the group IITI bends at 252 and 367 nm (€ = 1520 and 1330
respectively). Thus the spectrum resembles that of the
porent compound apert from the red shift in the group I
band and the apnearance at 216 nm of another band (e]nax
= 32100) which has clearly shifted up from below 210wnm,

These results are difficult to interpret; their
most striking festure is the considercble variability
in the position and intensity of the group I band which

110 4.4

Corbett et al. scribe as relatively insensitive to

the effects of substitution.
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Compound axmax Jimax
Benzo [c)ecinnoline 252 50,000
1-Nitrobenzo le)cinnoline 237 40;000
1-Cyanobenzo [(c)cinnoline 264 33;900

The appecrance of an isolated phenyl chromophore
in l-nitrobenzo({clcinnoline is also significent in view
of the similor phenomenon observed in twisted 2,2'-di-
substituted biphenyls. If this is truly the result of
a logs of planarity in the benzo(c]cinnoline nucleus
it is necess ry to osk why the same thing does not
happen with l-cyanobenzo (¢]cinnoline.

On p. 96 the ready hydrolysis of l-cyanobenzo [c]
cinnoline on alumina was explained on the basis of
steric foctors; the amido group formed is broader than
the original cyano group but also shorter and it can
neutralice its extra breadth by teking up a conforma-
tion perpendicular to the plane of the ring system.

The nitro group is similar in its geometry to the amido
group: hoth are trigonal-planar with the central atom
sp2 hybridised. But the nitro group is more strongly
conjugated with the ring as shown by its greater effi-
ciency in inducing exclusive meta substitution in the

benzene serieslzo; consequently it is less likely than
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CONH2 to take up a perpendicular conformation and its
breadth malies its steric effect greater thon that of
the lincoar cyano groub.

A curious property of the benzo[c]cinnolines which
has not previously been reported is that some of them are
photochromic in alcoholic solution. The effect is most
clearly secn in l-cyanobenzo {c]cinnoline whose solutions
in ethonol change visibly in colour when exposed for an
hour oer two to sunlight or strong ultraviolet illumina-
tion. A solution of 0.035 g/litre chenges from colour-
less to yellow and one of 0.35 g/litre from pale yellow
to orange. In the visible spectrum a new band appears
at 444 nm. Its intensity cannot be calculated as the
concentr tion of the coloured form is not known; however
in a 1'm thickness of an irradiated solution initially
containing 0.349 g/litre of l-cyanobenzo[c)einnoline,
the new band appeared with an optical density Dp,y oF
0.62., The maximum possible concentration of the absorbing
species is 0.349 g/litre corresponding to complete con-
version and this supnlies the lower limit for the molar

extinction coefficient: 0.62 x 205 or 364. The upper
0.349

limit is probably of the order of 10,000. The ultra-

violet spectrum also shows some changes; the group I
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and group II bands are reduced in intensity but extend
Turther towards the blue end of the spectrum. The

effect ig ewsily cxplicable if the corresponding bonds
in the coloured form are ot slightly higher frequencies
so that the absorptions of the two compounds overlep

S

in the mixzture. The group III band cppears as a platean

on the short-wave side of the new band in the visible;

the intensity is somevhat higher than before (¢ at

max
352 nm = 1880).

When the irrodiacted solution is allowed to remeoin
in the dark for some hours the chonge is reversed but
only partially, the system gradually reaching equili-
brium. The intensity of the visible band diminishes
according to a first-order law with a rote of ]..’511{10-4
sec! and a half-life of T4.5 minutes at Bdb. The equi-
librium mixture can be restored to the highly coloured
state by further irradiation. When the solution is
evaporated to dryness the reaction is completely re-
versed; the solid obtained has the normal melting point
of l-cyanobenzo[c)cinnoline and, when freshly redissolved
in ethanol; shows the original ultraviolet/visible spect-

rum. This is the case whether the evaporation is

corried out with warming or at room temperature. Clearly
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the solvent plays some port in the photochromic reaction.
This is borne out by the absence of any chonge when 2
solution of the compound in henzene is strongly irradiated.
1-Titrobenzo [c]cinnoline iz not photochromic but
benzo[c]cinnoline itself in ethaonolic solution undergoes
o change on irradiction which connot be reversed merely
by allowing the solution to stand in the dark. A new
bend appe-rs between 330 and 360 mm and fills the gap
betvicen the group ITI ond III bhands; it shows no clear
neximuyn because of overlapping., There is sufficient
absorption below 400 nm to cause a deepening of the
colour of the solution perceptible to the naked eye
although it is not so dramatic as in the case of l-cyano
benzo [¢]cinnoline. The blue shift in the group II band
is more striking: in the irradiated solution two bands
are visible, one at 308 nm (the original position) and
one at 296 nn. The two mexima hove almost the same opti-
cal density. As in the case of 1—cyanobenzo[d]cinnoline
the spectral changes are completely reversed by evapo-
retion of the solution. However, as mentioned above,
there is no change when the solution is allowed to stand

in the dark.
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The vhenomenon of photochromism is due to a
reversible photochemical reaction of the type AsB
where B is of higher enerpgy than A. When the source
of light energy is withdrawn, the recction is reversed.
A number of different reactiqns have been associated
with photochromism, The photochromism of p-aminoazo-

benzene is due to cis-trans isomerismlzl:

H, N -©\ _ J=N
= ND

In the case of benzo[c]cinnoline this is clearly
impossible. .-(2-Pyridyl)-g-nitrotoluene owes its

photochromism to & tautomeric change involving a shift

of hydrogen122:

el — <H
C Hy —_— /
N R, Noao-nZ
o [+

This too is inapwnlicable to the benzo(c]cinnoline

systen.

Certain ccmphor derivatives become paramagnetic

on irradiation and this is associated with & colour

oz
changel‘):
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lowever, irradinted solutions of benzo[c)cinnolines

show no sign of paramognetisn. JAn irradiated and
deeply coloured solution of l-cyenobenzo{c]cinnoline
in ethenol (o0,5z./litre) gove no detectable B.5.1.
signal. If any peramasnetic coumpounds are present
their total concentration must be less than 10~7
molor, far too little to account for the colour
change.

Aanother possibllity which must be discounted is

reversible photoreduction 1o cis-azobenzene. If this
QL = L
\N:N' N =N’

reaction in fact took place it would be strictly irre-
versible as the product would isomerise at once to
the stable trans-azobenzene.

Two possibilities remain. The coloured form

nay be a solvent complex or a complex with oxygen.
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Any solvent complex formed would hove to bee. rather
than 7TW-bonded since the phenomenon appears only in
ethanolic and not in benzene solutions: such a comnlex

might hove one of the formuloe shown below.

H
0T 4—/5
7 o{LHg @ /
N H \,J-—A/

H

H/M—
A complex with oxyzen or an organic peroxide
would hove parallels elsewheres the photochromism of
the styrcne derivative (CHBCO.HH.?6H30:)2 is believed
SOBH
to be due to a similor phenomenon124. IToreover benzo
¢ cinnoline itself is known to form moleculecr complexes
with the halogens although the formation of these is
not denendent on irradiation (see p.. ). Unlike the
product of the photochromic reaction they can be iso-
lated in the solid stote although they decompose rapidly
on warning. Their structure is not known.
O0f the two possibilities described above, a reac-
tion with oxygen seems the more probable. The inability
of +the product to survive evaporation of the solution

sugsests thet the solvent pleys some part but this may
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be the indircct one of stebilising the complex by
golvation. ‘fTherc is no imnedictely apparent reason
why l-nitrobenzo ¢ cinnoline should not show a photo-
chromic change in ethonolic solution or why such a
change should be reversible in the dark in the case

of l-cyanobenzo ¢ cinnoline but not in the case of
benzo ¢ cinnoline itself; in order to elucidate the
phenomenon it would be necessary to carry out exneri-
nents with a variety of substituted benzo ¢ cinnolines
in different solvents, some in the absence of oxygen.

This would be outside the scope of the present inguiry.
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lielting points below 200° were taken in an oil
bath. llelting noints above 200° and those involving
decomposition were taken on a Koffler hot-stage and
are marked with an asterisk. All melting points are
uncorrected.

Routine infrared spectra were recorded on a
Unicam SP200 spectrophotometer and more accurate spec-
tra on a Grubb-Parsons G32A spectrophotometer. 0ils
were studied as thin films, solids as mulls in "Hujol"
or as pressed KBr discs containing 1% of the substance.

Automatically recorded ultraviolet spectra were
measured on a Unicam 3P800 spectrophotometer and all
other ultraviolet spectra on a Unicam 3SP500 manual
spectrophotometer. Quartz cells were used throughout.

Optical rotations at 546 nm were measured with a
Bellingham end Stanley visual polarimeter using a mer-
cury lamp. Optical rotatory dispersion curves were
recorded on a Perkin-ilmer P23 spectropolarimeter.

liicroanalyses were carried out by Dr. A. Berahardt
in West Germany and mess spectra by the Physico-chemical
lieasurement Unit at Harwell.

TJl.R. Spectra were measured on a Varian A60 instru-

ment at 60 lHertz.
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4,A"=-Dibromobiphenyl

Biphenyl (15.4 g.1 mol) was dissolved in 0014
(100 ml.) in a three-necled flask fitted with a reflux
condenser and a dropping funnel. Iron filings (v.5 g.)
were added ond the mixture was heated to boiling point.
Bronine (10.2 ml., 2 mol) was added dropwise through
the funnel at such a rate that no bromine escaped
through the condenser. Heating was continued ofter
addition until testing ot the mouth of the condenser
with ammonia showed no further emission of HBr. The

solution was filtered hot and the flask and filter

funnel were woashed with small quantities of hot CCL

4_'
On cooling, 4,4'-dibromobiphenyl (20.7 g., 66y.) sepa-
rated as white needles, mep. 164.5-165.5° (Litlz?. 164°)

The experiment was repeated and altogether 62 g.

of 4,4'-dibromobiphenyl were vrepared.

4,4'-Dicyanobiphenyl

liodified from L, Friedman and H. Sc.hechter35

a) 4,4'-Dibromobiphenyl (3 g.l mol) was heated

with cuprous cyanide (4 g., 4.4 mol) in dimethylforma-
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4,4 '=Dicyonobiphenyl (continued)

mide (50 ml.) for 4% hours. The mixture was poured .
into water (200 ml.) ond ethylenediomine (35 ml.). The
resultont suspension was filtered and the filtrate
cxtracted with benzene. The extract, evaporated to
dryness, was combined with the residue and recrystall-
igsed from ethanol. 4,4'-Dicyonobiphenyl (1.3 g., 64%)
was obtained as white crystals, m.p:f226—228°. One
recrystaellisation from ethanol raised the melting point
to" 232-235"(Lit. 126 235° Friedmon and Schechter give
242-2443.

The experiment was repeated and altogether 6.2 g.

of 4,4'-dicycnobiphenyl were prepared by this method.

b) 4,4'-Dibromobiphenyl (3 g., 1 mol) was heated
with cuprous cyanide (4 g., 4.4 mol) in dimethylforma-~
nide (50 ml.) for 4% hours as before. Terric chloride
(8 g., enhydrous) was dissolved in water (20 ml.) and
concentrated HCL (2 ml.). -The reaction mixture was
poured into this solution and the suspension left to

stand at room temperature for thirty minutes. The

precipitate was then filtered off and dried in ¥vacuo
to yield 4,4'-dicyanobiphenyl (1.8 g., 92%) as a white

solid of m.p.* 219-2219. Two recrystallisations from
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4,4'-Dicyanobiphenyl (continued)

- - - *
ethanol raiged the melting point to 23%0-2%2,
The experiment was repeated and 2ltogether 5.4 g.

of 4,4'~dicyanobiphenyl were prepared.

In some of the above experiments, azeotronically
dried D.li.I's was used as solvent. The yield was not
inproved. When the solvent contained 5y of pyridine,

only starting material was recovered.

2,2'-Dinitrobiphenyl

27

.. BShaow and E.Z. Turnerl

a) o-Chloronitrobenzene (60 g., 1 mol) was melted
in a wide hord-gless tube immersed in a Jood's nmetal
bath at 250° and copper bronze (40 g., 1.65 atoms) was
slowly added over a period of one hour. The reaction
nixture was extracted with an equal volume of g-dichlo-
robenzene and filtered hot through a pre-heated Buchner
funnel. he residue was washed with more g-dichloro-~
benzene. Light petroleum (b.p. 40-600) was added to
the solution until a slight cloudiness was produced.

On cooling, 2,2'-dinitrobiphenyl (17.6 g., 38%) separated
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2,2'=-Dinitrobiphenyl (continued)

as dork green needles, m.p. 121-122.5°  The product
was dissolved in benzene and treated with charcoal +then
reprecipitated with light petroleum (h.p. 60—80°) as

golden brown crystals, m.pe. 122—124O(Lit.12

@ 124°).
The experiment wos repeated and altogether 92.3 g.

of 2,2'-dinitrobiphenyl were prepared by this method.

b) The addition of copper was carried out as
above and the pasty reoction mixture wos poured onto
a thick wed of filter paper and allowed to cool and
solidify. The solid was then powdered in a mortor and
well extrocted with boiling benzene. The cxtract was
treated with charcoal, filtered ond evaporated to yield
2,2'-dinitrobiphenyl (20.7 g., 454) as golden crystals,

n.p. 123-124°.

2,2'=-Dianinobinhenyl

a) 2,2'-Dinitrobiphenyl (12.2 g., 1 mol) was added
to a solution of Sn012.2H20 (74.5 g., 6.6 mol) in con-
centroted HCL (32.8 g., 18 mol) over a period of 20

minutes. The mixture was heated under reflux for half
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2,2'=Disminobiphenyl (continued)

an hour, cooled wand bogificd with 30, caustic soda.
The resultont colloidel seolution wos extrocted five
times with ether ond the conbined ethereal extrocts

T,

wasned with saturated brine ond dried over Na.S0 .

2
The ether was digtilled off and the residuec distilled
in vacuo to yield 2,2'-dioninobiphenyl (5.6 g., 61%)
as a yellow oil (b.p. 190-195°at 10 mm.). The amine
crystallised from ethanol as almost white needles;
m.p. 76-77°(Lit.10% 77-78°).

The experiment was repeated and altogether 10 g.
of 2,2'~diaminobiphenyl were prepared by this method.
Attenpts to shorten the period of heating led to incom-
nlete reduction and the product was a yellow solid;
melting with decomposition above 210°. This was not

investigoted further but was presumed to be a mixture

of benzocinnoline-l-oxide ond benzocinnoline-N,ll-dioxide.

b) A.F. Blood and C.R. follert 04

2,2'-Dinitrobiphenyl (20 g.) was dissolved in ethyl ace-
tate (250 ml.) and ethanol (80 ml.) and hydrogenated
over Adams' catalyst at 60° and 2-3 atmospheres for

three hours. The catalyst was filtered off and the
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2,2'=Diominobiphenyl (continued)

solvent removed under reduced pressure to yield
2,2'=-diominobiphenyl (15 g., 99,)) as a brown crystal-
line mass. Two recrystallisations from ethanol gave

almoct white crystals, m.p. 77—780.

2.,2'-Dichlorobiphenyl from 2,2'-Dioninobiphenvl

el Schwechterll5

2,2'-Dieninobiphenyl (12.2 g., 1 mol) was tetra-
zotised in water (100 ml.) containing sulphuric acid
(7 ml.) with a solution of’NaHO2 (10 goy 2.2 mol) in
water. KCL (8 g., 1.9 mol) was dissolved in the mini-
nun amount of water and Hg012 (30 ge, 1.7 mol) was
added. The two solutions were mixed and the yellow
precipitate filtered off, washed with acetone and dried
in vocuo. The complex salt was mixed in o morter with
HH4Cl (80 g.) and pyrolysed ccutiously in a round-
bottomed flask fitted with a reflux air condenser and
immersed in a Wood's metal bath at 200°. Heating con-

tinued for 3:i hours during which the mixture shrank

and coagulated. The cooled solid was powdered and
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2,2'=Dichlorobipheayl from 2,2'-Dianinobiphenyl (continued)

extracted with light petroleum (b.p. 40—60°) until the
exlracts werc colourless. JAvoporation of the combined

extrocts yieldcq 2,2'=dichlorobiphenyl (3.%z., 22¢) as

yellow crystals, m.p. 53—F6°(Lit.115 59°). It recry-

[}

stalliged from methonol as off-white needles, m.p. 56-58

S5,3'"=Dichlorobenzidine dihvdrochloride

o-Chloronitrobenzene (100 g., 2 mol) was warmed
with ethanol (128 ml.) in a 2-litre 3-necked flask
fitted with two double-surfeoce reflux condensers and a
powverfnl stirrer. A solution of Ha0OHd (152 g., 10 mol)
in water (255 ml.) was added and the mixture allowed
to reflux., Zinc dust (152 g., 5 atom) was then added
gradually over a period of one hour. The nixture was
boiled for one hour more and poured into 754 v/v HC1
(640 ml.) cooled in an ice bath. The residue in the
reaction flask was washed several times with ethanol
and the washings added to the acid. After one hour,
the precipitate was filtered off; treated with charcoal
in water and reprecipitated with concentrated HCl. The

product was a pale grey solid (29.7 g., 29;») whose



S,3'=Dichlorobenzidine dihydrochloride (continued)

solution showed the expectled vroperties of an amine
salt.

The experiment was reneated once and oltogether
43 go of 3,5'-dichlorobenzidine dihydrochloride were

prepared.

3,3"'"=Dichlorobiphenyl

5,5'=Dichlorobenzidine dihydrochloride (5 g.,
1 mol) was suspended in water (50 ml.) and concen-
trated HCL (4 mol) and tetrazotised with o solution
of all 5 (2.4 goy 2.2 mol) in the minimum amount of
water. The deep red solution was poured into 30,
hynonhosphorous acid (50 ml.), kept in the refrige-
rator for 17 hours and at room temperature for 4
hours and filtered. The filtrate ond the residue
were seporately extrocted with light petroleum (b.p.
40-60) and the combined extracts washed with 20%
sodium hydroxide(2 x 20 ml.) and chromatographed on
alunina. 3,3'-Dichlorobinhenyl (2.3 g., 62,.) was
obtained as a white crystelline solid, m.p. 25‘—27°

(Lit. 129 29°%.



Jy,0'=Dichlorobinhenyl (continued)

The experiment was repented on o larger scale and

altogether 15 5o of 3,3'-dichlorobiphenyl were prepared.

2,2'-Dichlorobenzidine dihvdrochloride

This wras prennred onclogously to 3,3'-dichloro-
benzidine dihydrochloride, storting from n-chloronitro-
benzenc. The golt (23.8 g., 22%) was obtained as glis-
tening yellow nlates. The expefiment was reneated and

altozether 44.8 g. of 2,2'-dichlorobenzidine dihydro-

chloride vere prepared.

2.2'-Nichlorobivhenvl from 2,2'-Dichlorobenzidine

This was prepared analogously to 3,3'-dichlorobi-
phenyl storting from 2,2'~dichlorobenzidine dihydrochlo-
ride, The product (4.5 g., 65:) was obtained as white
crrstals, M.D. 58-59°(Lit.49 59°). The experiment was

repeated and altogether 8.5 g. of 2,2'-dichlorobiphenyl

vere prepared by this method.
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5ot =Dicyonobinhenyl

Jy2"=Dichlorobinhenyl (3 g., 1 mol) was heated
PN - B ~ . . v
at 160 Tor 24 hours with cudrous cyonide (4 z., 3.3

mol) and pyridine (gz. 20 nl.). The block, terry

nixture was washed into dilute agqueous amnonie with

a little dimethylformamide. The nrecinitate was fil-
tered off and extracted thoroughly with boiling methy-
lated spirit. On cooling, strow-coloured crystals
(560 mg., m.p. 188—1920) separated. The amnmoniacal
solution was extracted with ether, the extract evapo-
rated ond the residue recrystallised from ethanol to
give a further 350 mg. of the same material. The
crops were combined and chromatographed on silice gel,
using benzene as cluont. 3,3'-Dicyanobiphenyl (850 mg.,
31,.) was obtained as white prisns, m.p.* 207—2llé with
change of crystal form to needles above 1900. Recry-

stallisation from ethanol rcised the melting point to

o

211-212 .

(Found: c, 8271; H, 4.1; W, 13.75 Cp4Hgllp requires
¢, 82.3; H, 4.0; N, 13.7%)

The mother liquors from which the crude, coloured
crons were obtained were concentrated to give 490 mg.

of an off-white, crystalline solid which melted below



5, 2"=Dicyanobinhenyl (continued)

[} . - .
120 . The infrored speetrum of this golid showed a Cif
gstreteh ond qualitative onelysis showed the presence
of nitrogen and chlorine. The naterial was not inves-
tigated further but was assuned to be 3-chloro-3'-

cyanobiphenyl.

2,2'=-Dicronobivhenyl

A mixture of 2,2'-dichlorobiphenyl (3 g.; 1 mol),
cuprous cyaonide (4 g., 3.3 mol) and pyridine (c. 20 nl.,)
was heated at 200° for 40 hours. The mixture was worked
un as described for %,5'-dicyanobiphenyl. Chromato-
sraphy with benzene on silica gel yielded 2,2'-dicyano-
biphenyl (224 mg., 8,.) as pale yellow prisms. It cry-
stollised from methonol as white needles, m.p. 176.5-

173° (1i+.°9 172°).

2,2'-Dibronobenzidine

n-DBromonitrobenzene (100 g.) was reduced with zinc
in alkeline sclution in o manner exactly analogous to

that of m-chloronitrobenzene. After heating for one
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2,2'-Dibromnobenzidine (continued)

hour, the solution was poured into 75, !i0l. The preci-
pitate (36.5 g£.) nmelted below 100° and was probably a
mixture of 3,>'-dibromoazoxybenrene and the corres-
ponding azobenzene. The mixture was covered with ether
(500 ml.) ond zinc (100 g.) was added. Glocial acetic
acid (30-40 nl.) was ndded dropwise through a funnel.
After heating for ten hours, the solution turned from
red to yellow. It wes decanted from residusl zinc, con-
centrated to ¢. 80 nl. ond added slowly to concentroted
HCL (140 nl.). After one hour the precipitate of 2,2'-
dibromobenzidine dihydrochloride (19.6 2., 19) was
filtered off.

Subsequent reductions led to mixtures of cgo- and
azoxy- coupounds which proved inert to further reduction

by zinc and glacial ecetic acid.

Attemnted further reduction of 3,3'-dibromoazobenzene

116

Ale SOgN

Crude 3,3%'-dibromoazobenzene (7 g.) was suspended

in 765 aqueous sodium hydroxide solution (5 ml.) end



- 117 -

Sbttennted further reduction of 3,3'-dibromoazobenzene
= (continued)

nethanol (10 nml.) together with 2,%-dichloro-l,4-noph-
thoauinone (1 g.) o3 catelyot. The mixlure wos worned
to 60° and aqueous formnldehyde ("formalin' 9 nl.) was
added dropwise with mognetic stirring over 30 minutes.
The mixture was stirred at 40° for five hours nore and
noured into concentrated hydrochloric acid. The product
130

]
wvas a red-browvn non-basic solid, m.p. 117-121 (Lit.

- e . © .
for 3,3'-dibromoazobenzene 125.5 ). Recovery 92:).

Abtennted reduction of m-bromonitrobenzene

n-Brononitrobenzene (6 g.) wos reduced as above
using the some amounts of recgents. The product was
an orange solid non-homogeneous under the microscone,
MeDe 35-45°. This is clearly uachanged storting mate-
rial (m.p. 56°) nixed with some 3,3'-dibromoazo- or

3,3'-dibromoazoxybenzene.

2,2'-Dicyenobengidine

2,2'-Dibromobenzidine (7.0 gey L mol)»was heated

under nitrogen with cuprous cyanide (3.0 g., 4.4 mol)
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2,2'=Dicycnobenzi “ine (countinued)

cnd dinetiylforacmide (100 ml.) ond the mixture was
allowed to reflux for seven hours. The viscous black
solution wes then poured into agueous ocmmonia (4. 0.83),
the precinitate filtered off under suction and tho-
roughly cxtrocted wwith hot nethonol and the nroduct
reprecipitated from the methanolic extroct with water.
2,2"-Dicyanobenzidine separated as o soft browvm crystoal-
line mass containing much occluded water. The compound
wes furticr vurified by dissolving it in dilute 1ICL,
trecting the solution with charcocl 2t room temperature
and reorecipitating with ammonic. The purified 2,2'-
dicyonobenzidine wos in the form of cream prisms which
chenged to necdles at*200° end charred rapidly above
A ° .

260 « The yield wos 1.1 Z., 230

To soatisfactory analysis could be obtained owing
to the extreme sensitivity of the compound to aeria
oxidotion. IHowever, mass spectroscony showed a base
peak at m/e 234 corresponding to the expected product
and lesser pecks at m/e 206 and 178 corresponding to
loss of HCH + H' twice over. This mode of splitting

jic charscteristic of aromatic aminelel.
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Abtemnted ontical resolution of 2,2'-Dicvanobenzidine

@) 2,2'-Dicyenobenzidine (190 ng., 1 mol) and D-

(SR ]
(+)-tortoric —eid (106 ng., 2 mol) were dissolved sepa-
rately in oleohol ond the solutions mixed. There was
no precipitate after five doys. The solution was con-

gl

centrated ond left in the refrigerator for two doys.

o

A yellow polid slowly separated but this did not apved
to be crystolline. The yield wos 59 ng., only 29y

reckoned as di-hydroszen tortrate.

bh) 2,2'-Dicyenobenzidine (400 ng., 1 mol) and
(+)-comphor-10-gulphonic acid (790 mg., 2 mol) were
digsolved seporately in methonol end the solutions
mized., There was no immediste precipltote but, after
concentr..ting the solution somevhot, colourless crystals

began to seprrote. The following crons were obtained:

.

X
I 497 me. decomp. chove 023°
11 102 ng. deconp. above*Z?_S0
*
11T 110 ng. deconmp.above 220°

vaporated mother liquor 245 mg. decomp. above 104°
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Attempted onticol resolution of 2,2'-Dicvaonobenzidine
(continued)

200 my, of the first crop were dissolved in ice-cold
dimethylfornaonide but the solution, thoush filtersble,
voes opolescent and gcottered ligsht too strongly for a

reading of the ontical rotation to be trken.

2= _and A=IIitronhenonthraqguinone

Sohnidt ond Spountd?

©.i1. Poolet??

Phenanthraguinone (60 g., 1 mol) was nitrated in
bhotehes by boiling with concentrated nitric acid (d.
1.42, 1300 nl.) for twenty minutes. The cooled reaction
mixture was poured into cold water (5 litres). The pro-
duct was filtered off, woshed with woter, thoroughly
dricd in oir and boiled with alcohol (1 litre). The
insoluble 2-nitronhenanthraquinone was filtered off
(41 g.; 56::, crude Mm.0e 260-265°). The filtrate was
cooled, filtered from the mixture of 2~ and 4-nitro-
phenanthraquinones which separated, and concentrated to
ca. 400 ml. On cooling the solution, 4-nitrophenanthrz-
quinonec (20 g.; 27, crude M.D. 168—1700), crystallised

out.



- 121 -

2=_ond A= dvronhoncnthroguinons (continued)

The nitrophonanthroguinonss were cencrately recry-
stodllined sron sliecicl oeetic ccid giving 2=nitrophe-
nevthraguinone of n.p.  263-205° (hiu. 252-264") ond

; . _e . ez
A-nitroyhenonthroguinone of men. 172-173° (Li4.120
7N ) a
172-175").

The cxperiment was repeated twice and altogether

69 g. of 4-nitrophenonthraquinone ocnd 126 g. of 2-nitro-

phenanthraquinone vere rrepored.

J-=1itrodiphenic ocid

1

YN
lloorc ond Huntress

\)‘

I Poolo, loc. cit.

2~-litronhenanthraquinone (10 g., 1 mol) was dis-
solved in concentrated sulphuric ccid (30 ml.) and repre-
cipitated o o fine powder by cautious addition of water
(100 ml.) with ice cooling ond swirling. A solution of
potassium dichromate (40 3., 3.3 nol) in water (400 ml.)
was added and the mixture heated under reflux for 2.5
hours. The reaction nixture was cooled and filtered

and the acid washed with water until the washings were
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A-litrodirhenic ocid (continued)

colourless. The crude acid was covered with water ond
solid sodiwm bicorbonate was odded until effervescence
cecased. UYhe residual quinone was filtered off and the

Lfiltrate gradunlly ccidificd with dilute O “04. 4-1Titro-

21\)
diphenic ceid (9.6 g., 05.) senorated as almos+t vhite
J

crystals, m.p.* 215-217 “(Li%.

6=-itrodinhenic necid

Schnidt and Kampfto?

Tele Poole, loc. cit.

4 ,-Uitrophenanthraquinone (12 g., 1 mol) was boiled
under reflux for one hour with a solution of K2Cr207
(33 g., 2.36 mol) in wobter (450 ml.) and concentrated
IIQSOAr (30 ml.). The reoction mixture was cooled, the
product filtered off and washed well with water. It
vos purified by dissolving in dilute ammonium hydroxide,
filtering and ccidifying with dilute sulphuric acid.
G-Iitrodiphenic acid separated as s white crystalline
solid (10.7 g., 79.). OCn recrystallisation from alcohol,

#* o 3
it yielded white plates, m.p. 2438.5-250 (Lit.1)5

248-250°)
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C=llitrobiphenyl-2,2'-dicorboxamnide

O-ditrodiphenic «wecid (4 5., 1 i0l) wos covered
vith thionyl chloride (10 nl., 10 mol) and the mizture
vog heated wnder reflux for 72 hours. Oxcess thionyl
chloride was removed at the puan. The resultont oil

-1

was added dropwise to a lorge excess of aqueous ammonia
(d. 0.383). 'There wos immedi-~te evolution of white

Tunes and o yellow, plostic golid separated. The mix-
ture was left at room temperature for twentry minutes.
During this time the product hardened end became crystal-
line. It was filtered off and recrystallised from etha-
nol to yield 6-nitrobiphenyl-2,2'-dicarboxanide (3 g.,
76%) os poale yellow needles, m.D. 235-236° wvith gas

evolution.

(Ffound: C, 59.0; H4, 4.0; H, 14.9. C14H11N5O4 requires

H=liitro=2,2'-dicninobivhenyl

93

After PJFP. Ilolt and A.i. Hughes

G6-itrobiphenyl-2,2'-dicarboxanide (580 ng., 1 mol)
wes added slowly to an ice-cold solution of bromine

(0.25 nl., 2.3 nol) in 10% aqueous sodium hydroxide
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G-litro-2,2'~-dintinobinhenyl (continued)

G nle, M0 mol).  Whe nixture was mognetically stirred
for ten ninnien doring wnich the amide dissolved to
give o vigeous greenish solntion. The solution wags
filterced, heuted ronidly o 30° ond lept ot 80—90A for

further ten ainutes. It wes then filtered into on
excens of soturcted agucous amoniuvm chloride and the

esultant brovn colloidal solution thoroushly extracted
with ether. JGvoporation of the ether extract yielded
6-nitro-2,2'-diaainobiphenyl (183 mg., 40%) as o yellow
oil which ropidly turned red in 2ir.

o sotisfactory analysis could be obtained as the

compound wveogs very readily oxidised. It vas therefore
choractericed os the benzil derivative,

followss

A-Titro-2, 3-diphenvl-5,5:7,8-dibenzo-1,4-digzocine

6-Titro-2,2'-dioninobiphenyl (100 ng., 1 mol) and

benzil (120 ng., 1 mol) were hected together for six

hours in prorjionic acid (2 ml.,) under reflux. The dark
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4=liitro-2,9-diphenyl-5,6:7,8~dibengo-1,4diazocine (continued)

red solution wis cooled and water wos odded dronwise
until cryntollisntion begon. The product (104 ng.,
595) was filtered off ond recrystallised from ethonol

to give almwost white necdles, m.n. 272-273°.

| (Pounds if, 10.4; 0, 3.1, 026H17H502 requires
T, 10.43 0, T.9)

The vreparation of the amine weas repeated and
altogether 4.9 g. of 6-nitro-2,2'-dianinobiphenyl were

prepared.

Schmidt reaction on 6-nitrodinhenic acid

90

After 4... Stephenson

G6-iitrodiphenic acid (0.7 g., 1 mol) was suspended
in concentrated sulphuric acid (5.8 ml.) and sodium
azide (0.8 g., 5 mol) was added gradually over ten
n1inutes. After a further five minutes, the mixture
was cautiously warmed on a hot-nlate. There was vigou-
rous effervescence and the acid dissolved to give a
deen red solution. After thirty minutes the solution

wos diluted with water until precipitation of the pro-



mehuinidt ieaction on G-nitrodi»henic acid (continued)

duct was complete. 10-itroshenanthridone (0.46 oy
19,2) was obtained ag a pale buff powder. It crystal-
lived rendily fron zlacial acetic ncid as yellow

necdles, m.p. 312-314° (Lit. 118 316-318°).

schnidt reaction on A-nitrodiphenic aecid

The reaction was carried out in an analogous way
to the above. The product was 8-nitrophenanthridone
(0.45 goy TT9) which erystallised from glacial acetic

. " ra © L, 117
ceid as pale yellow needles, mep. 318-3%21 . (Lit.

326-327°).

Curting reoction on 4-nitrodinhenic ocid

1.) 4-Uitrodinhenic acid (3 g., 1 mol) was covered
with thionyl chloride (7.5 ml., 10 mol) and heated under
gentle reflux for 72 hours. The solution was evaporated
to dryness under reduced pressure. Helf of the acid
chloride produced was dissolved in ccetone and shaken
with a sctureted anueous solution of sodium azide
(1.5 g.). MAfter five minutes, 4-nitrobiphnenyl diszide
separated as a heavy flocculent precipitate. The azide

was filtered of f under suction, dricd in vacuo and
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Cnrtius reonction on A-nitrodinhenic acid (continued)

neoted wnder reflux for two hours in dry bengzene.
During this time therce wes steady evolution of gos.
Concentrated hydrochlorie o~cid wes added and the mix-
ture allowed to boil vigourously under reflux for a
further 90 minutes. The nroduct was a yellow solid,
insoluble in acid and almost insoluble in benzene. Its
infrored spectrum shoved pronounced H=C=0 stretching ot
2300 Cm—l. The solid was suspended in concentrated
hydrochloric acid and allowed to reflux for ‘two hours.
The compound now chowed a strong infrared band at 2350
cm-l together with bands at 1700 and 1770 cm_l. This
combination is characteristic of a polymeric isocyanate
as 1is the inertness to further hydrolysis. Becrystal—

lication from ethyl acetate/lirht petroleum gave mate-

rial m.p. 315-319°.

(Found: 57.3; H, 3.0; ¥, 15.1% (O14H7N504)

c,
requires C, 59.7; H, 2.5; 1T, 15.0%)

An attempt was made to measure the molecular
weight using a llechrolob vepour pressure osmometer.
Owing to the low solubility of the compound in all sol-
vents, no satisfactory reading could be obtained, but
the results sugzest either a trimer or a tetramer, mnore

rrobably the former.



Cortiue rocetion on A-nitrodivhenic ocid (continued)

2.) The remndnder of tho reid chloride was con-
veeted into the nzide os cbove. The wzide was sisnen-
ded in concentrnated hydrochloric acid cnd the miyzture
allowed to boil under reflux. .\ vigourous reaction
toolt plece ond at one point there was o loud renort.
Jhen effervescence had ceased, the nizture was filtered
ond the filtrote neutralised ond extrocted with ether.
This produced a very smnall emount of a brown gum,
pos3ibly 4-nitro-2,2'-diaminobiphenyl. The residucl
solid was recrystallised from glaocial acetic acid to
yield 8-nitro-(5ll)-6-phenanthridone, m.n. 320—3230.
The yield of nitrophenanthrgdone wos not lnovmn accu-

rately but was clearly over 70,5

Attennted ‘eadnerer reaction on C-nitro-2,2'-dianinobi-

Dhenvl

Cl-rke ond iead, loc. ci‘I;.47

a) 6-ilitro-2,2'-dianinobiphenyl (183 mg., 1 mol)
was suspended in woter containing sulphurie acid (5
equiv.) and diczotised with o solution of sodiwn nitrite

(128 nz., 2.2 mol). The solution was neutralised with



Attenpted Srndmerer recction on S-nitro-2,2'-disminobi-
vhenyl (continuced)

solid sodiwa corbonate ond wdded slowly to one con-
taining potassiwn cyenide (200 mg., 4 mol) and cuprous
cyanide (179 ng., 2.5 mol). “The cycnide solution was
coverecd througnhout by o loyer of benzene., The mixture
was left at room temnerature overnight ond filtered.
The solid obtained (107 mg.) was shown by its infrared
spectrum to be a nixture of recleimed amine and cuprous
cyonide. Oxtroction of the aqueous solution yielded
an additional 54 mg. of the amine. leither froetion
showed the characteristic 2200 cn™t band of organic
nitriles.

b) G6-llitro-2,2'-dicninobiphenyl (276 mg., 1 mol)
was dissolved in concentrated sulphuric acid ond diazo-
tised with aqueous sodiun nitrite (183 ug., 2.2 mol).
The solution vas neutralized as cbove and poured into
one of ¥CH (400 mg., 5 mol) and CuCi (270 mg., 2.5 mol),
covercd as before with benzene. The mixture was left
to stond overnight at room temperature but no nitrile

could be isolated from it.

¢) G-iitro-2,2'-dicninobiphenyl (1.4 g.) was die-

zotizsed in concentrated sulvhuric acid with & solution
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Aboonoied Sondieyer renction on G-nitro-2,2'-disninohi-
shenyt (eontinued)

of codiun nitrite (0.9 He, 2.2 mol) in the gnme solvent.
£ the resultant colution grve o red preci-
pitete with allknline f-norhthol indicating thet diczo-
tisction hoed procecded normally. The solution wao
pourcd onto ice aond neutrrlised with solid sodium crr-
bonate. It wis then poured into o solution of cuprous
cyonide (1.4 g.) ond potassium cyenide (2.8 g.) covered
with benzene as before. The mixture was allowed to
gstond ot room temperature overnight and filtered. The
aqueous solution was thoroughly extracted with benzene
and the extract evaporated to dryness. The residue was
combined with the moaterial removed by filtration and
chromatograshed on olumini.. Iiethanol eluted a browm

resinous solid (035 ng.) which showed accidic pnroperties.

f;]

The infrared sneccetrum shoved no bend due to a cyano

croun. Thig material woe nol investigeted further but
wvas assuned to contain 4-nitrocorbazole as its main

constituent.
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Binheonyl=2,2'~dic rbhox mide

Undurvood nnd Lochmrnnt20

Diphenic ccid (15 ., 1 mol) wos heated with phon~
phorus pentachloride (27 go, 2 191) in a Joods metal
batih. The both tennerature was kent at 190—195° for
thirty miautes and ot 150° for one hour. The reaction
nixture was cooled cnd poured into egueous awmonia
(d. 0.808). Biphenyl-2,2'-dicarbozenide (10.4 7., 699%)
precipiteted as o white solid. Recrystellisation fron
cthonol yielded white crystals, m.p.w 212—214° dec.,
(Lit. 27 212°%).

Ilote: Underwood and Kochmon prepared the dichlo-
ride by the above mcthod put did not convert it into
the diecnide. Tiey prencred the latiter from the imide

and ammonioa.

Dehvdration of Binnenvl-2,2'-dicorboxamide

1.) Biphenyl-2,2'-dicarboxanide (1 g., 1 mol)
was covered with thionyl chloride (3 nl., 10 mol) and
heated under reflux until evolution of HCl was conplete

(75 minutes). iixcess thionyl chloride was decomposed
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Vehydretion of Biphenyl-2,2'-dicarboremide (continued)

with ice and the precipitoted product (705 ng.) was
chronetosriphed on silica gel. DBengzene eluted 4-cyano-
fluorenone (533 mg., 08u) «s a yellow crystalline solid.
It cerystallised from cthonol s long yellow needles,

m.p.* 242—244° with sublimation (Lit.138 244°),

2.) Biphenyl-2,2'-dicarbozenide (2 g., 1 mol) was
heated with phosphorus nentoxide (2 g.o, 2.5 mol) for 13
hours in a Wood's metal bath at 240-250°. The nixture
was then cooled, water cdded and the product filtered
off, dried and chrometographed on silica gel. The chiesf
product was a red, acidic solid (468 mg.) which was not

investigated further.

3.) Biphenyl-2,2'-dicorboxamide (1 g., 1 mol) ond
phogphorus wentoxide (1 g., 2.5 mol) were covered with
dry mesitylene (20 ml.) and the mixture was boiled under
reflux for nine hours. The solution was filtered from
phosvhoric acid and cooled. Addition of light petroleum

(b.p. 30-100) precipitated crude 4-cyanofluorenone (530

ng., 626), m.p. 238-240°.



Dehydration of bhinhenyl-2,2'-dicorboxanide (continued)

A.) Dinhenyl-2,2'-dicorbozxanide (1.5 Gey 1 mol) was
covercd with redistilled nhosnhorus oxychloride (0.5 nl.,
1 nmol) ond benzene (20 nl.) and the mixture wre boiled
under reflux for twelve hours. The solution wos Til-

tered ond evapornted to yield crude 4-cyonofluorenone

(350 ng., G665.), m.p.%F 259-242°

Dehydration of C-nitrobinhenvl-2,2'-dicarboxanide

The anide (0.6 g.) was covered with o large excess
of thionyl chloride (4 ml.) and the nizture was boiled
under reflux for 72 hours. The product obtained by
evaporation of the ecxcess tunlonyl chloride was o brown
vizcous o0il whorse infrored spectrum was congistent with
the gutructure of S-nitro-4-cyconofluorenone. The yield
wos 241 ng., 406, calculaved es H-nitro-4-cyanofluorenone.
The oil wos covered with concentroted sulphuric acid and
warned without boiling for three hours. The nixture
was poured onto ice ond filtered. The product was a
crean-coloured solid which dissolved with effervescence

aqueous sodiun carbonate solution and could be repre-

cipiteted by acidificcotion of the solution. Hovever
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vehydr tion of 6-nitrobinhenyl-2,2'=dicorboxenide
(continued)

this process wos more difficult thon exwvccted and much
of ‘the solid refused to go into solution. The precini-

e

D

tated solid weighed only 50 ngo., 1995 calculoted o

e

S-nitrofluorenone-4-corboxylic acid. The golid showed
the expected features in its infrared spectrum but

melted indetorninctely  190-200°, (LJ’.‘C.lB'ﬂr 238-2596).

Ontical iregsolution of 6-nitrodivhenic acid

Jd el Brookil9

e Bell ond ﬂobinson14o

itacenic 6-nitrodiphenic acid (4 g.) and anhydrous
guinine (9 g.) were dissolved sgeparately in absolute
ethenol (2 x 100 nl.) ond the solutions were mixed.

fractional crystallication affordzsd the quinine salt

1}

of (+)-G-nitrodiphenic acid, 546 = +275° in CHCL
(c. = 1.0 g./100 ml., 1L =1 dn.) at a temperature of
21°%.  (0it.139 4+273°). The salt (5.47 g.) was sus-
pended in water and decomposed by the addition of dilute

hydrochloric acid. The active acid was extracted into

ether and the eztrect washed with dilute HCL, dried
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Qpticel rosolution of S-nitrodinhenic acid (continued)

over onhydrous calcium chloride and evaporated in yacuo
to yield (4+)-0-nitrodivihenic weid (1.3 g., 546 = +78°
in ethanol) (Lit.l4o +65.2°). The alcoholic mother
Jiguor was treated sinilorly ond afforded (=)-6-nitro-

diphenic ecid (20 g., 546 = —500)

)

Benzolc cinnoline

ilodified frou G.... Badzger, J.d. Seidler and

B. Thompsonloo

Lithiwn cluniniuwn hydride (15.5 g., 5 mol) was
ugnended in dry ether (85 nl.) in a three-necled 250
ml, £logle fitted with two double-surfoce reflux conden-
sers ond o dropyring funnel. The suspension wos mﬁcneuv—
cally stirred while o golutinn of 2,2'-dinitrobiphenyl
(20.7 7., 1 mol) in dry benzene (130 nl.) was added
dropwise through the funnel. Loch addition w7as
followed by o vigorous reaction. The mixture was heated
under refluz for a further 3% hours, cooled ond coutiously
deconporned with woter. The precipitated hydroxides

were filtered off under suction, the organic loyer



Benzofel cinnoline (continued)

sepernted fron the £iltrate and the aqneous layer
end solid residue sceporately extracted with ether
until the extrocts were colourless. The coubined
organic lnyers were cvoporated to yield crude benzo
le) cinnoline (14.2 g., 94;)) as torry brown crystols.
Recrystellisction from benzene yielded golden-brovn

, - e ... 1LO( ° .
crystals, m.n. 153-175 % (Lit. 199 156 ). The cxperi-

0]

aent was reoected and oltogether 50 . of benzo c

[

cinnoline were nrencred.

J2 Reney niclel

Re Mozingol41

Sodium hydroxide (12.6 g.) wos digsolved in water
(50 nl.) in o L850 nl. becker and cooled to 10°. Raney
nickel-gluninium £lloy (10 g.) waé cdded in snoll por-
tiong with mechenicel stirring cnd without allowing
the teapernture to rise cbove 25°% ddition took 13-2
hours. The mixture was allovwed to come to room tempe-
roture cnd wormed gently until evolution of hydrogen
hod becone glow (6-12 houars). The alkeli was decanted

off rnd the precipitated nicliel washed once with dis-



- 137 -

VT

oo _Dancr nickel (continued)

tilled woter cnd once with 10, sodium hydrozide solution.
It wes then voeshed by decontoation with woter mwntil the
washings were neutrsl to Litnus and ten times more.
Finally it was woshed three tines with 9% ethonol and
three times with absolute ethanol ond stored under cbso-

lute ethanol in o stoppered botitle.

1-Titrobenzolel cinnoling

JeTa. Smith, Jr. ond P.DR. I{ubb’ll2

Jolid benzol(cl]cinnoline (12.6 g.) was added slovwly
to o miegneticelly stirred mixture of colourless concen-
troted nitric acid (20 nml.) and concentrated sulphuric
acid (60 ml.) conveined in o 250 ml. becker. Addition
took thirty minuves. Stirring woes continued for a
further six hours and the nixture wos then poured onto
ice (ca. 120 g.). Aqueous acamoniz (d- 0.88) was added
until vrecipitotion wos complete, the solid product
was Tiltered off, thorouzhly air-dried and extracted
continuously with light petroleum (b.p. 60-80) until

the extroct was only faintly coloured. ZLvaporation of



L-iiitroberzolcl einnoline (continued)

the resultant solution yiclded 1-nitrobenzo[c)cinnoline
(8.2 goy B24) as a green solid, Recrystallisation from
B PR b - 4 A @
ethnnol yielded long prle-green necdles, m.p. 159-162
< - ].12 <n 0 mi s
(Lit.* 160~162"). The experiment was repented ond

altogether 19 g. of l-nitrobenzo ¢ cinnoline were pre-

pored.

1-_minobenzolelcinnoline

T.7. vmith, Jr. and P.R. Rubry, loc.cit.

1-"litrobenzo[c) cinnoline (1.5 g.) was dissolved
in methrnol (200 ml.) and hydrogenated at 45-50 D.s.i.
end room temperature over Raney nickel., The pressure
of hydrozen dropped by 14 p.s.i. in two hours. The
golution waos filtered ond eveporated to yield l-amino-
benzo(c) cinnoline (1.% g., clmost theoretical yield)
as o red-brovm solid., itro bands were zbsent from the
infrared snectrunm.

Jome subgequent preparations were contaminated
with unreduced l-nitrobenzo[c]cinnoline. This could
be removed ensily by placing the solid anine on top of

o colunn of +type H olunina in benzene and eluting with

c o
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l-Andinobenzo(clcinnoline (continued)

benzene until no further solid could be obtained.
The eluted l-nitrobenzo(clecinnoline could be used
ogain and the residual l-mmino{c)einnoline recovered
from the top of the columm.

The ecxwveriment was repented and altogether 5.3 o,
of l-ominobenzo[c] cinnoline were prepered, In order
to avoid oxidation the cimpound wos not recrystolliced

but wes used directly for the next sten.

1=C:anobhenzo [c]cinnoline

l-irinobenzolc] cinnoline (3.0 5., 1 mol) was sus-
nended in dilute salohuric acid (solution at pH3) and
diazotised with o solution of sodium nitrite (1.2 g.,
1.1 nmol). The golution wos carcefully neutralised with
solid sodiuwm corbonote and poured into one containing
cunrous cyanide (2.3 g., 1.5 mol) and potassium cyenide
(4.6 goy 2.5 mol) covered with o layer of benzene. The
nixture was left overnightv ot room tempercture and fil-
tered. The residue wes extracted continuously with
hot benzene until the extroct was colourless. The fil-

trate wag also thoroushly extrocted with benzene. The
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l=-cironobengofc] cinnoline (continued)

combined cxtroets were chronstosravhed on ~alumino.

>

Ll mixture of benzene ond cther eluted the nroduct
(270 nge, 39) as a yellow solid. It crystallised
from benzene os long golden necdles, m.p.x 238° with
gublinotion.

(Pound: C,76,6; e 3.65 1, 20,1 Cy3lsi3 requires
C, 7513 U, 3.5; i, 20.%,.)

In chromatosroaphing this conmpound it is important
not to leaove it on the column for more than ca. 24
hours. If this precoution is not talken, whe eluate
nas the infrored spectrum of an anide and not of a

nitrile.
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