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ABSTRACT

A study of the nmuclear substitution of l-phenylpyrazole by the
radicals liberated from thermal decomposition of benzoyl peroxide has
been underteken, with the object of testing the predictions of
molecular-orbital calculations. Gas-liquid chromatographic anelysis of
the reaction products showed that the three l-biphenylylpyrazoles and
1,3-diphenylpyrazole were present, and the isomer ratios were eveluated.
There was no evidemce for the presence of 1l,4- or 1,5-diphenylpyrazole.

Some nuclearbenzoyloxylation occurs in addition to phenylation,
and a preliminary examination of the reaction products was made. In other
preliminery work, the reactions occurring when benzoyl peroxide decomposes
in l-methylpyrazole and in l-phenylpyrrole were examined.

Certain electrophilic substitutions (bromination and nitration)
of l-phenylpyrasole and l-p-biphenylylpyrazole have been studied.
It has been found possidble to effect changes in the orientation of
substitution by verying the resction comditioms, and an explanation for
this behaviour is suggested.
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PREFACE

Although free radical substitutions of pyridine and
guinoline have been examined in_detail, and phenylations of some
diazines have also been reported, little quantitative work has
been done on other nitrogen heterocyclic'systems. In view of
this fact a study of nuclear substitution of I-phenylpyrazole by
the radieals liberated from thermal decomposition of benzoyl
peroxide has been undertaken; Molecular orbital calculations
predict the free radical attack at 3-(5-) position of pyrazole
ring, but pyrazole 4did nét undergo nuclear substitution, due to
direct interaction of -NH- group of pyrazole (Lynch, B. M. Un-—
published work.). Sinee:some:durtent widws irditate thdtein the
ground state of molecules with linked aromatic nueclei there is
little conjugative interaction, l-phenylpyrazole was chosen for
examination, to test the prediction and study the relative
reactivity of benzene and pyrazole. All the three l-biphenylyl-
pyrazoles (o-, m- and p-) were isolated, in addition to 1, 3-di-
phenylpyrazole. In some preliminary studies l-methylpyrazole
and l-phenylpyrrole were found to be quite "reactive™ towards
free radical attack giving produects which indicate attack by
benzoyloxy radicals and not by phenyl radicals. The results of
various other free radical reactions are embodied in this thesis..

Electrophilic substitutions (bromination and nitration) of

l-phenylpyrazole and l-p-biphenylylpyrazole have also been



studied under various conditions and it has been possible to
effect selective changes in the orientation of substitution. An
explanation of the results is suggested. Ultraviolet and infra-—
red spectra of various compounds prepared during this study are
also discussed.

I am highly indebted& to Dr. Brian M: Lynch for his help-
ful discussions and invalusgble guidance throughout this research
project. I am also grateful to him for providing a Resesgrch
assistantship financed by a National Research Counecil Grante.

I wish to thank the Chemistry Department for & demonstra-—
torship provided during the year 1961-1962, and Misses Dorothy 4.
Chalker and Joni Murphy for assistance with spectrophotometry.

In the Iast I owe my thanks to my parents, who have made
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Section I

FREE RADICAIL SUBSTITUTION IN I~PHENYLPYRAZOLE
AND RELATED COMPOUNDS

4. Introduection

Although free radical -arylations.. of pyridine (1,8)-and
quinoline (1, 2) have been examined in considerable detail, and
phenylation of some diazines (3) has been reported, little
quantitative work has been done on other nitrogen heterocycliec
systems:, This section of the thesis reports and discusses a
study of thg nﬁelear substitution of l-phenylpyrazole by the
radicals liberated by thermal d&ecomposition of benzoyl peroxide.

Molecular orbital caleulations (4) have been carried:out for
pyrazole, and prediet the likely site of radical attack to be
the 3-(5) position. However, direct observation of the
phenylation of pyrazole using benzoyl peroxide is precluded,
s8ince a direct réaction involving the -NH- group of pyrazole
suppre.sses the attack in the pyraszole ring (5). 1-FPhenylpyrazole
was therefore chosen for examination since, current views (6)
indicate that in the ground states of molecules with linked
aromatic nuclei there ibcslittle conjugative interaction. For
free radical substitution processes, with typieally low activ-
ation energies, there would be little electron demand in leading
to increassed conjugative interaction in the traﬁsition atates

of reactions. Thus l-phenylpyrazole is regarded to a first
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gpproximation as two weakly interacting nucleil where the rela-
tive amounts of substitution in each ring may be closely related
to the intrinsic reactivities of the two separate parent

substances.

Be Mechanism of Pormation of Products.

Decomposition of aroyl peroxides in various sromatic sol-
vents has been studied extensively (7, 8) and various mechanisms
of decomposition and arylation have been proposed explaining the
forma:tion of various reaction products (9-13). The kineties of
decomposition were studied in detail by Nozaki and Bartlett |
(13, 14) and Barnett and Vaughen (15). The r:action in moder-
‘ately concentrated solution probably follows the course shown

below, where ArH is an aromatic substrate.

PnCO.; 5 Phe 4 CO,
PhCOy? + Az 5 (PnCOgArH) «
(BnCO A¥H)e 4 PhCOy) 5,  PhCOplx + PhCOoH
Phe + ArH s (PhArH)e

4

(PnArH)* + PhCOy S PhAr + PhCOoH
The higher polymerized products may arise from the successive
dimerization and hydrogen sbstraction of the intermediate
radical (PhArH)%. The formation of diaryls in the course of re-
actidn wag supposed to be due to attack'of aryl radicals on
the substrate forming an adduct, saxyfcyclohexadienyl radical,
and abstraction of hydrogen from this adduct either by aryloxy



radical (16),(as shown above) or by the aroyl peroxide in an
induced decomposition (17):

Phe + AxAd . (PhArH)-

(PhATH)- + (Phcoz)z___) Phar + PhCOoH + PhCOs*

Though the above scheme generally holds good for the
decomposition of benzoyl peroxide in concentrated solution, and
explains and acecounts for all the products isolated, decompo-
sition of benzoyl peroxide in benzene ;n dilute solution leads
to the formation of 1', 4%, 1%, 4"-tetrahydro-p-mua-terphenyl (I)
and 1, 4~dihydrobiphenyX (III) (18), in addition to the products

noted above.

(XK KD OXD
(1) (IT)
The isolation of these products: from the decomposition in dilute
solution confirms the preéence of phepylcyclohexadienyl radiecal
(II) as an intermediate, which by dimerization and dispropor-
tionation leads to the formation of these produects.

This mechanism also explains the formation of biphenylk
and -quaterphenyl. The di- and tetra-hydro products during the
disproportionation of the intermediate radical are dehydro-
genated under the experimental conditions ususlly employed thus
no reduced biaryls are detected. Eliel et al (19) postulated
that 1, 4-dihydrobiphenyl (III) formed by the disproportion-
ation of the phenylcyclohexadienyl radical may give rise to
further biphenyl through dehydrogenation by benzoyl peroxide.



This has now been established; 1, 4-dihydrobiphenyl is in fact

H " N
: . - OO
(4349
dehydrogenated to biphenyl by diaroyl peroxides (20). The
Process requires heat and the dehydrogenating species are thus
presumably the carboxy radical ArCOO¢ rather than the diaroyl
reroxide as such.

The various products obtained in the decomposition of
benzoyl peroxide in l-phenylpyrazole can be explained in termsof
the above genersl schemé for the free radical substitution in
aromatic substrates. Thus, the various products of reaction are
formed in the following manner.

Carbon dioxide. It is generally accepted (10, 11) that

carbon dioxide srises from thermal decomposition of benzoyl per-
oxide.

(PhCOy)p 5 2PhEOy

Ph6Oy ___, Fhe + COp

Phenylated pyrazoles and lst. benzoic acid. If the attack

of phenyl radical, derived from benzoyl peroxide is considered
to take place in the phenyl ring of l-phenylpyrazole, asdduct (IV)
will be formed in the same way as for the attack of phenyl radi-
cal on general sromgtic substrates. This adduet will, in the
same way, give l-biphenylylpyrazoles, either by succesaive
disproportionation and dehydrogenation of the adduct or by hydro-
gen abgtraction.

(PhC0s5) 5 B 2PhCOos

PhCOy —_— Phe + COp



O (KOOI O

Though in the above diagram, attack of phenyl radical has
been shown to take place at the p-position, similar structures
can be written for the attack at o-, and m—- position. Thus
all the three isomeric l-biphenylypyrazoles (o-, m~-, and p-)
would be formed. The presence of éll the three isomers was
indicated by infrared spectra and gas-~liquid chromatography.
The three isomeric l-biphenylylpyrazoles and 1l,4-diphenyl-
pyrazole were prepared from the corresponding amino-phenyl-
pyrazoles by effecting Gomberg arylation on the diazonium
salts of these amines (see exptl. page 31, 29). 1, 3~ and
1,5- diphehylpyrazoles were synthesized using the standard
methods (page 28, 30). 1f£€Biphenylylpyrazole was eluted
first when the reaction mixture of phenylated products was
subjected to adsorption chromatography on alumina. This was
in agreement with the findings of Ward &% al. (21, 22) that
among all isomeric molecules with same number and kind of
functional groups, the sequence of elution is usually the
inverse order of dipole moments. The isomer ratio for the
substitution in phenyl ring alone was remarkably similar to
that of phenylation of anisole by free radicals (o-, 77;

m-, 10; and p-, 13%) (23). The ortho isomer predominated in
botﬁ the cases. The predominance of o- isomer in anisole
may probably be due to + R effect of -OCH3 group carryling a
lone pair of electrons, which may also be the case in
l-phenylpyfazole where 1-N of l-pyrazolyl group also carries
a lone pair of electrons, which may be sufficiently




partly.localized so as to give +R character to l-pryazolylgroup.
When the attack of phenyl radical takes place in the pyrazole

ring, there are three possibilities i.e. at 3-, L-, or 5- position.

The attack of phenyl radical on/;?ﬁ%zdle ring would lead to formation

of adducts (Vj, (VI), and (VII) for 3-, L4-, and 5- position of pyrazole

ring respectively, in which resonance stabilization would occur as follows:

Sdnleakises st aitag )

=

B A PR R TR T

O

for 3- position: : @Q @’*(*— ]

. (L] -
® L o /:N—__F-“ .+l 5 :
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o e
) Ph—
for L~ position:
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for 5- position: - o

P “_(fz__, P — | «—> A—R
| PG A
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)
There are only two of the possible three resonance-structures

involving delocalization of the electrons for 3- substitution, and none

for L4~ substitution. For attack at 3-, and L~ position, the resonance
stabilization involves charge separation (as Wilmarth and Schwartz have
shown that resonance stabiligation of 1, 1- diphenyl-2-benzoyl hydrazyl
radical involves charge separation, the bond between two charged atoms

being a three electron bond (24); with the L- positioﬁ charge separation
leads to a negative carbon atom so would be less significant than for the
three position. If Hhe:relative resonancsd ‘stabilization: fs::asﬁ.umed
$16. ¢ontrol’.the’ observed orienfatidn ithcthépyrazole-ring; "7, o
the most favoured position for the attack would be the 5~ position, for

in this case the electron can either be localized at L~ position or 2-,

in the following manner:

Mec=nNnro <> Ne=¢C—R—

I AT O S TR RS N R P T TN Y
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furthermore there is no charge. separation involved in this case.
However, there was no experimental evidence for the presence of
1, 5-diphenylpyrazole, only 1, 3-diphenylpyrazole could be de-
tected by gas-liquid chromatograpky. Brown's (4) predictions
for the free radicel attack on pyrazole ring suggest the 3-(5-)
position to be most favoured, where both the positions are equiv-
alént and therefore seem to have some predictive value for 1l-
phenylpyrazole; however, the preferred formation of 1, 3-diphenyl-
pyrazole cannot be explained in terms of simple resonance theory.
From the isomer ratio of the phenylated produets it is inter-
esting to note that ortho position of the phenyl ring and 3-
position of pyrazole ring are equally reactive towards free radi-
cal attack.

Free ﬁenzoic acid was formed in the usual manner in the
dehydrogenation of the adduet by an attack of free benzoyloxy
radicals to give the stable phenylated products and benzoic acid.

Phenolie products and 2nd. bemzoie acid. These were pro-

duced wher benzoyloxyphemylpyrazole:was hydrolyzed. Benzoyloxy-
phenylpyrazoles arise in the same menner as phenylated products,.
the attack in this came was by free Berzoyloxy radicals derived
from the decomposition of benzoyl peroxide. The phenols obtained
from benzoyloxyphenylpyrazoles hydrolysis were methylated and the
infrared absorption spectras markedly resembled those of l-9-, &nd
l-p-methoxyphenylpyrazoles. Further work is necessary to eval-

uate accurgste isomer ratios. The 2nd. benzoic acid was obtained

from the same hydrolysis.



C. Free Radical Substitution in 1-Phenylpyrroles.

The main products from the decomposition. of 5enzoy1 per-
oxide in l-phenylpyrrole were a benzoyloxy l-phenylpyrrole, m.p.
700, and benzoic acid. No evolution of carbon dioxide was de-
tected andfiﬁglsibichinme¢fy?h£ the: reaction’ is largely,

(PhCO3) 2+ PhCyHuN SN ;PhOQg-(PhG4H4N) *-PthgE
These results indicate that l-phenylpyrrole is highly reactive
towards free radicals since the benzoyloxylation-phenylation
ratio ean be used as an index of resctivity (25). The site of
benzoate radical attack is almost certainly in the pyrrole ring,
and probably at the 2- position (ef. l-ethoxycarbonyl pyrrole
which is phenylated at the 2- position by the standard sources of
free radicals (26)) Radical attack at the 2- position is pre-
dicted by molecular orbital calulations (4). The infrared spec-
tra of the benzoyloxy-l-phenylpyrrole shows atrong carbonyl
stretching absorption at 1749 cm-l‘(Kcl disk) indicating that the
henzoate group is linked through its non carbonyl oxygen to &
carbon atom having bonds of high orger (cf. vinyl esters)c=§—0-
COR, which shows carbonyl absorption in the region 1770-1800 ‘cm“'l
(27). Benzoate esters of normal phenols show absorption at lower
frequencies (e.g. phenyl benzoate~v601735 em™ (RCL disk)k

Further supporting evidenece for attack in the pyrrole
ring is provided by the results of saponification of the estere.
Benzoic scid and a tarry residue were obtained. The presumed

hydrolysis produet (1-phenyl-2-hydroxypyrrole would be expected
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to be unstable to alkali (2-hydroxypyrrole resinifies within

24.hours on keeping (28).

It seems likely therefore that the product of benzoyl-
oxylation of l-phenylpyrrole is 2-benzoyloxy-l-phenylpyrrole;
this system thus resembles the thiophene/ benzoyl peroxide
reaction where 2-thienyl benzoate is obtained (29).

Synthesis of 2-benzoyloxy-l-phenylpyrrole would offer
great difficulty, and proof of structure was therefore
attempted ﬁsins nuclear magnetic resonance spectroscopy. How-
ever, the N. M. R. spectrum was very complex, and indicated
the possibility that the substance, m. p. 70° was actually a
mixture (30). ' |

D. Decomposition of Bis (4-Carbonyl-l-Phenylpyrazole)-Peroxide

in Benzene and Toluene

The behaviour of'the peroxide resemblég that noted for
other heterocyclic peroxides (29, 31) in that no products of
arylation of benzene or toluene were obtained. Thehigh
yields of l-phenylpy?azo;§e4-carboleic acid Obtained (1.55
moles / mole of peroxide)'indicate that the radical (VIII)
tends to abstract.hydrosen in preference to decérboxylating
and thus effecting arylation. In confirmation, bibenzyl
was readily formed on reaction of the peroxide with toluene.
The presence of an ester m. p. 95-97° in the decomposition
of the peroxide in benzéﬁe also indicates the nuclear attack

by radical (VIII), though the ester was not isolated in
significant quantities.

=03

{v111)
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It has been suggested (29, 31) that aroyloxy radicals
derived from heterocyclic peroxides owe their stability to a
form of zwitterionic resonance, e.g. for the l-phénylpyrazole-
4-carbonyl radical (IX) and (X). This zwitterionic resonance
would, however, involve the disruption of the aromatic sextet

of the pyrazole ring

[+
0 V/
& ~/

(1x) (X)

B. Decomposition of Benzoyl Peroxide
in l-Methylpyrazole.

Once again, no products of nuclear phenylation were ob-

tained, and the yields of free benzoic acids were)l mole (1.24
mole/mole of benzoyl peroxide)., Low yields of material showing
strong infrared absorptions at 1740 and 1770 cm°1 (esteryeo) and
bands at 700, and 760 and 800~ % (benzoate groups) were ob-
tained. These results indicate that l-methylpyrazole is benzoyl-
oxylated by benzoyl peroxide and can be therefore classified as
a "reactive" substrate, however a more detailed study of the re-
action is obviously necessary.

Reaction of benzoyl peroxide with 2-phenyl - 1, 2, 3,-2H tri-
azole has also been studied by Lynch (5), and a benzoyloxylated
product isolated. Thus 2-phenyl,-l, 2, 3,-2H triazole can also be
classified as a "reactive substrate" in the same way as l-methyl-

pyrazole and l-phenylpyrrole.
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Section II
NITRATION AND BROMINATION

. A. Introduction
The eléctrophilic substitution resctions of l-phenylpy-
razole (I) have been reviewed in standard treatises (32, 3%, 34).
Two paxterhs appear to be followed: attack occurs prefefentially
in +the 4-posifion of the pyrazole ring, or in the para position
of the phenyl ring. Disubstitution oeccurs readily, so that
apparently the two positions do not differ greatly in reactivitye.

(r)
Thus, bromination in inert solvents yields 4-bromo-l-

phenylpyrazole and then 4=bromo-l-p-bromophenylpyrazole (35, 36)s
3-methyl-l-phenylpyrazole reacts similarly (37). Chlorination
follows & similar course (38), while chloromethylstion yields 4-
chloromethylsl-phenylpyrazole (39), end formylation with dimethyl-
formamide-POCls yields 4-formyl-l-phenylpyrazole (40). Mercura—
tion using mercuric acetate gives 4-acetoxymercuri-l-phenylpy-
razole (39),which reacts with lead thiocyanate to give l-phenyl-
4-thiocyanopyrazole. Friedel-Crafts (41), 42) or thermal aeyla-
tions give 4-aroyl-l-phenylpyrazoles (43).

However, nitration of l-phenylpyrezole:with mixed acids
introduces the first nitro group into the benzene ring (44-46) 3
Finar and Hurlock (47) have clarified the course of these re-
sctions, and have shown that the initial product at 0° is 1-p-
nitrophenylpyrazole although further substitution occurs readily




to yield 4-nitro-l-p-nitrophenylpyrazoles at 1000, 1-(2, 4~
dinitrophenyl)-4-nitropyrazole is formed. Nitration of 4-bromo-
3-methyl-l-phenylpyrazole (37) and S5-chloro-3-methyl-l-phenylpyr-
azmole (46) similarly results in attack at the para-position of
the phenyl group. Sulphonstion of 3-methyl-l-phenyl-5-pyrazolone.
similarly introduces the substituent into the paras-position of
the phenyl group (48).

Thg orientation iof nitration can be varied, however;

Dal Monte et al (49) report thet I-phenylpyrazole gives 4-nitro-
X-phenylpyrazole with nitric acid in acetic anhydride below 5°,
althovgh no yieids were reported. This behaviour resembles that
noted with l-phenylpyrrole(II) (50).

In the present work, brominations and nitrations of
I-phenylpyrazole hsve been studied under varying conditions, and
it has proved possible to effect selective substitution in either
the phenyl group or the pyrazole nucleus, An explanation of the
results is suggested, and the selective conditipna:should be
generally applicable to substitution in phenylezoles. In an

extension of this work, the structures of the bromination and

nitration products of 1l-p-biphenylylpyrazole (III) were estab-

O-a OO

(1) )

lished.

Ultraviolet and infrared absorption spectra of the various
compounds are of considerable assistance in establishing and

agsigning structures, and certeain features of these are dis~
cussed.
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B, Nitration and Bromination of l-Phenxlgxrazole.

The behaviour of l-phenylpyrszole on nitration in differ-
ent solvents could be ascribed to differing selectivity of the
attacking reagents employed for nitration. In nitric acid/sulphu-
ric acid, nitronium ion (NO%) is the attacking entity (51), while
it appears that protonated acetyl nitrate (GH3CO.5EN02:or OHBCngOZ)
is the reactive species in solution of nitric acid in acetic
anhydride (52). Similarly, in bromination, molecular bromine
leads: to substitution at the 4-position while bromination in sul=-
phuric acid in the presence of silver sulphate (so called positive
bromine) lesds to substitution in the p- positdon in L-phenyl-
pyrazole (see emptl. page 51 ). Here too, the difference in
orientation could be due to different selectivity of reagents.
However the electron demsities at the 4-position and at the p-
position in l-phenylpyrazole apparentlyAdo not differ greatly
and are both electron deficient with respect to a bHenzene ring
(relevant pKe values (@ 25° in water): 4-amino-l-phenylpyrazole
cation, 3.22£0.05; L-p-eminophenylpyrazole eation, 3.4210.20;
gnilinium ion, 4.58; (@ 25° in 1:1 ethanol/water) l-phenylpyra-
zole -4-carboxylic acid, 5.22 T 0.03; p-lepyrazolyl benzoic seid,
5.32 Y 0.03; and benzoic acid, 5.67 (53). This is consistent
with the facts that further substitution occurs readily both i
nitration (47) and bromination (smee exptl. page 51 ).

Sinece no conjugative interaction involving eleétron
traqgfer from a. phenyl substituent can be written for l-phenyl-

pyrezole, this compound can therefore be regerded as a pyrazole

N
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substituted by a -I substituent at the l-position. Brown's (4)
calculations of localization energies for atfack by an electro-~
philic reasgent at various positions in pyrazole ring prediet that
the 4~position is the most reactive; furthermore the localiz-
ation energy at 4-position is lower than any position in benzene
or biphenyl. The relevant values are: benzene,-2.54?; 4-biphenyl,
~2.44p; pyrazole, h=0.5, approx.-2.13; h = 2.0, gpprox_-z_4p,(h is
relative electronegativity parsmeter). The -I effect of the
phenyl group weuwld not be expeéted to alter the values markedlye.
However, the behaviour of l-phenylpyrazole (I) on nitra-
tion with nitric acid/sulphuric acid and bromination in sulphu-
ric acid in the presence of silver sulphate, when substitution
takes placeonnrthe p-position of phenyl ring can not be explained
by localizationwnergy-catculaltions: alone. The'varying orienta~
tion in nitration and bromination.under different conditions
thus resemble that noted with l-phenylpyrrole (50). It is very
likely that the differenée‘in orientation in strongly aci@ic
medium results from protonation of l-phenylpyrazole to yield the
conjugate acid (IV), .in> which the pyrazole ring would be deacti-
vated towards electrophilic attack. It is'mosm likely that simi-
lar kind of change in orientation can be effected in other éryl
azoles and similar behaviour would be expected in the chlorina-

tion and iodination of l-phenylpyrazole as well as other arylazoles.

;

(V)

N
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C. Nitration and Bromination of l-p- Biphenylylgxrazolé.
Predicfion of the orientation of electrophilic substitu-.
tion in l-p-~biphenylylpyrazole (V') is not st;aightforward, the
l-pyrazolyl group could act as a -I, +R deactivating substituent,
leading to ortho-, para- substitutioﬁ in riﬁg (A). eimilarly to
4-fluarobiphenyl (54); or as an activating substituent of the
same type, leading to substitution in the central ring (B) (cf.
4~gcetemidobiphenyl (55-58), or substitution in the pyrazole
ring (C) may still predominate, as for the attack of electrophils

on the neutral molecule of l-phenylpyrazole.

< v 4

A Y c
)
Following the same reasoning as for l-phenylpyrazole, the

 4-position of the pyrazole ring (G in V') will be the most likely
site of attack by electrophilic reagents, as the localization
energy at the 4-position of pyrazole is less than that of any
position in biphenyl. This was in sgreement with experiment.
Bromination by molecular bromine and nitration by nitric acid in
acetie anhydride led to the formation of 4-substituted 1-p-bi-
phenylylpyrazoles. Although the structure was not proved the
product of molecular bromination of l-@-biphenylylpyrazole also
indicated the substitution in the 4-position of pyrazoke: ring.
The product obtained from this bromination was: found to be ident-

ical (infrared and ultraviolet spectra) with one of the productg,
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formed in the decomposition of benzoyl peroxide in 4-bromo=-l1-
phepylpyrazole.

The gtructure of the monob®omo compound obtained in the
molecular bromination pf l-p-biphenylylpyrazole was established
by an unambiguous synthesis using the route 4-bromo-l-phenyl-
pyrazole-94-hromo-l-gpnitrophenylpyrgzole-—?l—y-aminopheny1-4-
bromopyrazole=—pl-p-biphenylyl-4-bromophenylpyrazole. The
product of bromination of lI-p-biphenylylpyrazole was identiecal
with 1-p-biphenylyl-4-bromopyrazole, obtained as above (mixed m.p.,
ultraviolet and infrared spectra). This compound was also found
to be identical with l-p-biphenylyl-4-bromopyrazole isolated
from the decomposition of benzoyl peroxide in 4-bromo -l-phenyl-
pyrazole. 4-Bromo-4'-(l-pyrazolyl)-biphenyl was obtained from
the decomposition reaction of bistp-bromo benzoyl) peroxide in .
1-pheny1pyrazoie and was found to be different from the broming-
tion productofil=-p-biphenylylpyrazole (mixe@.m.p., infrared ab-
sorption spectrum showed the absence of a pair of strong bands
at ca 690 and 760 cm‘l, which are characteristic of an unsubsti-
tuted phenyl ring in l-phenylpyrazole series, but these were
present in the bromination produet of l-p-biphenylylpyrazole).

An attempt was made to brominate l-p-biphenylylpyrazole
in sulphurie acid in the presence of silver sulphate, but a
syrupy ligquid resulted. This can =21so be explained if the proto-
nation of pyrazole ring (C) directs attack &t biphenyl ring giving

a mixture of products.
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Bromination of p-di-(l-pyrazolyl)-benzene by bromine in
chloroform gave = dibromo product, presumably p-di-(4-bromo-i-
pyrazolyl) -benzene. |

Nitration of l-p-biphenylylpyrazole with nitric acid in
acetic anhydride gave a mononit®a product which is probably 4-ni-
tro-p-biphenylylpyrazole, while nitration withiaitric acid/sul-
phuric acid leads to a mixture of products and.pblysubstitution
from which no single substance could be isqlated. The strue-
ture of the product obtained from nitriec acid/acetic anhydride
nitration of l-p-biphenylylpyrazole (assumed to be 4-substituted)
is based on the analogies between the ultraviolet and infrared
spectra of the product and 61‘4<nitro-1-phenylpyrazole.

Similaerly p-di-(l-pyrazolyl)-benzene on nitration with
nitric acid in acetic'anhydride gives a mononitro product (pre-
sumably l-(l-pyrazolyl), 4-(4-nitro-l-pyrazolyl)-benzené). The
strueture of this produect can also'be deduced from the infrared
gtudies of this product.

D. Asgignment of Structure from Infréred and Ultraviodet

Spectra of Nitroamylpxrazolesz the Nitration Broduct of

l-p-Biphenylylpyrazole in Acetic Anhydride:
The positione of the N-0 stretching frequencies, in

conjunction with the presence of strong bends at ca. 690 and
760 cm."l a@s observed with monosubstituted benzenes (27 Page 77),
can be used to charmcterize the various nitrophenylypyrazeles,

and thence to indicate that the structure of the mononitration



ey s e -

18

product obtained from the nitric acid/acetic amhydride nitration
of l-p-biphenylylpyrazole is l-p-biphenylyl-4-nitropyrazole.
The relevant bands in the infrared spectra are summarized in the

Table.

Compound Abaorptj.on be tween )1/;_0 sym &v )/I; _oasyn x
650-90Q cm.~1 % cm.=% cm.. =1
1~6<nitropheny}pyrazole 750, ;Zg, 1371 1545
l-m-nitrophenylpyrazole 738, 762 1355 1535
l—g—nitrophen;ylpyra:‘zol'e' 765, 852 1341 1527
4-nitro~L-phenylpyrazole 69Q,751, 1325 1545
770, 820
1-(2, 4-dinitrophenyl) 740, 780, 1345 1530
Pyrazole 832 1545
1555
4-bromo-l-p-nitrophenyl- 750, 855 1340 1527
pyrazole
mononitration product of 692, 748 1325 1541
l1-p-biphenylylpyrazole 765, 820
mononitration product of 748, 818 1324 1542
p-di(l-pyrazolyl)benzene 832

% All strong bands.

gimilarly, the ultraviolet spectra of thevwarious nitrophenyl-
pyrazoles are characteristics 4-nitro-l-phenylpyrazole is the
only isomer having two absorption maxims of approximately equal

intensity above 220 mi.
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The presumed l-p-biphenylyl-4-nitropyrazole also exhibits
two maxima, displaced bathochromically ca. 30 mMi. The results

are shown in the Table:

ULTRAVIOLET ABSORPTION SPECTRA OF NITROPHENYLPYRAZOLES
Solvent: 95% ethanol

Compound Am&x . (ma) log &
l-phenylpyrazole 252 4.13%
l-o-nitrophenylpyrazole 238, 300 4.18, 3.27
l-m-nitrophenylpyrazole 250 3.88
I-p-nitrophenylpyrazole 318* 4.29
4-nitro-l-phenylpyrazole 228, 295 4,11, 4.07
4-bromo-l-p-nitrophenyl-— 315 4,21
pyrazole
l1-p~biphenylylpyrazole 280 4.50

mononitration product of
1-p-biphenylylpyrazole 265, 315 4.06, 4.08

% in c¢hloroform solution.

|
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Section III
FORMATION OF CARBAZOLE AND BIPHENYL IN CYCLIZATION
0F 2-HYDRAZINGBIPHENYL

While attempting to eyclize 2-hydrazinobiphenyl with 1,
1, 3, 3-tetramethoxypropane in the presence of concentrated
hydrochlorie aecid and ethanol, expected l-o-biphenylylpyrazole
was not obtained but instead carbazole and biphenyl were iso-
lated in fair yield. In a similar manner, from 3-hydrazincbi-
phenylcyclization Biphenyl was isolated as a by-product of the
reaction.

Carbazoles have been prepared by Fischer Indole synthesis
and other processes such as from 2, 2'-diaminobiphenyl, Z-azido-
biphenyl, and @-eminophenylemedismine etc. (59). but there sSeems
to be no reference of formation of carbazole through 2-hydrazino-
biphenyl. A possible route for the formation of carbazole from
2-hydrazinobiphenyl is suggested below. |

It has recently been reported (60) that carbmzple is
formed in 76% yield when deoxygenation of 2-nitrosobiphenyl by
triethyl phesphite is carried out. The formation of carbazole
involves an azene radical analogous to that formed during the
decomposition of 2~azidobiphenyl (61). In the course of present
work the reactions were carried out in the presence of concent-
rated hydrochloric acid which may protonate the nitrogen, which
under the experimeﬁtal conditions (on heating) will evolve

<+
ammonia leaving behind an electron deficient nitrogen -QH which

A
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presumably attacks @-position of the other phenyl ring to give

ecarbezole. :
== 28]
+ o~ +H

Nih At N“Nu H H ;

The formation of blphenyl is not readily explained and
further work is necessary to elucidate the process by which it

arigses.
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EXPERIMENTAL

General

Analyses are by the Schwarzkopf Microanalytical Laboratory,
Woodside, N, Y., U. S, A,

Melting points were observed using a Fisher-Johns melting
point block, and are uncorrected.

Infrared spectra were recorded for the 650-2150 cm."1
region using a Unicam SP 100 Spectrophotometer equipped with an
SP 130 grating accessory; solid samples were examined using the
potassium chloride disk technique, and liquids as capillary films
between potassium chloride plates.

Ultraviolet spectra were recorded in 95% ethanol using a
Beckman DE-2A Ratio-recording Spectrophotometer.

Gas-liquid partition chromatographic analyses were made
using a Beckman GC-2A Gas Chromatograph.

Alumina (80-200 mesh; Fisher Scientific Company) was
used for adsorption chromatography.

Potentiomeéric determinations of dissociation constants

were made by using a Beckman Zeromatic pH Meter,
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Section I

REFERENCE COMPOUNDS

Al 1-Substituted-Phenylpyrazoles by Cyclizatiofit :

Certain l-substituted-phenylpyrazoles were prepared using
tt. method recommended for l-phenylpyrazole by Finar amd Hurleck
(1). In each case an eguimolar mixtere of 1, 1, 3, 3, tetrameth-
oxXypropane (Métheson, Coleman, & Bell) and the appropriate
substituted hydrazine hydrochloride was heated under reflux in
dilute solution in ethamnol (2hr.). The ethanol was removed
under reduced pressure, and the residue taken up in water and
neutralized with sodium earbonate. The reaction mixture was
filtered to remove precipitated sodium chloride, and residue and
filtrate were thoroughly extracted with ether. The ether ex-
tract was dried (Na2804), the ether was removed, and the residue
was distiiled.

In the preparations of the isomeric l-nitrophenylpyrazoles,
and of l=-p-tolylpyrazole and l-p-carboxypyrazole, the reaction
mixtures were poured onto ice after completion of heating, and
the erude products thus obtained were crystaliized from 95%
ethanol. Thé following pyrazoles were obtained:

(Cone. HCl was used only in sufficient amount to convert the
hydrazine into hydrochloridé and & slight excess of HCl was

present in all cyclizations.)
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1-Substituent m.p./'b.p.t Yield (%)c Reference
f [Methyl 127° (127°) 20 (1) ]
E  Phenyl 246° (107°/Tmm.) 178 (1z)
00%/2mm, nf51.5957 -
E-Bmomophenyla 760 | 70
p-carboxyphenyl 268’o -
2, 4-Dinitrophenyl 107° (109-110) - (1)
g-Methoxyphenylb 2802282° n%?l.58826 -
o-Nitrophenyl 88-89° (88-89°) - (1)
n-Nitrophenyl 74-75° (94-95°) - (1)
" and 94-95°(polymorphic forms)
p-Nitrophenyl 169-170o | (169-1709) - (1)
p=Tolyl 32-33  (32-33 ) - (1a)
258°

8. Analysis: Calculated for C§H7NéBr ~ C, 48.45; H,
3.16%. Found:C, 48.703 H, 3.34%.

b. Analysis: Calculated for OjgH;oN.6 - C, 68.95; H,
5.79%0 Found: @, 69.15; 5.98%. '

¢c. Yields not recorded were nearly theoretiecal.

x Boiling points are underlined. ILiterature values are
in parentheses..

B. Diphenylpyrazoless
ae._ s 3-Diphenxlpyrazole; Claisen and Fischer's method

(2) was found to give 1, 3-diphenylpyrazole. The sodium salt of

hydroxymethylene-acetophenone was prepared by reaction of ethyl
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. formate (112 g.) with acetophenone (120 g.) in ethanolic sodium
ethoxide. 108 G. of sodium salt (6%%) was collected by filtra—
tion. '

A portion (20 g.) of the sodium salt was suspended in
ether (200 ml.), and hydroxymethylene acetophenone was liberated
by acidification with 6N sulphuric acid.

Phenylhydrazine (12.7 g.) was added to the ethereal solu-
tion and the mixture heated under reflux (2 hr.). The ether was
removed under reduced pressure and the residue vacuum-distilled.
The hydrazone was removed at 2000/30 mm., and the residue was
crystallized from ethanol giving 1, %-diphenylpyrazole, m,p.'85o
(1it. 84—850(35)). (Ultraviolet absorption: A max:280 my, 285 my;
logf, 4.36, 4.34 alao infrared absorption. See Table Page 38).
Although Claisen and Fischer obtained 1, S5-diphenylpyrazole by
distillation of the hydrazone at 3300 at normal pressure, this
isomer was not obtained under the conditions used in the present
work.

b. 1, 4-Diphenylpyrazole. 4-Nitro-l-phenylpyrazole (10 g.)

(from nitration of l-phenylpyrazole in acetic anhydride, see page
48) was reduced using tin and hydrochloric acid, yielding 4-
amino-l-phenylpyrazole (8.0 g., 95%, m.p. 104-105o (1it. 104~

105° (4). The amine was diazotized, and the diazonium salt-solution was
stirred with benzene at Oo, after buffering to pHS with sodium
acetate (5). Thé mixture was allowed to reach room Hemperature

and the organic layer was chromatographed on alumina. Evaporation
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of the eluate, followed by crystallizationd the residure from ethanol, gave

1, 4-diphemylpyrazole (3.5 g., 32%), m.p. 97  (1it,97° (6).
Analyses: Calculated for CygHioN,: C, 81.80; H, 5.50%. Founds
C, 8l.72; H, 5.50%. Ultraviolet absorption: A max.: 262 mA
log€, 4.28.

c. 1, 5-Diphenylpyrazole. Panizzi and Monti's method (7)

was used. To an agueou& solution of the sodium salt of hydroxy—
methyleneacetophenone (34 g.), aniliné acetate (31 g.) was added
with stirring. The yellow precipitate was collected, giving the
anil m.p. 143° (1&t. 140-141°(7) (34.8 g.,78%).

The anil (30 g.), 1ON hydrochlorie acid (15 ml.), phenyl-
hydrazine (17.4 g.) and ethanol (400 ml.) were heated under
reflux (2 hr.). The ethanol was evéporated and the residue di-
luted with water, acidified to pH3, and extracted with ether.
Evaporation of the ether extract yielded an oilk, which on distill-
ation at 205—210°/ba 30 mme, solidified to give 1, 5-diphenyl-
pyrazole (10g., 38.3%), m.p. 500, raised to 550 (1it. 55-56° (8)
by crystallization from 1l:1 ethanol/water. TUltraviolet absorp-
tion: A max., 240 M3 logg, 4.18.

C. 1l-Biphenvlvlpvrazoles.

Two routes were emploved in preparing these compounds:
(a2) Gomberg arylation of benzene using the diazo-compound de-
rived from the l-aminophenylpyrazoles, and (b) cyclization using

the hydrazinobiphenyls and 1, 1, 3, 3-tetramethoxypropanef
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. Method (2). The variousA1-aminopheny1pyrazoles were
obtained by reduction of the l-nitrophenylpyrazoles by tin and
hydrochloric acid. The smines were diazotized, and the diazo
solutions were stirred with excess of benzene at Oo, after buffer-~
ing to pH5 with sodium acetate, and allowed to reach room +temper-
ature. After 3 hr.,; evolution of nitrogeﬁ ceased, and the benz-
ene iayers were separated and chromatographed on alumiha. After
evaporation of benzene, the products were iéolated by crystall-
ization (para-isomer) or distillation. |

The following l-biphenylpyrazoles were obtained:

. 3 Analyses: Found#
1-Substituent = M.p./b.p. Yield (%) C H N
o-Biphenylyl- 332-354°  33.3 - - 13.23
m-Biphenylyl-— 330-332" - 81.84 5.72 -
a2’ 1.65035
p-Biphenylyl- 125-126° 53 82 .00 5.55 13.00

% B.p's are underlined.
' i s .80; H, 5.50; N, 12. .
# Ei5H12N2 requires: C, 81.80; 5.503 72%
ULTRAVIOLET ABSORFTION

(mH)
1-Substituent Amax logs
Q-Biphenylyl- 233 4.35
m-Biphenylyl- 250 4.38

p-Biphenylyl- 280 4.50
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Method (b): The appropriate aminobiphenyls were diazo-

tized and reduced to the corresponding hydrazinobiphenyls using
stannous chloride (é)- The hydrazines were then eondensed with
1, 1, 3, 3-tetramethoxypropane and worked up in the usual menner
(ef. page 27). The meta- and rara-hgdrazinobiphenyls smoothly
gave fairly good: yields of the corresponding l-biphenylylpyra-
zoles, identical with the products obtained from the Gomberg
reactions (cf. above); biphenyl was isolaxed from the cycliza-
tion of m-hydrezinobiphenyl.

| However, the reaction with o-hydrazinobiphenyl gave biphe-
enyl and carbazole as the only produets. (Identified 5y MeDeS,

mixed m.p.s and IR. and UV. spectra).

D. 1-p-Methoxyphenylpyrazole.
J-p-Methoxyphenylpyrazole was prepared as follows:

l-p-aminophenylpyrazole (8.5 g. obtained from I-p-mitrophenyl-
pyrazole by reduction with tin and hydrochloric acid) was diazo-
tized in the usual manner (10). After the diazotization was
complete the diazoniﬁﬁﬁsélt 'solution.was’ boiled-with excess of water
until evolution of nitrogen ceased (3 hr.), l-p~-hydroxyphenyl-
pyrazole (4.1 g., 48.2%) was obteined by standard methods. 4
portion of hydroxy eompound was methylated with dimethyl sul--

phate and alkali, yielding l-p-methoxyphenylpyrazole (18.4%),

mep. 33-35°. (Iit. bep. 138-142° (14).

BE. p-Di-(1l-pyrazolyl)-benzene.

l-p-aminophenylpyrezole (20 g., from l=-p=-pitrophenylpy-
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razoie) was converted into the corresponding hydrazine, m. p.
83° (17.3 g., 79%) by stannous chloride reduction of the
diazonium compound (cf. page 32). 1-p-Hydrazinophenylpyrazole
(15 g.) was then condensed with 1, 1, 3, 3-tetramethoxypropane
in the usual manner. The product was collected and crystallized
from ethanol, giving yellow-orange plates (8.8 g., 50%) of
p-di-(l-pyrazolyl)-benzene, (I) m. p. 180-182°. Analysis:
Calculated for CioHyoNy: Cy 68.55; H, 4.79; N, 26.65%.

Found: C, 68.76; H, 4.83; N, 26.51. Ultraviolet absorption:

A max. 283 mn ;3 log€ 4.37.

oG

(1)
E. Phenylpyrazole Carboxylic Acids and Derivatives.

(a) l-Phenylpyrazole-4-Carboxylic acid. This

compound was prepared from 4-formyl-l-phenylpyrazole (11)
by oxidation with alkaline potassium permanganate. The acid
obtained had m. p. 220° (1it. 221-222° (11). Analysis:
Calculated for CloHBNZOZ: Cc, 63.82; H, 4.28%. Found: C,
63.98; H, 4.55%. pKa in 1l:1 ethanol/water at 25%°: 5.22
¥ 0.03.

(b) 1-p-Carboxyphenylpyrazole. This compound was

also prepared by alkaline permanganate oxidation of l-p-
-tolylpyrazole (see page 28), when the acid, m.p. 268-270°
(decomp.) was obtained. Analysis: Calculated for C,,HgN,0,:
c, 63.82; H, 4.28%. PFound: C, 63.82; H, 4.47%. pKa in 1:1
ethanol/water at 25°: 5.32 ¥ 0.03.
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(¢} Bis-(l-phenylpyrazole-4-carbonyl)-peroxide. The

method recommended by Vogel (10) was used. l-phenylpyrazole-4{-
carboxylic aecid (20 g.) was converted into.the acid chloride by
thionyl chloride, and reacted with alkaline "30-volume" hydrogen
peroxide at 5%, The precipitate was collected and dried, and
reprecipitated from solutionim chloroform using ice cold
methanol. The peroxide (14.7 g.v74%) had m.p. 136-138° (decomp.),
infrared absorption due to)f601768 cm.-l.

(d) _4-ethoxycarbonyl-l-phenylpyrazole. This compound,

m.p. 79-80°, was prepared from l-phenylpyrazole—4i~-carbonyl
chloride by a standard procedure (9).
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Section II
REACTIONS OF AROYL PEROXIDES WITH
HETEROCYCLIC SUBSTRATES
Generel Procedwyre.

The gemeral procedure adopted was that used by Lynch and
Pausacker (12), with slight modifications in some cases. The
appropriate peroxide was: heated in different substrates at a
temperature of ca. 80o for{(SO hr. The reactions were carried
out in a round bottomed finger flask fitted with an efficient
water econdenser. After reaction was complete, the reaction mix-
ture was allowed to cool to room temperature and diluted with
benzene. The benzene solution was extracted thoroughly with
saturated sodium hydrogen earbonate solution. The extract was
acidified with 6N hydrochloric acid and extracte&'with ether;
the ether extrsct was dried‘(Na2864), f£iltered and the ether
distilied off yielding benzoic acid (referred to as lst. Benzoic
acid). Benzene and excess of substrate were removed under re-
duced pressure from the benzene solution, and the residue was
heated under reflux overnight with 10% sodium hydroxide in
ethanol (100 ml.). Ethanol was removed under reduced pressure
and the residue was extrécted with ether and with water. The
ethereal layer was reserved (extract A), and the aqueous layer
was acidified with 6N hydrochloric acid and extracted with ether
(extract B). Phenols and an additional guantity of benzoic acid

(referred to as 2nd. benzoie gcid) were obtained from the extract

by standaerd methods. Extract (&) was dried (NegS04) gng the

§



36

ether removed. The residue consisted of arylated products from

the decomposition of the peroxides in different substrates.

A number of aroyl peroxides were decomposed in various

substrates and the reection mixtumes obtained were worked up as

described above. The results of these reactions are in the

following pages:

A. Deéomposition of Benzoyl Peroxide in 1-Phenylpyrazole.

Benzoyl peroxide was allowed to decompose in l-phenyl-

pyrazole at 800. The reaction mixtures were worked up as descri-

bed above. The following results were obtained:

(The values in parentheses correspond to molar quantities.)

Experiment No. 1 2 3
Benzoyl peroxide (g.) 20.0 20.0 16.0
l-Phenylpyrazole (g.) 100.0 100.0 80.0
Reaection time (hr.) 94 137 140
;st. Benzoiec acid (g.) %8183) %8:36) g:gz
Pad. Bemsolo motd (&) By (i (0-15)
Fhenols (e-) (8:31) (%:gz) (%ﬁg)
Phenylated products (g.) (8%15) (8:15) (8:23)
; ;Biggigglpyra— (g.) - 0.70 0.65

In separate experiments, benzoyl peroxide (10.0 g.) wWas

4
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allowed to decompose in l-phenylpyrazole (100.0 g.) at 840.
Carbon dioxide evolved (610 ml.) was collected in a gas burette
at 758 mm pressure and 26°. This was equivalent to 1.10 g.,COz.
(0,61 mole/mole peroxide).

(2) _Infrared exsminastion of phenylation products: The

infrared absorption spectra of the six possibie phehylation
producta of l-phenylpyrazole were recorded. The bands in the
650-1650 cm.-l are reproduced in the table, (p.?B-41) together with th§
infrared spectum of a typical reaction mixture. It is evident
that virtually all the absorption bands in the mixture can be
accoubted for by the bands due to the l-o~, l-m-, and l-p-biphen-
ylylpyrazoles, and to 1, 3-di-phenylpyrazole. Little indication
of the presence of 1, 4- and 1, 5-diphenylpyrazole is given,
although the spectra of all the isomers are fairly similar, amd
the possible presence of these compounds can not be excluded from
the spectra alone.

As the infrared spectra were of not much help to calculate
the isomer ratio, the phenylation products from the above experi-
ments were subjected to gas chromatography for the calculation of

isomer ratios.
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INFRARED SPECTRA - PHENYLATED 1-PHENYLP¥RAZOLES

r

X 2 3 4 5 6 7
Reaection 1-_q-b-ipheny1-t l-m l-p 1, 3-diphenyl- 1,4-diphenyl- 1, 5-diphenyl-
mixture ylpyrazole pyrazole pyrazole pyrazole

660w 660w 655w 660w
680w 680w 680w 674w
690s 6868 688s 6868
695vs
- P02vs T00s 698s. 700s L YT00w T01s
760vs, br 763ve 760vs  T63vs 755vs. 755VS; T55vs,
‘ 760s 765vs
790w 790m
804w
834w
845w 845w 840w 840s
86Tw
886w 885w 890m 887w 880w
906w 904w
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INFRARED SPECTRA - PHENYLATED 1-PHENYLPYRAZOLES

(continued)

1 2 3 4 5 6 7
Reaction l-g-biphenyl-ﬂ 1-p_1t l-p 1L, 3-diphenyl- 1, 4-diphenyl- 1, 5-diphenyl-
mixture  ylpyrazole pyrazole pyrazole pyrazole
920w 920w 915w 915m 925m
942s 942s 943s 940s 941m
955m 956m 959vs 960s
1010w 1013w 101.0m
1025w 1828w 1020w 1022w 1031w .

1040m
1054m 1050m 1050s: 1052m 1650m
1065w 1061s 1064w
1075w 1070m
1078w 1078w 1080w 1080w
1095w
1108w 1110w . - 1107w
1125m  112%w 1118w 1130m

r



40

INFRARED SPECTRA - PHENYLATED 1-PHENYLPYRAZOLES

(eontinued)

1 2 r 3% 4 5 | 6 1
Reaction l-o~biphenyl- 1-m l-p 1, 3-diphenyl- 1, 4-diphenyl- 1, 5-diphenyl-
mixture ylpyrazole pyTrazole pyrazole pyrazole
1138w 1138w
1162w 1164w 116%w 1168w 1155w

1184w
1203%m 1204m 1200m 1200w 1208m
1226m
1270w 1269w I27%w  1264m 1270m 1265m
1341m 1340m 1540m  1340m 1357w 133w 1357w
1368w 1376m 1382vs
1392w 139%m
1405~ : 14108 1400s 1400s 1414s
14108, br
1469s
14928 1490s 1485s 1488vs 1498s 1501vs
1511vs 15108 1510vs 1514vs
1527s }527s 15258 1533vs: 3531m

1545sh

v
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INFRARED SPLCTRA - PHENYLATED 1-PHENYLPYRAZOLES

(continued)

1 2 r O & 4 5 6 T
Reaection l-g-biphenyl- 1-m l1-p 1, 3-diphenyl- 1, 4-diphenyl- 1, 5-diphenyl-
mixture ylpyrazole pyrazole pyrazole pyrazole
1590w 1590w 1580s 1573e
1610s 16058 1610s 1610m 1601ls 16D6m .o

% Caplllary films

4
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gb) Gag-liguid chromatographic analyseés of phenylation

products. A Beckman No. 70008 column (1.5 £t., Apdiemon “IL", 30%,
on C-22 firebrick, 42/60 mesh) was used, with helium as carrier
. gas at an inlet pressure of 30 p.s.i. (outlet pressure, atmosr
pheric), and a2 column temperature of 22000.

Under these conditions, the followihg retention times

were observed for the various isomers:

l-6-biphenylylpyrazole 8.20 min.
l-m- " ' 6.70 %
l-p " - 17.00 w™
l, 3-diphenylpyrazole 9.80
1, 4- " 12,60 =
l,. 5= . 12.00 =

Qualitative examination of the phenylation produects from
the reactions of l-phenylpyrazole and benzoyl peroxide showed
that neéither 1, 4-diphenylpyrazole mor 1, 5-diphenylpyrazole was
present in detectable amounts. The limit of detectability ﬁas
3% under the conditions used.

The major components in the phenylation products were
l-o-biphenylylpyrazole and 1, 3-diphenylpyrazole, with lesser
gquantities of l-m-biphenylylpyrazole and lsp-biphenylylpyrazole.
Trial experiments showed that the ratios of peak areas were pro-
portional to the quantities of these isomers present in synthetie
mixtures, and the following results were obtained with the
mixtures from expts. 1-3,

The velues in parehtheses are for the phenyl ring only.

"
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-Isomer ratios (%)

Mixture No, 1-0~- 1-m- i-p- 1, 3-
T. 54 6 10 30
(77.1) (84T) (14.2)
2. 58 5 8 29
(81.7) (7.0) (11.3)
. ._.). .
2A. (After removal af 58 3 ét' 30
l-p- by chromato- (82.8)  (4.3) (12.9)
graphy). '
%
Fe 29

55 6 20
(77.5)  (8.5)  (2420)

% Separated by adsorption chromatography on alumina and isolated
directly before gas-liguid chromatography. Ward et, al. (13)
have noted that elution order in a series of isomeric compounds
follows the reverse order of dipole moments; in agreement,
l-p-biphenylylpyrazole was. eluted first. Bxpt. 24 shows that
there is little concurrent loss of the other components.

It should be notéd.that the evaluation of accurate peak
area for"the‘minor components was difficult in the presence of
the major isomers, since some overlapping of peaks occurred with
the ortho- and the mets- compounds, while the para- compound was
not well resolved, giving e broad peak with some tailing. How—
ever, the: correspondence between the amount of pars- isamer ae
evaluated by gas-liquid chromatography and by direct isolation
from edsorption chromstography (expts. 2 andi2A) is quite

satisfactory.



osition of Bia-

in l1-Phenylpyrazole.

Bis(p-bromo benzoyl) peroxide (10.0 g.) was allowed to
decompose in l-phenylpyrazole (50 g.) at 80° for 50 hr. TFirst
D-bromo benzeic acid (6.2 g.) was isolated. Reﬁnval of exéess
of substrate gave p- bromophenylated phenylpyrazoles. Chroma-
tography on alumina and fractional crystallization from ethanol
yielde&.4-brdmo-4'-(l-pyrazolyl)-biphenyl,’m.p. 180-182° (Anal.
Cale. for C1gHy1Br Ny, Br, 26.72%. PFound: Br, 26.84%). Ultra-
violet absorption, Amax., 284 mu; logg, 4.33. Infrared sbsorp-
tion below 900cm.-1= 819 cm.-l. No strong @bsorption below

800 cm._l. Mixed m. p. with l-p-biphenylyl-4-bromopyrazole, 1620.
(ef. page 52).

C.. Decomgosition of Benzoyl Peroxide in l-Methylpyrazolea.

Benzoyl peroxide (7.0 g.) was allowed to decompose in
l-methylpyrazole (32.7 g.) &t 81° for 2 hr. First benzoic acid
(4.4 g.,'1.24ﬁmﬁle), second benzoic acid (0.5 g.) and neutrsl
‘meaterial (0.25 g.) was obtained.

Inzanother experiment benzoyl peroxide (5 g.) was decem-
posed in I-methyl pyrazole (22.3 g.) at 80  for 70 hr. After
this period the reaction mixture was freed of excess of lfmethyl-
pyrazole and the residue chromatographed on alumina with benzene
as eluting solvent. The eluate was freed from benzene, the resi-
due thus obtained showed & ch&racterisfic infrared absorption at

1740 &nd 1770 cm.-l (vs) for a DCO group thereby indicatimg the
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presence of an ester in the reaction mixture. The material was

not exasmined furthere.

D, Decomposition of Benzoyl Peroxide in

4-Bromo-l-Phenylpyraszole.
Benzoyl peroxide (10 g.) was decomposéd in 4-bromo-I-~

phenylpyrazole (40 g.) at 900 for 66 hr. First benzoie acid
(4.0 g.) was obtained. Excess of 4-bromo-l-phenylpyrazole was
removed by steam distillation followed by diatillation under
reduced pressure. TH&cresidue was chrometographed on alumina-
with benzene as eluting solvent. This on evaporation of benzene
from the eluate yielded the residue (4.6 g.). This residue on
twice erystallization from ethanol gave l-p-biphenylyl-4-bromo
pyrazole, m.p. 1800, jdentical with an authentic sample of
l-p-biphenylyl-4-bromopyrazole.. (Mixed m.p., ultraviolet amd
infrared absorption). The mother liguor on removal of ethanol
gave a liguid fraction, which had imfrared absorption identical
with the brominated l-o-biphenylylpyrazole,, is presumed to be

l-o-biphenylyl-4-bromopyrazole..

E. Decompogition of Benzoyl Peroxide in l-Phenylpyrrole.

Benzoyl peroxide (15 g.) was heated in l-phenylpyrrole
(50 ge Aldrich Chemicalfb?fatabofor 91 hr. First benzoic acid
(9.4 g., 1.24 moles) was obtained in the usuzl manner. After
removal of Eirst benzoic acid the reaction mixture was steam

distilled to remove l-phenylpyrrole. The residue from steam
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distillation was chromatographed on alumina. using benzene as
eluting solvent. The eluted material (5.7 g.) obtained on
evaporation of benzemé gave crystals m.p. 70° (3.8 g.). Com-
pound me.p. 70° thus obtained was found to be an ester. Strong
infrared absorption at 1749 cm..l due to }CO group. (Anal. Cale.
for: Cj7HyzNO,: C, T7.57%; H, 4.9%. Found: 77.55%; H, 5.02%).
A small portion of this ester was hydrolyzed by ethanolic
sodium hydroxide solution (25%). 4 tarry material and an acid
was obtained on-working up the hydrolysis reaction. The acid
was characterized by its infrared absorption and m.p. and was

found to be identical with an authentic sample of benzoic acid.

P, Decomposition'of Bis-(l-Phenxlpxrazole-4-0arbonxl}-

Peroxide in benzene.

Bis -(l-phenylpyrazole-4-carbonyl)-peroxide (6 g.) was
allowed to decompose in benzene (100 ml.) at 80° for 124 hr.
First l-phenylpyrazole-4-carboxylic acid (4.1 g.) was obtained -
and the rest of the material was chromatographed on alumina
giving material (1.3 g.). This on erystallization from ethamol
gave crystals m.p. 95-97o gshowing infrared absorption at 1730 c:m..l
(s) indicative of an ester >C0 group. This was perheps an ester.

In another experiment bis~(l-phenylpyrazole-4—carbonyl)-
peroxide (5.0 g.) was decomposed in benzene (100 ml.) at 80° for

65 hr. This yielde@ l-phenylpyrazole-4-carboxylic acid (3.9 g.)-
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G. Decomposition of Bis-(1l-Bhenylpyrazole-4-Carbonyl)-

Peroxide in Toluenee.

The peroxide (2.5 g.) on decomposition in toluene
(25 ml.) at 80° for 70 hr. gave l-phenylpyrazole-4-carboxylic
agcid. Bibenzyl was also obtéined from this decomposition re-

action.
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. Section IIIX
NITRATION OF 1-PHENYLPYRAZOLE DERIVATIVES

A. 4-Nitration of l-Phenylpyrazole.

(cf. Passerini etc. (15)

1-Fhenylpyrazole (3g.) in acetic anhydride (ca, 6 ml.)
was nitrated by the addition of :nitric acid (d 1.52, l.5ml.) in
acetic anhydride (ce,4 ml.) at -5° over 30 min. The reaction
mixture was allowed to reach room temperature, then poured onto
ice, collected, and recrydtallized from ethanol, yielding 4-
nitro-l-phenylpyrazole (2,1 tg., 53%), m.p. 1242125 (lit. 126~
127" (15). Anelysis: Calculated for CQHN0,: N, 22.2%.
Found: N, 22.0%. Ultraviolet absorption: Amax. 228 and 295 mAu,
logg4.1l and :1.07. (Padserins et al (15) finddmax. 229-230
and 293-296 mu, logg¢4.ll and 3.99, and also claim & maximum at
255 mM, logg¢, 4.1l7) Strong nitwo group absorption &t 132§ em. L
and 1545 em.-.l(y;v_osym, )G_oasym).

Reactions on a larger scale thanithe above generally gave

lower yields, although unchanged l-phenylpyrazole was recovered.

B. 4-Nitration of l-p-Biphenylylpyrazole.

Nitration under the general conditions used for l-phenyl-
pyrazole, gave with l-p-biphenylylpyrazole (0.50 g.) and nitricl
mcid (d 1.52, Limde ) in acetic anhydride (6ml.), the presumed
1l-p-biphenylyl-4-nitropyrazole, (0.25 g., 42%) m.p. 170-.1'11Q.
Analysis: Calculated for O3gH3jN302: C, 67.91; H, 4.18%.
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Found: C, 67.67; H, 4.41%. Ultraviolet absorption: A\max. 265

and 315 mM, log € 4.06 and 4.08. Strong nitro-group absorption
-1

at 1325 and 1541 cm. ~ (Vy_gsym., Yy_qesym.).

C. Attempted Nitration of 1-p-Biphenylpyrazole

by Mixed Acids.

Nitration in mixed acids at Oo gave amorphous productsa,
with strong infrared absorption at 1365 and 1530-1560 cm. -
(multiplet) (ef. l-o-nitrophenylpyrazole, 1373 and 1544 .cm.-l)
and giving a bluish-vidlet color on addit_ion of agueous sodium
hydroxide to solutions in acetone (Janovsky reaction, cf. Finar

and Hurlock (1) indicative of a polynitro compound.

D. Nitration of 4-Bromo~l-Phenylpyvrezole.

4-Bromo-l-phenylpyrazole (10 g.) in sulphwric acid

(d 1.84, 20 ml.) was nitrated at 06 by addition of sulphuric

acid (4 1.84, 20 ml.) and nitric acid (4 1.43, 15 ml.). The
mixture was kept overnight at Oo, poured onto ice amnd collected.
After crystallization from ethanol, 4-bromo-l-p-nitrophenyl-
pyrazole (4.8 g., 40%), m.p. 168o (1it. 168-169B(16) was ob-
tained. Analysis: Calculated for 09H6BrN302: C, 40.31; H, 2.24;
N, 15.69%. Found C, 40.57; H, 2.3%3; N, 15.90%. Ultraviolet
absorption: 315 mMd, logg, 4.21 (ef. l=-p-nitrophenylpyrazole
Amax. 318 mM, logé4.29 (in chloroform). Strong infrared absorp-

-1
tion at 1340 em. and 1527 cm. (){\T’-O sym., )’I\T_Oasym.).
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E. (Mononitration) of p-Di(1-Pyrazolyl)benzene

p-Di(1-Pyrazolyl)benzene(l.5 g.) was treated with
nitric acid (4 l.42) in acetic anhydride, giving a product,
m.p. 210° (decomp.) giving a negative Janovsky reaction.

Strong nitro- group absorption at 1324 cm.-l and 1542 c:m.-l

¥ N-0SJMe s v'N_oasym.). This product is probably

1-(1-pyrazolyl), 4-(nitro-l-pyrazolyl)-benzene.
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Section IV
BROMINATION OF. 1-PHENYLPYRAZOLE DERIVATIVES

A. 4-Bromination of l1-Phenylpyrazole

Bromine (61 g.) was added dropwise to l-phenylpyrazole
(50 g.) in chloroform (1 1.) at Oo. The resul%ant solution was
shaken with excess of sodium carbonate solution and dried over
sodium carbonate. Removal of the solvent and crystalliization
from ethanol gave 4-~bromo-l-phenylpyrazole (50 g., 65%), m}p. 830
(1it. 81.5-82.5o (17). Ultraviolet absorption: Amax. 263 mﬁ(
log( 4.24. Infrared Phenyl-group absorption ( out-of-pland/C-H
deformation) at 690 (s8) and 760 (vs) ém.-l. :

Further bromination, under similar conditiona:to.the
above, of sither 4-bromo-~l~phenylpyrazole or l-B-bromophenyl-
pyrazole yiclded 4-bromo-l~p-bromophenylpyrazole, m.p. 81 (lit.
84.5-85 (17) (mixed m.p. with 4-bromo-l-phenylpyrazole, 72 )
Ultraviolet absorption: Amax. 270 mi, log ¢4.30. No infrared
bands in the region 650-800 cm.-l.

B. Bromination of l1l-Phenylpyrezole

in Sulphuric Acid Solvent

1-Phenylpyrazole (10.8g.; 0,075 mole) and bromine (5.2 ml.)
were dissolved in a mixture of sulphuric acid (4, 1.84; 90 ml)
and water (10 ml). Finely powdered silver sulphate (17 g3
0.11 equiv. Aé*) was added and reaction mixture was shaken thor-
oughly for 3 hr. (18). Silver bromide was filtered off and the
filtrate poured onto ice, collected, washed thoroughly with
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dilute nifric.acid, and crystallized from benzene, yielding
l—p—bromophenylpyrazole (10.5 go; 69%). This had m.p. 790;
ultraviolet abs-orptidn;)max. 262 mu, logg, 4.29. Infrared
absorption in C-H out-of=-plane région at 752 (vs), 810 (vs) and
824 (s) cm.-l, and was identical (mixed m.p., ultraviolet and
infrared absorption) with an aunthentic sample prepared from
P-bromophenyl hydrazime hydrochloride amd 1, 1, 3, 3-tetrameth-

oxypropane.

C. 4-Bromination of l-p-Biphenvlvlpyrazole

(a) Synthesis Bromination in chloroform solution as for

l-phenylpyrazole (see above) using l-p-biphenylylpyrazole (10 g.),
i . 0O

gave l-p-biphenylyl-4-bromopyrazole (7.5 g., 55%), m.p. 182 .

Analysis: Calculated for 615HiiBrN2= Br, 26.72%. Found: ‘Br

26 .89%. Ultraviolet absorption:}ngB4 mM, log £4.42. Phenyl-

group ebsorption (out-of-plane C-H deformation) at 690 (s) and

_ -1
760 (vs) em. .

(x) Proof of Structure 1-p-biphenylyl-4-bromopyrazole
from part (a) was identical (mixed m.p., ultraviolet and
infrared absorption spectra) with a sample prepared by the follow-
ing unambiguous synthesig:-~
4-Bromo-1-p-nitrophenylpyrazole (see page 49 ) wag reduced to
l-p-aminophenyl-4-bromopyrazole, Mm.De. 83° using tin and hydro-
chloric acid. Theuemine was diazotized and the diazo-solution
was used for Gomberg arylation of benzene (cf. page 31).

Chromatography of the reaction mixture yielded 1-p-biphenylyl=4-
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0
bromopyrazole m.p. 182 . Analysis® Calculated for 015HllBrN2:

C, 60.22; H, 3.68; Br, 26.72%. Found: C, 60.03; H, 4.04;
Br, 26.79%. ‘

D. Dibrominstion of p-Di(l-pyrazolyl)benzene

o
Bromination in echloroform solution at 0 , using 2.2 mole

o]
bromine, yielded a dibromo-compound, m.p. 258-260 . Analysis

caleculated for Clengéﬁ4:' Br, 43.4%. Pound: Br, 43.25%.
Ultraviolet absorption: Amax. 290 mM logg, 4.30.

The conditions: are those effective in 4-bromination in
other systems (see above), so this compound is very probably

p-di-(4-bromo-1-pyrazolyl) benzene.
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Section V

IONIZATION CONSTANTS OF AMINOPHENYLPYRAZOLES

The pKa values of the cations of 1l-p-aminophenylpyrazole
and 4-amino-l-phenylpyrazole were determined by differential
ultraviolet spectrophotometry of the neutral and cationic species
over a pH range covering the pKa of the substances (19).

The ultraviolet absorption of the various species were:
1-p-aminophenylpyrazole--neutral molecule, Amax. 266 mMlog £ 4.15;
cation dmax. 254 mMlog€ 4.18. 4-amino-l-phenylpyrazole--neutral
molecule, Amax. 273 mi, logg 4.00; cation,Mmax. 247 mMy log€£3.90.

The: pKa ¥alues for the cations were:
l-p~aminophenylpyrazole: 3.42 ¥ 0.20
4-amino-l-phenylpyrazoles: 3.22 £ 0.05
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