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Ab&ad-Several chalcone phenylhydrazones and pyrazolina have been oxidized with manganese 

dioxide to give pyrazoles in good yields. Oxidation of p-nitrobenzylidene-oaminopheaol and m-nitro- 
benzylidene-o-aminophenol gave the corresponding benzoxazoles, whereas, substituted benzylidene-o- 

phenylenediamines gave the corresponding benzimidazoles. 

IN AN earlier communication,’ the oxidation of several aldehyde and ketone phenyl- 
hydrazones with active manganese dioxide was reported. The oxidation of benzo- 
phenone phenylhydrazone, for example, gave a mixture of benzophenone and 
biphenyl. Under similar conditions, benzaldehyde phenylhydrazone gave a mixture 
of 1,2-(bisphenylazo)l,2diphenylethane and N”,Nsdiphenyl-Nb’-benzalbenzhydra- 
zidine. When heated under reflux in benzene, however, benzaldehyde phenylhydrazone 
gave products like biphenyl, benzil osazone, 2,4,5-triphenyl-1,2$-triazole and 
2.3-diphenyl-I.4dibenzaltetrazene. A free-radical mechanism has been suggested 
‘for-these oxidations. In continuation of this work we have examined the oxidation 
of several chalcone phenylhydrazones, pyrazolines, o-aminobenzylidene anils and 
o-hydroxybenzylidene anils employing active manganese dioxide. 

The oxidation of chalcone phenylhydrazones with lead tetraacetate has been 
reported to give pyrazoles. ’ In our study, we find that chalcone phenylhydrazones 
can be conveniently oxidized to pyrazoles in excellent yields by manganese dioxide. 
Benzalacetophenone phenylhydrazone (I), for example, gave a 73 % yield of 1,3,5- 
triphenylpyrazole (III) on treatment with manganese dioxide. In addition, a small 
amount of biphenyl (10%) could also be isolated from this reaction. Similarly, 
m-nitrobenzalacetophenone phenylhydrazone (II) gave a 61 ‘A yield of 1,3diphenyl- 
S-(m-nitrophenyl)pyrazole (IV) and 6.5 % yield of biphenyl. A probable route for the 
oxidation of these phenylhydrazones is shown in Chart I. Manganese dioxide can 
abstract a hydrogen atom from benzalacetophenone phenylhydrazone (I), for 
example. to give a radical intermediate Ia which can then cyclize giving rise to a’ 
new intermediate Ib. Further oxidation of Ib can be achieved by manganese dioxide 
to give the pyrazole (III). Similarly, the phenylhydrazone II will be converted to the 
pyrazole IV, through the intermediates Ha and IIb. The formation of small amounts 
of biphenyl in these oxidations may be due to the combination of phenyl radicals 
with the solvent (benzene) and the phenyl radicals themselves are probably formed 

l To whom enquiries should be addressed. 
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as fragmentation products of intermediates like Ia and Ha. In our earlier studies 
on the oxidation of aldehyde and ketone phenylhydrazones employing manganese 
dioxide. we have shown that such phenylation reactions do take place as evidenced 
by the formation of mixed biphenyls when solvents like toluene and cumene were 
employed.’ 

CHART I 

I: R= Ph 

II: R = m-NO,-X3,H, 

la: R=Ph 

1Ia: R = m-NO, --N02CbH4 

III: R = Ph 

IV: R = m-N02-C,H, 

lb: R = Ph 

Ilb: R = m-NO,-C,H, 

Pyrazolines have been oxidized by several reagents such as lead dioxide,3 mercuric 
oxide,’ bromine,jV4 potassium permanganate, 4*5 chromic oxide,3 and silver nitrate.6 
In a recent study, Gladstone and Norman, ’ have shown that pyrazolines can be 
oxidized to pyrazoles using lead tetraacetate. These workers have suggested an 
ionic mechanism for this reaction, which involves the initial attack of the tertiary 
nitrogen of the pyrazoline on lead tetraacetate to displace an acetate group, followed 
by successive loss of two protons. 

R, 
I 

During the course of the present investigation, several 1,3,Strisubstituted pyrazo- 
lines were oxidized with active manganese dioxide. 1,3,5-Triphenyl-2-pyrazoline, for 
example. when treated with manganese dioxide in benzene at room temperature, 
gave a 93 “/, yield of 1,3,5_triphenylpyrazole. Similarly, 1,3diphenyl-5-(p-bromo- 
phenyl)pyrazoline. 1,3-diphenyl-Sfurylpyrazoline. 1,3-diphenyl-54hienylpyrazoline. 
1.3-diphenyl-5-(m-chlorophenyl)pyrazoline, 1,5-diphenyl-3+-bromophenyl)pyrazo- 
line. I .5-diphenyl-3-styrylpyrazoline. 1,5diphenyl-3-methylpyrazoline were oxidized 
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to the corresponding pyrazoles (V-Xl) by manganese dioxide in yields ranging 
between 75-95 %. Manganese dioxide is a better reagent for the oxidation of pyrazo- 
lines than either lead tetraacetate or any other reagent tried earlier. A probable path 
for this reaction is shown in Chart II. 

CHART 11 

hh bh 

V: R = pBr--C,H,. R’ = Ph 

VIII : R = m-CI-C6H4. R’ = Ph 
IX: R = Ph. R’ = pBr-C,H, 
X:R=Ph,R’=PhKH<H- 

Xl: R = Ph. R’ = Me 

The IR spectra of several 1,3,5-triphenylpyrales have been examined and the 
results are shown in Table 1. The bands in the region 1595,1535,1495 and 1415 cm-’ 
are probably due to skeletal vibrations of phenyl rings. Only one band around 
1450 cm- ’ can be unequivocally assigned to the skeletal vibrations of the heterocyclic 
ring; it is, however, possible that skeletal vibration of the heterocyclic ring are 
hidden under intense phenyl vibrations. The band around 1350 cm-’ is possibly 
due to Ar-N stretching frequency or -C-H in-plane deformation of the heterocyclic 
ring. Since the intensity is too high it is not possible to confirm the assignment. 
The 920 cm-’ band characteristic of 1,3,5-triarylpyrazole could arise from the ring 
vibration or C-H out-of-plane deformation of pyrazoles. Ail the pyrazoles examined 
show a band at 760 cm-‘, characteristic of monosubstituted benzenes. 

The oxidation of o-aminobenzylidene anils and o-hydroxybenzylidene anils are 
reported to give benzimidazoles and benzoxazoles, respectively.’ Recently, nickel 
peroxide has also been used in oxidizing o-hydroxybenzylidene anils to benzo- 
xazoles.* We have tried the oxidation of few o-amino- and o-hydroxybenzylidene 
anils employing manganese dioxide at room temperature. Thus, the oxidation of 
p-nitrobenzylidene-o-phenylenediamine and m-nitrobenzylidene-o-phenylenediamine 

XII: R = p-NOz+Z6H4, X = NH 
XIII: R = m-N02<6H,, X = NH 
XIV: R = pN01K6H4. X = 0 
XV: R = m-NOIK6H,, X = 0 
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gave 15% and 25% yield of p and ~-nitrophenylbe~i~d~oles (XII and XIII), 
respectively. Under similar conditions, pnitrobenzylidene-o-aminophenol and m- 
nitrobenzylidene-o-aminophenol gave 75 % and 72% yields of 2+nitrophenyl)- 
benzimidazole (XIV) and 2+wnitrophenyl) benzoxazole (XV), respectively, 

EXPERIMENTAL 

AU mps are uncorrected and were determined in a Thomas Hoover m.p. apparatus IR spectra were 
determined on a Perkin-Elmer Infracord spectrometer and W spectra on a Cary 14-R spcctropbotometcr. 

Srnrring moteriols. Active MaO, (85 g) was prepared by using MnSO,*ZH,O (140 g) and KMnO, 
(160 g) as reported? Chalcone ph~nylhydr~oncs, pyrazolines o-amino~~ylidi~ anils and o-hydroxy- 
bcnzylidcne anils were prepared by standard procedures 1,3diphenyl-S-&&lorophcnyBpyrazoliae, not 
been reported in the literature, was prepared in an 82% yield (48 g) by boiling a mixture of m-chloro- 
bcnzalacctophcnonc (4 g, 0016 mole) and phenylhydraxiae (1.7 g 0016 mole) in boiling AcOH (150 ml) 
for 15 min. The pure product after recrystallization from EtOH mcltal at 1039 (Found: C, 75.48; H, 5.3; 
N, 83. Cs,H,,N,Cl required: C, 75.7; H, 5.1; N, 84%) UV spectrum (EtOH): 200 (E. 26,800), 230 
(19,700). 298 (10,~) and 350 mu (21,700). IR spectrum (KBr): v, 1600 (C=Nt, 1440 (CH,), 1345 
(Ar-N), I130 cm-’ {C-N). 

Oxidation oj be~zu~cer~phe~~ phenylfrydruzone. A mixtun of bcnzalacctophcnonc phcnylhydrazone 
(2 g tHJOO6 mole) and MnO, (IO 9) was stirred in dry benzene (Is0 ml) for 5 hr at room temp. Removal 
of the inorganic material and solvent gave a product which was recrystallized from EtOH to give I.45 g 
(73%) of III, m.p. 137” (mixture m.p.). W spectrum fEtOH): 248 m)l (s, 30$&l). 

From the mother liquor 0.1 g (10%) of biphcnyl, m.p. 70” (mixture m.p.) could be isolated. 
Oxtiurion of m-nirrobenzaluceropheMne phenyIhy&urone. Treatment of m-nitrobcnzalacctopheaone 

phenylhydrazonc (2 g, OGO6 mole) with MnO, (10 g) in dry benzene (150 ml) for 5 hr at room tcmp and 
work-up as in the previous case gave a product which was chromatographcd on alumina Elution with 
pct.ethcr(b.p. 6&8o”)ga vcO*O6 g(65 YJof biphenyl, m.p. 70” (mixture m.p.). Furthcrelutioo of thealumina 
column with a mixture (I : 1) of benzene and pet ether (b.p. 60-80” gave a yellow solid which was rccrystal- 
lized from EtOH to give I.26 g (61 “/,t of IV, m.p. 1309 Them was no depression in the m.p. when mixed 
with an authentic sample of IV,” W spectrum (cyclohexane): 221 (r, 24,lOB) and 248 mp (46,000). 

Oxidurion ofpyruzolines. In a typical run, a mixture of 2 g (OQO6 mole) of the pyrazolinc and 10 g of 
active MnO, was stirred in dry benzene for 5 hr at room temp. The inorlprnic material was removed by 
filtration and the solvent was removed under vacuum The products were recrystallized from suitable 
solvents. ’ 

1.3.5Triphenylpyrazoline (2 g) gave 93% f 1.85 g) yield of III. m.p. 137” (mixture m.p.). 
Oxidation of l,Miphcnyl-5-Q-bromophenyl)pyraz.oline (2 g) gave 1.8 g (94%) of V. which melted at 

131”, after recrystallization from EtOH. (Found: C 67.05; H. 3.9; N, 7.57. C*,H,,Br requires: C. 67.4; 
H, 402; N. 784%); W spectrum (EtOH): 250 mp (c, 40,500). 

Oxidation of 1,3diphenyl-S-furylpyrazolinc (2 g) gave 1.75 g (89oi,, of VI. m.p. 64”, after recrystallization 
from EtOH. (Found: C, 7954; H, 5a; N, 9.7. CipH,,N20 requires: C, 79.7; H, 4-89; N, 9.79%); UV 
spectrum (EtOH): 248 mpfs, 28,300). 

1,3-Diphenyt-5-tbicnylpy~oline (2 g) gave 1.8 g (91 “/,, of VlI, m.p. 112” (lit.” m.p. 108?). (Found: 
C. 75.2; H. 4.8; N, 90. CIPHI,NIS requires: C, 756; II, 46; N. 9.2%); W spectrum (EtOH): 251 mu 
(E, 36,000). 

1.3-Diphenyl-~m~hlo~ph~yl)pyr~oli~ (1 g) gave t375 g (76YJ of VIII, m.p. 91”. (Found: C, 760; 
H,46; N, 838. C,,H,,N,Cl requires: C 762; H453; N, 8.4%); W s~ctr~~EtOH): 251 tmrfs, 30,800). 

Compound IX. m.p. 159” was obtained in 94% yield. (Found: C, 67.41; H. 4.3; N, 80. C*,H,,N,Br 
requires: C, 67.3; H. 4c); N, 7.84%): W spectrum (EtOH): 251 mp (e. 41,000). 

Compound X m.p. 139” (mixture m.p.) was obtained in 92% yield. 
Compound XI m.p. 62”. was obtained in a 75% yield. TM identity of this compound was confirmed 

by comparison of its IR spectrum with that of an autheotic sample:iz W spectrum {EtOH): 241 mu 
(c 18,000). 

Oxidarion sf pnirrobenzyfideno-o-p~~y~e~i~~. Treatment d pnitro~li~nc-~phcnyt~e~ 
diaminc (2 g OGO8 mole) with MnO, (8 9) in benmne at 10” for 2 hr gave 0.29 g (15%) of XII, m.p. 329” 
(mixture m.p.). 
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Oxidatfon qf m-nitrobenzylidene-o-phenylonediomine. A mixture of m-nitrobcnylidenc-o-phenylene- 
diamine (2 g 0008 mole) and MnOx (7 g) in bcnxcnc (150 ml) was stirred at 10” for 2 hr, yielding a 
product which was chromatographed on alumina Elution with pet. ether and hcnxcne mixtun gave a 
04 g (25%) of XIII, m.p. 208” (mixture m.p.). 

Oxidatiat o~pnftrobenzylliene-o-mninophPnol. Treatment of a mixture of pnitrobcnxylidenc-o-amino- 
phenol (2 g 04308 mole) in benzene (I 50 ml) at 10“ for 2 hr gave I43 g (75 %) of XIV, m.p. 268” (mixture m.p.). 

In a repeat run. when the reaction was carried out at room temp using the same amount of materials, 
a 40% yield of bcnxoxaxole was obtained. 

Oxidation o/ m-nitrobenrylidene-o-mninoph4nol. m-Nitrobcnxylidcnc-oaminophcnol (2 g, MO8 mole) 
and MnO, (8 g) in dry benxcne (150 ml) wen stirred at IO” for 2 hr. yielding I.2 g (72%) of XV, m.p. 
21&21 I” (mixture m.p.), on rccrystallixation from EtOH. 
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